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ABSTRACT

Non-timber forest products (NTFPs) are forest-derived products other than commercial
timber that significantly contribute socio-economically to rural livelihoods. With
increasing population, it is expected that the level of NTFPs extraction will increase
hence exert greater pressure on the forest ecosystems to the detriment of their ecological
integrity. Though NTFPs offer good opportunities for improving livelihoods, the impact
of their extraction and productivity levels per unit area for most NTFPs are not known.
Further, there is inadequate information on NTFPs utilization by different gender groups
living adjacent to the South Nandi forest to inform their sustainable management
decisions. The objectives of the study were to: 1) determine the types of NTFPs extracted
for subsistence or income generation; 2) quantify the NTFPs forest adjacent households
extract by gender and its impact on forest structure in terms of population structure,
regeneration status, and species composition; 3) estimate the economic value of the key
NTFPs extracted from the forest, and 4) assess the socio-economic factors that influence
households' dependence in South Nandi forest. A questionnaire that covered both
quantitative and qualitative data from the sample populations and forests was used. The
study covered a total of 431 household heads from 9 villages. These were interviewed
using a stratified random sampling method from May to September 2016. Indirect
opportunity cost, direct pricing, and cost of collection methods were used to estimate the
economic value of NTFPs accruing to each household. Thirty-five nested-plots of size
600 m? (30 m X 20 m) were used to collect vegetation data. The plants were categorized
into three groups; seedlings, saplings, and mature based on DBH classes then the
population structure and status of natural regeneration determined. A total of 128 plant
species belonging to 105 genera and 55 families were cited from South Nandi Forest.
Twenty-two types of NTFPs were determined in this study. The most common NTFP
uses were firewood, grazing, and herbal medicine. In terms of gender, the collection of
firewood is mostly done by the female, grazing by the male, whereas both male and
female collect herbal medicine. The DBH class distributions showed five patterns. A
classic inverse-J curve pattern occurs in a healthy forest with active regeneration and
recruitment of new individuals. The other four patterns emerged due to removing trees in
various DBH classes, which distorted the inverse-J curves suggesting a disturbance in the
forest. Disturbance in the forest was also corroborated from the households' heads
perception that NTFPs stock condition in the forest had reduced compared to ten years
ago. The species with low Importance Value Index values and poor regeneration status
should be prioritized for conservation. The economic value of all NTFPs extracted per
hectare per year was US$824.15, whereas the value of NTFP extraction per household per
year was US$579.51. NTFPs contributed 32.7% - 48.7% of households' incomes,
indicating the forest's importance. The mean annual firewood extraction was
7285.4+1586.9kg per household. Twelve variables were significantly associated with
dependence on the forest. These included distance to forest (¥2 (6, 431y = 51.235, p<0.001);
membership in Community Forest Association (¥2 (1, 431y =9.481, p<0.05); and main
occupation of household head (¥2 @431y =7.143, p<0.05). Years of formal education,
land-size, and distance to the forest from home were positively correlated to dependence
on the forest, whereas age, occupation, and distance to market negatively correlated with
dependence on the forest. This study provides information that is extremely useful for the
development of sustainable management of South Nandi Forest to enhance local incomes
and livelihoods. Further research is required in studies that integrate socio-economic and
ecological information to understand better ecological problems associated with human
use.



vii

TABLE OF CONTENTS
DECLARATION ...ttt sttt sttt sttt st ane st s i
DEDICATION ...ttt sttt et e et e e et e e e be e e etaeeannes i
ACKNOWLEDGEMENTS ...ttt nnae e anee e Y,
ABSTRACT ..ottt st bbb bt e s e e bt eer et st neereee Vi
TABLE OF CONTENTS ... .ottt vii
LIST OF TABLES ...ttt et aee e nae e Xi
LIST OF FIGURES ... .ottt e xiil
DEFINITION OF TERMS AND ABBREVIATIONS........cccooiiiireiee e, XV
CHAPTER ONE ..ottt ettt ans 1
INTRODUCTION.....coi ittt e e e e e e e e e e annaeeenneas 1
IO ] (T L84 A o o SO SR SSURRTI 1
1.2 Problem STAtEMENT..........ccoiiiiieee e 5
1.3 JUSTIFICAIION ...t ettt bt 6
1.4 ODJECTIVES ...ttt bbbttt bbbt 7
1.4.1 Broad ODJECHIVE. .......ciiiiiiieite sttt 7
1.4.2 SPECITIC ODJECHIVES ......veviceiiceee et ee e 7
1.5 RESEArCN QUESTIONS .....ccuviiiiie ettt ettt ettt et re et e re e s b e s beesbeesbeesbeesrbeenbeens 8
CHAPTER TWO ...ttt e s e e snte e enta e e nnae e e nneeanee e 9
LITERATURE REVIEW ...ttt 9
2.1 Overview of challenges in NTFPs extraction and trade .............ccccoevveveieevieennenne. 9
2.2 DIVEISILY OF NTFPS ...t ane s 13
2.3 Quantification of NTFPS from fOrestS .........ccccevoieiieieiiiere e 15
2.3.1 Dependence 0N NTEPS ... 15
2.3.2 Marketed NTFPs and their commercial values ............ccccooceivviiiiiniiiiiicnenn, 16
2.3.3 NTFPS @Nd GENAET ......ooviiiieiieiieieie et 19
2.3.4 Forest product CertifiCation ...........cccceovieiieii i 22
2.3.5 Sustainable management of forests and NTFPS.........cccccovvvienieeiecie e 23
2.4 Economic Valuation OFf NTFPS ..o 25
2.4.1 Choice of economic valuation method............ccooveiiiniiininesee e 26
2.4.2 Experiences in NTFP valuatioN.........ccccoovioiieiiieiie e 27
2.4.3 Socio-economic factors that influence dependence on NTFPS.........c.ccceeee. 28

2.5 RESEAICH NEBUS ... 31



2.6 Legislative FrameWOIK .........ccceiieiiiiieseese et ee s snaenneas 32
2.7 Theoretical /Conceptual FrameworK............ccccoiviiiiiiiiesice e 33
CHAPTER THREE ...ttt 35
MATERIALS AND METHODS ..ot 35
3.1 Study Site DESCIIPLION ....evieieiieiie et e e re e e nre s 35
3.2 Data COIBCHION ....evieiiiiieee bbb 37
3.2.1 SECONAANY TALA ......veiveeiieiie ittt 37
3.2.2 Data sampling teCANIQUES. .........cueiiiiieiie i 38
3.2.3 HOUSENOIA SUMVEY .....oeeviiceccieee ettt 40
3.2.4 Focused Group DISCUSSIONS ......c.ciueerveeieieeiesieseessseeesseesseasaesseessesssesseesseens 40
3.2.5 TranSECt WalK .....cc.voiiieiieiiiciiee et 41
3.2.6 Data Analysis of the forest plots (forest site Status) ..........cccvcerereriiiiniiennenn. 44
3.2.7 Records of extraction Of NTFPS ... 48
3.2.8 Data on firewood cOllection and USE ..........ccccevirerineniierene e 48
3.2.9 Economic Valuation of the NTFPS .......cccceiiiiiieicce e 48
3.2.10 Analysis of socio-economic factors influencing dependence on NTFPs and
economic dependence on the fOrest..........ccovvevviieiecie e 53
CHAPTER FOUR ..ottt 58
RESULTS AND DISCUSSIONS ...t 58
g I 1o 0o [ Tod 1 o o SOOI 58
4.2 To determine the types of NTFPs extracted by forest adjacent communities for
subsistence and INCOME GENETALION ..........ccecvviiieieiie e 58
4.2.1 Knowledge and use Of NTFPS ..o 58
4.2.2 Socio-economic characteristics of household’s heads adjacent to South Nandi
O ST e ne e 60
4.2.3 Socio-economic characteristics of firewood collectors..........cc.ccoovvvviveinnnnne. 64
4.2.4 Diversity and USES OF NTFPS.......oooiiiieieseseeneee e 64
4.2.5 Multiple uses of plant Species @S NTFPS ..o 67
4.2.6 Plant PartS USEA........ccuiiiiiiiieiie sttt st 69
4.2.7 Utilization of NTFPs and division of labor by gender............ccccoevviiieinnnne. 72
4.2.8 Domestic versus commercial use of NTFPS.........ccoovevvieiiiie e 73

4.3 To quantify the NTFPs forest adjacent households extract by gender and its
impact on forest structure in terms of population structure, regeneration status, and

SPECIES COMPOSITION ...evvieitii ittt b e a e nreeanes 74



4.3.1 Quantification of NTFPs and impact on forest structure............cccccoeevervennene. 74
4.3.1.1 Annual firewood extraction and species used for firewood................... 74
4.3.1.2 Quantification of fodder consumed in South Nandi forest...................... 79
4.3.1.3 Medicinal plants in South Nandi forest ...........ccccooeiiiiiniiiiniceen 82

4.4 Status of the forest adjacent to the villages/South Nandi forest .............ccccoveienee. 83

4.4.1 Species characteristics in South Nandi FOrest............ccccovvvvviveiieie e, 84
4.4.1.1 SPECIES-ATEA CUINVE .....oiiiiiieiieieeieste sttt bbbt 84
4.4.1.2 POPUIALION SEIUCTUIE ....oviiiiieiiceee e 84
4.4.1.3 Status of forest sections adjacent to the villages............cccoovevviieivenenne. 93
4.4.1.4 Comparison of status of South Nandi Forest to hypothetical UNO (1994)

0100 [ USSR 110
4.4.1.5 Perception on NTFP sStock CONAItioN ..........ccccveiieiinienininecseseees 111
4.5 Quantification of the annual economic value of NTFP extracted...........c............ 113

4.5.1 Quantification of All NTFPs combined ..........cccoevvviiiieiieiiic e, 113

4.5.2. Quantification of firewood utilization and monetary values....................... 117

4.5.3 Quantities of fodder consumed and monetary values .............c.ccoceevnienennn, 119

4.6 Socio-economic factors that influence dependence on NTFPS...........cccceeveeniee. 123

4.6.1 Socio-economic characteristics of households..........cccccoovviiiiiiiiiinien, 123

4.6.2 Key independent and dependent variables ...........cccoccovovevenieneiic e 123
4.6.2.1 Household dependence on NTFPS ..o 123
4.6.2.2 Households SeHiNg NTFPS........cc.cooviieiieeceseee e 125
4.6.2.3 Effects of socio-economic factors on dependence on NTFPs .............. 130
4.6.2.4 Effects of socio-economic factors on selling of NTFPS .........cccceveee. 133

CHAPTER FIVE ...ttt e e 136
CONCLUSIONS AND RECOMMENDATIONS.......cccooiiiiirieece e, 136
5.1 INEFOUUCTION ...ttt ettt sttt sre e e s 136
T 03 Tod 1115 o] 1 -SSR 136
5.3 RECOMMENAALIONS.......oivveiieiieiieeie sttt sre e e et e e e ae e teeeesreesraeneennes 138

5.3.1 Recommendations from the findings of this study.............ccccceviiiiiiinnne. 138

5.3.2 Recommendations for future StUAIES ..........cccevvriiiniiiie e 138
REFERENGES ...ttt et et e e ne e e e ne e e 139
APPENDICES ...ttt e e e ae e neas 159

Appendix 1: NTFP-related household questionnaire ............cccoccvevveiieeiiecieesinenn 159

Appendix 2: Vegetation sampling during transect walk .............cccccovviiiiiiieeinnn 169



Appendix 3: Firewood use dataSheet...........ccovvereiieeieeie e 173
Appendix 4: Species listed during FGD by informants with their family name, local
name, growth habit and their USeS..........cccccvvviiieniiin e, 178
Appendix 5: Species listed for firewood use by informants with their family name,
local name and its growth habit.............cccccooveiiiiiicc 182
Appendix 6: Species listed for medicinal use by informants with their family name,
local name, growth habit and the total number of diseases treated..184
Appendix 7: Determination of Relative density, Dominance, Frequency and
Importance Value Index (V1) in forest section adjacent to
Chepkongony ViIllage.........cccviiiiieiiiiccecce e 188
Appendix 8: Determination of Relative density, Dominance, Frequency and
Importance Value Index (V1) in forest section adjacent to Bonjoge
VAR «oveee e s 189
Appendix 9: Determination of Relative density, Dominance, Frequency and
Importance Value Index (V1) in forest section adjacent to Serem
Chebilat VIllage.........covoiiiiiii e 190
Appendix 10: Determination of Relative density, Dominance, Frequency and
Importance Value Index (IVI) in Chepkumia area............cccccocuvnnee. 191
Appendix 11: Determination of Relative density, Dominance, Frequency and
Importance Value Index (IVI) in Ngerek area ...........c.ccooevvvvenennen, 192
Appendix 12: Determination of Relative density, Dominance, Frequency and
Importance Value Index (IVI) in Chebilat area.............cccccceevvvnenen. 193
Appendix 13: Determination of Relative density, Dominance, Frequency and
Importance Value Index (IVI1) in Morongiot area...........ccccceeveeeneee. 194
Appendix 14: Regeneration status of woody plants: number of seedlings, saplings

and adults per hectare in the South Nandi Forest. .............cccccoeenee. 195



Xi

LIST OF TABLES

Table 1: Categories of NTFP research needs derived from the management options.32
Table 2: Location, Sub-location and Villages adjacent to South Nandi Forest and the

population by sex and number of households used in household survey .....39

Table 3: Methods of ValuiNg NTFPS.........cccoiiiiieee e 52
Table 4: Research questions, data collected and analytical methods used. ................. 57
Table 5: Contribution of NTFPs to monthly income among households..................... 63

Table 6: Summary of the socio-economic characteristics of forest adjacent household

Table 7: Frequency of NTFP extraction per year forest adjacent households............. 63
Table 8: Tukey HSD test for different tree/plant uses mentioned by forest adjacent
communities during focused group discussions in South Nandi Forest ....... 67

Table 9: Relationship between type of NTFP and part collected ...........c.ccoeoveiviinnnens 70
Table 10: The relationship between gender and the type of NTFP collected in SNF .73
Table 11: The purpose of collecting NTFPs in South Nandi Forest............c.cccccven... 74

Table 12: Tree species identified from headloads of firewood at 4 exit points in South

N a0 I o £ PSS 77
Table 13: Summary of 10-year extraction of firewood from South Nandi Forest....... 77
Table 14: Status of selected tree species in South Nandi Forest...............ccccovevvinennnn, 80
Table 15: Species listed for fodder use by informants with their family and local name

and, their growth NaDIt ...........ccoiiii e 81
Table 16: Species richness of medicinal plant species in South Nandi Forest............ 83

Table 17: Comparison of parameters used to characterize forest sites adjacent to the

VIHTAGES .. 86
Table 18: Density of trees/shrubs by DBH class at various forest sites adjacent to the

(V4L Vo TSSO 88
Table 19: Status of selected tree species in South Nandi forest ...........c.ccccoeveiviiennn. 90

Table 20: Density of individual stems by height class (m) in different sites adjacent to
villages in South Nandi FOrest ..o, 99

Table 21: The vertical structure of trees in the South Nandi forest..............cccceene... 102

Table 22: Woody species that had none or poor regeneration in 7 forest sites within
SOUth NaNdi FOFESL. .......ooeeececee s 107



Xii

Table 23: Importance value index (I\V1) of the dominant tree species in South Nandi

Table 24: Densities (stems/ha) in various diameter classes of hypothetical UNO
(1994) model for structurally stable East African natural forest compared
with sections of South Nandi FOrest ..o, 111

Table 25: Annual economic value of NTFP extraction per ha and per household in

SOULh NaNAI FOFESL ......eeiiiiiiice e 115
Table 26: Comparison of economic value of NTFPs extraction in South Nandi Forest
WIth Other STUIES .....c.veieieiecc e 116

Table 27: Firewood extraction by adjacent households from South Nandi Forest per
annum and value of time eXpended ..o 118
Table 28: Gross economic value, time expended and net economic value of grazing in
South Nandi forest by forest adjacent households. ............cccccevviieiienne. 122
Table 29: Mean monthly grazing permits issued for grazing in South Nandi Forest 122
Table 30: Contingency table of independent variables versus dependence of
households 0N the TOreSt..........cccv i 125

Table 31: Contingency table of independent variables versus households selling

NTEPS .ttt bbb 129
Table 32: Summary of logistic regression result of the factors influencing dependence
on NTFPs in South Nandi FOreSt..........ccerviieiieniieseese e 133

Table 33: Summary of logistic regression result of the factors influencing households
to sell NTFPs in South Nandi FOrest ...........ccooeeieienenene e, 135



Xiii

LIST OF FIGURES

Figure 1: Conceptual framework for sustainable utilization of NTFPs.............c......... 34
Figure 2: Location of the study area in Nandi County, Kenya. ..........ccccccoeevvivevvenenne. 37
Figure 3: Villages in the study area where household survey/transect walk was done

TN 2016 ..ot b e n e ars 43
Figure 4: Sketch diagram of plot layout used for vegetation assessment.................... 44

Figure 5: Focused group discussion with members selected from Koimwe village at

KOoDBUJOI CFA OFFICE. ..o 59
Figure 6: Summary of uses of plants per species cited in FGDs by informants living

AdJACENT 10 SN ... .o 66
Figure 7: Growth habit of species preferred for firewood (N=53) .........c.ccoeevvevvenenne. 75
Figure 8: Families with at least two species used for firewood in South Nandi Forest

....................................................................................................................... 76
Figure 9: Families of preferred fodder species in South Nandi Forest........................ 81
Figure 10: Species area curve for plant species recorded in 5 sample plots in South

N a0 I o £ OSSR 84
Figure 11: Diameter at breast height (DBH) frequency distribution of some tree

species at South Nandi Forest and all species combined...........c.c.ccccoveuvenen. 94
Figure 11: Continued: Diameter at breast height (DBH) frequency distribution of

some tree species at South Nandi Forest and all species combined. ............ 95

Figure 12: Inverse J forest structure curves for the forest areas adjacent to 7 villages96

Figure 13: Inverse transformed trees/ha in forest areas adjacent to the villages in SNF

Figure 14: Density of individual stems by height class (m) in South Nandi Forest....99
Figure 15: “Photographs showing anthropogenic activities in South Nandi Forest..100

Figure 16 : “Boxplot showing LN(plant count) in: (a) forest sites adjacent to villages

Figure 17: Perception of the households on the NTFP stock condition now compared
1O TBN YEAI'S AJ0. ...veiieieieeiie et 112

Figure 18: Reasons for degradation of NTFP stock condition in the last ten years...112

Figure 19: Time taken to collect firewood from the forest by forest adjacent
NOUSENOIAS. ... s 119



Xiv

Figure 20: Trend in number of households getting NTFPs with increase in distance
Trom FOreSt 10 NOUSE ..ot 126

Figure 21: Number of households getting NTFPs versus time taken ....................... 126

Figure 22: Years the households’ heads have been involved in NTFP business....... 127



XV

DEFINITION OF TERMS AND ABBREVIATIONS

The definitions here relate to the context in which the words, phrases or abbreviations

have been used in this thesis.

Basal area:

DBH:

Ethnobotany:

Forest:

Inverse J curve:

The total cross-sectional area occupied by a stand of trees,
measured at 1.3m height above ground and expressed as
m2ha’t

The tree diameter at breast height, measured in centimeters
at 1.3m height

Broadly defined as a cultural study of how the people
perceive the plants, give names, use and organize the
information about the plants around them (Arshad et al.,
2014)

Land with tree crown cover (or equivalent stocking level)
of more than 10 % and area of more than 0.5 ha. The trees
should be able to reach a minimum height of 5 m at
maturity in situ (FAO, 2001). Forest according to National
Forest Programme (Kenya) means a land area of more than
0.5 ha., crown cover of at least 10%, trees of at least 2.5 m
height, which is primarily under agricultural or other
specific non-forest land use. In line with the constitution,
the NFP also operates with “tree cover”, e.g. including

trees on farm (MENR, 2016).

In uneven aged forest, diameter class distribution shows a
geometric progression in numbers of trees from one
diameter class to another (Changhui, 2000) resulting in an

inverse J shape.

IVI (Importance Value Index): A measure of tree species dominance, calculated as

the mean value of relative frequency, relative density and

relative basal area



KEFRI:
KFS:

Livelihood:

NTFP:

Relative density:

Relative frequency:

SNF:

XVi

Kenya Forestry Research Institute

Kenya Forest Service

A livelihood is defined as ‘the activities, the assets, and the
access that jointly determine the living gained by an
individual or household’ (Ellis, 1999).

Non-Timber Forest Product. These are any products from
the forest other than timber e.g. firewood, honey, poles,
sand, resin, gums etc

The number of individuals of a species as a proportion of
the total number in a forest

The proportion of sample plots in which a species is
represented out of the total number of sample plots in a
forest

South Nandi Forest



CHAPTER ONE

INTRODUCTION
1.1 Introduction
Forests play an essential role in the global carbon cycle, the biodiversity of habitats,
and many tangible and intangible benefits to communities living around them
(Mutenje et al., 2011). Non-timber forest products (NTFPs) are 'defined as all tangible
forest products other than industrial wood which can be collected from forests for
subsistence as well as for trade' (Ros-Tonen et al., 1995), whereas (de Beer and
McDermott, 1996) defined NTFPs as 'all biological materials other than timber which
are extracted from forests for human use.' In rural households adjacent to the forest,
non-timber forest products (NTFPs) are known to contribute significantly to these
communities' economies (FAO, 1997; Stanley et al., 2012; Melaku et al., 2014).
NTFPs provide domestic subsistence and consumption needs, thus increasing
disposable income to the households (Sumukwo et al., 2013); serve as insurance
premium during times of economic hardships (Paumgarten et al., 2009); and also

contribute direct monetary benefits through sales (Shackleton et al., 2007).

Extraction of NTFPs is considered low impact forest use compatible with
conservation than other forms of forest extraction activities such as logging, mining,
and plantation agriculture. This is because NTFPs extraction involves collecting wild
nuts and fruits, leaves, bark, resin, and roots that do not affect much the structure and
function of forests (Stanley et al., 2012). However, in some cases, the NTFP market
can grow rapidly, and the value of NTFPs can be higher than those derived from

commercial timber (CERUT, 1999). This demonstrates that NTFP can be beneficial to



local livelihoods, but intervention measures may be needed to address

overexploitation risk (de Beer and McDermott, 1996; Sumukwo et al., 2013).

Studies in many countries have confirmed the socio-economic importance of NTFPs
to adjacent forest communities. In Nepal, for example, the economic contribution of
Chinese caterpillar fungus to the livelihoods of mountain communities was 35.5% of
the total households and 76.7% of the total cash income (Shrestha and Bawa, 2014).
Further, the study found that dependence on the Chinese caterpillar fungus among
households was significant in essential household needs such as education, food
security, and debt payments. In 17 case studies from 10 countries in Africa, the
majority of the products (82.3%) contributed less than 50% to household incomes;
and only in three cases did NTFPs contribute significantly (over 70%) to the
household incomes (Sunderland et al., 2004). It was also noted that this contribution
was significant at times of economic need, such as payment of fees (Paumgarten et
al., 2009) or when agricultural labor needs were low, for example, during the rainy
season. In most cases, forest products are extracted predominantly from the wild,
often in unmanaged, open-access situations, together with agricultural products
providing access to the household cash incomes. Contribution from the major NTFPs
such as forest coffee, honey, and spices accounted for 47% of annual household
income in Bonga forest, southwest Ethiopia when all livelihood activities, for
instance, crop and livestock production, as well as off-farm activities were considered

(Melaku et al., 2014)

Non Tree Forest Products are generally easily collected, processed, and marketed by
the rural poor and offer good opportunities for improving livelihoods. However,

several studies have shown that as human populations grow, forest areas reduce,



markets change, and local communities become more aware of the economic value of
NFTPs. The sustainable production of many NTFPs cannot be guaranteed (Stanley et
al., 2012). For instance, an increase in international rattan prices in the 1980s and
1990s in Asia resulted in over-exploitation of the available resources by commercial
firms leading to destruction and loss of local biodiversity that left many people
without a source of livelihood (Cunningham, 2000). This demonstrates that 'not all
NTFPs remain 'environmentally benign' when extracted on a large scale, and not all
resources remain accessible to poor, landless producers once their value becomes
apparent to more powerful' (Dove, 1993). The NTFP sector, despite its importance,
faces many challenges that hinder the realization of its full socio-economic potential.
Some challenges, e.g., availability of reliable data and information on NFTPs,
difficulties in assessing the total economic value, limited access to markets,
insufficient capital, and generally weak bargaining power of the poor among those

who exploit NTFPs (Cunningham, 2000).

Studies across countries indicate that in most cases, NTFPs collection and use are
gender-sensitive. For example, in Mali, the collection and use of NTFPs from natural
forests and crop fields were linked to gender (Gakou et al., 1994). Products such as
shea nuts for oil/butter, firewood, leaves for sauces, seeds for condiments, and
nuts/seeds for soap were frequently collected by women, whereas men mostly
collected products like utensils, animal feed, house materials, and construction
materials. Further, the study found that ninety percent of the products collected were
found in the natural forests; 63% were collected from trees on fallow lands and 51%
from scattered trees in crop fields (Gakou et al., 1994). These observations imply that

NTFPs extraction and use differ according to gender roles in the society; hence



gender segregation in studies is necessary to determine livelihoods and optimum
levels of extraction to ensure sustainability. Studies also point out that sustainable
management is only possible where the products harvested are abundant or regenerate
quickly, with classical examples being the 'Brazil nut (Bertholletia excelsa) found in
Brazil and Bolivia (Assies, 1997) and palm heart from multistemmed species like
Euterpe oleracea found in Guyana (Andel et al., 1998).Similarly, the economic
benefits of extraction of NTFPs are viable overtime only if harvesting is done in an
ecologically sustainable manner. This implies that the harvests done in a population
should not exceed the natural rate of regeneration in a given time period (Stanley et
al., 2012). The global value of NTFPs removals in 2005 amounted was US$18.5
billion; out of this, food products accounted for the greatest share (FAO, 2010).
However, information is still scanty in many countries such as Kenya, where NTFPs
are highly important, yet the actual value of commercial and subsistence use is rarely
captured. Therefore, the reported statistics probably cover only a fraction of the actual
total value of harvested NTFPs (FAO, 2010). For example, Kakamega forest's earlier
estimation of the economic value of NTFPs to adjacent communities was US$160 per
household per annum (Barrow et al., 2009). However, many changes have occurred
since then, including the now-repealed Forests Act 2005 and its successor, Forest
Conservation and Management Act 2016 (GoK, 2005; GoK, 2016), population
increase, changes in poverty levels, and dependence ratios that have implications on
the way forests are managed and extraction rates hence the need for updated
information on the current utilization and economic benefits to the adjacent forest
communities. About 86% of the rural poor in South Nandi depended on forests for

their livelihoods (Sumukwo et al., 2013). The study also showed that 80% of the



respondents depended on South Nandi forest for reducing household income risk or
consumption risk during times of economic stress, like famines, retrenchment or death
of household head, unprecedented rise in food prices, periods between crop harvests,
and emergencies. Further, the study noted that the forest products could not be
underestimated, and any changes that affect access to the forest products will have a
significant impact on household incomes and livelihoods. Firewood, herbal medicine,
grass, food, and fruits were identified as the main NTFPs in South Nandi Forest
Reserve (Mbuvi et al., 2010). The current study emphasized the livelihood aspects of
extracting NTFPs from the South Nandi Forest Reserve and their sustainable
utilization where nearly all forest products are extracted predominantly from the wild
and open access situations, which raises concerns on whether the optimum level of

extraction is being practiced.

1.2 Problem Statement

Though NTFPs offer good opportunities for improving livelihoods, the extraction and
productivity levels per unit area for most of them are not known (Shanker et al.,
1998). Further information on their value addition at various points along the
marketing value chains is scanty. With the increase in population, it is expected that
the level of extracting NTFPs may increase, thus exerting pressure on the forest
ecosystem to the detriment of the forest ecosystem's ecological integrity. Therefore,
data and information on the level of NTFPs extraction from South Nandi forest must
be available to inform decisions on their sustainable utilization by the adjacent forest
communities. Therefore, the data and information gaps informed the decisions to
undertake studies on the impacts of NTFPs extraction on forest ecosystem resilience

and livelihoods of the local communities. Though women, men, and youth depend on



the forest for different NTFPs, a knowledge gap exists in valuing NTFPs by gender
since little information has been documented on types of NTFPs that different gender
groups extract, their values, and contribution to the overall economic condition of the
forest adjacent communities in Nandi South forest. The study provides comprehensive
estimates of various NTFPs quantities extracted and utilized by forest adjacent
communities and shares by gender at the local level. The study greatly contributes to
the deepening of knowledge on sustainable utilization of key NTFPs in South Nandi
forest to inform community and policy actions that enhance sustainable forest
management. The study focused on South Nandi Forest because not much research

has targeted it compared to Kakamega forest and other forests in Western Kenya.

1.3 Justification
The importance of non-timber forest products to adjacent forest communities'

livelihood strategies is recognized in many studies (Croituru, 2007; FAO, 2010).

Also, in the last three decades, much attention has focused on non-timber forest
products as it is considered to have low ecological impact compared to other

extraction activities such as logging and plantation agriculture (Stanley et al., 2012).

Many studies indicate that NTFPs may provide significant benefits to the local people
while simultaneously conserving the standing forest's biological resources.
Understanding the increased dependence on NTFPs requires an economic valuation to
improve the sustainable utilization and planning of NTFP resources in the forest.
Further, the NTFPs are poorly valued, thus lowers the contribution of forests to the

GDP. This study's results are useful as they build on the database that would be used



to improve on budgetary allocations given to the forestry sector and create awareness

on the importance and value of NTFPs to rural households living adjacent to forests.

Understanding the increased dependence on NTFPs requires an economic valuation to
improve on sustainable utilization and planning of NTFP resources in the forest.
Further, the NTFPs are poorly valued, thus lowering the contribution of forests to the
GDP. This study's results are useful as they build on the database that the Kenyan
government would use to improve on budgetary allocations given to the forestry
sector and creates awareness of the importance and value of NTFPs to rural
households living adjacent to forests. Additionally, this study determined the number
of socio-economic factors that influence the dependence of households on forests. The
findings will be significant in designing target-specific interventions that reduce
dependence on the forest, planning, policy development, and sustainable management
strategies. Therefore, this study provides information that will contribute to the
optimal extraction of NTFPs and sustainable management of these resources in the

South Nandi Forest Reserve.

1.4 Objectives

1.4.1 Broad Objective

This study's main objective was to assess the impact of extraction of non-timber forest
products by forest adjacent households on the forest structure and its impetus on

livelihoods in South Nandi Forest (SNF) in Kenya.

1.4.2 Specific Objectives
1. To determine the types of NTFPs extracted by forest adjacent households

for subsistence or income generation



To quantify the NTFPs forest adjacent households extract by gender and
its impact on forest structure in terms of population structure, regeneration
status, and species composition

To estimate the economic value of the key NTFPs extracted from the SNF
To assess the households' dependence on NTFPs and socio-economic

factors that influence households' dependence on SNF.

1.5 Research Questions

1.

What types of non-timber forest products are extracted from the forest by
gender by the forest adjacent households for consumption and income
generation?

What are the quantities of NTFPs that the forest adjacent households
extract by gender, and how does extraction of NTFP impact on forest
structure or DBH classes of individual tree species in SNF?

What is the estimated economic value of the main non-timber forest
products extracted from the South Nandi forest?

What are the household's dependence levels and the socio-economic

factors that influence households' dependence on NTFP from SNF?



CHAPTER TWO
LITERATURE REVIEW
2.1 Overview of challenges in NTFPs extraction and trade
NTFPs are products of the forest system that are generally not cultivated (Girmay et
al., 2013) and comprise ‘plants and plant materials such as fodder, fuelwood, food,
medicine, wrapping materials, dyes, biochemical as well as animals, birds, reptiles
and fishes, for food and feathers’ (Adepoju and Salau, 2007). They may be all or part
of a living or dead plant, lichens, fungi or other forest organisms. NTFPs are known

for their consumptive, social and economic values (Girmay et al., 2013)’.

Various reports have indicated that promotion of NTFPs could result in a ‘win-win’
situation for poverty reduction and biodiversity conservation (Golam et al., 2008).
The reason being that NTFPs can contribute significantly to the livelihoods of forest
dependent communities household food security and nutrition (Shackleton and
Shackleton, 2004); generate extra employment and income; and provide opportunities
for NTFP related enterprises (Shackleton and Shackleton, 2004). However, a number
of challenges need to be considered for sustainable exploitation and valuable use of

NTFPs.

Changing economic conditions, rates and sources of deforestation, and climate change
suggest increased pressures upon forests. Some studies have pointed to the potential
of population pressure and climate change on overall forest resources resilience and
livelihoods of dependent communities. Studies indicate that the ethnobotanical
foundation of Tibetan culture and religion will by the end of the century be threatened
due to overharvesting of medicinal species in the Tibet’s “Medicine Mountains”

combined with temperature increases (Salick et al., 2009).
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Studies also point out the persistent methodological problems in valuation of the
returns of non-timber forest products (Stanley et al., 2012). These authors’ points out
four areas of concern: ‘economic analyses bundle products together and fail to
delineate specific outcomes by single products and species; the absence in so many
economic reports of scientific names of NTFPs limits the scope of analysis as well as
the opportunity for interdisciplinary comparison’. Similarly, sustainability needs to be
measured in both ecological and economic terms that may not be possible in a single
extractive enterprise. In this study, ecological sustainability refers to ecosystem
integrity, carrying capacity and biodiversity where the resources are harvested at a
rate lower than their regeneration; and economic sustainability implies a system of
production that satisfies present consumption levels without compromising future
needs (Kahn, 1995). Therefore, studies on NTFPs require a team of interdisciplinary
researchers during the process of study design and implementation to ensure that both

ecological and economic issues are addressed.

Many analyses fail to account for household labour time by period or by person across
seasons and the year (Stanley et al., 2012). Few studies have considered the number
of collecting trips and value of the total products collected per year. Furthermore,
studies fail to specify the number of household members working in gathering
compared to the members consuming from the income streams generated. The gaps
indicate that the future survey instruments should include time use patterns and

collection rates and returns across all seasons (Stanley et al., 2012).

The issue of ecological sustainability is crucial to long-term success of extractive
activities (Pandey et al., 2015). It is noted that “each of the ecological studies referred

to discusses this feature either in their introduction or conclusion, and most employ
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field methods and quantitative analyses to explore the question. Yet a surprising
number of studies fail to make explicit statements regarding the relative sustainability
of the harvest activity” (Stanley et al., 2012). There is need to determine whether the
current NTFPs harvests under the present conditions are sustainable and to make

informed recommendations that would foster future sustainability.

Most studies in the ecological analysis, for instance, (Ticktin, 2004; Shahabuddin and
Prasad, 2004), “report physical extraction rates over a short study period, usually two
years or less. Ultimately a longer-term analysis is needed, since extraction quantities
and prices can affect household incomes. The Homma model of extractive production
suggests a rapid expansion, followed by stabilization and then decline in the ratio of
production/extraction (Homma, 1996). If extraction and cultivation eventually occur
at the same time, prices will fall. While standard economic theory suggests that higher
prices create a greater quantity supplied, what often matters to poor people is meeting
a subsistence income threshold. In other words, falling prices could also create
pressure for over-extraction as gatherers seek more. Future research is needed on the
dynamic interaction between economic and ecological sustainability across studies or
within a single study”. This study seeks to address the issues mentioned above with
the exemption of the short study period due mainly to limitation of financial

resources.

The relation between the economic benefits of NTFPs and their resource base, local
availability and sustainability, and condition of their sources is poorly understood
(Hall and Bawa, 1993). Another complication is the scarce information on the
ecological productivity, growth forms, life history and conservation of the various

species involved in production of NTFPs hinder development of management
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scenarios (Zuidema, 2000). The lack of adequate information has led some scientists
to propose that intense harvesting of NTFPs is feasible because of the supposedly low
associated ecological impacts (Ndangalasi et al., 2007). Generally, it has been
established that the overall ecological effects, impacts and responses of forest
utilization are underpinned by floristic composition, the magnitude or intensity, and

the modes and seasons of harvesting (Peters, 1994; Ndangalasi et al., 2007).

The actual impact of harvesting NTFPs depends on the specific growth form or type
of resource that is removed. Intensive and uncontrolled harvesting can reduce the
abundance of solitary plants (Ndangalasi et al., 2007). Rising demands have led to
over-exploitation of many multi-stemmed species with collectors cutting plants too
young or too close to the ground, which might inhibit re-sprouting. Kahn (1988)
reported that harvesting of leaves may have a negligible effect on the plant population
being exploited if: (i) individual plants are not Killed in the process; (ii) a sufficient
number of healthy leaves are left on each plant to photosynthesize; (iii) the
reproductive structures and apical buds are not damaged, and (iv) sufficient time is
allowed between successive harvests for the plant to produce new leaves. The
harvesting of roots, bulbs and bark usually kills or fatally weakens the exploited plant

species (Davenport and Ndangalasi, 2002).

NTFPs may sometimes fail to make a positive contribution to sustainable
development suggesting the need to analyze the ecological, socio-economic and
cultural factors that determine the success of NTFP commercialization (Marshal et al.,
2006). Such analyses could enable successful commercialization of NTFP’s of high
potential, or the identification of those at high risk of failure, prior to major

investment decisions being made (Marshal et al., 2006). Although a great deal of
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research has been undertaken on NTFPs, much of this has been highly specific in
nature, relating to individual case studies. It should be noted that “differences in the
objectives and methods of different studies, and wide variation in the ecological and
socio-economic characteristics of NTFPs, have restricted the development of standard
analytical frameworks that enable the results of different investigations to be
integrated or compared (Neumann and Hirsch 2000)”. The lack of such comparative
analyses has hindered the development of generalizations about the factors
influencing success of NTFPs commercialization. Although some important attempts
have been made to develop models and theories relating to NTFP commercialization
(Homma, 1996), to date, these efforts have largely been qualitative in nature with

limited practical applicability.

The current study attempts to overcome some of the research gaps by examining the
impacts of extraction of non-timber forest products on South Nandi forest and
livelihoods of adjacent households to date, these efforts have largely been qualitative

in nature, and their practical applicability has been limited.

2.2 Diversity of NTFPs

NTFPs in tropical forests are generally grouped into four categories (Ndangalasi et
al., 2007); fruits and seeds harvested mainly as fleshy fruit, nuts and oil seeds; plant
exudates such as latex, resin and floral nectar; vegetative structures like apical buds,
bulbs, leaves, stems, barks and roots; and small stems, poles and sticks harvested for

housing, fencing, fuelwood, and craft and furniture materials.

The numbers of products available from NTFPs are numerous, thus, in the market

setup; they have been classified into edibles and non-edibles, which in turn are further
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divided into four general categories to simplify trade in the NTFP industry. The four
categories are: 1) edibles, 2) medicinal and dietary supplements, 3) floral products and

4) specialty wood products (Adepoju and Salau, 2007).

There is a diversity of plants ranging from 92 to 480 plant species used as NTFPs as
shown in a number of studies. For instance, 92 plant species used for ethnobotanical
use, fuelwood, animal fodder, construction materials and edible forest products in Ri-
Bhoi District, Meghalaya, India (Sharma et al., 2016). About 109 species of NTFPs in
Malaysia were locally traded and used for wild edible plants (35 species), 32 species
of medicinal plants, 8 species of orchids, 4 species of bamboos, 6 species of rattans, 8
species of wild fruits among others (Kodoh et al., 2009). Further, 480 plant species
(25% of recorded flora) from 117 families and 334 genera used as NTFPs by local
people in China (Ghorbani et al., 2012). It was noted that forests in India, which were
once known for their valuable timber, have changed roles to provision of NTFPs with
183 species having shifted emphasis to provision of NTFPs (Omkar et al., 2012).
Those harvested for NTFPs belonged to 149 genera representing 64 families:
Dicots/Magnoliopsida (164) and Monocots/Liliopsida (19) whereas the growth forms
were dominated by trees (111), Shrubs (29), Herbs (21), Climbers (19) and Lianas (3)
indicating that the floral elements are primarily woody forest trees. The shift to
NTFPs could have been due to the degradation of the forest that changed structure

from predominantly timber species to shrubs and climbers.

Overall, NTFPs provide many uses as they contribute to food and other basic needs;
thus, a better understanding of the extent and nature of the role of NTFPs is necessary
to make decisions about forest management that adequately meets the society’s

demands upon the forest resource (Adepoju and Salau, 2007). The challenges to
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availability of NTFPs are linked to anthropogenic pressures mainly caused by
increased human population, heavy extraction levels and grazing livestock.
Therefore, sustainable harvesting and management strategies should take into
consideration these factors to ensure there is a balance between growth and extraction
to prevent overexploitation of the specific species (Adepoju and Salau, 2007

Ghorbani et al., 2012).

2.3 Quantification of NTFPs from Forests

2.3.1 Dependence on NTFPs

Many rural dwellers in tropical regions depend on non-timber forest products
(NTFPs) for their livelihood and income needs (Heubach et al., 2011; Maua et al.,
2019). NTFPs play significant economic benefits to the local community in the
following ways i.e. provide domestic subsistence and consumption needs for
improved disposable income to the household (Heubach et al., 2011); serve as
insurance premium during hard economic times and NTFPs contribute to direct
monetary benefits through sales (Shackleton and Shackleton, 2004). It was noted that
“valuation of natural insurance demand for NTFP in South Nandi, Kenya, showed that
majority (55%) of the respondents were willing to contribute extra money, above the
normal maximum Willingness to Pay (WTP) amounts for improved forest products

management, as guarantee for future availability of NTFPs” (Sumukwo et al., 2013).

In a study in Northern Benin, West Africa, it was reported that “average income from
NTFPs accounted for 39% of total household income and had a strong equalizing
effect. However, the economic relevance of NTFPs differed between households with
the poorer households being more dependent on NTFPs in order to fulfill their basic

needs than relatively wealthier households” (Heubach et al., 2012). Contribution of
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NTFPs to household income has also been reported by many authors e.g. Melaku et
al., (2014); Sumukwo et al., (2013); and Sunderland et al., (2004). The markets play
an important role in enabling forest-dependent households to exchange NTFPs for
cash through sales. Therefore, increased market demand and access with increased

urbanization expands the volumes of NTFPs that flow to local and regional markets.

Agrawal et al. (2013) confirmed the importance of NTFPs at global level, these
include: “employment of more than 13 million people in forest sector activities in the
formal sector; 40-60 million people employed in the informal sector of small and
medium forest enterprises; estimated that 1- 1.15 billion people get direct and indirect
contributions to livelihoods and incomes; and unlike most other sectors, forests also
contribute immensely to ecosystem services that humans value on, though these are
not traded and it is difficult to put economic value to them. However, different
economic valuation strategies peg the economic value of ecosystem services from

forests in the summing up to billions of dollars”.

2.3.2 Marketed NTFPs and their commercial values

Studies indicate that globally, 4,000 - 6,000 NTFPs are of commercial value and some
150 of them are important in International trade (FAO, 1997). Further, it estimates
that the total value of internationally traded NFTPs to be USD1.1 billion annually.
However, the link between the economic benefits of NTFPs and their resource base
(including local availability and sustainability) and sources is poorly understood (Hall
and Bawa, 1993; Sunderland and Ndoye, 2004). Therefore, chances of a specific
product succeeding in new commercial markets have to be confirmed in market
viability studies. The focus on developing market outlets for NTFPs needs to be kept

in balance with consideration on the continuing use of NTFPs to meet subsistence
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needs; sustainability of the production; the impact on socio-economic structures of the
community, and the position of the NTFP in relation to similar (NTFP) products.
Such studies do not consider the classification of NTFP based on their supply and
demand characteristics and the driving market mechanisms (FAO, 1997). There are
several supplies related NTFP characteristics that influence the flow of products from
forests namely: sustainability of extraction, regenerative production, ease of
cultivation and ease of stimulating production by technological means. The other
supply characteristics are more related to production organization that include access
to NTFP resources and gender division of production responsibilities. NTFPs demand
characteristics differ depending on the main drivers for their collection and uses.
Some of the key demand characteristics for NTFPs include opportunistic collected
products for subsistence consumption not related to main household needs such as for
snack fruits, occasionally collected products purposely to meet emergency needs such
as medicinal products, and emergency foods during droughts (FAO, 1997). Others are
products for regular household consumption, products for sale at various market types
(local, regional/national, international) and products demanded in manufactured
forms, and which can be locally produced giving them added value (e.g. palm sugar,

liquors).

Manish et al. (2015) reported that “global pharmaceutical market was worth US $550
billion in 2004 and was expected to exceed US $1100 billion or more by the year
2015. The herbal industry shares about US $100 billion annually with good growth
potential (Manish et al., 2015). Herbal medicine is reported to be the mainstay of
about 75 - 80% of the world population, mainly in the developing countries, for

primary health care”.
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Foster and Duke (1990) catalogued about “500 medicinal plants of eastern and central
North America and reported that in 1990, the annual herb product sales was about US
$250 million and by 2000, sales had surpassed US$ 3 billion largely as the result of
Dietary and Supplement Act on 1994, that created the regulatory category of “dietary
supplements” and moved herb products from health and natural food stores into the
mass market” (Foster and Duke, 2000). Marketing and distribution of herbal products

has been boosted by online marketing from the mid 1990s.

A study done in Cameroon found that “more than 1,100 traders, mainly women, were
engaged in the distribution of NTFPs and the quantity marketed was significant,
amounting to at least US$1.75 million in the first half of 1995” (Ndoye et al., 1998).
Furthermore, the marketing margins obtained by traders varied depending on the
NTFPs; between 16% (for Dacryodes edulis) and 30% (for Irvingia spp.) of the value
of sales. These findings confirm the important role of NTFPs as a source of
employment and income to gatherers and traders, and hence the importance of

markets in enhancing incomes and livelihoods (Ndoye et al., 1998).

Barrow et al. (2016) highlighted the economic value of forests to forest adjacent
households in 14 countries in Africa including Kenya. In Kenya, economic value of
Mau forest was US$350- US$450 per household per annum and worth $US 100
million per annum overall; other forests were: Kakamega forest - US$160; Arabuko
Sokoke - US$ 135; US$ 213 for Mt. Kenya; US$285 for Aberdares and US$ 100 for

Oldonyo Orok.

The Kenya National Bureau of Statistics (KNBS) revealed forestry’s contribution to

GDP to be 1%, which is too low according to a study the Forestry Society of Kenya
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(FAO, 2016). This is supported by (Katerere, 1998) who argued that NTFPs are
generally undervalued by planners and policy makers though forests and trees provide
food, fiber, fodder, fuel, and medicinal products (Agrawal et al., 2013). Data gaps and
the absence of reliable information flow are major challenges in estimating the
economic contributions of forests beyond what is available in official reports
(Agrawal et al., 2013; Maua et al., 2019). Country- and region-specific efforts
indicate that where such data are reliably available, the non-cash economic
contributions of forests to household and national economies range between 3 and 5
times the formally recognized, cash contributions (Agrawal et al., 2013). It is difficult
for many countries to quantify and include data on forestry activities from both the
informal and other non-monetary sectors due to missing information. If these were to

be included, the share of forestry to GDP would be significantly higher (FAO, 2008).

Challenges in forest quantification arises mainly due to: 1) data gaps and absence of
reliable information in estimating the economic contributions of forests beyond what
is available in official reports and 2) the absence of aggregated data on the economic
contributions related to non-timber forest products (NTFPs) and their value, and 3)
the lack of information systems that can incorporate such data systematically. These
are some of the major bottlenecks in better understanding of the forest sector

contribution to GDP.

2.3.3 NTFPs and Gender

In this study, gender is defined as “the socially constructed characteristics of women
and men, such as norms, roles, and relationships of and between groups of women
and men. It varies from society to society and can be changed (WHO, 2020). Several

studies have confirmed that both men and women play different roles and their
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interests in NTFPs are different as women play greater roles as primary harvesters,
processors and marketers of NTFPs (Terry and Cunningham 1993) than men. An
examination of gender roles in NTFPs extraction and utilization is critical in
understanding the impacts of NTFP commercialization on society’s social justice,
equity and welfare. This is because studies have shown that the existence of gender
division of labour and income control can vary spatially, by species, by level of
technology, and by the type of task in the chain of activities from harvesting to
marketing (Neumann and Hirsch, 2000). Similarly, studies have confirmed that
women’s social, political and economic status can be helped or harmed through NTFP
commercialization efforts (Neumann and Hirsch, 2000; Marshall et al. 2006). The
most negative impacts occur under two conditions; “when men have control over the
income derived from NTFP collection and sale and women are not likely to directly
benefit from commercialization. Secondly, when mechanization and centralization of
processing is part of the commercialization process that end in displacing women
processors from the market value chain”. The most positive situations for women are
those that include an institutional or organizational component specifically designed
to increase women’s power that enable them to defend their economic interests in
NTFPs. In the absence of specific mechanisms to redress existing gender inequities,
NTFP commercialization efforts can and do result in negative economic and social
consequences for roles of women (Neumann and Hirsch, 2000). Thus, there are
important issues and concerns relating to gender that need to be addressed whenever
planning and implementing projects that promote commercialization of NTFPs
(Neumann and Hirsch, 2000). Some of the concerns that need consideration include

the following: “when women are main primary harvesters, processors and marketers
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of NTFPs; the labour for various activities involved in getting NTFPs from the forest
to the market is commonly divided between gender, though not in an easily
generalizable pattern; when women are actively involved in harvesting and use but
don’t have direct control of the income derived from commercialization of NTFPs”.
There is a general pattern of women being displaced by men when new labour-saving
technologies for NTFP processing are introduced. NTFP commercialization projects
that explicitly empower women to participate can have the effect of increasing

women’s political and economic power vis-a-Vvis men.

In Kenya, currently information on NTFP exploitation in relation to gender role is
scanty. However, legally, the forest adjacent communities are allowed to exploit
NTFPs through the CFAs which also participate in forest protection and conservation
(GoK, 2016). Secondly, NTFPs extraction contributes significantly to poverty
reduction by providing safety nets which reduce the vulnerability of economically
disadvantaged households living adjacent to forests when crops fail. Some of the
challenges highlighted in a study on NTFP harvesting and forest degradation at
Kabaru (Maina, 2016) are that “ 1) women lack appropriate tools to use while
harvesting of NTFPs, 2) there is need to improve the women’s capacity to engage in
value addition as this will improve the economic benefits from the NTFPs, 3) the
forest adjacent communities need to be trained to improve their harvesting, post-
harvesting techniques of NTFPs because this adds value to products hence economic
benefits, 4) there is need to strengthen policy to deter illegal exploitation of NTFPs
and that such a policy should ensure NTFP users are registered and operate under the

umbrella CFA; and 5) improving forest laws might empower women to harvest
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NTFPs in ways that do not pose a threat to forest sustainability.” The situation in

Kabaru is replicated in other forests including South Nandi forest.

2.3.4 Forest product certification

Forest product certification seeks to link trade in forest products to the sustainable
management of forest resources, and is therefore an important marketing tool for
management to consider. Certified products enter different markets with other
opportunities compared to the traditional, non-certified, trade markets. There are three
main certification schemes, Forest Stewardship Council (FSC, Sustainable Forest
Management), International Federation of Organic Agricultural Movements (IFOAM,
biological control) and Fairtrade Labeling Organization (FLO, Fair Trade). Some
products, like shade coffee and chicle in Mexico and palm heart in Brazil, have
already been certified by different certification schemes (Yadav and Dugaya, 2013).
In Kenya, the Forest Conservation and Management Act 2016 (Section 59) supports
grading and valuation of timber and other forest products including appointment of a
professional grader. This gives the traders in NTFPs and KFS an avenue to explore
use of high quality products, value addition in NTFPs and sustainable NTFP

production.

Impediments to NTFP certification are numerous and these include “lack of
knowledge about Species biology, ecology and management, complex trade chains,
unorganized and powerless producers, poor working conditions, illegal or quasi-legal
harvest and an inability to pay for certification. Certification systems are still evolving
and have yet to address the topic in a flexible , practical manner. They also require
political support, social stability and existence of strong local institutions to flourish.

Research to date suggests that species with large, established markets will be the best
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candidates for NTFP certification and that further education efforts are sorely needed

(Pierce et al., 2003)”.

2.3.5 Sustainable management of forests and NTFPs

Sustainable forest management is “the process of managing permanent forest land to
achieve one or more clearly specified objectives of management with regards to the
production of a continuous flow of desired forest products and services without undue
reduction of its inherent values and future productivity and without undue undesirable
effects on the physical and social environment (ITTO definition in Lammerts van
Bueren and Blom, 1997)”. In order to develop sustainable harvesting methods of
NTFPs a number of key-ecological questions need to be answered (e.g. phenology,
ecology, reproduction biology) in order to determine best harvesting practices, species
and suitable areas. The determination of a sustainable harvesting level depends on
information on volume and reproduction. There are many challenges towards NTFPs
management that include inadequate information on the ecological productivity,
growth forms, life history and conservation of the various species involved which
complicate management scenarios (Zuidema, 2000). This presents a danger of
excessive extraction of forest products which is likely to impact negatively on the
population dynamics of the plants being exploited and may lead to changes in
community structure and organization (Moegenburg and Levey, 2002). Furthermore,
dealing with NTFPs in general is not easy as different parts of plants are harvested.
However, their harvests may produce impacts that can be either beneficial or
detrimental to the species. Actual impact of harvesting depends on the specific growth
form, part that is harvested (e.g. fruit, bark, stem, foliage) or type of resource that is

removed. Additionally, the time or season of harvesting e.g. harvesting plant parts
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during the dry or wet season may have more detrimental effects on the plant
especially if roots or stem parts are harvested. This is because this may exercabate
drought effects on the plant. Intensive and uncontrolled harvesting affects the

abundance of especially solitary plants.

Seventy studies on the ecological impacts of harvesting NTFP from plant species
were reviewed by Ticktin (2004) that generally focused on single NTFP populations
and human communities. The study emphasized the need to direct more efforts
towards assessing the effects of harvest on community and ecosystem-level processes
and effects of harvests concurrently on different ecological levels (Ticktin, 2004). It
was noted that other factors which affect local harvesting strategies are socio-
economic, political and ecological in nature. Thus, for the NTFP species that are
harvested in wide and diverse areas, larger-scale, comparative approaches are needed
that consider variation in both social and ecological factors. This will be necessary for

assessing sustainability and other factors that may influence it.

Some of the studies that have documented population structure and regeneration in
Western Kenya forests, which are close to the study area include Tsingalia, (1988) in
Kakamega forest; Kiama and Kiyiapi, (2001) in Kakamega forest; Hitimana et al.,
(2004) in Mt Elgon forest; Fashing et al., (2004) in Kakamega forest; Girma, (2011)
in North and South Nandi forest; Njunge and Mugo, (2011) in South Nandi Forest;
Otuoma et al., (2016) in Kakamega forest; Wanjohi et al., (2017) in Nabkoi forest;
Onyango et al., (2018) in South Nandi forest. However, information on the forest
structure due to changes in human activities is scanty. These studies contribute
knowledge which is useful to understanding population dynamics and regeneration

status which in turn help in developing strategies to sustainably manage and conserve
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the forests. For example, it was noted that the high human population density around
Kakamega forest has led to considerable long-term human influence on the forest due
to use as source of charcoal, fuelwood, gold, honey, medicinal plants, and
construction materials (Tsingalia 1988; Wass 1995). Information on population
structure indicates the history of past disturbances to species and the environment and
thus used to forecast the future trend of the population of that particular species
(Peters, 1994). Further, the overall pattern of population dynamics of seedlings,
saplings and matureplants of a species can exhibit the regeneration profile, which is
used to determine their regeneration status (Malik and Bhatt, 2016). Therefore, better
ecological information on floristic composition, population structure, and regeneration
status of a given forest patch are required to determine the status of the forest in order

to manage it in a sustainable manner.

2.4 Economic Valuation of NTFPs

FAO (1997) cited at least 150 documented NTFPs as important in international trade.
Harvesting and consumption of plant products from natural forests accounts for a
large proportion of the livelihood of people living close to such habitats (Padoch,
1992). In the same study, FAO estimated that the total value of internationally traded
NTFPs is about USD 1.1 billion annually. There is, however, inadequate information
on NTFP management specifically on sustainable NTFP management. Most studies
on NTFP valuation have been biased towards a few species, using direct observation
methods and quantification and investigation of market, shadow or barter prices

(Svarrer and Olsen, 2005).
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2.4.1 Choice of economic valuation method

The type of forest product being estimated determines the method to be adopted for
approximation (Adepoju and Salau, 2007). Estimation of direct use values normally
adopt market analysis-based approaches (Emerton, 1996). Three main methods have
been commonly applied by many scholars in the estimation of NTFP values. These
methods “utilize market prices and include: i) Direct pricing method (DPM) for
commercially traded NTFPs (Peters et al., 1989), ii) Cost of collection method (CoC)
that estimates the value of time expended in gathering NTFPs (Delang, 2006), and iii)
Direct Substitutes method (DSM), which infers value based on close direct substitutes

that have market prices ( Delang, 2006)”.

Estimation of the gross annual direct use value involves measurement of quantities of
NTFPs consumed and converting these (local units) to kilogrammes. The time a unit
of NTFPs consumed last in each household when used continuously can be
determined. Frequency of particular NTFP consumption in the previous 12 months is

recorded and annual gross direct-use value of an NTFP calculated (Peters et al. 1989).

Cost of Collection method involves establishment of time spent gathering NTFPs
from the forest. It is the “average time starting from the moment one leaves for the
forest to collect the NTFPs until the time they get back home is measured (Kiplagat et
al., 2008). This method considers the value of household’s heads labor time and their
occupation including the average net earnings per working day (Delang, 2006;
Kiplagat et al., 2008). The main advantage of using the wage equivalent method is
that the resultant value per hour reflects the opportunity cost of labour of households
entering the forest to harvest NTFPs (Kiplagat et al., 2008). This is thought to be

better since use of wage rate could have concealed the variation of income earnings
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within the sampled households (Delang, 2006). Cost of Collection method has
nevertheless been a subject of criticism; “it has been observed that the exact time
spent gathering particular NTFPs cannot be exactly determined since there is a

possibility of collectors carrying out more than one activity in the forest”.

The total economic value (TEV) of forests is derived as the sum of “direct use values
(DUV), indirect use values (IUV) and option values (OV)”. Direct use value is the
value derived as a result of direct consumptive or non-consumptive utilization of the
forest (Pearce and Warford, 1992; Kiplagat et al., 2008). These values include
“timber, NTFPs and recreation amongst others. IUVs denote to those that are attained
through the influence of forest existence and include most ecological functions such
as modification of local climate or control of soil degradation. On the other hand,
option values refer to value derived by holding a premium of the forest for future
unknown uses. Bequest values (BV) and existence values (EV) are also a part of TEV

(Kiplagat et al., 2008; Rizal et al., 2018).

2.4.2 Experiences in NTFP valuation

There are a number of approaches which have been used to value NTFP. For example,
Svarrer and Olsen (2005) used a different methodological approach by investigating
the labour input in NTFP extraction activities and calculating the opportunity cost,
which is then treated as an approximation of the economic value of all NTFPs
extracted. This approach has mainly been used in studies estimating values of time
spent collecting water in dry areas (Whittington et al., 1990) and investigating gender

issues in household surveys (Svarrer and Olsen, 2005).
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Knowledge of the value of non-timber forest products (NTFPs) and their use patterns
may provide input to the management of tropical forests to the benefit of local people
(Svarrer and Olsen, 2005). The direct use value of NTFPs has only been included in
forest evaluation studies since the late 1980s (Kant, 1997). The direct use value of
NTFPs has only been included in forest evaluation studies since the late 1980s (Kant,
1997). Many studies (De Beer and McDermott, 1996; Kant, 1997; Peters et al., 1989)
focus on limited traded species and attempt to estimate traditional capital values,
typically value of products per hectare, rather than estimate the value of extraction to

rural households (Svarrer and Olsen, 2005).

Due to differences in methods, “comparison of findings should be done with caution.
Studies may be distinguished by their focus on (i) stock values or flow values, (ii)
gross values or net values, and (iii) choice of discount rate. Furthermore, results may
differ, even if applied methods are similar, due to the biological and economic
diversity of the different study sites and the different products studied (Godoy and

Lubowski, 1992; Svarrer and Olsen, 2005)”.

2.4.3 Socio-economic factors that influence dependence on NTFPs

Mcelwee (2008) reported that better understanding of why some households harvest
forest goods while others do not help explain some of the problems encountered in
NTFP promotion. It is important to know the socio-economic characteristics of forest-
dependent households which play roles in explaining forest use. She highlighted key
socio-economic characteristics reported in several studies as summarized: For
instance, in Philippines - it was the elderly people who were more likely to collect
NTFPs because of their extensive knowledge of forest plants and wildlife (Lacuna-

Richman, 2002). However, elsewhere, the younger households were reported to be
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more dependent on wild collected products as they set out to start families and have
lower agricultural assets than older better-established households (McSweeney,
2004). Other studies showed that age, household size and wealth status, education
level and gender was found to influence household’s decision to participate in NTFPs
sale or not (Tassou, 2017). Meanwhile, Amusa et al., (2017) noted that in addition to
the above mentioned factors, ethnicity, distance to market and access to roads
significantly influenced market knowledge and information among households

involved in the trade of NTFPs.

Relationship between income and forest use is another factor; it was found that
households with the lowest level of rice self-sufficiency relied mostly on rattan
harvesting. In the Philippines (Siebert and Belsky, 1985) and in Sri Lanka,
contributions of NTFPs to incomes declined as income rose (Gunatilake et al., 1993).
Other studies which found similar results include Cavendish (2000) and Mahapatra
and Tewari (2005). The poor mostly rely on forest income as a safety net in times of
particular need such as an agricultural shortfall or another kind of emergency
(Paumgarten, 2005). Other studies reveal that medium-income or richer households
are, in some situations, more likely to get more forest income than the poor, owing to
high labour requirements or elite capture of valuable resources (Wickramasinghe et

al., 1996).

Land tenure is another important variable; the landless and land-poor are often more
dependent on forest products collection than the land-rich (Lacuna-Richman, 2002;
Robinson et al., 2013). For those with no access to land for agriculture, NTFPs can
provide much-needed source of support, especially when NTFPs are collected from

common or open-lands (McElwee, 2008). In Orissa (India), Fernandes and Menon
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(1987) reported that dependence on forests was strongly correlated with the size of
landholdings with the landless being particularly being the most dependent. Robinson
et al. (2013) emphasized that land tenure is inextricably linked to many socio-
economic and governance factors, thus it is difficult to separate tenure from other

direct and indirect drivers of deforestation.

Other social variables that may also influence forest use include household debt,
labour availability, gender, distance to the forest, involvement in non-agricultural
activities and incorporation into market (Gunatilake, 1998). At the household level
socio-economic variables that influence income of the households are education level,
marital status of household head and whether the household head was born in the
village or not (Hassan et al., 2002; Kar, 2010). These variables may give different
results from one location to another; therefore, generalizing results has to be done
with caution i.e. where other characteristics are also similar. Socio-economic
characteristics such as age, education, place of current residence, occupation, marital
status, income and number of family members, etc., are known to have impact and
influence on the way of thinking, attitudes and perceptions and behavior of the people

towards the adoption of innovations (Hassan et al., 2002).

There are several village- or community-level factors, such as difference in villages,
road access to the village, transport types used to carry NTFPs and main forest-tenure
types which influence NTFP household incomes. A study done in Bangladesh’s
Chittagong Hill Tracts revealed that the NTFP income of the households differed
significantly between 14 study villages due to heterogeneity in the villages (Kar,

2010).
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Factors such as the size and labour capacity of households (Mamo et al., 2007),
migration status (Lacuna-Richman, 2006), opportunity costs of collection and the
substitutions of forest products by market purchased goods, and the strength of
markets for forest produce may also be important. Previous studies have mentioned
heterogeneity even within smaller forest-extracting communities (Al-Subaiee, 2016),
thus more studies are required to carefully account for use of forest products across a

range of ecological locations and social situations.

2.5 Research Needs

Sustainable forest management should be guided by sound scientific foundation. Ros-
Tonen (1999) divides “NTFP research into two categories based on the primary
objective namely forest oriented and people-oriented research. The forest oriented
approach focuses on the development of an ecologically sustainable extraction system
and the people oriented approach focuses both on the recovery of local knowledge, its
application in participatory management, and to improvement of people's livelihood

(Table 1)”.

This schedule of research needs makes it clear that there is a challenge ahead for
continued collaborative NTFP research for the benefit of forest conservation and the
people who depend on NTFP for their livelihood. It is difficult to make any kind of
prioritization as all aspects are important to a NTFP production harvesting system

contributing to the conservation of forest and the quality of local livelihood.
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Table 1: Categories of NTFP research needs derived from the management

options

Forest-oriented approach

People oriented approach

Forest conservation

“Supply scientific basis, with
scientific data on key ecological
functions like phenology and
reproductive biology, to develop
sustainable harvesting methods
and levels;

Develop tools to monitor the
sustainability of the extraction at
species and ecosystem level.

Point out the role of NTFP
extraction as a suitable and
compatible land use option in
land use planning and forest
management plans.

Participatory management

Develop participatory
management models taking
into account traditional/local
knowledge and ensuring a

broad support for
management;

Hence, science should take
into account that all

management tools are to be
applied and understood by
local management.

Improved livelihoods

Develop market viability studies
and closely related market
monitoring tools for specific
NTFP products to be applied by
local management;

Assess the role of NTFP
certification as a marketing tool in
(international) trade and provide
scientific support for certification
like objective indicators ;

Study the potential of
domestication of commercial
attractive forest products and their

integration  into  silvo-/agro-
forestry systems;

Develop yield raising methods and
techniques;

Provide insight into land tenure
and property and access rights;
Provide insight into the socio-
economic dynamics of NTFP
extraction both for subsistence
and commercial extraction”.

(Adapted from Ros-Tonen, 1999)

2.6 Legislative Framework

The first formal forest policy in Kenya was developed in1957, and revised in 1968 as

Sessional paper No 1 of 1968. This policy document focused on management and

conservation of forests on public land, but did not provide for the participation of

stakeholders in forest management. Implementation of the policy was supported by

the Forest Act Cap 385 of 1964. Due to emergent challenges facing the sector, a

revised legislation; the Forests Act No 7 of 2005 was enacted. The Forests Act (2005)

provided for management of forests outside public land and introduced participatory

forest management, by engaging local communities through community forest

associations and the promotion of the private sector investment in gazetted forest

reserves, accompanied by concomitant institutional and organization change, notably
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the establishment of the Kenya Forest Service (KFS), and the formation of
Community Forest Associations. The reforms in the forestry sector in Kenya
culminated in the repeal of the Forest Act, 2005 and the enactment of the Forest

Conservation and Management Act, 2016 (GoK, 2016).

The forest adjacent communities through the Community Forest Associations benefit
from use of NTFPs and joint management of the forest with the backing of the Forest
Conservation and Management Act, 2016 (FCMA 2016). The type of NTFPs that the
CFAs are allowed to extract is specified in section 49(2). These include medicinal
herbs, harvesting of honey, fuel-wood, grass harvesting and grazing, collection of
forest produce for community based industries among others. The FCMA 2016 gives
incentives for increasing forest and tree cover as well as benefit sharing (section 53).
The FCMA also has a section which opens ways for licensing and trade in forest
products. This supports promotion of use of NTFPs by forest adjacent communities

through CFAs.

The other supportive legal documents that are related to NTFP extraction include the
Constitution of Kenya, 2010; Agriculture (Farm Forestry) Rules, 2009; Draft Forestry
Policy, 2015; Charcoal Rules, 2009. In view of the support, the CFAs and KFS should
develop Participatory Forest Management plans which promote utilization of NTFPs

inside and outside the forests.

2.7 Theoretical /Conceptual Framework
It is expected that with the understanding of the socio-economic factors that influence
households to collect NTFPs from the forest; in addition to knowing the types and

quantities of NTFPs extracted from the forest; doing their valuation using the right
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methods; all these together with understanding the regenerative capacity of NTFPs
will result in sustainable utilization of NTFPs, which is core to the efficient
management of natural resources. The other areas are having political goodwill, and
regular update of legislation to incorporate advancement of NTFPs harvesting and

handling recommendations (Figure 1)

Political influence Types of NTFPs utilized by Forest
on legislation adjacent community
AN
- - Sustainable
Socioeconomic utilization of NTFPs
factors that (socially acceptable, :
influence ecologically benign & <:> Quantity of
households economically positive NTFPs
to communities) Extraction
L by gender
Restorative/r %/\/

Economic value of NTFPs: -
market characteristics, product
economic characteristics, income

egeneration

potential of
NITEPe

Figure 1: Conceptual framework for sustainable utilization of NTFPs
(Adapted from Dlamini and Geldenhuys, 2011).
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CHAPTER THREE
MATERIALS AND METHODS

3.1 Study Site Description

The South Nandi forest (Figure 2) is the eastern-most remnant of the Guineo—
Congolian rainforest, which in the past millennium stretched across the entire expanse
of West and Central Africa to the East African highlands (Young, 1984; Maua et al.,
2019). It is one of the last remnants of pristine sub-humid tropical rainforests that is
located in a densely populated and intensely cultivated region (Maua et al., 2019).
South Nandi Forest is situated in Nandi County. Five Counties borders SNF:
Kakamega to the West, Kisumu to the South, Kericho to the South East, Vihiga to the
South West, and Uasin Gishu to the North East. Geographically, the unique jug-
shaped structure of Nandi County is bound by the Equator to the south and extends
northwards to latitude 0°34°N. The Western boundary extends to Longitude 34°45°E,

while the Eastern boundary reaches Longitude 35°25°E (ICTA, 2015).

Conservation of South Nandi Forest started in 1936 when it was declared a
Trust Land under colonial rule vide Legal Notice No. 76, covering an area of
about 26,903.1 Ha and in 1964, its status changed to a forest reserve (KFS, 2015). The
forest is managed by Kenya Forest Service as a forest reserve and currently consists
of 13,000 ha of closed-canopy forest, 1,400 ha of exotic trees plantations, 340 ha
planted with tea and 3,260 ha of scrub, grassland or under some form of cultivation
(Birdlife 2007; KFS, 2015). Deforestation resulted in separation of South Nandi
Forest reserve from Kakamega forest which used to be one continuous forest (Birdlife
2007). The forest altitude ranges from 1700 to 2000m above sea level. The mean

annual rainfall in the area is between 1600 and 1900 mm, which makes it classified as
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a ‘moist forest’ under the Forest and Agricultural Organization of the United Nations
(FAO) guidelines (Brown 1997; KFS, 2015). Presently, it is classified as a
transitional forest between the lowland forests of West and Central Africa and the
montane forests of Rift Valley and Central Kenya (KIFCON, 1994; KFS, 2015). The
soils in the southern Nandi forest are composed of well drained, extremely deep dark
to reddish brown with friable clay and thick humic top layer principally developed on
biotite-gneisses parent material and is heavily leached with pH < 5.5. (Kagezi et al.,

2011; Maua et al., 2020).

Two rivers (Kimondi and Sirwa) merge within the forest to form the Yala River flow
through the South Nandi forest that subsequently passes through Kakamega forest and
then drains into Lake Victoria. Other rivers which also flow through the forest
include Mokong, Orobo and Kundos. These rivers are perennial and provide water for
domestic and industrial use and have waterfalls which can be harnessed for

hydroelectric power and ecotourism (GoK, 2008).

The main economic activities in the region are growing of tea, maize, sugarcane and
horticulture mostly as cash crops. South Nandi Forest Reserve is jointly managed by
the Kenya Forest Service (KFS) and the forest adjacent communities through the
Community Forest Association. The forest adjacent community uses the forest for
their livelihoods by obtaining wood, non-wood forest products and environmental
services such as carbon sequestration, water and air purification (Muchiri and Mbuvi,
2010; Maua et al., 2020). The South Nandi forest reserve like many other indigenous

forests in the country is threatened by environmental degradation due to
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pressure from surrounding population such as charcoal burning and illegal logging.
Sustainable management of South Nandi Forest Reserve is important considering that
South Nandi Sub-County where the forest is surrounded with locations with high
population densities such as Kobujoi and Kaptumo. The population of Nandi south for
the year 2019 was 172,750 with male (85,718) and female (87,029) and an average

household size of 4.7 (KNBS, 2019).
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Figure 2: Location of the study area in Nandi County, Kenya.
(Source: Kenya National Bureau of Statistics, 2013).

3.2 Data Collection

3.2.1 Secondary data

The study involved collection of secondary data from literature review on social and
historical conditions in the area; government reports provided information on social,

economic, environmental, and developmental features. The local Kenya Forest
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Service (KFS) office provided various documents such as large-scale maps and

records of extraction of various NTFPs from within the study area.

3.2.2 Data sampling techniques

The overall approach used in South Nandi Forest Reserve was a combination of use of
semi-structured household questionnaires based interviews; transect walks, focused
group discussions with forest adjacent communities and key informant interviews
with resource users. Villages were adapted as sampling units for NTFPs if they were
within a distance of 5 km from the forest edge and that the forest was accessible to the
communities for utilization of various products (Wass, 1995). South Nandi Forest was
surrounded by at least 16 villages adjacent to it, out of these, 7 villages were
randomly selected for the household survey. The forest sections adjacent to these 7
villages were also selected for vegetation sampling. There were two villages which
were farther than 5 km, (Kimeloi and Ndurio), which were purposively selected as

controls to check influence of distance on NTFP utilization (Table 2).

The number of households for sampling is given as shown in Table 2 (Israel, 1992).

The determination of the sample size was based on the formula by Yamane (1967):

N .
n = m ........................................................ (Equation 1)

Where n is the sample size, N is the population size, and e is the level of precision.
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Table 2: Location, Sub-location and Villages adjacent to South Nandi Forest and
the population by sex and number of households used in household

survey
Location Sub- Village Male Female Total No. No. of
location of house-
house holds
- sampled
holds
Kamobo Kamobo Kamobo** 3,605 3,604 7,209 1414 61
Chepkumia Chepkumia  Kipteden** 5525 52246 10,771 2112 92
Chepkumia Cheboite Burende** 4,300 4,586 8,886 1742 76
Kaptumo  Chepkongony Koimwe** 1,790 1,794 3,584 703 31
Kaptumo  Ibanja Ibanja 1,700 1,938 3,638 713
Kaboi Kamarich Kamarich 1,069 1,079 2,148 421
Kaboi Kamarich Kipsiorori 1,144 1,233 2,377 466
Mugen Kamemei Kimeloi* 2,810 3,022 5832 1144 50
Mugen Mugen Kipchuteywo 2,530 2911 5441 1067
Bonjoge Kapkeben Sebetetwo** 27 31 1,558 305 13
Bonjoge Kereri Chemagal 73 12 785 154
Bonjoge Bonjoge Chepkuny 71 59 730 143
Bonjoge Bonjoge Kenyor 31 35 1,466 287
Chebilat Chebilat Chebision 1,242 1361 2,603 510

Chebilat Kapsagawat Chemamul** 812 934 1,746 342 15
Chebilat Chepketemon Kaptebengwo** 1449 1739 3,188 625 27

Chebilat Kiptaruswo  Tamboiywa 1,238 1,356 2,594 509
Ndurio Ndurio Ndurio* 1,937 1862 3,799 745 32
Total 33,353 35,002 68,355 13,402 397
NB.

* % Village purposively selected as control because it was more than 5 km from the forest
**»  Villages which were randomly selected for household survey/forest adjacent to them
were vegetation sampling was done

Source: Based on Kenya National Bureau of Statistics, Kapsabet office/Own survey
A village list of households was updated from the study by Mbuvi et al. (2010) who
had worked in villages adjacent to South Nandi Forest. A total of 431 households
were included in this study. A household was defined as a group of people who eat
from a common pot, sharing the same dwelling and may cultivate the same land
(Katani, 1999; Maua et al., 2019). The key respondent during the household survey
was the household head as they are the main decision makers for the households

(Kajembe, 1994). However, in his/her absence; a responsible person over 18 years
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familiar with the household setting was interviewed. If there was none, the next

household in the list was chosen.

3.2.3 Household survey

Participatory Rural Appraisal (PRA) method was used to identify and document the
availability and use of local NTFPs, with interviews conducted in local community
households following methodology of Chambers (1994). A total of thirty (30)
questionnaires were pretested in three villages around North Nandi forest to ascertain
instrument effectiveness and where ambiguities were noted necessary adjustments
were done (Reynolds et al., 1993). The semi-structured questionnaires had both
closed and open-ended questions. The questionnaire captured data including
household characteristics of the forest adjacent communities, NTFP status and use;
NTFP incomes; and environment and forest conservation aspects of NTFP business
(Appendix 1). According to some studies, thirty units is the recommended minimum
number for a statistical data analyses to be done irrespective of the population size

(Bailey, 1994).

3.2.4 Focused Group Discussions

Focus groups discussions (FGD) are defined as "carefully planned series of
discussions designed to obtain perceptions on a defined area of interest in a
permissive, nonthreatening environment (Krueger and Casey, 2009)”. The FGD
sought to encourage collective response at village level on the link between NTFP
collected, livelihoods and forest conservation. A checklist on plants documented in
South Nandi Forest (KFS, 2015) was used during FGD to determine the use of
various plants found in this forest as NTFPs. Three FGDs were done consisting of 6-9

persons who were conversant with NTFPs extracted from SNF to generate
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information on uses of plants and to enrich the list of plants found in South Nandi
Forest. The selection of people to participate in the focused group discussion was
based on: 1) knowledge of forest plants in the local language (Nandi) and well versed
with their uses and 2) be living adjacent to the South Nandi Forest. They were
purposively selected per site (Koimwe, Kaptebengwo and Kabungu) after consultation
with KFS, the local community leaders and field assistants on people meeting the
above criteria. For each plant species, all its known uses were mentioned and
consensus reached among members of the group before recording them (Maua et al.,
2019). Additional species mentioned but not in the KFS management plan checklist
were also recorded. Focused group discussions per forest site were done separately in

different locations in September 2016 (Maua et al., 2019)

Other aspects addressed during FGDs at village level were demographics,
infrastructure, and markets for NTFPs, wages and prices and forest resource base. The
economic benefits of NTFPs, rules governing access to forests, changes in product
availability over time as well as reasons for change were also discussed. Focused
group discussion was used to triangulate the information collected through semi-
structured questionnaires. In addition to the FGDs, 6 formal and 8 informal
discussions were done with the forestry staff, community leaders and traders in
NTFPs to understand the various aspects on dependence of the households on South

Nandi Forest.

3.2.5 Transect walk
A transect walk is “a tool for describing and showing the location and distribution of

resources, features, landscape, main land uses along a given transect” (Van Staden et

al., 2006).
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An earlier assessment of the forest before the transect walk was done to determine the
number of sample plots (30m X 20m) required to adequately sample respresentative
species. “A species—area curve which describes the relationship between the area of a
habitat, or of part of a habitat, and the number of species found within that area”
(Downer, 2012) was used. Five sample plots (30m X 20m) were found to be
representative of the forest per transect. One (1)-km transect walks were done from
the forest edge of each adjacent village where household surveys was done. Five
sample plots (30m X 20m) along each transect at intervals of 200m were established
to facilitate forest species counts to enable generation of information on species
representation in the specific forest areas (Maua et al., 2020). For the whole forest,
seven 1-km transects (N1, N5, N7, N11, N13, N21, and N24) were used equivalent to
35 sample plots for assessment of trees and shrubs, 70 subplots each for assessment of
saplings and seedlings respectively. All the sample plots were geo-referenced as
shown in Figure 3. These plots were used to assess plant diversity in terms of species
richness and evenness. Other parameters assessed were density, abundance,
dominance, population structure, regeneration status and important value indices of
the woody plants using a nested plot technique of vegetation sampling (Figure 4). In
this technique, there was a main plot (30m X20m), where all trees with over 10cm
dbh were measured using a diameter tape; two Sub-plots of B (10m X 5m) — where
all tree saplings, lianas and shrubs, diameter at breast height (DBH) =2 cm - 9.99 cm,
at least 1.5 m height were assessed and two Sub-plots of C (Im X 2m) - seedlings,
herbs (erectile and creeping) and grass counted as per details in the data sheet
(Appendix 2). It is difficult to sample plants of different life forms (i.e. shrubs and

grasses) within the same plot frame, thus the use of the nested plot (Bonham, 2013).
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The first main plot of 30m X 20m was established 50m west of the first reference
point, the next 50m east of the reference point, and thereafter subsequent plots
followed the alternating sequence until the fifth plot was done. Rectangular quadrats
were used because they incorporate a greater biodiversity when the long axis of the
quadrat is oriented parallel to environmental gradient (Littler and Littler, 1985; Maua

et al., 2020).

The identification of plants was done by at least two local scouts with wide
knowledge of NTFPs in vernacular names and by referring to the flora books of
Kenya (Dale and Greenway, 1961; Beentje, 1994; KFS, 2015). Types of data

collected are shown in the data sheet (Appendix 2).
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Figure 3: Villages in the study area where household survey/transect walk was
done in 2016
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Figure 4: Sketch diagram of plot layout used for vegetation assessment
3.2.6 Data Analysis of the forest plots (forest site status)

Structural data analysis

The forest plot data was summarized according to standard protocols; the stems for
seedlings, saplings, and trees were expressed as the number of stems per hectare
(density). Basal area (BA), which is equivalent to the cross-sectional area of the tree,

was calculated as follows:
BA =0.000078539816d> (BA=m?, d=cm) ............... (equation 2)
Where d is the diameter of the stem at breast height (1.3m) of the stem in cm

The other parameters used for the description of the forest structure were: relative
density, relative frequency, relative dominance, abundance, species richness,
diversity, diameter class distribution, height class distribution, frequency, Importance
Value Index, and dominance of trees, shrubs and herbs species (Curtis and Mclntosh,
1950; Mueller-Dombois and Ellenberg, 1974, Kent and Coker, 1992). Quantitative

analysis was done at the seven sites; this involved determining the density, height,
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frequency, Importance Value Index, relative density, relative frequency, relative
dominance, abundance, species richness, diversity and dominance of trees, shrubs and
herb species (Curtis and Mclintosh, 1950; Mueller-Dombois and Ellenberg, 1974,
Kent and Coker, 1992). The vertical structure of South Nandi Forest was analysed
using IUFRO classification scheme (Lamprecht, 1989). The scheme categorizes the
forest into upper storey where the tree height is greater than 2/3 of the top height;
middle storey where the height is between 1/3 and 2/3 of the top height and lower

storey where the height is less than 1/3 of the top height (Maua et al., 2020)

‘The following equations describe the parameters above:

__ (number of individuals of a species) X 100:
B Total number of individualsH yone e

1) RDe

ver ven e (EQUAtion 3)

Where RDe is Relative density

2) Species richness which is a measure of alpha (a) diversity was expressed as:
Number of species

Species Richness (S) = Quadrat

) e (equation 4)

3) Simpson (1949) index of Dominance (D) =X (Pi)%................. (equation 5)
where, D = Simpson index of dominance; where pi = the proportion of

important

value of the ith species (pi = %i) , ni is the important value index of ith species
and N is the important value index of all the species). As D increases,
diversity

decrease

4) Simpson’s index was therefore expressed as:
L-Dorl/D i (equation 6)

5) Simpson’sevenness (E) = ——......ccoiiiiiiiiiiniiiiiiieneiiianns (equation 7)

S where S is species richness (Morris et al., 2014)
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6) Frequency was:
Number of quadrats in which a species ocurred

Frequency () =——m——————————————— ... (equation 8)

oTtal number of quadrats studied

7) Relative Frequency:
(Frequency of a species)X 100

Relative Fr ncy (%) =
elative eque C:V(/o) Sum of all frequencies

......... (equation 9)

8) Abundance:

Total number of individuals of a species in all quadrats
Abundance =

... (equation 10)

Total number of quadrats in which a species occurred

9) Relative dominance:

. . Total basal area for a species) X 100
Relative dominance (RDo) = ¢ for a species)

.. (equation 11)

Total basal area of all species

10) Importance Value index(IV1):

IVI =RDO+RDE + RF ......oooeiiiieeeeeiii e eeeeiee eee e e e e e (€QUALTON 12)

11) Shannon-Wiener’s index of diversity (H):
H==2pi NPl (equation 13)

where pi = ni/N; ni is the number of individual trees present for species i, and

N is the total number of individuals (Magurran, 2004)

12) Jaccard’s similarity coefficient (J):

e w2 T TN (equation 14)
where C is the number of species common to both sites, A is number of
species present in one of the sites and B is the number of species present in the

other site (Magurran, 2004)

Regeneration data analysis

The status of regeneration of species determined based on the population size of
seedlings, saplings and adults (Gebrehiwot and Hundera, 2014). The regeneration
status was categorized as follows: ‘1) “Good” regeneration, if seedlings > or <
saplings > adults; 2) “Fair” regeneration, if seedlings > or < saplings < adults; 3)

“Poor” regeneration, if a species survives only in sapling stage , but no seedlings
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(though saplings may be < or > adults); 4)*“None” or not regenerating, if it is absent
both in sapling and seedling stages, but only found in adults; and 5) “New”, if a

species has no adults, but only saplings and/or seedling stages’.

Comparison of results of DBH distribution to de Liocourt model

To test whether South Nandi forest conforms to the de Liocourt model often used as a
management tool in uneven aged forests (Davis and Johnson, 1987); the number of
trees in successive diameter classes, going from largest to smallest, were tested to see
if the number of trees formed the classical reverse-J curve of a normal forest. The

mathematical expression of this model is given as:

Y = K (equation 15)

Where K and a are constants, and only Y and X are variables. Y is the number of

stems/ha and X is the diameter. This equation was transformed into a linear equation:

LogY = LogK — (aLoge)X ....cccoviiiiiiiiiiiiiiiinnnn, (equation 16)

Where logK is the regression constant and aL.oge the regression coefficient

NB. Both Y and K (numbers per hectare) are in the logarithmic scale but X
(diameter), is untransformed. The constants “K” and “a” were calculated from data
obtained from the forest inventory. A goodness of fit test (x2) was done to compare
the diameter classes of hypothetical UNO (1994) model for structurally stable East

African natural forest to that of SNF.

Information on socio-economic survey on uses of tree species and the perception on

status of the forest were summarized using Microsoft excel 2010.
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3.2.7 Records of extraction of NTFPs

The records from KFS office at Kobujoi on use of various NTFPs for the last 10 years
were used to estimate the level of extraction of products such as firewood through
payment of monthly fuelwood license; grazing through monthly grazing permits and

PELIS through annual cultivation permits (Maua et al., 2019).

3.2.8 Data on firewood collection and use

A survey was done to collect more information on firewood which is used by 89% of
the households for cooking in South Nandi Sub-County (KNBS and SID, 2013).
Thirty respondents were interviewed from four exit points from the forest to the
villages. Thirty items/people is the minimum number for studies where statistical data
can be analyzed irrespective of the population size (Bailey, 1994). Data collected
included the preferred tree species; weight of a headload of firewood, species of trees
currently collected, quantities of firewood extracted from forest annually, firewood
merchants in Kobujoi market, abundance of firewood and condition of the forest

(Appendix 3).

3.2.9 Economic Valuation of the NTFPs
Indirect opportunity Cost (I0C) Method
The 10C method is used to “estimate the value of non-market environmental goods

when individual labour is used in harvesting or collection” (Wollenberg, 1996).

The indirect opportunity cost method (Chopra, 1993) was used to approximate the
NTFP extraction value; this was possible because NTFP extraction requires the
expenditure of human effort with only minor investment in capital equipment

(Richards, 1994). The IOC method considers: “i) the perception that time is a
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resource, and that individuals must make decisions about how to manage their time,
reflecting the constraints and opportunities in relation to their objectives (Wollenberg,
1996); ii) microeconomic theory and utility maximization thus it is assumed that the
respondents will always choose the productive use of labor with the highest wage rate.
The 10C method assumes that the decision to spend time on NTFP collection is
weighed against alternative productive uses of labor and/or time” (Svarrer and Olsen,

2005; Maua et al., 2019).

The economic value of the NTFPs extracted per hectare per year (Vi) and the
economic value of NTFPs extracted per household per year (V2) were derived from

the following functions (Svarrer and Olsen, 2005; Maua et al., 2019):

Vv, = a*l*d*;w ............................................. (equation 17)
Vo =aslxd*txw*p.oiii (equation 18)
Where:

a=the number of adults per household,;

I=hours of productive labor per day per adult;

d=yearly working days per adult;

t=relative amount of time spent on NTFP extraction;

w=rural labor wage rate;

h=number of households;

p= the US$ equivalent for Purchasing Power Parity (PPP)*; and

H=the number of hectares used for NTFP extraction

In all calculations, the exchange rate of US$ 1 = Ksh 104.168 (the rate for September

2016) was used.

*The value for price level ratio of PPP conversion factor (GDP) to market exchange
rate in Kenya was 0.460 as of 2016
(https://www.indexmundi.com/facts/kenya/indicator/PA.NUS.PPPC.RF)’



https://www.indexmundi.com/facts/kenya/indicator/PA.NUS.PPPC.RF
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Direct Pricing Method —used for firewood and fodder utilized

The economic valuation method used for firewood was Direct Pricing Method. This
uses market prices to value forest products that are traded in local markets and Cost of
Collection methods that estimate the value of the product by time expended in
gathering NTFPs (Mavsar et al., 2013; Maua et al., 2019). For grazing in the forest, a
direct substitutes method was used as a bale of hay, which had market price was used
to estimate grazing in the forest. It has been estimated that a cow consumes dry matter
at rate of 3-4% of its body weight, thus a 300kg cow will require 9-12 kg of dry
matter per day (The Organic Farmer, 2015). The net economic value for grazing cattle
in the forest per annum was calculated based on the procedure of Langat et al.,

(2016).

The gross annual direct use values were determined from the empirical data as the
product of quantity used per year and the local market price. The following formula

was used in the calculation (Balama et al., 2016):

‘am=Qm* VU ....c.cc. oo it et e et e e e (EQUELTON 19)
Where;
am is the mean annual value in KES,
Q@m is mean annual quantity of NTFPs collected per household (Kg), and
Vu is unit value in KES per unit measure.
A discounting formula was used to estimate the economic value of the NTFPs, it was
expressed as follows:
PV =a{@+r)"-1}{r (1+r)"}.. ..o, (equation 20)
Where;

PV is present value of NTFPs in KES
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a is the estimate of annual actual value of NTFPs in KES, and

r is the social discount rate’.

Discounting is recommended when extraction and consumption or sale occur at
different times (Timmer et al., 1983) and to take care of the cost capital when
calculating the marginal costs of NTFP extraction. The social discount rate was
important in the study because benefits of the forest are generally public property and
attached to community values that account for more than individual preference
(Balama et al., 2016). Social discount rate is preferred to market discount rate because
some NTFPs are non-marketed products and do not have monetary value. This study
used a lower social discount rate of 10% as it is argued that high discount rates may
discriminate against future generations therefore it is lowered to reflect environmental
concerns and issues of intergenerational equity (Azar and Sterner, 1996). Given that
the benefits are expected to flow to the households from the forest for infinity annual
series assuming sustainable forest management, then n in the equation above

approaches to infinity and the formula becomes

PV = % ................................................. (equation 21)

From equation above, the annual actual value ‘a’ was calculated as follows:
am=0Qmx*VuxPr*Hte...................c.covnnn (‘equation 22)
where;
Pr is the proportion of respondents using the product in percentage and
Hte is total number of households in the study area i.e. households adjacent to

South Nandi Forest (Balama et al., 2016; Maua et al., 2019)’.
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Frequency of particular NTFP consumption in the previous 12 months was recorded
to estimate the annual gross direct-use value of an NTFP per year (Table 3).

Table 3: Methods of valuing NTFPs

Valuation NTFP Value Affected Benefits of Limitations
method captured population method of method
captured
Market Those traded Directand Users Market data Limited to
price in markets e.g. indirect use available and market goods
small robust and services
implements,
firewood,
charcoal
Cost  of Those traded Direct and Users Easy to Estimation of
collection  in markets e.g. indirect use calculate time per
small opportunity product not
implements, cost easy as
firewood, households
charcoal combine
activities
while  going
to the forest
Cost  of Grazing/fodder Indirect use Users Amount  of Estimating
collection e.g. Hay fodder eaten amount of
can be fodder
measured through
grazing is
difficult

This study used the wage equivalent to infer value on time and main occupations of
household heads established together with their average net earnings per working day
(Delang, 2006). One major advantage of using the wage equivalent method is that the
resultant value per hour reflects more on the opportunity cost of labor of households
entering the forest to harvest NTFPs. This is thought to be better since use of wage
rate could have concealed the variation of income earnings within the sampled

households (Delang, 2006; Kiplagat et al., 2008).
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3.2.10 Analysis of socio-economic factors influencing dependence on NTFPs and
economic dependence on the forest
A contingency table was used to show the relationship between the dependent
variable(s) against the independent variables generated from the questionnaires. A
binary regression analysis was then used to analyze qualitative data generated from
the questionnaires in this study. Logistic regression was chosen because it is more
flexible and results in fewer classification of errors compared to other techniques such
as discriminant analysis (Montgomery et al., 1987), and does not require that all of
the predictors are continuous variables, normally distributed, or linearly related
(Tabachnick and Fidell, 2007). Moreover, logistic regression has straightforward
statistical tests and ability to incorporate non-linear effects and a wide variety of
diagnostics (Hair et al., 1998). It is therefore a preferred statistical technique for
analyzing models of dichotomous dependent variables (Hosmer and Lemeshow,

1989).

Variables included in the models

Using the results from the household survey, a set of variables was assembled for use
in the construction of the logits. These were then run for binary regression and the
output carefully scrutinized. Two logit models were developed with the dependent
variables being; factors influencing dependence of households on NTFPs from the
forest; and factors influencing the economic dependence on the forest. The two
dependent variables were chosen because they were among the major factors which
impact negatively on the sustainable management of the adjacent forest. This study

used a qualitative response model similar to the one used by Dewees (1991) and
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Nyang (1999). The logit model was based on the cumulative probability function for

more than one independent variable (Mukras, 1993; Tabachnick and Fidell, 2007):

P(2)= 1+1e'z ................................................. (equation 23)
Where;

P(z) is the probability of the event and

z is the linear combination:

Z = Bo + B1X1 + BoXo +...+BpXp

Where;

Xo ,X1, Xz, ... and X, are independent variables, for example, various
household decisions and

Bo, B1, B>... and By, are coefficients from the data.
Similarly, from this equation,

e’ = % —lor % .................................. (equation 24)
so, Z=1log ) (equation 25)

1-P(2)

The outcome is simply that the dependent variable in the regression equation is equal
to the logarithm of the odds that a particular choice will be made (Dewees 1991). The
coefficients Bo, By, Bo........ and By denotes the effects of the predictor variable on the
odds of dependence on NTFPs from the forest. The hypothesized factors (Xi)
influencing dependence of households on NTFPs from the forest in South Nandi was

taken as:

1. Age of the household head in years

2. Years of formal education of the household head
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Marital status of household head
Household size

Gender of respondent

Ethnic group

Original home district of household head

Whether household was located in rural or peri-urban area

© o N o o ~ w

Land size which the household occupies

10. Having a plot in the urban centre

11. Whether land was registered in their name

12. House type (material used in building of the house)
13. Main occupation of household head

14. Total value of household assets

15. Owning a motorcycle

16. Household head owning a fixed/mobile phone

17. Owning truck or pickup to transport NTFPs over long distances
18. Distance to forest edge from house

19. Distance to market

20. Whether household got NTFPs from the forest or not
21. Geographic location of village adjacent to forest

The following factors (Xi) were hypothesized as influencing the economic

dependence on the forest:

1. Location of village household head stays- less or more than 5 km
2. Type of NTFPs collected

3. Gender of NTFP collector (Generally male, female or both)

4. Distance from house to forest

5. Stock condition of forest compared to 10 years ago

6. Number of years household head have been engaged in NTFP business



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.
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Time spent collecting NTFP

Whether household head was a member of Community forest association
Whether NTFP business was the primary source of income

Average monthly household income including subsistence and support
Whether permission to collect NTFPs was required from KFS
Whether permission to transport NTFPs was required from KFS or County
Government

If the household sells any NTFPs

If there was a change in the general availability of NTFPs

Age of household head

Marital status

Household size

Having a plot in the urban centre

Type of house

Total value of household assets

Gender of the respondent

Owning a truck or pickup to transport NTFPs over long distances
Distance to forest edge from house

Distance to the market

Whether household got NTFPs from the forest

Main occupation of the household head

Years of formal education
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Table 4 shows the methods of analysis used during the analysis of data addressing the

research questions in the study.

Table 4: Research questions, data collected and analytical methods used.

Research questions

Data topic and other information
used for analysis

Statistical methods

1. What types of non-
timber forest products do
the forest adjacent
community utilize?

2. What are the quantities
of NTFPs that the forest
adjacent community
consume or use for
income generation?

3. What is the economic
value of the main non-
timber forest products
extracted from Nandi-
South forest?

4, What are the socio-
economic factors that
influence households
NTFP dependence in SNF

Inventory of main NTFPs, Status and
utilization of NTFPs, NTFP household,
Questionnaire, FGD

KFS records, Status and utilization of
NTFPs (NTFP household
guestionnaire/transects); vegetation
data, firewood collection survey,
demographic and asset data annual
income data

KFS records, Indirect opportunity cost,
Direct Use Values, Cost of Collection,
impacts and sustainability (NTFP
household surveys), Changing trend,
policy change, conservation action

NTFP household Questionnaire, Status
and utilization of NTFPs,
Sustainability in NTFP uses, NTFP
household questionnaire

Species of  NTFP
identified, Species
distribution, Descriptive
statistics, Chi-square
analysis

Descriptive  statistics,
correlation matrix,
linear regression
analysis

Descriptive  statistics,
chi-square test
Contigency tables,
logistic regression,
descriptive  statistics,

correlation matrix,
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CHAPTER FOUR
RESULTS AND DISCUSSIONS

4.1 Introduction

This chapter presents and discusses the main findings from the four objectives of this
study. In the first objective, knowledge, and use of NTFPs, diversity of NTFPs,
multiple uses of NTFPs, plant parts used, utilization of NTFPs by gender, domestic
versus commercial use of NTFPs are discussed. For the second objective, annual
firewood extraction, quantification of fodder consumed, the status of regeneration and
important value indices of species, the status of NTFP stock condition and forest
adjacent to the villages, and sustainable use of NTFPs are discussed. For the third
objective, the overall economic value of all NTFPs combined, the quantity and value
of annual extraction of firewood and grazing in the forest are addressed. Additionally,
species used for firewood and fodder are discussed. Finally, for the fourth objective,

the factors influencing the utilization and sale of NTFPs are discussed.

4.2 To determine the types of NTFPs extracted by forest adjacent communities
for subsistence and income generation

4.2.1 Knowledge and use of NTFPs

A total of 128 species belonging to 105 genera and 55 families were reported during
the FGD (Appendix 5). There were no significant differences in responses among the
three groups of community members versed with plant uses from sites (Control,
Koimwe, Kaptebengwo, and Kabungu) adjacent to the forest (y2 389 = 2.06, p
=0.115), suggesting that they had similar knowledge on the names and uses of the
plants. A study on traditional ecological knowledge of a riverine forest in Turkana,

Kenya, also stated that the local Turkana informants had relatively similar
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ethnobotanical knowledge (Stave et al., 2007). Ethnobotanical knowledge for a given
area can provide valuable information to interest groups such as researchers. Local
knowledge has been recommended as a tool for rapid assessment of plant resources
(Dalle and Potvin, 2004). This is because a researcher can get data on many species,
including less abundant ones using less labor-intensive methods. This study
confirmed that it is possible to obtain any data from the local informants. However,
some studies have reported heterogeneous local knowledge on plant uses (Bruschi et
al., 2014), suggesting that caution is required when using local knowledge. Therefore,
it is suggested that at least six to ten informants be used (Krueger and Casey, 2009),
and consensus among them be reached before recording the local names of plant and

their uses (Figure 5).

Figure 5: Focused group discussion with members selected from Koimwe village
at Kobujoi CFA office.
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4.2.2 Socio-economic characteristics of household’s heads adjacent to South
Nandi Forest
The forest adjacent households' heads' socio-economic characteristics were as
follows: 85.8% of the surveyed group were married, 1.2% divorced, 2.6% widows,
1.6% widowers, and 8.8% were single. In terms of ethnicity, the majority were
Kalenjins (81.0%) followed by Luhyas (17.4%), others were Luo (0.7%), Gusii
(0.7%), and Kikuyu (0.2%). Most households (91.7%) lived in the rural setting, with
only 8.3 % living in the peri-urban areas. Over 71% of the households did not have a
title deed for their land. Most of the houses were semi-permanent (80%), followed by
brick-walled (15%), and the rest mud-walled/grass-thatched houses. The main
occupation of the household heads was farming (68.4%), followed by small-scale

business (22.3%), civil servants (7.0%), and the rest were casual workers (2.3%).

The following socio-economic characteristics of the households' heads are likely to
influence the utilization and economic value of NTFPs. For instance, over 80% of the
houses were semi-permanent, which suggested that use of building poles from the
forest were prevalent. The mean age of household heads was 45.9 years old, implying
that most households are still physically strong and likely to be involved in NTFPs
extraction activities, usually labor-intensive. Sinha et al. (2010) in Bhopal described
the middle-aged people (31-50 years old) as generally economically active,
enthusiastic, innovative, and hardworking with more physical strength, vigor, zeal,
and aptitude (Islam et al., 2015). The closer distance of the homes to the forest and
the market encouraged the use and sale of NTFPs as less cost and time were expended
than households far from the forest. This finding is consistent with other studies

elsewhere, which exhibited that proximity to the forests increased households'



61

likelihood to show greater reliance on forests compared to the distant ones (Garekae
et al., 2017). The average farm size was 1.2 ha. This is small given that the mean
household size was 5.6 people; this is likely to encourage household members to use
the forest more to supplement their households' subsistence needs and income.
Similar findings have been reported by (Kabubo-Mariara and Gachoki, 2008), where
the land-poor families in Kenya were unable to produce enough food for their
households and income needs, thus largely depended on the forest products to
complement their livelihoods. The main occupation of the household heads was
farming, followed by small businesses. This implies that in case of a crop failure,
most households are likely to depend on the forest during times of hardship. NTFPs
serve as insurance premiums to forest adjacent communities during challenging

economic times (Paumgarten et al., 2009).

Table 14 summarizes the contribution of NTFP to total monthly income; NTFPs
contributed between 32.7% and 48.7% of the monthly income in most households,
with the wealthier households benefitting more than households in the other income
brackets. This finding is consistent with other studies elsewhere that have recorded
similar results. For example, in Nepal, a study showed that the economic contribution
of Chinese caterpillar fungus to mountain communities' livelihoods was 35.5% of the
total household income (Shrestha and Bawa, 2014). In the Bonga forest area of Jimbo
and Decha Districts of Kaffa Zone, southwest Ethiopia, the contribution from the
significant NTFPs (forest coffee, honey, and spices) accounted for 47% of annual
household income when all livelihood activities such as crop and livestock
production, as well as off-farm activities were considered (Melaku et al., 2014).

Another study in East Mau, Kenya, showed that forest income contributed between
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25% and 36.5% of household income (Langat et al., 2016). This study's findings are
consistent with findings elsewhere and corroborate the importance of NTFPs to the
livelihoods' of forest adjacent households' (Heubach et al., 2011; Saragih, 2011,
Kalaba et al., 2013). It was also noted that the more affluent households derived
higher absolute income from the forest than poor households (Langat et al., 2016).
The likely reasons are that more affluent households extract higher value products and

access financial and social capital.

Most household heads had 7.5 years of formal education, implying that they are
unlikely to be employed in a highly-skilled labor market; thus, the option of relying
on the adjacent forest for their subsistence and income is high. This is supported by

the high relative amount of time (54.5%) spent on NTFP extraction (Table 6).

More than 80% of the respondents had motorcycles and mobile phones, whereas very
few had vehicles (e.g., a pick-up truck, 5.5%). This suggests movement and
communication was enhanced in the area. The other characteristics such as age, years
of formal education, household size, the value of assets and distance to forest, and
distance to market are presented in Table 6. The frequency of NTFP extraction is
shown in Table 7; most of the respondents collected NTFPs daily, however, and the

mean number of days for the collection of NTFPs in a year was 225.7 + 11.58.



Table 5: Contribution of NTFPs to monthly income among households
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Descriptive statistics

Percentage

Income  level Mean of

(Kshs) | Mean fromNTFP  SEE D N rbut

n tota ean from S.E. S.D. contribution
income

< 10,000 68 5091.3 2036.5 226.9 18714 404

10,000 - 20,000 31 11644.8 4238.7 641.7 35731 364

20,000 - 30,000 12 219165 7166.7 1696 5875 32.7

30,000 - 40,000 6 32156.9 13666.7 4889.9 11977.8 425

40,000 and above 11  51241.3 24954.5 6185.2 20514 48.7

Table 6: Summary of the socio-economic characteristics of forest adjacent
household heads

Statistics Age Years of House Land Total Distance Distance  Time spent
formal -hold size value of to forest to on NTFP
education  size (Ha) net assets edge in market extraction

(KES) Km centre in  (Hrs)
Km

n 431 416 403 416 230 420 417 236

Mean 45.9 7.45 5.6 1.2 56,242.40 1.9 15 4. 36

S.D. 156 3.8 2.6 1.5 267,006.50 1.8 15 2.67

Mini-mum 18 0 0 0 0 0.01 0 1.0

Max-imum 94 18 24 11.8 3,000,000.00 10 10 10.0

Table 7: Frequency of NTFP extraction per year forest adjacent households

Frequency of NTFP collection No. of Days/year
respondents

Daily 98 365

Four times/week 1 192
Thrice/week 4 144
Twice/week 19 96
Once/week 20 48
Once/month 34 12

Mean days /year 225.7

S.D. 158.7

In terms of the total value of net assets, the study revealed a significant variation

among households in South Nandi, possibly due to income generated in the labor

market and transfers of economic resources across generations, and differences in age
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between households. The older households are more likely to have accumulated more
wealth than younger ones. Additionally, higher income and reception of inheritance
are likely to increase wealth holding, thus causing a difference in net assets

(Semyonov and Lewin-Epstein, 2013).

4.2.3 Socio-economic characteristics of firewood collectors

Approximately 97% of the firewood collectors were female aged between 20 and 40
years old, whereas the remaining 3% were males between 15 and 34. They paid a
monthly fuelwood license of KES. 100 to the local KFS station at Kobujoi, to be
allowed to collect a headload of firewood daily from the forest for a whole month.
The value of a headload of firewood is KES 100 in the local market at Kobujoi and its
environs. Over 65% of the respondents had 5 to 8 years of basic education. The
ethnicity of the firewood collectors was Kalenjin (55%) and Luhya (44%). Firewood
was used for domestic (67%) and domestic and commercial purposes (33%). The
frequency of firewood collection for the surveyed group was: daily (25%), 3-4 times
per week (51%), 5-6 times per week (9%), and 1-2 times weekly (14%). Most of the

wood used (95%) are collected from fallen trees and branches or deadwood.

4.2.4 Diversity and uses of NTFPs

Twenty-two types of Non-timber Forest products were cited during the informants'
focused group discussions (Figure 6; Table 8). There was a significant difference
between uses of NTFPs (y2 (22,89) = 6.41, p<0.001). Tukey HSD test showed that

there are significant differences between the specific uses (Table 8).

The number of NTFPs used by the forest adjacent households was comparable to

those found in other studies in Africa. For instance, in Benin, the households used 121
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NTFPs belonging to 90 genera and 38 families; out of these, ten species had multiple
uses and high economic importance. These were Vitellaria paradoxa, Parkia
biglobosa, Adansonia digitata, Irvingia gabonensis, Blighia sapida, Tamarindus
indica, Dialum guineense, Vitex doniana, Borassus aethiopum, and Garcinia kola

(Assogbadjo et al., 2017).

Further, in Cameroon, Congo, and the Central African Republic, ten common types of
NTFPs were used as sources of income to households. The NTFPs were honey,
medicinal plants, bush mangoes (Irvingia spp), Gnetum africanum (Okok), cola nuts,
palm wine, meats, mushrooms, and Marantaceae leaves (Endamana et al., 2016).
Locally, in Kakamega (Kenya), the main NTFPs consumed by the households were
firewood, herbal medicine, and grazing in the forest (Kiplagat et al., 2008). These
findings in Kakamega were similar to the main uses of NTFP in South Nandi Forest
except that in South Nandi, grazing in the forest followed firewood collection, which

was the most dominant NTFP utilized.

In Asia, a total of 739 species of NTFPs were used by the local people of
Kangchenjunga landscape (a transboundary landscape shared by Bhutan, India, and
Nepal) for 24 different purposes; medicinal and edible plants were the most frequently
used NTFP categories in the landscape (Uprety et al., 2016). A similar trend was
revealed among the tribal communities who used 163 out of 343 NTFPs (47.52%) for
medicinal purposes in Arunachal Pradesh state, which forms a significant part of the
humid tropics of the eastern Himalayan region of India (Saha and Sundruyal, 2012).
In this study, 51.56% of all the species were used for medicinal purposes (Figure 6).
The above observations indicate that NTFPs that affect food security, health, and

basic products used by the households need special consideration when planning
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activities affecting forest conservation. However, locality-specific surveys must be

done to take care of varying characteristics and cultures of different regions.
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Table 8: Tukey HSD test for different tree/plant uses mentioned by forest
adjacent communities during focused group discussions in South Nandi

Forest
Uses Mean SEof mean Confidence interval
Rafters 1.108 ab 0.4627 1.108+0.4627
Spears/arrows 1.197 abc 0.4744 1.197+0.4744
Traps 1.242 abc 0.2318 1.242+0.2318
String 1.746 abcd 0.3507 1.746+0.3507
Ceremonial 1.951 abcd 0.1415 1.951+0.1415
Fruit 2.004 abcd 0.1645 2.004+0.1645
Fodder 2.17 abcd 0.5702 2.17+0.5702
Construction 2.181 abcd 0.2086 2.181+0.2086
Food/spices 2.283 abcd 0.2404 2.283+0.2404
Beehive 2.301 abcd 0.2649 2.301+0.2649
Posts/poles 2.306 abcd 0.3206 2.306+0.3206
Fencing 2.51 abcd 0.3479 2.51+0.3479
Fire lighting 2.606 bcd 0.67 2.606+0.67
Timber 2.635 bcd 0.1651 2.635+0.1651
Charcoal making 2.685 bcd 0.3212 2.685+0.3212
small implements 3.088 cd 0.3579 3.088+0.3579
Firewood 3.226d 0.1407 3.226+0.1407
Medicinal 3.658d 0.1255 3.658+0.1255
Lsd = 1.049

NB. Any two variables that have different letters imply that they are significantly different at 0.05
levels.

4.2.5 Multiple uses of plant species as NTFPs

Most of the plant species had multiple uses, with over 78% (Appendix 5) having more
than one known use suggesting that the South Nandi forest played an essential role in
the household's subsistence and income generation. Plants with multiple uses,
especially more than five uses, are considered versatile species. For instance,
Syzygium guineense and Allophylus abyssinicus had 14 uses each: fire lighting, water
storage, food/spices, medicinal, timber, firewood, making beehives, posts/poles,
fencing, construction, rafters, fruits (S. guineense), making traps (A. abyssinicus) and
making small implements. Most multipurpose species are targeted by the forest

adjacent households for the various uses mentioned above. Most of the plants in this
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study are used as NTFPs by the households living adjacent to SNF. These findings
corroborate other studies that show NTFPs support the bulk of rural households in
developing countries and a considerable proportion of urban households in terms of
their energy, nutritional, health, house construction, or other needs (Modi and Trivedi,
2013; Pandey et al., 2016; Tewari et al., 2017). Thus, there is a greater need to have
forest policies that support the wise use of species known for NTFP. Currently, NTFP
does not get the importance they need when it comes to forest conservation and
support for enterprises grounded on NTFP (e.g., the Baringo Aloe plant, which closed

down and failed honey processing units in various Counties).

The NTFPs in this study were grouped into four categories according to (Modi and
Trivedi, 2013): Firstly, NTFPs for food security, which includes species useful for
honey, mushroom, edible fruits and nuts, foliage, and rhizomes: 20 species were

food/spices and 11 species fruit;

Secondly, NTFP for wood and biomass included species for fuel, furniture, thatching,
forage, and manure: 60 species of small implements, 54 species fire lighting, 53
species firewood, 38 species charcoal, 28 species making beehives, 28 species
posts/poles, 28 species fencing, 27 species construction, 21 species rafters, 15 species
making strings, 15 species fodder, ten species making traps, ten species banana
ripening, six species smoking calabashes, five species spear/arrow making, four

species boundary live fence, and three species water storage;

Thirdly, NTFP for medicine and plant protection included herbal medicine for human
beings, animals and for control of pests and diseases in crops 66 species medicinal

and 15 species ceremonials; and,
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Fourthly, NTFP for aromatics, dyes, and oilseeds for medicinal and industrial uses: 2

species for dye-making.

Overall, most NTFP uses in this study were found in the second category on wood

and biomass and are linked to domestic uses.

4.2.6 Plant parts used

The plant parts extracted as NTFPs are determined by the intended use. The main
parts used for firewood were branches (79.9%), followed by stems (11.8%) and
deadwood (6.3%). Roots were also used by 1.4% of the respondents suggesting that
the whole tree was used for firewood, mainly when there were scarcities. The grass
was also used as fuel but mainly for lighting purposes. For grazing in the forest, grass
(95.3%) and leaves (4.7%) were the main parts eaten by livestock, particularly cattle
and sheep. Roots and bark (75.0%) and leaves (25.0%) were the plant parts used for
medicinal purposes. The relationship between the type of NTFP sourced and the
specific part collected (Table 9) was statistically significant (y2 (10281 = 446.334,

p<0.0001).
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Table 9: Relationship between type of NTFP and part collected
Part of NTFP used

Roots Total
Leaves  Grass Branches and/or Deadwood  Stems
bark
Count 2 0 0 6 0 0 8
%
Herbs within
Type 25.00% 0.00% 0.00% 75.00% 0.00% 0.00%  100.00%
of
NTFPs
Count 0 1 115 2 9 17 144
Type %
of Firewood ~Within
NTEP Type 0.00% 0.69% 79.86% 1.39% 6.25% 0.00%  100.00%
of
NTFPs
Count 6 123 0 0 0 0 129
%
Grazing within
Type 4.65% 95.34% 0.00% 0.00% 0.00% 0.00%  100.00%
of
NTFPs
Count 8 124 115 8 9 17 281
%
Total within
Type 2.85% 44.13% 40.93% 2.85% 3.20% 6.04%  100.00%
of
NTFPs

Test statistic : Pearson Chi-Square 2 (10, 281)= 446.334, p<0.0001

The 66 medicinal plants identified treated ailments in the following categories:
stomach/digestive-related, skin-related, respiratory-related, and procreation-related
such as aphrodisiacs, venereal diseases, and gynecological ones. Others were stress-
related ailments such as headaches, hypertension, heart, nervous and pain-producing
sicknesses. The plant parts used were mainly roots and/or bark (76.8%), leaves
(20.8%), grass (3.4%), branches (0.6%) and seeds (0.6%). Harvesting methods that
involve complete removal of plants or ring barking should be discouraged (Turner,
2001), especially if the target plants are rare in the forest. It is suggested that
management strategies that reduce damage to the whole plant be developed in SNF to

ensure sustainable exploitation of the forest. This is especially necessary where the
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active ingredients derived from the roots are also available in other parts of the plant,

such as the leaves, bark, seeds, and buds.

Many parts of a plant, such as leaves, roots, bark, fruit, seeds, and flowers, can have
medicinal properties (Focho et al., 2010). Other parts used can be a bulb, rhizome,
tubers, and stem/wood. The different parts of plants may contain different active
ingredients within one plant. For example, roots and bark are the most commonly
used parts in remedies (Ngarivhume et al., 2015). Thus, one part of the plant could be
toxic, while another portion of the same plant could be harmless. Plants, especially
with potent bioactive compounds, are often characterized as both poisonous and
medicinal, and a beneficial or an adverse result may depend on the amount eaten and
the context of intake (Bernhoft, 2010; Ngarivhume et al., 2015). This suggests that
herbal medicine use requires traditional medicine experts' advice to reduce fatalities
or complications arising from the use of the wrong part of the plant. This study looked
at the extraction of parts used from a conservation point of view. For example, in
SNF, 66 species were utilized for health care and livelihoods; most of the species
were multipurpose; thus, the intensity of use is likely to be high, and therefore,
overexploitation is possible. A study in Mt. Cameroon reported that barks of trees
were the most used parts followed by the leaves and fruits, whereas seeds, sap, and
roots were the least used parts (Focho et al., 2010) and that overexploitation in
traditional medicine was noted (Okoegwale and Omefezi, 2001; Focho et al., 2009).
Therefore, harvesting methods that involve complete removal of plants or ring
barking should be discouraged as that may result in resource exhaustion and even
species extinction(Turner, 2001), especially if the target plants are rare in the forest.

This is true in Kenya, where efforts by the Government to protect some useful plants
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from over-exploitation are not supported by field practitioners (e.g., Aloe, Prunus

Africana, Osyris lanceolata).

Studies on the harvesting of fruits suggest that removing these parts may not directly
affect the health of a single tree therefore only has little effect on the plant population
exploited (Hall and Bawa, 1993). Using their leaves as a remedy can be a benign
alternative for herbal drugs made of whole plants or roots. For example, extracts from
ginseng leaf-stems and roots had similar pharmacological properties, but ginseng leaf-
stem had the advantage of being a more sustainable resource use method (Wang et al.,
2009). Therefore, the sustainable use of medicinal plants should be considered, and

good harvesting practices must be formulated.

4.2.7 Utilization of NTFPs and division of labor by gender

In this study, there was a significant difference in gender bias in the division of
labor/roles on NTFPs (y2 (8, 371) = 189.628, p<0.0001) except for herbal medicine
and cultivation in the forest, which were done equally by both men and women (Table
10). Several studies have confirmed that both men and women play different roles and
their interests in NTFPs were relatively different as women play more significant
roles as primary harvesters, processors, and marketers of NTFPs (Terry and
Cunningham 1993). Therefore, an examination of gender roles in NTFPs extraction
and utilization is critical in understanding the impacts of NTFP commercialization on

society's social justice, equity, and welfare.

Other studies have shown that gender division of labor and income control can vary
spatially, by species of plants, by the level of technology, and by the type of task in

the chain of activities from harvesting to marketing (Neumann and Hirsch, 2000).
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Table 10: The relationship between gender and the type of NTFP collected in
SNF

Type of NTFP Total
Grazing Firewood Herbs
Male and Count 58 11 4 73
count
Female % within type of g 5o0, 6.58% 50.00%  19.67%
equally NTFPs
Mostly Count 112 15 1 128
Count
Gender  Male o uithin ype of 57 149 8.98% 1250%  34.50%
Count 26 141 3 170
Mostly O i
female ,{;’T";'Ft,';'”type of 13 26% 84.43% 3750%  45.82%
Count 196 167 8 371
count
Total ,(;’T"g'gs"”type of  100.00% 100.00%  100.00%  100.00%

Test statistic : Pearson Chi-Square 2 s, 371y= 189.628, p<0.0001

4.2.8 Domestic versus commercial use of NTFPs
The NTFPs collected from the forest were used for domestic and for commercial
purposes (Table 11). In all the cases, there was a significant difference between

domestic and commercial use of the NTFPs (2 (4,319) = 24.209, p<0.0001).

The majority of the households used NTFPs mainly for subsistence purposes; other
studies that have found similar findings include Lynser and Tiwari (2016) in
Meghalaya, North-East India; Sharma et al., (2015) in Arunachal Pradesh, India; and
Mbuvi and Boon (2009) in Makueni District, Kenya. Within the households adjacent
to the South Nandi forests, almost all NTFPs such as firewood, grazing (fodder), and

herbs were used mainly for subsistence.
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Table 11: The purpose of collecting NTFPs in South Nandi Forest
Purpose of the NTFPs

Both Total
Commercial Domestic domestic and
commercial
Count 2 5 0 7
Herbs % within
Type of 28.57% 71.42% 0.00% 100.00%
NTFPs
Count 2 146 1 149
Type of _. % within
NTFPs  rewood oo "ot 1.34% 97.99%  0.67% 100.00%
NTFPs
Count 3 157 3 163
Grazing % within
Type of 1.83% 96.32% 1.83% 100.00%
NTFPs
Total Count 7 308 4 319
% within
Type of 2.19% 96.55% 1.25% 100.00%
NTFPs

Test statistic : Pearson Chi-Square 2 @, 319) = 24.209, p<0.0001
4.3 To quantify the NTFPs forest adjacent households extract by gender and its
impact on forest structure in terms of population structure, regeneration
status, and species composition
4.3.1 Quantification of NTFPs and impact on forest structure
4.3.1.1 Annual firewood extraction and species used for firewood
Out of 128 species listed, 53 are used as firewood by the forest adjacent households
(Appendix 5). The growth habits of preferred firewood species were trees (58%) and
shrubs (30%) (Figure 7). Firewood was obtained from plant species in thirty (30)
families (Appendix 5). Euphorbiaceae and Rutaceae families were the most preferred
for firewood (Figure 8). The species most harvested in the Euphorbiaceae family were
Drypetes gerrardii, Croton megalocarpus, Croton macrostachyus, Macaranga

kilimandscharica, Erythrococa bongensis, Ricinus communis, and Neoboutonia
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macrocalyx, whereas those in Rutaceae family were Fagaropsis angolensis,

Zanthoxylum gillettii, Tecla nobilis, and Toddalia asiatica (Appendix 5).

Twenty-eight tree species were identified from headloads carried by respondents
during the survey (Table 12). This comprised about half of all tree species listed by
informants during the FGD for species preferred for firewood. This study revealed
that the average annual consumption of firewood per household was 7285.4 + 1586.9
kg. This is higher than the annual consumption recorded in other studies. For
example, Saha and Sundriyal (2012) in the humid tropics of Northeast India got

between 3581 and 4887 kg per household per year.

WM Trees mShrubs mHerbs Climber mTrees/Shrubs m Shrub/climber

29% 2%

4%

Figure 7: Growth habit of species preferred for firewood (N=53)

Ndayambaje et al. (2012) in rural Rwanda reported that 96% of households consumed
about 5200 kg of firewood per year, whereas Langat et al. (2016) estimated that
90.3% of households collected firewood from the forest and the annual consumption
in East Mau Forest Ecosystem, Kenya was 4,070.45 + 167.67 kg. The likely reason

for the high consumption in South Nandi Sub-County is that the households also sell
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firewood collected from the forest as a source of supplementary income. The high
extraction of firewood by the households needs to be checked by the forest managers
who also work together with the Community Forest Association in the area,
particularly using a management plan that ensures sustainable utilization of firewood
and other forest products. The survey estimated extraction from South Nandi Forest
was 63.77 times higher than that determined from the KFS records of monthly
fuelwood licenses (Table 13). This indicates that only 1.6% of the households paid for
the monthly fuelwood license suggesting that there is inefficient policing by
forest/CFA managers and firewood collection is mostly free. Therefore, licensing

procedures and monitoring of firewood leaving the forest need to be streamlined.
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Figure 8: Families with at least two species used for firewood in South Nandi
Forest
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Table 12: Tree species identified from headloads of firewood at 4 exit points in
South Nandi Forest

Species Species Species

Pinus patula Ekerbergia capensis Clerodendrum johnstonii

Cupressus lusitanica Macaranga capensis var. Maesopsis eminii
kilimandscharica

Polyscias fulva Celtis mildbraedii Allophyllus spp

Croton megalocarpus Solanum mauritianum Hippocratea africana

Eucalyptus spp Heinsenia diervilleoides Solanum spp

Tabernaemontana stapfiana Mimulopsis arborescens Spathodea campanulata

Zanthoxylum gillettii Prunus africana Casearia battiscombei

Strombosia scheffleri Vernonia spp

Ficus sur Syzygium guineensii

Neoboutonia macrocalyx Erythrococca atrovirens

Table 13: Summary of 10-year extraction of firewood from South Nandi Forest

Year No. of Headloads extracted*
2005 15,627
2006 24,620
2007 57,463
2008 37,370
2009 26,533
2010 48,533
2011 34,860
2012 104,310
2013 123,990
2014 112,950
2015 113,460

Mean extraction/year 63,610.55
Standard deviation 41,471.9
Standard error 12,504.25

* One permit of Monthly fuelwood licence equals 30 headloads of firewood
Source: KFS records — Kobujoi Forest Station

Species preferred for firewood
Practically all tree species can be used for firewood, but some species are generally

preferred, for instance, species that burn without excessive neither smoke nor
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unpleasant odors (FAO, 2003). Other traits that influence quality heating and ignition
of a particular species include the density of wood, green vs. dry wood, the calorific
value of wood species, ease of splitting, and ease of igniting firewood (Nix, 2017).
However, species' choice may be restricted in some localities due to the unavailability
of some of the preferred species in sufficient quantities, thus resulting in a collection
of firewood from the next alternative species. Most of the species used for firewood in
South Nandi Forest are indigenous. These plants belonged to 30 different families and
49 genera, as shown in Appendix 5. The most common plant families, Euphorbiaceae
and Rutaceae were cited at 13.2% and 7.5%, respectively; followed by Rubiaceae,
Meliaceae, and Solanaceae, 5.7% each, while the rest varied between 3.8% and 1.9%.
There were also exotic tree species used for firewood in the area, such as Eucalyptus
spp., Pines and Cypress. This study has therefore revealed undocumented firewood
species that are preferred by the local community. This information will be necessary

for forest managers and CFAs in SNF for planning purposes.

Some species mentioned as preferred for firewood during the FGDs, were not
encountered during the floristic survey (Table 28), namely, Chionanthus mildbraedii,
Cordia abyssinica and Maytenus heterophylla suggesting that extraction of
firewood/NTFPs was negatively impacting the presence of some species in SNF.
Other species also used for firewood, such as Albizia gummifera, Prunus africana,
and Zanthoxylum gilletii (Appendix 4), were poorly represented in some DBH classes
(Table 14). The missing DBH classes were due to anthropogenic disturbances such as
illegal logging, charcoal burning, and firewood collection. A study on the same site
found out that 71.6% of the respondents living around SNF earn less than KES 15,000

per month, which was not enough to meet their basic needs (Koech, 2018). This may
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be prompting them to engage in forest income-generating activities such as charcoal

burning, which results in forest destruction and interference with the forest structure.

4.3.1.2 Quantification of fodder consumed in South Nandi forest

Species used for fodder

Out of 128 species listed in the study, 15 (11.7%) were used for fodder by the forest
adjacent households (Table 15). The growth habits of these plants were; herbs
(54.0%), shrubs (20.0%), and trees (13%). The dominant fodder family was

Acanthaceae and Asteraceae (Figure 9).

Fodder plants were found to be multipurpose in this study (Table 15). For instance,
none of the species given by the informants was used for fodder alone except Ipomoea
wightii. Seven out of the 15 species in SNF which were used for fodder were also
used for medicine. Similar findings have been reported in Cameroon where the
agropastoralists living adjacent to Mbam and Djerem National Park used 25 woody
species to feed and treat their animals (Konsala et al., 2013). Findings in Nikyal
valley in Pakistan also showed that most of the plants were used for both medicinal
and fodder purposes (Amjad and Arshad, 2014). However, the respondents in that
study argued that grazing, browsing, overexploitation, deforestation, and soil erosion
were mainly responsible for reducing medicinal flora. This shows that even though
the plants may be multipurpose, there is always a preferred use of the plants among

the households.
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Table 14: Status of selected tree species in South Nandi Forest

No. Species Status
1 Syzigium guineense Had few individuals in DBH class 1 and not represented in other
classes
2 Allophylus abyssinicus Tended towards inverse —J shape but not represented from DBH
class 7
3 Tabernaemontana Tended towards inverse —J shape but with few individuals in
stapfiana DBH class 1
4 Cordia abyssinica Not encountered during assessment but was mentioned during
FGD as key NTFP tree
5 Olea capensis Represented only in DBH class 1 and 8
6 Albizia gummifera Poorly represented; only in DBH class 1 and 2
7 Strombosia scheffleri Tended towards inverse —J shape but not represented from DBH
class 6
8 Chionanthus mildbraedii ~ Not encountered during assessment but was mentioned during
FGD as key NTFP tree
9 Cassipourea Represented by few individuals up to DBH class 3
ruwensorensis
10  Prunus africana Germinated seedlings were abundant but these were didn’t
transit into other DBH classes
11  Fagaropsis angolensis Not encountered during assessment but was mentioned during
FGD as key NTFP tree
12 Zanthoxylum gilletti Only represented in DBH class 1 and 2
13 Celtis mildbraedii Tended towards inverse —J shape but not represented in DBH
classes 5, 7 and 10
14 Maytenus heterophylla Not encountered during assessment but was mentioned during
FGD as key NTFP tree
15 Diospyros abyssinica Represented by few individuals up to DBH class 5
16  Drypetes gerrardii Tended towards inverse —J shape but not represented from DBH
class 8
17  Trilepisium Germinated seedlings were abundant but poorly represented in
madagascariense other DBH classes
18  Casearia battiscombei Tended towards inverse —J shape but not represented from DBH
classes 6
19  Croton megalocarpus Tended towards inverse —J shape only missing individuals in
DBH class 10
20  Macaranga Tended towards inverse —J shape but had few individuals in
kilimandscharica DBH class 1
21  Maesopsis eminii Represented only in DBH class 1
22 Mimulopsis arborescens  Represented only in DBH classes 1and 2
23  Ficus sur Represented in all DBH classes except 5 and 8 but didn’t show
inverse — J shape
24 Neoboutonia macrocalyx Tended towards inverse —J shape only missing individuals as
from DBH class 5
25  Polyscias fulva Represented in all DBH classes except 1 but doesn’t form an
inverse —J shape
26  Solanum mauritianum Represented only in DBH classes land 2
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Table 15: Species listed for fodder use by informants with their family and local
name and, their growth habit

No. Species Family name Local name (Nandi) S;g;’t“h
1 Nuxia congesta Loganiaceae Choruwet S
2 Ficus sur Moraceae Mukoiyot T
3 Dombeya burgessiae Sterculiaceae Silipchet T
4 Ocimum suave Laminaecea Mwokiot H
5 Brillantaisia Acanthaceae Kipongiat S
madagascariense
6 Brillantaisia nitens Acanthaceae Sietet H
7 Hippocratea sp. Celastraceae Chepseleitet C
8 Acalypha sp Euphorbiaceae Sambachet or chesumeiyot H
9 Macrorungia pubinervia ~ Acanthaceae Kipongiet H
10 Pseuderanthemum Acanthaceae Chesumeiyot S
11 Bidens sp. Asteraceae Chepketel H
12 Galinsoga parviflora Asteraceae Kipkoleitet H
13 Plantago palmate Plantaginaceae Yakariet H
14 Laportea alatipes Urticaceae Sambachet H
15 Ipomoea wightii Convolvulaceae Kimoiyat C

Percent of TotalNumber
=
v
o

Figure 9: Families of preferred fodder species in South Nandi Forest

Comparison of data on fodder consumption from KFS records with estimates from the

survey showed that the records from KFS were up to 46 times less than the number of

cattle grazing in the forest, suggesting that only 3.05% of the households paid for the

monthly grazing permits. The quantity of fodder consumed by livestock was

estimated to be hay equivalent between 1,767,631.1 and 2,356,841.21 bales per year
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(see section 4.5.3) Like the case of firewood collection, there seems to be inadequate
control of livestock that graze in the forest; if there were efficient policing of the
forest, the number of permits and livestock in the forest would have been equivalent.
Due to inadequate vigilance, probably due to the inadequate number of forest rangers,
the revenue collected from monthly grazing permits is very low, and the adjacent
households mostly graze their cattle for free. This is supported by another study's
findings on the same site, which showed that 65.4% of the respondents interviewed

indicated that they do not pay for grazing in the forest (Koech, 2018).

4.3.1.3 Medicinal plants in South Nandi forest

Medicinal plants are among the top three NTFPs utilized by households in South
Nandi and play an important role in their primary healthcare (appendix 6). A total of
66 plant species were reported in South Nandi comprising 41 families dominated by
Asteraceae (10.6%), Euphorbiaceae (7.6%), Lamiaceae (6.1%), Papilionaceae, and
Rutaceae (4.5% each), with the rest of the families comprised of 3% or less (Table
16). No valuation or costing was done due to inadequate data on the number of herbs
collected, the frequency of collection per household, and their market value since
most of the market products are a concoction of several plants. The ailments treated
by the 66 medicinal plants fell in the following categories: stomach/digestive-related,
skin-related, respiratory-related, and procreation-related such as aphrodisiacs,
venereal diseases, and gynecological ones. Others were stress-related ailments such as

headaches, hypertension, heart, nervous and pain-producing sicknesses (Appendix 6).
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No. Family name No. of medicinal plant %  of total  species
species mentioned as medicine
1 Asteraceae 7 10.6
2 Euphorbiaceae 5 7.6
3 Lamiaceae 4 6.1
4 Papilionaceae 3 4.5
5 Rutaceae 3 45
6 Solanaceae 3 45
7 Apocynaceae 2 3
8 Flacourtiaceae 2 3
9 Liliaceae 2 3
10 Meliaceae 2 3
11 Oleaceae 2 3
12 Rosaceae 2 3
13 Acanthaceae 1 1.5
14 Asclepiadaceae 1 15
15 Boraginaceae 1 1.5
16 Caesalpiniaceae 1 15
17 Celastraceae 1 15
18 Commelinaceae 1 1.5
19 Crassulceae 1 1.5
20 Cucurbitaceae 1 1.5
21 Dracaenaceae 1 15
22 Lobeliaceae 1 1.5
23 Malvaceae 1 15
24 Melianthaceae 1 15
25 Menispermaceae 1 1.5
26 Mimosaceae 1 15
27 Moraceae 1 15
28 Myrsinaceae 1 15
29 Myrtaceae 1 1.5
30 Passifloraceae 1 1.5
31 Phytolaccaceae 1 1.5
32 Piperaceae 1 15
33 Plantaginaceae 1 1.5
34 Rhamnaceae 1 15
35 Rubiaceae 1 15
36 Sapindaceae 1 15
37 Tiliaceae 1 15
38 Ulmaceae 1 1.5
39 Urticaceae 1 15
40 Vitaceae 1 1.5
41 Zingiberaceae 1 1.5
TOTAL 66 100

4.4 Status of the forest adjacent to the villages/South Nandi forest

The 1-km transects that walk into the forest adjacent to the villages revealed several

species characteristics: density and DBH distribution, Inverse - J curves, height,
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population structure, species richness and diversity indices, status of regeneration in

South Nandi Forest, and importance value index.

4.4.1 Species characteristics in South Nandi Forest

4.4.1.1 Species-Area curve

A reconnaissance survey was done using plots of 30m X 20m. The number of species
in each plot was identified and the cumulative number of new species recorded; then a
species-area curve was plotted; the curve showed signs of reaching a plateau on the
fifth sample plot (Figure 10), i.e., less likelihood of encountering a new species
reduced after the fifth plot implying that the optimum number of plots per transect had
been reached for a representative sample of South Nandi Forest. For the whole forest,

seven 1-km transects equivalent to 35 sample plots giving a sampling area of 2.1ha.

55

e -1.5714x% 4 16.229x+ 10.2
R =0.9995
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Figure 10: Species area curve for plant species recorded in 5 sample plots in
South Nandi Forest

4.4.1.2 Population structure

Species richness and diversity

This study encountered 68 species from 37 families and 60 genera of woody plants.
The species-rich families comprised 64.1% of all plants. These were Euphorbiaceae

(8 species), Rubiaceae (7), Rutaceae (4), Bignoniaceae (3), Meliaceae (3), Moraceae
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(3), Ulmaceae (3), Araliaceae (2), Boraginaceae (2), Compositae (2), Flacourtiaceae
(2), Rhamnaceae (2) and Sapindaceae (2). The remaining 21 families were

represented by a single species.

Table 17 shows the various diversity indices used to characterize the seven forest sites
adjacent to the villages sampled in SNF. Bonjoge and Morongiot forest sites had the
least species richness, whereas Ngerek had the highest. Shannon Weiner and Inverse
Simpson's diversity indices indicated that Bonjoge had the lowest species diversity.
Jaccard's similarity coefficient showed a range between 0.39 and 0.52, with the higher
figure indicating higher floristic similarities. The mean basal area of the forest sites
studied was 26.8 +12.0 m2ha-1; the forest sites adjacent to Bonjoge and Chepkumia
villages had the lowest and highest basal areas, respectively (Table 17). An earlier
study in the same forest had recorded a higher number of woody plant species (86)
than in this study. The difference may be due to the sampling intensity used; for
example, in Njunge and Mugo (2011), the total number of sampling plots was 57,
whereas this study had 35. However, this study's results were reasonably

representative as over 79% of the species were represented.

Euphorbiaceae and Rubiaceae families in this study were among the top 10 species-
rich families in SNF, just as observed in most tropical rain forests (Senbeta et al.,
2014). The likely reason is that these families usually dominate the understory layer,
and most Rubiaceae families are pioneer plants (Goltenboth et al., 2006). Therefore,
these families are likely to come up as pioneers whenever gaps are created in the
forest, either due to natural or anthropogenic disturbances. Euphorbiaceae have also
been reported as an essential component of forest strata up to 30 m height (Géltenboth

et al., 2006); this study confirmed this finding as the family had the highest
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representation in terms of the number of species and dominance (Table 17; Maua et

al., 2020).

Table 17: Comparison of parameters used to characterize forest sites adjacent to

the villages
Forest site S N BA H' 1/D E J'
Chepkumia 33*  447* 45.1* 2.86 10.45* 0.32  0.49*
Ngerek 35* 560 14.6* 2.63 6.1 0.17* 0.52*
Chepkongony 32 520 35.2 3.42* 10.45* 0.33 0.48
Morongiot 26 553 26.3 242 6.06 0.23  0.39*
Serem-Chebilat 30 637* 34.1 2.61 8.29 0.28 045
Chebilat 27 427* 20.2 2.77 109 04* 04*
Bonjoge 26 603* 12.0* 1.79 2.66* 0.1* 0.39*

29.8

Mean 6 535.29 26.8 2.64 7.84 0.26 0.45
S.D. 3.63 77.04 12.0 049 3.06 0.10 0.05

(S=Species richness; N=density of trees/ha; BA=Basal area (m?ha?); H' =Shannon
Weiner diversity index; 1/D = Inverse Simpson diversity index; E =Simpson’s evenness
and J'= Jaccard's similarity coefficient). Asterisk on the value indicates that there is a
significant difference in the variable along column at p=0.05 level.

A higher Shannon-Wiener index value indicated relatively high species diversity in
the forest adjacent to the adjacent village. In this study, the Shannon-Wiener index
(H") value was a mean of 2.64 for the whole of the South Nandi forest. These results
were similar to what Girma (2011) found in the same forest (2.74) except for the
evenness, which he obtained as 0.67. This may be attributed to changes that may have
taken place due to overexploitation of the forest, affecting the species distribution.
Simpson evenness represents the degree to which individuals are split among species
with low values indicating that one or a few species dominates and high values
indicating that relatively equal numbers of individuals belong to each species (Morris
et al., 2014). Many studies have shown that tropical woodlands usually have
Shannon-Wiener index values between 1.5 and 3.5 (Savadogo et al., 2007).

Ecosystems with Shannon-Wiener index greater than two are considered medium to
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highly diverse in species (Giliba et al., 2011). Thus, the South Nandi forest falls in a

forest with high diversity (Maua et al., 2020).

Jaccard's similarity coefficient showed a range between 0.35 and 0.47, with the higher
figure indicating higher floristic similarities. There was a significant difference
between sites near Chepkumia, Ngerek, and Serem-Chebilat villages compared to the
mean of all sites combined. The Jaccard similarity index in this study was higher than

that reported by Girma (2011), who got incidence based Jaccard of 0.25.

Density

Bonjoge forest site had the highest woody plants, whereas Chebilat had the lowest
(Table 18). The average density for all the seven sites was 537.3+74.8 stems/ha. A
significant difference was noted between the densities in the DBH categories (F (2, 20)
= 16.84, p= 0.00033). For instance, between DBH class 2-10cm and DBH class >
20cm; and also between DBH class 2-10cm and DBH class >10- 20cm at p=0.05
level. There was no significant difference in density between the sites (F (6,20) = 0.34,

p=0.97).

The density of individuals with DBH (2-10.0 cm) was 299 stems/ha, and individuals
with 10-20 cm were 123 stems/ha and the other DBH sizes in South Nandi Forest
(Table 18). The ratio of individuals with 10-20 cm (a) to DBHs over 20cm (B) was
0.93. This implies the proportion of medium-sized individuals and individuals more
significant than 20cm are more or less the same. Trees with the largest diameters were
Schefflera volkensii (223.0 cm), Ficus thonningii (200.0 cm), F. sur (159.2), Prunus
africana (132.0 cm), Polyscias fulva (118.9 cm), and Trilepisium madagascariense

(106.0 cm).
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Table 18: Density of trees/shrubs by DBH class at various forest sites adjacent to
the village

Forest site adjacent to the village

Chepkongony Bonjoge Serem - Chepkumia Ngerek Chebilat Moro-
ngiot MeantS.D

DBH class Chebilat

(cm)

2-10 193 453 330 260 367 200 290  299+93?

>20 217 37 120 150 97 120 120 123+ 54b

>10 - 20 133 153 157 57 103 117 87 115+36P
537.3+74.

Density/site 543 643 607 467 567 437 497 8

NB. Values with different letters in superscripts indicate significant difference at p <0.05
level

The stem density in this study was low compared to the results of other tropical
forests. For example, studies in two forests in Ethiopia; 709 stems/ha for Berbere
Afromontane forest and Asabot Afromontane forest had a density of 876 stems/ha
(Tura et al., 2017). However, the study area's stem density was higher than the stem
density of Kakamega forest, which was 357-582 stems/ha (Mutiso et al., 2013). An
interesting observation from Mutiso et al. (2013) was that disturbed transects had
higher stem density than undisturbed sites. A similar case was noted in this study as
Bonjoge site, which was more disturbed than other sites, recorded the highest density

of woody plants.

DBH class distribution

The general trend of the density of woody plant species against DBH size showed an
inverse —J shape (Figure 15). As much as the diameters of all woody plant species
combined gave Inverse — J curves, a more accurate interpretation of the forest is
achieved when individual woody species are investigated. For example, the DBH
characteristics of some of the tree species mentioned by forest adjacent households as

having more than ten uses were analyzed to check the DBH distribution (Appendix 4).
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Appendix 4 shows all the species cited during FGD by informants; plants with a
single-use were 16 (12.50%); over two uses were 101 out of 128 (78.90%), and those
whose use was unknown to the informants were 11 (8.6%) plant species. Most of the
plants had multiple uses, with over 44 (34.38%) plant species mentioned having over
five uses as NTFPs. The highest number of uses from a single plant was 14;
Syzygium guineense and Allophylus abyssinica. The analysis of individual species
gave a clear view of the species' status in the forest (Table 19 and Figure 15), and the

level of exploitation may be linked to their multiple uses.
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Table 19: Status of selected tree species in South Nandi forest

No. Species Status
1 Syzigium guineense Had few individuals in DBH class 1 and not represented in other
classes
2 Allophylus abyssinicus Tended towards inverse —J shape but not represented from DBH class
7
3 Tabernaemontana Tended towards inverse —J shape but with few individuals in DBH
stapfiana class 1
4 Cordia abyssinica Not encountered during assessment but was mentioned during FGD as
key NTFP tree
5 Olea capensis Represented only in DBH class 1 and 8
6 Albizia gummifera Poorly represented; only in DBH class 1 and 2
7 Strombosia scheffleri Tended towards inverse —J shape but not represented from DBH class
6
8 Chionanthus mildbraedii Not encountered during assessment but was mentioned during FGD as
key NTFP tree
9 Cassipourea Represented by few individuals up to DBH class 3
ruwensorensis
10  Prunus africana Germinated seedlings were abundant but these were didn’t transit into
other DBH classes
11  Fagaropsis angolensis Not encountered during assessment but was mentioned during FGD as
key NTFP tree
12 Zanthoxylum gilletti Only represented in DBH class 1 and 2
13 Celtis mildbraedii Tended towards inverse —J shape but not represented in DBH classes
5,7 and 10
14 Maytenus heterophylla Not encountered during assessment but was mentioned during FGD as
key NTFP tree
15 Diospyros abyssinica Represented by few individuals up to DBH class 5
16  Drypetes gerrardii Tended towards inverse —J shape but not represented from DBH class
8
17 Trilepisium Germinated seedlings were abundant but poorly represented in other
madagascariense DBH classes
18  Casearia battiscombei Tended towards inverse —J shape but not represented from DBH
classes 6
19  Croton megalocarpus Tended towards inverse —J shape only missing individuals in DBH
class 10
20  Macaranga Tended towards inverse —J shape but had few individuals in DBH
kilimandscharica class 1
21  Maesopsis eminii Represented only in DBH class 1
22 Mimulopsis arborescens Represented only in DBH classes 1and 2
23 Ficus sur Represented in all DBH classes except 5 and 8 but didn’t show
inverse — J shape
24 Neoboutonia macrocalyx Tended towards inverse —J shape only missing individuals as from
DBH class 5
25  Polyscias fulva Represented in all DBH classes except 1 but doesn’t form an inverse
—J shape
26  Solanum mauritianum Represented only in DBH classes land 2

The DBH class distribution showed an inverse-J curve with most individuals in the

lower DBH class when all woody species were combined, suggesting that SNF is a

healthy forest with active regeneration and new individuals (Jew et al., 2016).
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However, some studies have challenged the reliance on inverse-J distributions in

forest management based on a biologically unrealistic assumption of equal mortality

among size classes (Isango, 2007). Virillo et al. (2011) argue that declining

populations may also show classic inverse-J curves, and some stable populations may

not show that shape due to differences in growth rates among size classes.

Impact of extraction on DBH class distribution

In this study, the DBH class distribution of individual species which the forest

adjacent households had mentioned as having more than ten uses showed the

following characteristics:

Syzygium guineense, Olea capensis, Albizia gummifera, Fagaropsis
angolensis, Zanthoxylum gilletti, Trilepisium madagascariense, and Prunus
africana had not been represented in some DBH classes suggesting that it
has been overexploited in South Nandi forest (Figure 15). It shows the
impact of extraction on the population of these species, possibly due to the
numerous uses as shown in Appendix 4;

Cordia abyssinica, Chionanthus mildbraedii, and Maytenus heterophylla
was not encountered during the survey indicating that these species are now
rare in the forest, possibly due to overexploitation by the forest adjacent
households. This shows that if NTFPs are exploited without periodic
assessments and following sustainable forest management principles, then
there is a risk of losing some species in this forest;

Allophylus abyssinicus, Tabernaemontana stapfiana, Strombosia scheffleri,

Drypetes gerrardii, Celtis mildbraedii, Casearia battiscombei, Croton
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megalocarpus, and Macaranga kilimandscharica tended towards an inverse-
J curve indicating a stable population; and

iv.  Ficus sur and Polyscias fulva were represented in almost all DBH classes but
did not show an inverse-J curve suggesting a case of a stable population that

ignores the inverse-J shape as argued by Virillo et al. (2011).

All in all, five patterns emerged from DBH class distributions in this study, for
example, a classic inverse-J curve where the woody plant species had good
regeneration- this showed a high number of individuals in the lowest DBH class
followed a reduction in the number of individuals in the progressive DBH classes.
The other four patterns emerged as a result of removing trees in various DBH classes,
which in turn distorted the inverse-J curves suggesting a disturbance in the forest
(Maua et al., 2020). It was likely that anthropogenic activities such as firewood
extraction, grazing, and poles for construction and cottages industries contributed to

the distortions in the inverse-J curves.

Basal Area

The Basal Area from the sample plots ranged from 3.6 to 13.6 m?ha® while for the
whole forest, it was 54.9 m?ha’, which was comparatively higher than results from
similar studies such as 21.3 m? ha in Mau (Kinyajui, 2009); Mau Forest complex 17
m? ha (Blackett, 1994) and South Nandi 32.1 m? ha® (Girma, 2011). The difference
in these results could be due to species site differences, temporal differences, and
weather changes over the years. The ten most dominant tree species that contributed
about 82.9% of the total Basal area; were Polyscias fulva (16.1%), Tabernaemontana
stapfiana (12.4%), Ficus sur (11.9%), Croton megalocarpus (9.1%), Schefflera

volkensii (7.9%), Macaranga kilimandscharica (6.5%), Ficus thonningii (5.7%),
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Strombosia Scheffleri (3.7%), Prunus africana (3.4%), Celtis mildbraedii (3.2%) and
Trilepisium madagascariense (3.1%). It has been stated that basal area provides a
better measure of species' relative importance than simple stem count (Lamprecht,
1989). Analysis of the number of individuals by basal area revealed that for some
species, the largest contribution came from even a single tree (Ficus thonningii) and
two trees in the case of Schefflera volkensii. Thus the largest basal area does not
necessarily have to come from species with the largest density, but the diameter size

matters most.

4.4.1.3 Status of forest sections adjacent to the villages

The inverse - J curves on the forest structure fitted very well (R2 > 0.88) at all sites
except in Bonjoge area (Figure 11), and when the stems/ha were inversely
transformed, it showed similar results except that of Bonjoge area equation did not fit

well (Figures 12 and 13).
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Figure 11: Diameter at breast height (DBH) frequency distribution of some tree
species at South Nandi Forest and all species combined.
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Height class distribution

There was a significant difference in the number of stems/ha between height classes
(F (434 =13.86; p = 0.000005). However, there was no significant difference in
stems/ha between the forest sites (Table 20). All individuals' height class distribution
showed more or less an inverse — J shape just as the DBH class distribution; however,
there were fewer individuals with less than 2m. A higher proportion (41.7%) of
woody plants had a height of between 6m. to 15m.; followed by individuals with less
than 6m height (38.1%); over 15m to 30m (14.3%), whereas individuals with over
30m in height were 9.1% of all the woody plants (Figure 14). This implies that 79.8%
of woody plants in the South Nandi forest are dominated by plants of up to 15m in
height. The domination of the forest (79.8%) with woody plants of less than 15m in
height suggests small-sized individuals' dominance. Some authors reported similar
results and argued that it could be due to a high rate of regeneration and high
mortality rate of large-sized individuals, which is also a characteristic of stable size
distribution common in natural forests (Endris et al., 2017). In South Nandi forest, the
low density of trees could also be attributed to the removal of such trees due to
anthropogenic disturbances (Figure 15) such as illegal logging (pit sawing) and

charcoal burning; reported to be common in Nandi forests (Maua et al., 2020).
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Table 20: Density of individual stems by height class (m) in different sites
adjacent to villages in South Nandi Forest

Height Stems/ha
class (Mean +
(m) Density/ forest site adjacent to village S.D)
Chepkon Serem -
-gony Bonjoge  Chebilat Chepkumia Ngerek Chebilat Morongiot
>6 -15 173 323 310 117 183 227 143 211 +80°
>2-6 57 260 143 197 280 167 267 196 +81°2
>15-30 130 27 113 77 77 37 77 77 £37°
>30 177 27 40 67 20 3 7 49+60°
<2 7 7 0 10 7 3 3 5 +3°P

NB. Values with different letters in superscripts indicate significant difference at p <0.05 level
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Figure 14: Density of individual stems by height class (m) in South Nandi Forest
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X

Figure 15: “Photographs showing anthropogenic activities in South Nandi Forest
a and b:Grazing in the forest-cow with a bell fixed on its neck to enable owner trace it

in the forest; c: Traditional beehive set on a tree in the forest; d:making of a traditional
beehive from trunk of a tree;
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Figure 15 contd.

e: An enumerator appreciating the diameter of a huge tree of Prunus africana f: illegal
logging in the forest; g and h: firewood collection from forest; i) Nyayo tea zone
around the forest to control encroachment into the forest; and j): An enumerator
resting on a huge extensive climber of Tiliacora keniensis in the forest”(Adopted from
Maua et al., 2020).
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Vertical structure

South Nandi Forest's vertical structure was analyzed based on the IUFRO
classification scheme, categorizing the forest into the upper, middle, and lower storeys
(Lamprecht, 1989). The tallest tree species in the upper storey included Xymalos
monospora, Trilepisium madagascariense, Cassipourea ruwensorensis, Croton
megalocarpus,  Diospyros  abyssinica,  Drypetes  gerrardii,  Deinbollia
kilimandscharica, Macaranga kilimandscharica, and Schefflera volkensii. The density
of species in the upper storey was low, which is reflected in the ratio of density to
species (Table 21). The lower storey comprised about 61.9% of all species and 84.0%
of the overall density. There was a significant difference between the species number,
and the density is lower and middle storey and in the upper storey. However, there

was no significant difference between species in the middle and upper storey.

Table 21: The vertical structure of trees in the South Nandi forest

Ratio
Density Species Species of A to
Storey  Height (m) Density/ha (A) % number (B) % B
lower <21.7 4402 84.5 60? 61.9 7.3:1
Middle 21.7 - 433 51° 9.8 19° 19.6 2.7:1
Upper >43.3 30° 5.7 18P 18.5 1.7:1

NB. Values with different letters in superscripts along the column indicate significant difference
at p <0.05 level

Forest vertical structure is important as it indicates a forest’s diversity and vitality
(Kwon et al., 2017). For instance, a species with regular vertical distribution appears
in the three storeys in the IUFRO classification scheme (Lamprecht (1989). In SNF,
some of the species which were recorded in the three storeys included Cassipourea
ruwensoriensis, Casearia battiscombei, Croton megalocarpus, Celtis mildebraedii

Drypetes gerrardii, Ficus sur, Tabernaemontana stapfiana, Polyscias fulva,
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Trilepisium madagascariense, and Macaranga kilimandscharica. These are the
species whose natural regeneration is assured and a sustained yield may be expected.
Some species were found only in the lower storey and upper story and not in the
middle storey; others only in the upper storey, while some only in the lower story.
Those species which only occur in the upper storey suggest a case of a natural

regeneration that is threatened requires assisted regeneration to avoid local extinction.

Status of regeneration in South Nandi Forest
There was a significant difference in the regeneration categories of woody plant
species F@, 39= 10.25, p= 0.00005; however, there was no significant differences

between forest sites F 34 = 0.93, p = 0.49 (Figure 16).
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Figure 16 : “Boxplot showing LN(plant count) in: (a) forest sites adjacent to
villages

1=Bonjoge, 2=Chebilat, 3=Chepkongony, 4=Chepkumia, 5=Morongiot, 6=Ngerek, and

7=Serem-Chebilat; (b) Shows the regeneration status- 1=Fair, 2=Good, 3=New, 4=None,

and 5=Poor.

The means comparisons showed that there was a significant difference between

b 2

“new” regeneration and “poor” categories, between “new’” regeneration and “fair”
regeneration categories, and also between “new” regeneration and ‘“none”

regeneration categories. There was also a significant difference between “poor”
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regeneration and “none” categories. The various regeneration categories accounted
for: "none" regeneration (3.0%); "poor" regeneration (13.2%); "fair" regeneration
(17.4%); and "good" regeneration (19.2%) and "new" regeneration (47.2%). Overall,
the total density of seedlings (87,257 individuals/ha) was higher than the saplings
(1870 individuals/ha) and mature trees (239 individuals/ha). The species which
exhibited “none” regeneration constituted about 11% of woody plant species
encountered during the transect walk, that is, no seedlings or saplings recorded but
with some trees (Table 22, Appendix 14).The species with “poor” regeneration were

about 16% of woody plant species encountered during the assessment (Table 22).

The following species had “good” regeneration and constituted about 21% of the
woody plant species: Bersama abyssinica, Casearia battiscombei, Cassipourea
ruwensorensis, Celtis africana, Celtis mildbraedii, Croton megalocarpus, Diospyros
abyssinica, Markhamia lutea, Solanecio mannii, Solanum mauritianum, Strombosia
scheffleri, Tabernaemontana stapfiana, Xymalos monospora, Trilepisium

madagascariense, Trichia emetica, Heinsenia diervilleoides, and Drypetes gerrardii.

The species that showed “fair regeneration” were about 6% of the woody plant
species encountered during the assessment. These were Polyscias fulva, Maesa

lanceolata, Macaranga kilimandscharica, Dracaena laxissima, and Allophyllus spp.

The species described as “new” regeneration were present at the seedling or sapling
stage but without adult stage representation. They comprised 45% of woody plant
species encountered during the assessment. These were Vernonia amygdalina,
Vangueria madagascariensis, Turraea holstii, Triumfetta brachyceras, Teclea nobilis,

Syzigium guineense, Rytigynia bugoyensis, Rawsonia lucida, Psidium guajava, Piper
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capense, Phytolacca dodecandra, Pavetta abyssinica, Pafornia urens, Ocimum
kilimandscharica, Nuxia congesta, Lobelia gibberoa, Lepidotrichilia volkensii,
Lantana camara, Keetia gueinzii, Justicia japonica, Erythrococca bongensis,
Dovyalis macrocalyx, Dombeya torrida, Deinbollia kilimandscharica, Coffea

eugenioides, Clausena anisata, Clerodendrum johnstonii, and Acanthus eminens.

The pattern of population dynamics of seedlings, saplings, and mature trees species
can exhibit the regeneration profile used to determine their regeneration status (Khan
et al., 1987; Malik and Bhatt, 2016). The species showing no or low regeneration
comprised a remarkable 26 % of all woody plant species. Some of the reasons for no
or low regeneration include unfavorable environmental conditions such as rocky land
and poorly developed soil and anthropogenic disturbances, particularly livestock

grazing (Zegeye et al., 2011).

New regeneration was the species that had individuals in seedling and sapling stages
but no mature trees. One reason for this kind of pattern is that all mature trees had
been overexploited since some species falling in this group have been known to have
mature trees in this forest in the past, for instance from a floristic survey (Njunge and
Mugo, 2011); these include species such as Syzigium guineense, Lepidotrichilia
volkensii, and Dombeya torrida. The other reason could be that some of these species
are new in the study area, and seeds have been brought by dispersal agents such as

birds and animals, subsequently getting favorable sites to germinate and thrive.

Overall, with the changing lifestyles and overexploitation of forests due to population
increase, change of land-use among other factors; negative impacts can result on the

forest ecology, including local extinction of some medicinal plants, reduction of plant
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stock, disruption of regeneration, and loss of nutrients in harvested materials (Peters et
al., 1989; Murkherjee and Chaturvedi, 2017). Other factors that may affect woody
plant extraction's sustainability are the collection of premature plants, grazing, forest
fires, and soil erosion. Therefore, all stakeholders should make deliberate efforts to
ensure that these multipurpose plants are used sustainably. This plan should outline
management strategies that contribute to the conservation of the forest, such as
enrichment planting/protection of the species from trampling by livestock and
encouraging agroforestry, private forestry, and growing of NTFPs outside the gazetted
forests. The main stakeholders include the local community, County governments,
Kenya Forest Service, herbalists, and environmentalists. A quick conservation and

management action is required to prevent the plants from local extinction.
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Table 22: Woody species that had none or poor regeneration in 7 forest sites
within South Nandi forest.

Regeneration| Woody species per forest sites adjacent to villages
category Serem- | Bonjoge| Chepkongony | Chebilat | Chepkumia | Morongiot | Ngerek
Chebilat
None fs, ds, | cb,sc | ts, fs, cm, ka, | cm, ec, | ca, mk, | fs, cb, sm, | cg, aa,
ec, 0S, z9 sm, hm, | cm, pf,sv | ec, ml, | ba,cb,
se fs, ha, nm, ca, SC | cma,
nm ml, oc
Poor ma, ba, cg, | xm, nm, ba, | ma, ts, | Cb, cm, lv, | Eb, cr,ba | sma,
ch, cv, cm, | ec, dk, eb, ag, | cm, ag, | fs, th, zg, mk, ts,
cm, dg, ea, | cv, kg, rl, ra, | cma, dt, | rl, ss, tn, al, cm,
ba, fa, Iv, | vr,va dg, |la, | va, ba, can, os, ha,
nm, mK, ml, nc, | ec, ml, oc, Va,
ca,zg | ma, ra, pg, zg, | rb, sg, vr xm, lv,
sV, sm, ca, can, nm, se,
ts, va, cv, OS, bm, ec,
z9 pa, th ka, sg

The codes for the abbreviations in the table are: ag=Albizia gummifera,
aa=Aningeria altissima, ba=Bersama abyssinica, bm=Bridellia micrantha,
ch=Casearia battiscombei,ca=Celtisafricana, cg=Celtis gamphophylla, cm=Celtis
malbraedii, can=Clausena anisata, cv=Clerodendrum volkensii, cma=Croton
macrostachyus, cm=Croton megalocarpus, dt=Dombeya torrida, ds=Dracaena
steudneri, dg=Drypetes gerrardii, ea=Ehretia albacea, ec=Ehretia cymosa,
eb=Erythrococca  bongensis, fs=Ficus sur, ha=Hippocratea africana,
hm=Harungana madagascariensis, kg=Keetia gueinzii, ka=Kigelia africana,
Iv=Lepidotrichilia volkensii, mk=Macaranga kilimandscharica, mla=Maesa
lanceolata, ml=Markhamia lutea, nm=Neoboutonia macrocalyx, oc=Olea capensis,
os=0ncoba spinosa, pf=Polyscias fulva, pa=Prunus africana, ra=Ritchiea albersii,
rl=Rawsonia lucida, sv=Schefflera volkensii, se=Shirakiopsis elliptica,
sm=Solanecio mannii, sma=Solanum mauritianum, sc=Spathodea campanulata,
ss=Strombosia scheffleri, sg=Syzygium guineense, ts=Tabernaemontana stapfiana,
th=Turrea holstii, xm=Xymalos monospora, zg=Zanthoxylum gillettii

Importance value index (1VI) of dominant species per site

Appendices (7-13) shows the dominant species in forests adjacent to the villages;
Tabernaemontana stapfiana was among the top four dominant species in five out of
the seven sites, followed by Solanum mauritianum and Polyscias fulva in four out of
the seven sites, whereas Croton megalocarpus was dominant in three sites out of the
seven sites. When the species from all sites were combined, the IV indicated the top
ten dominant species as T. stapfiana, Polyscias fulva, Macaranga kilimandscharica,

Ficus sur, C. megalocarpus, S. mauritianum, Strombosia scheffleri, Celtis
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mildbraedii, Casearia battiscombei, and Schefflera volkensii (Table 23). These ten
species accounted for 60.89% of the total IVI's cumulative value; the remaining

species accounted for 39.11% of the IVI.

In terms of conservation, species with low IV require high conservation approaches
thus should be prioritized for conservation. Some of the species which should be
prioritized for conservation due to their low IVI include Albizia gummifera, Kigelia
africana, Oxyanthus speciosus, Markhamia lutea, and Olea capensis. Even though the
above species in South Nandi Forest currently do not fall on the red list, i.e.,
according to the IUCN criteria of threatened species (IUCN, 2017), they need to be
managed the principles of sustainable forest management. Detailed principles of
sustainable harvesting of NTFPs are discussed in a report by Turner (2001); she
points out five areas that forest managers should consider as general factors,
ecological and biological factors, harvesting factors, and cultural and social, and also

marketing and economic factors.
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Table 23: Importance value index (IVI) of the dominant tree species in South
Nandi forest

Family Species NO BA F RD RD RF 1VI %
[ O VI
Apocynaceae Tabernaemontana 92 6.82 100 182 124 41 348 116
stapfiana 9 3 0 2 1
Araliaceae Polyscias fulva 34 882 100 6.76 160 41 269 8.97
6 0 2
Euphorbiacea  Macaranga 45 359 100 895 655 41 195 6.53
g kilimandscharica 0 9
Moraceae Ficus sur 18 651 100 358 118 41 195 6.51
6 0 4
Euphorbiacea  Croton megalocarpus 31 499 100 6.16 9.09 41 193 6.45
e 0 5
Solanaceae Solanum mauritianum 50 059 100 9.94 108 41 151 504
0 2
Strombosiaceae Strombosia Scheffleri 32 204 100 6.36 372 41 141 4.73
0 8
Ulmaceae Celtis mildbraedii 26 173 100 517 315 41 124 414
0 2
Salicaceae Casaeria battiscombei 22 130 100 437 237 41 108 3.61
0 4
Araliaceae Schefflera volkensii 2 431 40 040 786 16 9.89 3.30
4
Euphorbiacea  Drypetes gerrardii 15 152 80 298 276 32 9.02 301
E 8
Sapindaceae Allophyllus abyssinicus 13 0.61 100 258 111 41 780 260
0
Myrsinaceae Maesa lanceolata 13 086 80 258 157 32 743 248
8
Moraceae Ficus thonningii 1 3.14 20 020 572 08 6.74 225
2
Rosaceae Prunus africana 4 1.87 40 080 340 16 583 19
4
Moraceae Trilepisium 5 1.70 40 099 309 16 573 191
madagascariense 4
Asteraceae Solanecio mannii 9 0.14 80 179 025 32 532 177
8
Boraginaceae  Ehretia cymosa 8 0.17 80 159 030 32 517 172
8
Euphorbiacea  Neoboutonia 9 0.30 60 179 054 24 479 1.60
e macrocalyx 6
Melianthaceae  Bersama abyssinica 6 0.16 80 119 029 32 477 159
8
Monimiaceae ~ Xymalos monospora 7 0.21 60 139 037 24 423 141
6
Ulmaceae Celtis africana 4 0.44 60 080 079 24 405 135
6
Ebenaceae Diospyros abyssinica 6 0.62 40 119 113 16 396 132
4
Rutaceae Zanthoxylum gillettii 4 0.04 60 080 008 24 333 111
6
Meliaceae Trichilia emetica 3 0.05 60 060 009 24 314 105
6
Ulmaceae Celtis gamphophyla 8 012 20 159 021 08 262 087
2
Rhizophorace  Cassipourea 4 0.08 40 080 014 16 258 0.86
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ae
Acanthaceae

Bignoniaceae
Rubiaceae
Euphorbiacea
e

Oleaceae
Clusiaceae
Sapotaceae
Malvaceae
Asparagaceae

Bignoniaceae

Cupressaceae

Euphorbiacea
e

Salicaceae
Celastraceae

Asteraceae

Bignoniaceae

Rubiaceae

Fabaceae

Total

ruwensoriensis

Mimulopsis arborescens
Spathodea campanulata

Heinsenia diervilleoides

Shirakiopsis elliptica
Olea capensis
Harungana
madagascariensis
Aningeria altissima
Dombeya torrida
Dracaena laxissima
Markhamia lutea
Cupressus lusitanica
Unknown

Croton macrostachyus
Oncoba spinosa
Hippocratea africana
Vernonia amygdalina
unknown
(Kipkompotiet)
Kigelia africana
Unknown2

Oxyanthus speciosus

Albizia gummifera

4 0.05
2 0.22
3 0.06
2 0.06
1 0.46
1 0.41
1 0.32
3 0.03
2 0.12
2 0.09
1 0.12
1 0.06
1 0.06
1 0.03
1 0.03
1 0.02
1 0.02
1 0.01
1 0.01
1 0.01
1 0.01
503 549

40 0.80
40 0.40
40 0.60
40 0.40
20 0.20
20 0.20
20 0.20
20 0.60
20 0.40
20 0.40
20 0.20
20 0.20
20 0.20
20 0.20
20 0.20
20 0.20
20 0.20
20 0.20
20 0.20
20 0.20
20 0.20
2440 100

0.09

0.40

0.10

0.11

0.83

0.75

0.58

0.05

0.22

0.17

0.22

0.11

0.10

0.05

0.05

0.03

0.03

0.02

0.02

0.01

0.01

100

0.8
2
0.8
2
0.8
2
0.8
2
100

2.52

2.43

2.34

2.15

1.85

1.77

1.60

1.47

1.43

1.38

1.24

1.13

1.12

1.07

1.07

1.05

1.05

1.04

1.04

1.03

1.03

300

0.84

0.81

0.78

0.72

0.62

0.59

0.53

0.49

0.48

0.46

0.41

0.38

0.37

0.36

0.36

0.35

0.35

0.35

0.35

0.34

0.34

100

(NOI = No. of individuals, BA=Basal Area, F = Frequency, RD=

Relative Density,
RDO=Relative dominance, RF= Relative Frequency, IVI=Importance Value Index)

4.4.1.4 Comparison of status of South Nandi Forest to hypothetical UNO (1994)

model

When the study area's diameter class distribution was compared with the model for

balanced structurally stable East African natural forests (UNO, 1994) in terms of

density distribution per diameter class (Table 24), there was a low density per
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diameter class for all the seven sites sampled. This indicates that the South Nandi
Forest structure has been declining, though, at the moment, it is not significantly

different from the structurally stable East African natural forest (Table 24).

Table 24: Densities (stems/ha) in various diameter classes of hypothetical UNO
(1994) model for structurally stable East African natural forest
compared with sections of South Nandi Forest

Forest section Stems/ha in diameter class (cm) t- df p-
value value
<10 10-20 >20-50 >50

UNO Forest Model 1200 400 200 32

Chepkongony 1275 40 52 13 1.2 3 032
Bonjoge 340 44 5 3 2.0 3 014
Serem Chebilat 1064 47 27 9 2.6 3 0.08
Chepkumia 168 17 31 14 1.8 3 017
Ngerek 262 31 24 5 1.9 3 0.16
Chebilat 240 34 29 7 1.9 3 0.16
Morongiot 787 26 24 11 2.7 3 0.07
Mean for whole 591+448 34+11 27114 9+4 2.3 3 0.10

forest*

NB * implies Mean +S.D.

4.4.1.5 Perception on NTFP stock condition

The NTFP stock condition was perceived by the households to have reduced
compared to ten years ago (Figure 17). The reasons for stock degradation were mainly
due to increased human population and over exploitation (74%) and lack of NTFP

domestication options (11%). The other reasons are shown in Figure 18.
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Figure 17: Perception of the households on the NTFP stock condition now
compared to ten years ago.
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Figure 18: Reasons for degradation of NTFP stock condition in the last ten years

The NTFP Stock condition was perceived by the households to have reduced

compared to ten years ago. The reasons for stock degradation were increased human

population and overexploitation of NTFPs, lack of NTFP domestication initiatives,

lack of awareness, increased trade in NTFP, and financial crisis in households

adjacent to the forest hence over-relying on the forest resources. This finding may be
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linked to the current status of South Nandi Forest; when the diameter class
distribution from the study area was compared with the model for balanced
structurally stable East African natural forests (UNO, 1994) in terms of density
distribution per diameter class (Table 24); there was low density per diameter class
for all the seven sites sampled suggesting that South Nandi Forest was probably
degraded. The Landsat satellite images of five land-use/land cover types between
1994 and 2008, in an area neighboring to the study area, showed that the forest cover
had reduced by 17.95% (Tanui and Saina, 2015). The reduction is expected in the
study area as most households in Nandi Hills and SNF is similar in utilizing the forest.
The declining status of the forest had a negative impact on population structure and
contributed to the declining standard of living. The main reasons for deforestation and
degradation were over-exploitation of timber and NTFPs such as fuelwood, land for

cultivation, and grazing in the forest.

4.5 Quantification of the annual economic value of NTFP extracted

This involved using various methods to estimate the annual economic values of
NTFPs, for example, the economic value for all NTFPs combined - the indirect
opportunity cost (I0C) method was used. To estimate the annual value of firewood
and grazing in the forest, the direct-use value and close direct substitutes, which have
market prices, were used, respectively. The Cost of collection (COC) method was

used to get the net annual economic values for firewood and grazing in the forest.

4.5.1 Quantification of All NTFPs combined
This study estimated the economic value of all NTFPs extracted by the forest adjacent
households from South Nandi Forest based on the IOC method, which uses the

opportunity cost of labor as an approximation for the value of NTFP. Thus, species
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identification and NTFP quantification per use were not required, and data collection
is limited to structured interviews and focused group discussions. The results gave the
value of NTFP extracted per hectare per year as US$824.15 whereas the value of
NTFP extracted per household per year was US$579.51, and the NPV of NTFP
extraction per hectare was US$ 5795.11 (Table 25). These are the values for all
NTFPs extracted combined as the IOC method assumes that the decision to spend
time on NTFP collection is weighed against alternative productive labor uses (Svarrer
and Olsen, 2005). Comparing the results of this study and other studies on the
economic value of NTFP extraction is shown in Table 26. These results were within
the range of values recorded in other studies; for example, Peters et al. (1989), Pearce
(1998), and Bann (1999). However, some studies, such as Ruitenbeek (1989), while
valuing medicinal plants in Cameroon, showed shallow monetary values per annum,
possibly because other NTFPs were left out (Table 26). The findings of this study
were higher than those done by Barrow et al. (2016). They found that the economic
value of forests to forest adjacent households in some forests in Kenya was US$350-
US$450 per household per annum and worth $US 100 million per annum overall
(Mau forest); Kakamega forest - US$160; Arabuko Sokoke - US$ 135; US$ 213 for

Mt. Kenya; US$285 for Aberdares and US$ 100 for Oldonyo Orok.
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Table 25: Annual economic value of NTFP extraction per ha and per household
in South Nandi Forest

Parameter Value
Average No. of adults/hh (a) 3
Working hours/day/adult (1) 8
Yearly working days/adult (d) 225.74
Relative amount of time spent on NTFP extraction(t) 0.545
Labor wage rate, US$/hour(w) 0.42
PPP* conversion factor for 2016 for Kenya(P) 0.4673
Value of NTFP extraction, US$/ hh/year 1,240.13
Value of NTFP extraction, PPP US$/ ha/year (V1) 824.15
Number of households (hh) (h) 20,479
Area used for NTFP extraction, ha (H) 14,400
Value of NTFP extraction, US$/ ha/year 0.057
Value of NTFP extraction, PPP US$/ hh/year (V>) 579.51
NPV** of NTFP extraction, US$/ha 0.57
NPV of NTFP extraction, PPP US$/ha 5795.11
NB.

*PPP (Purchasing power parity) is an economic theory that compares different countries’ currencies
through a ‘basket of goods’ approach. According to this concept, two currencies are in equilibrium or at
par when a basket of goods (taking into account the exchange rate) is priced the same in both countries.
** The study used a nominal social discount rate of 10% to calculate NPV of NTFP extraction




Table 26: Comparison of economic value of NTFPs extraction in South Nandi Forest with other studies
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Product/service Monetary value | PPP  value | PPP NPV
Study Location measured (US$/year) US$/halyr US$/ha
Extracted forest and farm
Kramer et al. (1995) Madagascar products 91/hh - -
Peters et al., (1989) Peru Fruits and latex 422/ha. 776 11,647
Pearce (1998) All tropical forests Carbon storage 600 — 4,400/ha - -
Saragih (2011) Paser, Indonesia NTFPs 32.90/ha - -
Bann (1999) Peninsular Malaysia Various NTFPs 900/ha 2106 17,999
Gunatilake et al., (1993) | Sri Lanka Various NTFPs 92/ha 340 3400
Svarrer and Olsen (2005) | Peninsular Malaysia Various NTFPs 417/ha 41 4179
Chopra (1993) India Fuelwood and fodder 122 583 4723
Ruitenbeek (1989) Cameroon Medicinal plants 0.2-0.7/ha - -
Kenya (Mau forest, Kakamega
forest, Mt  Kenya  forest,
Aberdares  forest, Arabuko
Sokoke forest and Oldonyo Orok
Barrow et al.(2016) forest) Various NTFPs 100-450/hh/yr - -
This study Kenya (South Nandi Forest) Various NTFPs 579.5/hh/yr 824.15 5795.11
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4.5.2. Quantification of firewood utilization and monetary values

The average weight of a headload of firewood was 33.1kg + 0.9kg. It was estimated
that annual extraction per household was 7285.4 kg of firewood (Table 27). Given
that the households adjacent to the forest were 49.1 % of the total households in Aldai
Constituency and projected to increase to 41,708.9 by 2017 (KNBS, 2013), with 90%
relying on firewood for cooking energy; the total annual extraction of firewood is
estimated to be 134,278,394.3 kg valued at KES 405,674,910, note that the monthly
fuelwood license is KES 100 whereas one headload of firewood has a market value of
KES 100 in the local market. The gross annual direct use value for firewood
utilization per household was estimated between KES 5,200 and KES 36,400

depending on firewood collection frequency (Table 27).

About 61% of the respondents took 2-3 hours to collect firewood from the forest,
while 31% took 1-2 hours (Figure 19). The mean firewood collection time was 2.9
hours, and the cumulative hours/year ranged from 152.7 to 1071.6 depending on the
frequency of collection by households i.e.once per week to daily firewood collection,
respectively. The local labor rate per day was KES 350 for working about 8 hours.
Therefore, the value of time expended per annum ranged from KES 6678.9 to KES
46,882.6 depending on the frequency of firewood extraction with a mean of KES
21,233.3 + 1,150.9 (Table 20). Deduction of the value of time expended on the
collection of firewood from the gross direct use value resulted in a negative value
suggesting that firewood collection was not economical if the value of time is taken
into account. It is worth noting that firewood collectors took an average of 2.9 hours
to collect one headload of firewood worth KES 100. To break even, the firewood

collectors should take not more than 2.2 hours to collect firewood.



Table 27: Firewood extraction by adjacent households from South Nandi Forest per annum and value of time expended
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Frequency No. of No. Weight of Weight of Firewood Hours takento Value of Use of Direct Present value (KES)
times  of firewood firewood collection collect time firewood/hh/yr  annual
per hh*  extracted/week  extracted/yr (Daysl/year) firewood/Year expended (K@) value/hh**
week (Kg) (Kg) (KES) (KES)
Daily 7 29 6719.3 349403.6 365 1071.6 46881.1 12048.4 36400 364000
6 times 6 5 993 51636 312 916.0 40073.7 10327.2 31200 312000
5 times 5 5 827.5 43030 260 763.3 33394.7 8606.0 26000 260000
3-4timesa 35 60 6951 361452 182.5 535.8 23440.5 6024.2 18200 182000
week
twice a 2 6 397.2 20654.4 104 305.3 13357.9 3442.4 10400 104000
week
once a 1 11 364.1 18933.2 52 152.7 6678.9 1721.2 5200 52000
week
Total 116 845109.2 1275.5 3744.6
Mean 7285.4 212.6 624.1 27304.5 7028.2

*hh=household, **Local market price =Ksh 100/headload, Local labour rate/day =KES 350, Mean collection time= 2.9 hours
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Figure 19: Time taken to collect firewood from the forest by forest adjacent
households

4.5.3 Quantities of fodder consumed and monetary values

Most cattle taken to the forest are crossbreeds, which are hardy compared to pure
exotic breeds. Dairy lactating dairy cows are rarely taken to the forest as walking
them for long distances reduces milk production (d’Hour et al., 1994). Cattle are
taken to the forest in the morning and returned to the homes in the evening (about 8
hours for grazing). Some bulls are left to stay in the forest with their owners, only
occasionally checking their presence and health status. Since it is difficult to calculate
the value of grazing in the forest directly, the amount of fodder consumed indirectly
was calculated. It has been estimated that a cow consumes dry matter at the rate of 3-
4% of its body weight (The Organic Farmer, 2015). Thus a 300kg cow will require 9-
12kg of dry matter per day. A survey by Wambugu et al. (2014) in Kaptumo Division
(which is within the study area) indicated that 92% of the households owned dairy
cattle, 67% chicken, 26% goats, 27% sheep, and no pigs. An estimated 24,000 cattle
of these 3,000 were improved exotic breeds, 14,200 crossbreeds, and 5,000 bulls

(both improved and crossbreed).
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The average cattle herd per household was five, which was relatively high for
smallholder farmers with an average landholding of 0.8 hectares. It was estimated that
64% of the households kept their cattle predominantly in paddocks, 21% grazed them
on communal lands/forests, and 10% tethered the animals (Wambugu et al., 2014).

The average land size used for the paddock was 0.6 hectares.

The total households in the Aldai constituency were 41,708.9 (KNBS, 2013), with
those living close to the forest estimated at 49.1% (20,479.07 households) of all
households. Based on the information from Wambugu et al. (2014) above, the number
of livestock grazing in the forest was calculated as: (0.92 * 20479.07 * 3.4 * 0.21 =
13,452.29). The total dry-matter requirements for the livestock for the whole year
from the forest were calculated as follows: {13452.29 * (9 — 12) * 365} being
equivalent to 44,190,777.37 — 58,921,030.2 kg. The estimated quantities of dry matter
were then converted to hay equivalent; one bale of hay with dimensions 19” * 16 *
36” weighed 25 kg and sold at Kobujoi area at between KES 300-400 and US$ 2.88 —
3.84. The hay equivalent was equal to 1,767,631.1 and 2,356,841.21 bales valued at
between KES 530,289,330 (US$ 5,090,712.41) and KES 942,736,484 (US$
9,050,154.40) whereas the equivalent economic value per household per year ranged
from KES 25,894.21 to KES 46,034.15 (US$ 248.58 — US$ 441.92). The economic
value of fodder at a discounted rate of 10% was therefore between KES
5,302,893,300 (US$ 50,907,124.1) and KES 9,427,364,840 (US$ 90,501,544). Table
28 summarizes gross economic value, time expended, and net economic value of

grazing in South Nandi forest by forest adjacent households.

Each household had an average of 5 cows; two were dairy and therefore not taken to
the forest. Thus, an average of 3 was grazed in the forest. Taking the cows for grazing

and back takes 8 hours daily. That implies that in a year, the time expended on
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grazing is 365 days. Only 21% of the livestock are grazed on communal land and in
the forest; thus, about 13452.29 animals graze daily. The cumulative time is

(13452.29 *8*365/3.4) = 11,553,143.18 hours per annum. .

The net economic value for grazing cattle in the forest per annum was KES
24,839,316 to KES 437,286,470 (US$ 238,454.38 to US$ 4,197,896.38) and was
positive, implying that grazing/fodder was economical when the value of time for
grazing was taken into account. The annual utilization of fodder in this study was
higher than those of the East Mau ecosystem, Kenya, where the use of the forest as a
source of fodder was estimated to range from US$ 133.00 to US$ 200.00 per
household per year (Langat et al., 2016). The economic value of fodder at a
discounting rate of 10% was therefore between KES 5,302,893,300 (US$

50,907,124.1) and KES 9,427,364,840 (US$ 90,501,544).

The livestock number was determined indirectly from monthly grazing permits issued
from Kobujoi Forest Station between 2005 and 2015. The amount paid for monthly
grazing permits was KES 20 up to December 2008, and as from January 2009, it was
increased to KES 50 for every cow grazing in the forest. Thus the number of permits
issued was equivalent to the number of cows legally allowed to graze in the forest
(Table 29). Comparison with estimates from the survey shows that the records from
KFS were up to (13452.29 /409.6 = 46.00) times less than the actual number of cattle
grazing in the forest, suggesting that only 3.05% of the households pay for the

monthly grazing permits.



Table 28: Gross economic value, time expended and net economic value of
grazing in South Nandi forest by forest adjacent households.

Parameter Value
Gross value

No. of households (hh) 20479.07
No. of cattle grazing in forest 13452.29

Bales of hay/yr

Value of hay/yr (KES)

Economic value/hh/yr (KES)

Cost

Cumulative time expended (hrs/yr)
Value of time expended/yr (KES)
Value of time expended/hh/yr (KES)
Net value

Net economic value/yr SNF (KES)
Net value/hh/yr (KES)

1,767,631.1 - 2,356,841.1
530,289,330 - 942,736,484
25,894.21 -46,034.15

11,553,143.18
505,450,014
24,681.30

24,839,316 - 437,286, 470
1212.91 -21,352.85

Table 29: Mean monthly grazing permits issued for grazing in South Nandi

Forest
Year Mean, number of Standard error
cows’ grazing/month
2005 32.2 15.8
2006 58.3 10.9
2007 57.5 12.6
2008 128.7 37.6
2009 126.3 29.6
2010 175.7 28.6
2011 205.3 36.3
2012 312.9 47.2
2013 281.6 26.8
2014 282.2 38.9
2015 409.6 87.2

Source: KFS records — Kobujoi Forest Station.
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4.6 Socio-economic factors that influence dependence on NTFPs
4.6.1 Socio-economic characteristics of households
The socio-economic characteristics of the households are already described in

sections 4.2.2 and 4.2.3.

4.6.2 Key independent and dependent variables

A contingency table was used to check internal relationships amongst the independent
variables (Tables 30 and 31), which were significantly associated with patterns of
independence of households on forest or factors influencing the selling of NTFPs.
Only the variables that showed significant association at either 0.01, 0.05, and 0.1

levels are presented in the tables.

4.6.2.1 Household dependence on NTFPs

The village where a household lived was strongly associated with the likelihood of
getting NTFPs (32 (9, 431y = 297.313, p<0.001) from the forest. Overall, 81.4% of
households in the villages got NTFPs from the forest (Table 30). However, in one
control village, Kemeloi, which was far from the forest, only 27.8% of its members
got NTFPs from the forest, whereas in the other control village (Ndurio), all

households did not get NTFPs from the forest.

The distance from the household head’s house to the edge of the forest was
significantly associated with getting NTFPs from the forest (%2 (16, 431) = 51.235,
p<0.001). Households who live closer to the forest drew more benefits than those
living farther; Figure 21 shows the trend. The time spent (hours) by the household to
get NTFPs determined the likelihood of going to the forest for NTFPs (y2 (10, 431) =
37.073, p<0.001), as shown in Figures 21 and 22. The stock condition of the NTFP
was also associated with getting NTFPs from the forest (32 (2, 431y = 4.972, p<0.083).

About 86.9% of those who got NTFPs had indicated that the NTFP stock had
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decreased compared to ten years ago. Membership in the community forest
association increased the likelihood of getting NTFPs with almost all members
benefitting from the forest (y2 (1, 431) =9.481, p<0.05); there was a high percentage
(96.5%) of non-CFA members willing to join CFAs in order to benefit from the
forest. Overall, there was a strong association of those willing to join CFA and getting

NTEFPs from the forest (y2 (1, 431) =13.204, p<0.001).

For households who relied on the forest as a source of primary income, the findings
indicated an association with collecting NTFPs from the forest (¥2 (1, 431) = 6.213,
p<0.05); 16.8% of those whose derived benefits from the forest stated that NTFP was
their primary source of income. The primary source of income was farming and
getting NTFPs (91.1%), others such as business, self-employed, and getting NTFPs
from the forest (77.8%). The number of people who rely on the forest was significant
(%2 (1, 431) = 6.558, p<0.05). There was a strong association between households selling

NTFPs and getting NTFPs from the forest (%2 (1,431) =10.946, p<0.001).

In terms of marital status, 90.5% of the married household heads’; 100% divorced and
widowers; 63.6% of widowed; and 89.5% of those single got NTFPs from the forest,
suggesting that the dependence on the forest was significant (y2 @, 431 = 9.980,
p<0.05). The ethnic group dominant in the study area was Kalenjin (81.1%), followed
by Luhya (17.4%). In terms of dependence on the forest for NTFPs, 98.7% and 88.5%
of the Luhyas and Kalenjin households got NTFPs from the forest, respectively, and
this was a significant association with getting products from the forest (2 4, 431) =
10.850, p<0.05). The main occupation was also significantly associated with getting

NTFPs (x2 (4,431 =7.143, p<0.05).

This study demonstrates that 12 variables were strongly associated with the likelihood

of getting NTFPs from the forest (Table 30).
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4.6.2.2 Households selling NTFPs
The village where a household is located was strongly associated with the likelihood
of selling NTFPs (%2 (9, 431y = 26.842, p<0.001) from the forest. Overall, 25.5% of

households in the villages sold NTFPs from the forest (Table 31). However, in control
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villages, Kemeloi and Ndurio, which were far from the forest, only 8.3% and 2.6% of

the households sold NTFPs from the forest, respectively.

The distance from households to the edge of the forest was significantly associated
with selling NTFPs from the forest (¥2 (16, 431 = 89.887, p<0.001). Households closer
to the forest drew more benefits than those living farther (Figure 20). The time spent
(hours) by households to get NTFPs determined the likelihood of selling NTFPs from

the forest (32 (10431) =32.190, p<0.001), as shown in Figure 21.
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Figure 20: Trend in number of households getting NTFPs with increase in
distance from forest to house
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Figure 21: Number of households getting NTFPs versus time taken
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The condition of the NTFP stock was weakly associated with selling NTFPs from the
forest (%2 (2, 431) = 4.972, p<0.083). About 73.7% of those who sold NTFPs indicated

that the NTFP stock had decreased compared to ten years ago.

About 84.0% of the households had been engaged in selling NTFPs for less than 20

years (Figure 22).

B<10years MmW>10to20years m>20to30years >30to 70 years

Figure 22: Years the households’ heads have been involved in NTFP business

A high percentage (71.8%) of non-CFA members engaged in selling NTFPs from the
forest were willing to become CFA members. Overall, there was a strong association
of those willing to join CFA and selling NTFPs from the forest (¥2 (1, 431 = 10.513,

p<0.001).

For households who relied on the forest as a source of primary income, the findings
indicated a strong association with selling NTFPs from the forest (¥2 (1, 431 =103.468,
p<0.001); 45.5 % of those who sold NTFPs from the forest stated that it was their
primary source of income. There was a significant association between household
heads selling NTFP with their average monthly income (¥2 (3, 431) = 63.408, p<0.05)

as well as the portion of the income from NTFP (y2 35, 431) = 95.142, p<0.001).
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In terms of marital status, those selling NTFPs from the forest comprised the
following: 89.1% were married; 2.7% divorced, 3.6% widowers; and 4.6% single,
indicating that married people are more likely to engage in selling NTFPs. Their

dependence on the forest was significant (y2 @, 431) =13.816, p<0.05).

There was a strong association between the costs of acquiring transport licence (¥2 @,
77y = 29.262, p<0.001) and trade licence (¥2 (, 77y =14.047, p<0.001), with the
household head selling NTFPs. The other variables which showed significant
association with selling of NTFPs were value of assets (¥2 (52, 431) = 68.415, p<0.05);
distance to the market (32 (29, 431) = 44.168, p<0.05); and getting NTFPs from forest

(%2 (1, 431) =10.946, p<0.001).
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Table 31: Contingency table of independent variables versus households selling

NTFPs
Yes No Pearson Chi Square

Do you sell NTFPs?

1. Village** 110 321 X2 df(9,N=431)=26.842,
p<0.001)

Kiptenden 27 65

Ndurio 1 37

Sebetetwo 9 9

Kamobo 21 46

Burende 20 68

Kemeloi 3 33

Kaptebengwo 9 18

Koimwe 10 32

Chemumul 7 13

2. Distance to forest from house** 110 321 X2 df(16,N=431)=89.887,
p<0.001)

3. Time spent collecting NTFP** 110 321 X2 df(10,N=431)=32.190,
p<0.001)

4. NTFP stock condition compared to 10 110 321 X2 df(2,N=431)=4.972, p<0.083)

years ago

Decreased 92 237

No change 8 28

Increased 10 56

5. Years household involved in NTFP 109 315 X2 df(36,N=424)=51.913, p<0.05)

business*

6. Would household head like to join CFA** 110 321 X2 df(1,N=431)=10.513,
p<0.001)

No 31 84

Yes 79 237

7. Is NTFP primary source of income** 110 321 X2 df(1,N=431)=103.468,
p<0.001)

No 60 305

Yes 50 16

8. Average monthly income* 110 321 X2 df(43,N=431)=63.408, p<0.05)

9. Portion of monthly income from NTFP** 110 321 X2 df(35,N=431)=95.142,
p<0.001)

10. Marital status* 110 321 X2 df(4,N=431)=13.816, p<0.05)

Married 98 272

Divorced 3 98

Widow 0 11

Widower 4 3

Single 5 33

11. Costs for acquiring transport licence 14 63 X2 df(3,N=77)=29.262, p<0.001)

(Ksh)**

0 8 63

50 1 0

500 2 0

600 3 0

12. Cost of acquiring trade licence** 14 63 X2 df(2,N=77)=14.047, p<0.001)

13. Value of assets* 110 321 X2 df(52,N=431)=68.415,
p<0.05)

14. Distance to market* 110 321  X?df(29,N=431)=44.168,
p<0.05)

15. Getting NTFPs from forest** 110 321 X2 df(1,N=431)=10.946,

p<0.001)
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4.6.2.3 Effects of socio-economic factors on dependence on NTFPs

The logistic regression model results revealed that age and occupation of household
head and the distance to the market had a significant positive correlation on NTFPs
extraction (Table 32). Besides, land size, grazing need, years of formal education,
demand for fuelwood had significant positive correlations with dependence on NTFPs
from South Nandi forest. The age of the respondent had a positive association with
the collection of NTFPs in the forest. This implied that the older people are more
likely to go to the forest than the younger people in South Nandi Forest. This is
unexpected because the older people have children who are more likely to go to the
forest on their behalf. However, for some NTFPs, such as medicinal plants, older
people are more knowledgeable on their forest sources thus are more likely to go for
their extraction. Similar observations have been reported in the Philippines, where it
was noted that the older people were more likely to collect NTFPs because of their

extensive knowledge of forest plants and wildlife (Lacuna-Richman, 2002).

A unit increase in occupation results in an increase by a factor of 16.243 in the
likelihood of depending on the forest for NTFPs. In this study, 75.8% of the
respondents were engaged in farming/agriculture, which has also been reported as a
common occupation among NTFP gatherers in many developing countries such as
south-eastern Nigeria (Bisong and Ajake, 2000) and Southern Cameroon (Brown and
Lapuyade, 2001). Therefore, it is possible that these households also engage in NTFP
gathering, especially during the low peak seasons when their workload is low. This is
confirmed by a similar study on more than 9,500 African households in 11 countries
in Africa, namely Burkina Faso, Cameroon, Ghana, Niger, Senegal, Egypt, Ethiopia
and Kenya, South Africa, Zambia, and Zimbabwe that reported that agriculture was

one of the most important economic sectors which provide livelihoods to a high
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proportion of the population (Waha et al., 2016). In Kenya, Senegal, and South
Africa, more than 80% of the farms were small or medium-scale farms. The small
land sizes make households rely on the forests to increase their income levels from the
use of NTFPs. It is reported that agriculture was one of the most important economic

sectors and provided livelihoods to a high proportion of the population.

A unit increase in distance to the market increases the likelihood that a household
head will depend on NTFPs. This finding is unexpected since respondents who live
closer to the marketplace are more likely to collect and depend more on NTFPs

compared to those who live far from the market place.

A unit increase in years of formal education results in a decrease by a factor of 0.467
in the likelihood that a household will depend on the forest, implying that those with
more years of formal education are less likely to depend on the forest. Studies have
shown that NTFP collectors in developing countries tend to have relatively low
education levels (Sherstobitoff, 2004). For instance, in Bolivia and Mexico and North
eastern Honduras, low education levels were reported among commercial and non-
commercial NTFP extracting households with median education of 3.6 years (Willem

te Velde, 2004).

A unit increase in land size results in a decrease by a factor of 0.311 in the likelihood
that a household will depend on the forest. This relationship is expected because
possession of land increases ones' economic potential and the ability to have adequate
space for grazing livestock or even growing own NTFPs. For instance, paddocking
land for grazing and a woodlot to provide various products, particularly firewood, is a
significant source of cooking energy. Similar findings have been reported in Orissa

(India) by Fernandes and Menon (1987), who found out that dependence on the forest
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was strongly correlated with landholdings' size, with the landless being the most

dependent.

There was a negative correlation between distance to the forest edge and dependence
on NTFPs. A unit increase in distance to the forest decreases the odds by a factor of
0.033 in the likelihood that a household will depend on the forest. This relationship is
expected because a long distance from the forest increases the cost of collecting
NTFPs in terms of money and time expended and therefore limits collecting NTFPs.
Other studies have also reported that distance influences the household's decision to

collect or sell NTFPs (Gunatilake, 1998).

Overall, this study revealed that age, occupation of household head, and distance to
the market were positively and significantly correlated with dependence on NTFPs.
Also, years of formal education, land size, and distance to the forest were negatively

and significantly correlated with dependence on NTFPs.



133

Table 32: Summary of logistic regression result of the factors influencing
dependence on NTFPs in South Nandi Forest

Variables B S.E. Wald df Sig. Exp(B)
Age (years) 0.183  0.087 4.398 1 0.036 1.201
Education ( < 8 years formal education) 4,341 1.850 5.507 1 0019 76.801
Formal education in years -0.761 0.276 7.578 1 0.006 0.467
Land-size -1.168 0.425 7.540 1 0.006 0.311
Occupation 5.680 3 0128
Occupation(1 Farmer) 2.7188 1515 3.387 1 0.066 16.243
Distance to forest in Km -3.412  1.619 4.445 1 0.03 0.033
Distance to market in Km 1.859  0.609 9.315 1 0002 6414
Formal education (yrs)* Landsize (ac) *NTFPs 0.072  0.030 5.831 1 0016 1.075
(Grazing)

Formal education (yrs) * Landsize* NTFPs 0.187  0.090 4.304 1 0.038 1.205
(firewood)

Age * NTFPsl 5.059 1 0.024

Age by NTFPs1(Grazing) -0.219  0.098 5.059 1 0.024 0.803
Constant 28.144 93872.483 0.000 1 1.000 HiHHH

Model X2=230.372, df=67, p=0.000

-2loglikelihood =48.776

Hosmer and Lemeshow : X2 = 3.183, df =8,
p=0.922

Cox and Snell R2=0.416

Nagelkerke R?=0.869
Overall accuracy of classification (%) = 97.7

*p<0.05; **p<0.001

4.6.2.4 Effects of socio-economic factors on selling of NTFPs

Negative interaction was noted in all factors influencing the selling of NTFPs in
South Nandi Forest (Table 33). These relationships are explained in the following

sections:

The distance to the forest — the farther from the forest reduces the likelihood of
selling NTFPs due to cost implications and time expended as indicated in the case of

dependence on the forest above.

A unit increase in interest of becoming a CFA member decreases the odds by a factor
of 0.524 in the likelihood that a household head will sell NTFP. This relationship is

unexpected since most households join the CFAs intending to benefit more from the
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forest. However, it has been reported that household heads who are members of a
social group are less likely to be involved in the illegal extraction of forest resources.
This is because household heads that are well informed and belong to a social group
are expected to distance themselves from any acts that may inflict externalities on

others or have a legal implication (Suleiman et al., 2017).

A unit increase in getting permits to transport NTFPs decreases the odds by a factor of
0.094 in the likelihood that a household will sell NTFPs. This relationship is
unexpected since households usually get a permit to derive more benefits from the

sale of NTFPs and not otherwise.

A unit increase in whether the land was registered in the household head’s name
decreases the odds by a factor of 0.536 in the likelihood that a household head will
sell NTFPs. This is expected since a household head with a title deed to his land is
likely to invest in other areas that are more profitable, for example, engaging in
planting a cash crop like tea than selling NTFPs. A land title deed also enables the
household head to use it as collateral, allowing him/her to develop financially. A unit
increase in whether the household head has a motorcycle decreases the odds by a
factor of 0.391 in the likelihood that a household head will sell NTFPs. This
relationship is expected as the household head can diversify in other income sources,
such as using motorcycles in the transport business instead of going to the forest to
get NTFPs. Other studies have shown that households engaged in other sectors of the
economy, such as trading and formal employment, are less likely to be dependent on
NTFPs than their counterparts in the farming enterprise (Daneji and Suleiman, 2011).
A unit increase in whether NTFP was the primary source of income of the household

head decreases the odds by a factor of 0.264 in the likelihood that a household head
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will sell NTFPs. This relationship is unexpected as the household’s primary source of

income is NTFPs from the forest, which he/she sells in order to get income.

Table 33: Summary of logistic regression result of the factors influencing
households to sell NTFPs in South Nandi Forest

Variable B S.E. Wald df Sig. Exp(B)
Distance to where NTFP is collected - 670 179 14.065 1 000 512
(Km)

Interest in becoming CFA member -.646 .309 4.371 1 .037 524
do you acquire permission to transport 2368 205 34.124 1 000 094
NTFPs

Whether land is registered in your name -.625 374 2.795 1 .095 .536
Whether you own a motorcycle -.939 402 5.451 1 .020 391
Whether NTFP is primary source of 1332 442 9.097 1 003 264
income

Constant 3.253 1.435 5.136 1 .023 25.874

Model X?>=182.266

-2loglikelihood =305.573

Hosmer and Lemeshow : X? =6.943, df =8, p=0.543
Cox and Snell R? =0.347

Nagelkerke R%=0.510

Overall accuracy of classification (%) = 85.7
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CHAPTER FIVE
CONCLUSIONS AND RECOMMENDATIONS
5.1 Introduction
This chapter presents the conclusions and recommendations for further research in the

related study.

5.2 Conclusions

1. A total of 128 tree/plant species belonging to 105 genera and 55 families were
cited from South Nandi Forest. Twenty-two types of NTFPs were determined
in this study. The most common uses were firewood, grazing, and herbal
medicine. In terms of gender, the collection of firewood is mostly done by the
female; grazing, beekeeping, posts, and harvesting of sand are mostly done by
males, whereas herbal medicine and cultivation in the forest are done equally
by both males and females.

2. The annual extraction for firewood from the forest per household was 7285.4
+ 1586.9 kg, whereas the annual hay equivalent for grazing in the forest per
household was 86 bales. The impact of extraction on forest structure was
evident in cases where some species cited were not encountered during the
floristic survey indicating the species were rare in the forest, possibly due to
overexploitation by the adjacent forest communities. The DBH class
distributions showed five patterns. For example, a classic inverse-J curve
occurs when a forest is healthy with active regeneration and new individuals'
recruitment (Jew et al., 2016). The other four patterns emerged as a result of
removing trees in various DBH classes, which in turn distorted the inverse-J

curves suggesting a disturbance in the forest. The NTFPs stock condition in
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the forest was perceived by the households to have reduced compared to ten
years ago.

. The economic value of all NTFPs extracted per hectare per year was
US$824.15, whereas the value of NTFP extraction per household per year was
US$579.51. The gross annual extraction of firewood in South Nandi forest
was 134,278,394.3 kg valued at KES 405,674,910 (US$ 3,894,429.29). The
net economic value for grazing cattle in the forest per annum was KES
24,839,316 to 437,286,470 (US$ 238,454.38 to US$ 4,197,896.38) NTFPs
contributed 32.7 to 48.7% of the mean monthly income to households
depending on the income level of the household. These findings indicate that
the South Nandi forest played an important role in forest adjacent households'
livelihoods.

. Twelve independent variables associated with dependence and 15 independent
variables associated with the selling of NTFPs from South Nandi forest. The
study's findings revealed that the households living adjacent to the South
Nandi forest were highly dependent on the forest for NTFPs.

. The logistic regression model indicated that years of formal education, land
size, and distance to the forest from home were positively correlated to
dependence on the forest. In contrast, age, occupation, and distance to market
negatively correlated with dependence on the forest. In the case of factors
influencing selling of NTFPs in South Nandi Forest; distance to forest, interest
in becoming a CFA member, permission to transport NTFPs, land registration,
owning a motorcycle, and whether NTFP was the primary source of income

were negatively associated with the selling of NTFPs by households.
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5.3 Recommendations

5.3.1 Recommendations from the findings of this study

1.

Species that showed no or low regeneration in South Nandi Forest are
recommended for enrichment planting;

Species with a low importance value index (IVI) are recommended for
conservation to avoid local extinction

The South Nandi Forest has a high economic value in terms of the main
NTFPs, and a sustainable utilization approach should be adopted to conserve
the forest and ensure utilization of NTFPs for posterity; and

The socio-economic study revealed factors that should be considered when

initiating activities in the forest that involve adjacent forest households.

5.3.2 Recommendations for future studies

1.

A long-term study (more than two years) needs to be done to understand
better socio-economic factors that affect NTFP collection and utilization.
This is important to capture a change in perceptions across seasons that
may affect NTFP utilization.

Studies that integrate socio-economic and ecological information are
essential for a better understanding of the ecological problems of South
Nandi Forest

This study was unable to quantify medicinal plant utilization; it is
recommended that quantifying them be explored since using direct

methods is challenging.
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APPENDICES
Appendix 1: NTFP-related household questionnaire
Introduction
This survey is being undertaken to find out the impact of Non-Timber Forest Products
on the condition of South Nandi Forest and local livelihoods of adjacent communities.
The information provided by the respondents will be kept confidential and therefore
nobody will be victimized for information provided. The results of the survey will
contribute towards sustainable forest utilization in the area and will also be used for
academic purposes only.
A. ldentification

Interviewer: Date

Time started Time ended

Household name

Code

Village name

Code

Location

Sub-County name

Code

Primary respondent:




B. NTFPs Status and utilization
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1. List down the NTFPs collected and/ or sold by your household round the year? (Please tick and note their uses and status detail in the

table below)
NTFPs Most Type/ parts of | Gender of | Used for How far from Time spent NTFP resourcesbase

important 6 | the plants person  who | what household for collection

NTFPs for | collected collects NTFP | purpose of NTFPs by

househod (1= Mostly F, household

use 2=Mostly M, km Min. members Stock Reason for

(rank 1- 6) 3=MandF (Hours/ year) condition degradation

equally) compared to (rank 1-3) 1

10 years ago | (please note
(1=decreased, 2=No | below the
Change and | table with

3=Increased)

reason in case of
stock
increased)

1Codes: 1= over population and over exploitation, 2= increased NTFP trade, 3=increased product

----- cutting, 4 = financial crisis of
forest-adjacent households, 5 = land clearing for-----, 6= lack of awareness, 7= lack of domestication initiative, 8= lack of
administrative/ organizational support,9 = lack of law and policy implementation, 10 = other, specify............



C. General Information about NTFP Business

1. Please provide the basic information about the NTFP business
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1. How many years have you been engaged in the
NTFP business?

2. During the past 6 months, how many people from
your own household were employed or worked on your
NTFP business?

3. During the past 6 months, how many people outside
of your own household have you employed? (i.e. only
those engaged in NTFP business)

4. What was the type of the employment? (1= full time;
2= part-time, 3=seasonal or contract basis; 4= day
labor; 5= other, specify?

5. Do you belong to a community forest association
(cfa) that is focused on the NTFP trade? (0=No;
1=Yes)

5a. If not, would you like to form or be a member of
such a cfa? (0=No; 1=Yes)

6. Is the NTFP business your primary source of
income? (0=No; 1=Yes)

7. If No, what is your primary source of income?

8. What is your average monthly household income
including subsistence and support? (in ksh)

9. Roughly how much of your average monthly
household income is from NTFP business? (in ksh)

Rank1

Rank?2

Rank3

10. During which months is the demand for NTFP
highest (pick)?

11. During which months is the demand for NTFP
lowest (off-pick)?

12. Which places does the majority of NTFP that
passes through your business come from?

2. What are the major problems/challenges your business currently faces (rank 1 to

3)?

1. Main problem/challenge

2. Secondary problem/challenge

3. Tertiary problem/challenge
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D. NTFP income

1. Do you sell Non-Timber Forest Products? Yes.... No.....

2. If yes, what are the most important NTFPs in terms of income for selling in the
market (name and rank)?

3. What were the quantities and prices of NTFP that you collected/ purchased and

sold in (6 months ago) ---------- , and NOW---------------
1.Quantity | 2.Unit | 3.Conversion | 4.Price 5. 6. 7. Gross
collected/ factor per unit | Quantity | Price per | income
Purchased purchase | sold unitsold | (column
d? 5x6  -1x4)
ksh.

----2016

(now)

----- 2016

(6 months

ago)

*1f NTFP purchased/ sold was of varying qualities or was purchased/sold in a variety
of units (for example, some 80 kg sacks, some 40 kg sacks), please record as separate
entries.
L For collectors, column 4 not applicable and value of this column should be
noted as zero.
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4. What were the quantities, prices and gross income of processed/ produced NTFPs that you sold in (6 months ago) ---------- , and now---

____________ 2
1.Processed | 2.Quantity | 3.Unit 4.Conversi | 5.Price 6.Raw 7.Quantity | 8. Unit 9.Conver | 10.Price 11. Gross
or sold on factor Per unit NTFPs Collected -sion per unit income
produced sold used as or factor of raw column
products input Purchased NTFP (2x5 -7x10)

ksh.

----2016

(now

----- 2016

(6 months

ago)

*If NTFP purchased/ sold was of varying qualities or was purchased/sold in a variety of units (for example, some 80 kg sacks, some 40 kg

sacks), please record as separate entries
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5. Gross Income and information related specifically to NTFP sales:
(ask all respondents that identify their primary/ secondary/ tertiary role as:

agent/broker/middleman or transporter)

(now) (6 months ago)

1. Gross income from contract or piece rate
work

2. Gross income from commissions

6a. If the respondents identify their primary/ secondary/ tertiary role as

agents/brokers/middlemen:

1. How many orders did you fill in March
2016

2. How many orders did you fill in
December 20157

3. Who do most of the orders you fill
come from?

(1=NTFP from same area; 2=NTFP from
another area; 9=Other, specify)

6b. If the respondents identify their primary/ secondary/ tertiary role as

transporters:

What mode do you use to transport NTFP?
(1=0Own truck; 2=Rented  truck; 3=Truck owned by
employer;4=Bodaboda, 5= Bicycle;11=0ther, specify

2. What is the average distance you travel to deliver a load of NTFP?
Kms

3. How many loads did you carry in ----2016? (now) (number of loads)

4. How many loads did you carry in ----- 2015 (6 months ago)? (number
of loads)

7. What are the costs associated with your NTFP business?

Now 6 months ago,

Costs (only those related to the specific
month):

1. Purchased inputs, forest based (i.e. fibres,
standing trees; plants’parts; acres of forested
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land etc.)

2. Purchased inputs, other

3. Hired labor

4. Taxes

5. Bribes/tokens

6. Transportation

7. Marketing (i.e. including air time)

8. Rental of storage space/stall/shop

10. Market dues

11a. Other costs, specify

11b. Other costs, specify

12. Total Costs

13. Value of capital stock (i.e. trucks, vans,
bicycles, saws etc.; include any stored NTFP
that was carried over from previous month)

8. One time only or irregular costs associated with NTFP purchases and sales

Amount paid per year (July 20- June 20)

1. Transport license

2. Trading license December 20

3. Other, specify

4. Other, specify

9. Rights Associated with Collecting, Transporting and Selling NTFP

Collect| Transport| Sell
De Jure or Formal Rights
1. Do you require permission to collect /transport or sell
NTFP? (0=No; 1=Yes)
la. If yes, who grants permission?
(1=KFS.;2=CFA;3=0ther, specify)
1b. Is the permission written or verbal? (1=Written;
2=Verbal)
1c. Do you have to pay to obtain permission? (0=No;
1=Yes)
De facto Rights Collect | Transport| Sell

2. Over the past 6 months have you collected/
transported or sold NTFP? (0=No; 1=Yes)
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2a. If yes, did you obtain formal permission to do so?
(0=No; 1=Yes)

2b. Who granted the permission?
(1=KFS.;2=CFA;3=0ther, specify)

2c. Was the permission written or verbal?
(1=Written;2=Verbal)

2d. Did you have to pay for the permission? (0=No;
1=Yes)

2e. During the past 6 months, how many times have you
asked for permission to transport/sell NTFP?

2f. During the past 6 months, approximately how many
times have you or
a representative of your business interacted (i.e. in
person) with representatives of the government
organizations (KFS/KWS) regarding your

NTFP business?

10. Major trends/changes in NTFP business since 2011 (last 5 years)

Since 2011, how have the following changed: General Trend
1=Decreased;2=No
change;3=Increased

Reason for
Change
If applicable

1. The price of a standard unit of NTFP during
the pick season?

2. The price of a standard unit of NTFP during
the off-pickseason?

3 The general availability of NTFP

4. The distance that NTFP is transported from
forest gate to end market (i.e. where the
consumer buys)

5. The demand for NTFP by consumers

6. Number of rules and regulations regarding
transporting

7. Number of rules and regulations regarding
selling

8. The cost of obtaining permission to legally
transport NTFP

9. The cost of obtaining permission to legally sell
NTFP

10. The enforcement of rules and regulations
regarding transporting NTFP
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11. The enforcement of rules and regulations
regarding selling NTFP

2. Since 2011, what major events or policies that have had either a positive or

negative effect on the NTFP business?

1. Main event/policy

2. Secondary event/policy

3. Tertiary event/policy

11. Environment and forest conservation aspect of NTFP Business

1. Do you consider the environmental and forest conservation issues for your NTFP
business (i.e. environmental pollution and balance, forest biodiversity and stock for
sustainable supply)?(0= No 1= yes)

la. If yes, what’s your action taken for that:

1.b. If not, why not and are you aware of the future environmental and resource stock
challenge for your business?

F. Socio-economic information

1. What year were you born?

2. How many years of formal education have you completed?

3. Marital status (married =1;divorced=2;widow=3;widower=4;single =5)

4. How many members do you have at your household?

5. What is the gender of the respondent? (0=Male; 1=Female)

6. What ethnic group do you belong to? (1=Kalenjin, 2=Luo, 3=Luhya,
4=Kikuyu, 5=Gusii9=0ther (specify))

7. What is your home District? (i.e. district of origin)

8. Where is your household located (is it rural=1; peri-urban=0)?

9. How many acres of land do you own? (i.e. in a rural setting)

10. How many urban plots do you own? (i.e. plots in urban centers)

11. Is the land above registered in your name (0O=No; 1=Yes)

12. What’s the type of your house? (1= Grass thatched; 2= semi-permanent;
3=Brickbuilt; 4= other, specify)

13. Main occupation of household head

14. What’s the total current value of other assets

(eg. Electronic goods, Furniture, agricultural implements, others if you have? (in
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ksh)

15. Do you own a motorcycle? (0=No; 1=Yes)

16. Do you own a fixed/ mobile phone? (0=No; 1=Yes)

17. Do you own a truck or Pick-up that is large enough to transport large
volumes of NTFP over long distances? (0O=No; 1=Yes)

18. Distance to forest edge ( km, walking mins)

19. Distance to market centre ( km, walking mins)

20.Do you get any products from the forest? (0=No; 1=Yes)

G. Enumerator’s comments on irregularities or interesting issues of note with

interview:
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Appendix 2: Vegetation sampling during transect walk

DATASHEET B: DATA COLLECTION WITHIN APLOT

County Forest

Vegetation type Forest block

GPS co-ordinates of reference point(UTM)

Locality notes: (Descriptive text of a major landmark or attributes that can

assist in locating the site during subsequent monitoring)

Sample plot No. GPS coordinates UTM

Elevation (m):

Topography

(A) Disturbance indicators within the sample plot

Physical disturbance indicators

Physical disturbance | Present Absent Count Remarks (where
indicators 1) 0) applicable)

Dung

Browsing

Evidence of fires

Soil erosion

Other (specify)

Biological disturbance indicators

Biological disturbance | Present | Absent | If present, give names of pest species or

indicators (1) 0) disease if known or else describe

Invasive species

Game damage

Pest and disease

damage

Other (specify)




Socio-economic disturbance indicators
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Socio-economic
disturbance
indicators

Present

1)

Absent
(0)

If present, give the number of stumps,
charcoal kilns and area under

cultivation or encroachment

Stumps

Charcoal kilns

Livestock tracks

Encroachment

(specify)

Foot paths

Other (specify)

(B) Utilization indicators within the sample plot

Utilization Present | Absent Remarks (where applicable)
indicators 1) 0)

Collection of

firewood

Harvesting of resins

Controlled grazing,

grass harvesting

Timber harvesting

Medicinal herbs

Butterfly collection

Bee keeping

Other (specify)

(C) Assessment of plant resources within the sample plot

Main Plot A (20m by 30m) for assessing trees (Trees > 10 cm DBH)

Tree | Botanical name

no.

Local name

Total height | Dbh | Remarks
(m) (cm)
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Sub-plot B (10m by 5m) for assessing tree saplings, lianas and shrubs, DBH =
2 cm - 9.99 cm, at least 1.5 m height)

Tree | Tree species Local name Total height | Dbh | Remarks

(m) (cm)

no.

Sub-plot B (10m by 5m) for assessing tree saplings, lianas and shrubs, DBH = 2 cm -
9.99 cm, at least 1.5 m height)

Tree Tree species Local name Total Dbh Remarks
no. height (cm)
(m)

Sub-plot C (1m by 2m) for assessing seedlings, herbs (erectile and creeping) and grass

Species Life | Localname | Count | % cover | Estimated | Remarks
form (only general
applicable | height of
to erectile

grasses) herbs (m)

Musa masaika 10 0.3 C

Cynodon dactylon 65

Azadirachta indica




Assessment of dead wood within the main plot (30m by 20m plot)
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Tree species Diameter | Diameter 2 | Length (m) Remarks
1 (cm) (cm)
Assessment done by: Date: Signature:
Checked by: Date: Signature:
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Appendix 3: Firewood use datasheet

No.
This survey is being undertaken to find out the impact of firewood extraction on forest

condition and local livelihoods in the South Nandi Forest Ecosystem. The information
provided by the respondents will be kept confidential and therefore nobody will be
victimized for information provided. The results of the survey will contribute towards
sustainable firewood supply in the area and writing a PhD thesis at Moi University,
Eldoret.

Background information

1. Date of survey

2. Area where survey is conducted

3. Name of person conducting survey

4. Name of person interviewed (optional) 1. Female 2.

Male

5. Age

6. Marital status 1. Single 2. Married 3. Separated/divorced 4. Widow 5. widower
7. Education level 1. No formal education 2. Std 1-4 3. Std 5-8 4. Form 1-2 5. Form

3-4 6. College 7. Other (specify)

8. Is person walking alone or in group? 1. Alone 2. Group

9. Ifin group, count number of persons in the group

10. Size of Household of person being interviewed

11. Ethnic group 1. Kalenjin 2. Luo 3. Luhya 4. Other (specify)
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Questions relating to fuel wood collection and usage
12. What is the weight of firewood carried by the person (headload)? kg
13. Please record the species of pieces of wood in the headload; measure length

(m) and diameter(cm) in table below

No. | Species L (m) | Dia.(cm) | Remarks

gl B~ W N

14. How long have you been collecting firewood in this locality?
1. lessthan 1 Year
2. 1-3Years

3. 3-5Years

E

Other (specify)

15. What is the wood collected used for?
1. Commercial
2. Subsistence/domestic cooking

3. Both commercial and domestic use

E

Other(specify)

16. If both commercial and domestic use. State percent
Commercial Domestic_

17. What is the frequency of collecting Fuelwood?
1. Daily
2. 3-4 times a week

3. Other (specify)




18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.
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What is the distance covered (to and fro) while collecting firewood ?
1. 0-500m
2. 0.5-1.0km

3. 1.0-2.0km 4. Other (specify)

What amount of time is spent collecting firewood?

1. less than 1 Hour

2. 1-2 hours

3. 3-4 hours

4. Other (specify)

Do you pay for firewood collection? 1. Yes 2. No

If Yes, how much?

What do you do for a living?

Give approximate income you get per month? Ksh
How much does firewood contribute to your income Ksh
Do you have an energy-saving stove in your house? 1. Yes 2. No

Did you collect any firewood from fallen (trees, branches)? 1. Yes 2. No
Did you collect any firewood from standing (trees not fallen over)? 1. Yes 2.
No

Was it dead or alive? 1. Dead 2. Alive 3. Both

What are the species of trees preferred for  firewood?

What’s the preferred season for collecting firewood?
1. During dry spell
2. During wet season

3. Other (specify)
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31. Approximately how much firewood has your household used in the last 12

months? (convert weekly consumption to annual)

32. Did you get any wood from any other source? 1. Yes 2. No
33. If yes, what proportion of your total firewood collection?
1. Lessthan 10% 2.10-25%

3. Other (specify)

34. What are the other types of fuel wood used in your household?

1.Charcoal 2. Kerosene 3. LPG (gas) 4. Other (specify)

35. Estimate the proportions of firewood compared to other types of fuelwood

used in the household weekly.

Firewood 100 {80 |60 |40 |20 |10 |O
Other (e.g. Charcoal) | 0 20 (40 |60 |80 |90 | 100

Questions related to abundance of resources and condition of the forest
36. How has the forest resources changed in the last 10 years? 1. Increased 2. No
change 3. Decreased

37.What is the main reason for the changes in the forests resources?

38. Are there preferred species for firewood which are now difficult to get? 1. Yes
2. No

39. If yes, which species?

Questions related to Firewood Merchants (N.B. some firewood collectors may also
be merchants)

40. How long have you been selling firewood? ------ years
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41. What is the selling price per headload Ksh

42. Can you give an estimate of how much wood you supplied during the last
year? Indicate headloads/week which will be converted to annual supplied___

43. What type of wood do you supply? 1. Dead and dry 2. Cut and dry 3. Other
(specify)

44. Where does it come from? 1. Forest 2. Private farm 3. Buy from firewood

collectors 4. Other (specify)

45. Can you tell me the species? 1. Yes 2. No

46. If Yes, which ones?

47. How much of each species do you sell? Give percentage of each
48. Who are your main suppliers? (Give the names of your main suppliers if

possible)

49. What percentage comes from small suppliers?

50. What locality does your firewood come from?

51. Name the closest towns or localities (If you cannot give the locality, give the

distance from you)

52. What is the tenure of the land from where most of your firewood is collected
from?
1. KFS land
2. Private land

3. Other (specify)

53. Do you have any other comments concerning firewood trade?

CONCLUDE: Thank you very much for your assistance. The results of this
survey will be used to assist in ensuring a sustainable firewood supply.



Appendix 4: Species listed during FGD by informants with their family name, local name, growth habit and their uses
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No. Species Family name Local name GH Uses TU
(Nandi)

1 Syzygium guineense (Willd.) DC. Myrtaceae Lamaiywet T 1,3,6,7,8,9,10,12,13,14,16,19,21,22 14
2 Allophylus abyssinicus (Hochst.) Radlk. Sapindaceae Sakamwet T 1,3,5,7,8,9,10,12,13,14,16,17,19,22 14
3 Tabernaemontana stapfiana Britte Apocynaceae Mobondet T 1,7,8,9,10,12,13,14,16,17,19,22 12
4 Cordia abyssinica R. Br. ex A. Rich. Boraginaceae Tepesuet T 1,4,7,8,9,10,12,13,14,16,17,22 12
5 Olea capensis L. Oleaceae Murkuiywet T 1,3,7,8,9,10,12,13,14,16,19,22 12
6 Albizia gummifera (JF Gmel.) C. A. Sm. Mimosaceae Seet T 1,7,8,9,10,11,12,13,16,22,23 11
7 Strombosia scheffleri Engl. Olacaceae Chepkorkoriet T 1,8,9,10,12,13,14,15,16,19,22 11
8 Chionanthus mildbraedii (Gilg and Schellenb.) Strean Oleaceae Kwomurguiwet T 1,2,7,9,10,13,14,16,18,19,22 11
9 Cassipourea ruwensorensis (Engl.) Alston Rhizophoraceae Martit T 1,9,10,13,14,15,16,17,19,21,22 11
10 Prunus africana (Hook. f.) Kalkm. Rosaceae Tenduet T 1,7,8,9,10,12,13,14,16,19,22 11
11 Fagaropsis angolensis Engl. Rutaceae Noiwet T 1,7,8,9,10,12,13,14,16,19,22 11
12 Zanthoxylum gilletti (De Wild.) Waterm. Rutaceae Sagawaitet T 1,7,8,9,10,12,13,14,16,19,22 11
13 Celtis mildbraedii Engl. Ulmaceae Sertet T 1,8,9,10,12,13,14,16,17,21,22 11
14 Maytenus heterophylla (Eckl. and Zeyh.) Robson Celastaceae Kukerwet T 1,8,9,10,12,13,14,16,19,22 10
15 Diospyros abyssinica (Hiern) F. White Ebenaceae Kendoiywet T 1,4,8,9,10,13,15,16,19,22 10
16 Drypetes gerrardii Hutch. Euphorbiaceae Mekunyet T 1,8,9,10,12,13,16,17,19,22 10
17 Lepidotrichilia volkensii (Glrke) Leroy Meliaceae Sakamwet T 1,8,9,10,12,13,14,16,19,22 10
18 Trilepisium madagascariense DC. Moraceae Mbaraka T 1,6,8,9,10,12,16,19,21,22 10
19 Craibia brownii Dunn Fabaceae Mekunyet T 1,7,8,9,10,13,14,16,17,22 10
20 Vangueria madagascariensis Gmel. Rubiaceae Kimolwet/kipmowet T 1,6,7,9,10,13,14,17,21,22 10
21 Teclea nobilis Del. Rutaceae Kuriot T/ 1,8,9,10,12,13,14,16,19,22 10
22 Croton megalocarpus Hutch Euphorbiaceae Masinaidet T 1,4,8,9,10,12,16,19,22 9
23 Dovyalis macrocalyx (Oliv.) Warb. Flacourtiaceae Kapchopinyat S 1,6,7,8,9,10,14,21,22 9
24 Ekebergia capensis Sparrm. Meliaceae Teldet T 1,7,8,9,10,13,14,16,22 9
25 Croton macrostachyus Del. Euphorbiaceae Tebesuet T 1,4,7,9,10,16,19,22 8
26 Macaranga kilimandscharica Pax. Euphorbiaceae Sebesebet T 1,8,9,10,13,14,16,22 8
27 Nuxia congesta Fres. Loganiaceae Choruwet S 1,49,10,11,13,14,22 8
28 Trichilia emetica Vahl. Meliaceae Noiywet T 1,8,9,13,14,15,17,23 8
29 Ficus sur Forssk. Moraceae Mukoiyot T 1,6,8,9,10,11,21,22 8
31 Bersama abyssinica Fres. Melianthaceae Kipumetiet T 1,4,7,9,10,17,22 7
32 Coffea eugenioides S. Moore Rubiaceae Noruyot Noriot S 1,8,9,10,12,13,22 7
33 Heinsenia diervilleoides K. Schum. Rubiaceae Sekerbanga T 1,3,8,13,14,16,19 7
34 Dombeya burgessiae Gerr. ex Harv. Malvaceae Silipchet T 1,9,10,11,19,20,22 7
35 Ensete ventricosum (Welw.) Cheesm. Musaceae Sasusuwet S 4,6,16,18,21,22 6
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36
37
38
39

40
41
42
43
44
45
46
47
48
49
50
51
52

53
54
55
56
57
58
59
60
61
62

63
64
65
66
67
68
69
70
71
72
73

Maesa lanceolata Forssk.
Triumfetta ruwenzoriensis
Caesalpinia volkensii Harms
Erythrococa bongensis

Ricinus communis L.

Ocimum suave Willd.

Rubus apetalus Poir.

Solanum mauritianum Scop.

Solanum sp.

Brillantaisia madagascariensis T. Anderson ex Lindau
Brillantaisia nitens Lin-dau
Hippocratea graciliflora

Hippocratea sp.

Hippocratea africana (Willd.) Loes
Solanecio mannii (Hook. f.) C. Jeffrey.
Dracaena laxissima

Acalypha ornata A.Rich

Neoboutonia macrocalyx Pax

Stephania abyssinica (Dillon and A. Rich.) Walp.
Tiliacora funifera (Miers) Oliv.

Pavetta abyssinica Fres.

Toddalia asiatica (L.) Lam.

Solanum aculeastrum Dunal

Trema orientalis (L.) BI.

Acanthus eminens C. B. Cl.

Achyranthes aspera L.

Momordica foetida Schumach.

Dracaena steudneri Engl.

Achyrospermum schimperi (Hochst. ex Brig.) Perkins
Leonotis nepetifolia (L.) W.T. Ait.

Hibiscus calyphyllus Cav.

Adenia bequaertii Robyns and Lawalree.
Gouania longispicata Engl.

Chlorophytum galabatense Schweinf. ex Baker.
Macrorungia pubinervia (T. Anders) C. B.CI.
Pseuderanthemum ludovicanum (Biittner) Lindau
Landolphia sp.

Landolphia buchananii (Hall. f.) Stapf.

Myrsinaceae
Malvaceae
Caesalpiniaceae
Euphorbiaceae

Euphorbiaceae
Lamiaceae
Rosaceae
Solanaceae
Solanaceae
Acanthaceae
Acanthaceae
Celastraceae
Celastraceae
Celastraceae
Asteraceae
Dracaenaceae
Euphorbiaceae

Euphorbiaceae
Menispermaceae
Menispermaceae
Rubiaceae
Rutaceae
Solanaceae
Ulmaceae
Acanthaceae
Amarathaceae
Cucurbitaceae

Dracaenaceae
Lamiaceae
Lamiaceae
Malvaceae
Passifloraceae
Rhamnaceae
Liliaceae
Acanthaceae
Acanthaceae
Apocynaceae
Apocynaceae

Kipapusitanyet
Miswot
Chepkomon
Sekelipagang or
Chesicheiyot
Imaniat
Mwokiot
Momonyet
Cheptomotwo
Mororuwet
Kipongiat
Sietet
Kipcheiyot
Chepseleitet
Ng’ngichet
Chepkurbet
Chepkitonget
Sambachet or
chesumeiyot
Kipsebwet
Taparariet
Mborosiet
Sekerbanga
Kipkoskosit
Sikowet
Kipsartet
Indakariat
Chesirmit
Cheptenderet

Lepekwet
Inyonyoitat
Sisiyat
Motosheiet
Chemyalelder
Riksoit
Sikotiet
Kipongiet
Chesumeiyot
Ngingichet
Ngigiye/Ngingichet
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74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91

92
93
94
95

96

97

98

99

100
101
102
103
104
105
106
107
108
109
110
111
112

Rauvolfia volkensii (K.Schum.) Stapf
Asplenium sandersonii Hook.
Asplenium theciferum (Kunth) Mett.
Commelina latifolia A. Roch.

Bidens pilosa L.

Galinsoga parviflora Cav

Vernonia auriculifera Hiern
Kalanchoe densiflora Rolfe
Phyllanthus odontadenius Mull. Arg.
Tragia brevidens

Ocimum kilimandscharicum Giirke
Gloriosa superba L.

Lobelia gibberoa Hemsl.

Turraea holstii Girke

Ficus sp.

Calpurnia spp.

Desmodium repandum (Vahl) DC.
Passiflora edulis Sims

Plantago palmata Hook. f.

Helinus mystacinus (Aiton) E.Mey. ex Steud
Scutia myrtina (Burm. f.) Kurz

Psychotria peduncularis (Salish.) Steyerm.

Physalis peruviana L.

Solanum nigrum L.

Urtica dioica L.

Laportea alatipes Hook. f.
Cyphostemma kilimandscharica (Gilg)
Aframomum keniense R.E.Fr.
Lactuca capensis - Thunb.
Lactuca glandulifera Hook. f.
Eulophia galeoloides Kraenzl.
Culcasia scandens P.Beauv.
Mondia whytei (Hook. f.) Skeels
Blumea crispata (Vahl) Merxm.
Commelina benghalensis
Sonchus sp.

Ipomoea wightii (Wall.) Choisy

Neonotonia wightii (Wight and Arn.) J.A. Lackey

Sida cuneifolia Roxb., Fl. Ind.,

Apocynaceae
Aspleniaceae
Aspleniaceae
Commelinaceae
Asteraceae
Asteraceae
Asteraceae
Crassulceae
Euphorbiaceae
Euphorbiaceae
Lamiaceae
Colchicaceae
Lobeliaceae
Meliaceae
Moraceae
Papilionaceae
Papilionaceae
Passifloraceae

Plantaginaceae
Rhamnaceae
Rhamnaceae
Rubiaceae

Solanaceae
Solanaceae
Urticaceae
Urticaceae
Vitaceae
Zingiberaceae
Asteraceae
Asteraceae
Orchidaceae
Araceae
Asclepiadaceae
Asteraceae
Commelinaceae
Asteraceae
Convolvulaceae
Fabaceae
Malraceae

Kipcheiyot
Kataputiet
Kataputiet
Lepulopitiet
Chepketel
Kipkoleitet
Kipsabuni
Kuserwet
Mengeiwet
Sambachet

Sereguet
Kosositiet
Kipchimdet
Senendet
Chemigoiyot
Kerenderiat
Chemagururiet
Yakariet
Sesiat
Sumbeiywet
Rogoret
chelelkatiat
Mbomiat

Sojo or isochot
Sabajet
Sambachet
Simet
Chemagururiet
Cheparaa
Cheparaa
Sigotiet
Kataputiet
Chemangururiet
Taptiet

Sochet
Cheparaa
Kimoiyat
Ng’wang’wanyet
Kerundut
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113 Phytolacca dodecandra L'Hért. Phytolaccaceae Patakwet S 7 1

114 Piper capense L. Piperaceae Kiptutung’it H 7 1

115 Rumex usambarensis (Dammer) Dammer Polygonaceae Chemideleliet H 8 1

116 Pentas lanceolata Rubiaceae Cheruriet H 8 1

117 Rutidea orientalis Bridson Rubiaceae Tinguet C 2 1

118 Mimulopsis arborescens C. B. Cl. Acanthaceae Sietet S 0

119 Meyna tetraphylla (Hiern) Robyns Celastraceae Chebikonyat S 0

121 Momordica friesiorum (Harms) C. Jeffrey Cucurbitaceae Ng’wang’wanyet C 0

122 Dumasia villosa DC. var. villosa Fabaceae Ng’wang’wanyet C 0

123 Vigna sp Fabaceae Ngw’angw’anyet C 0

124 Turraea sp Meliaceae Chemuriat T 0

125 Olea sp. Oleaceae Itaat T/S 0

126 Calpurnia aurea (Aiton) Benth. Papilionaceae Ipembetiet S 0

127 Thalictrum rhynchocarpum Quart.-Dill. and A.Rich. Ranunculaceae Chesumeiyot H 0

128 Allophylus rubifolius (Hochst. ex A.Rich.) Engl. Sapindaceae Chemoriat S 0
SUMMARY
SUMMARY
USES* 1 2 3 4 6 7 8 9 12 13 14 15 16 17 18 19 20 21 22 23
Total no. of 54 2 4 15 20 66 36 52 28 28 28 6 27 10 6 21 15 11 60 10

species/use

KEY:

*1= fire lighting; 2= dye making; 3= water storage; 4= ceremonial; 5= boundary fencing; 6= Food/spices; 7= Medicinal; 8= Timber; 9= Firewood; 10= Charcoal;
11= Fodder; 12= Making beehive; 13= Posts/poles; 14= Fencing; 15= Spears/arrows; 16= construction; 17=Making traps; 18= smoking milk calabash; 19= Rafters;

20= Strings; 21=Fruits; 22= Making small implements; 23= Banana ripening

GH =Growth habit; T=Tree, S=Shrub, H=Herb, C=Climber; TU=Total number of uses per species.



Appendix 5: Species listed for firewood use by informants with their family

name, local name and its growth habit
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No.  Species Family name Local name GH
(Nandi)
1 Syzygium guineense Myrtaceae Lamaiywet T
2 Allophylus abyssinicus Sapindaceae Sakamwet T
3 Tabernaemontana stapfiana Apocynaceae Mobondet T
4 Cordia abyssinica Boraginaceae Tepesuet T
5 Olea capensis Oleaceae Murkuiywet T
6 Albizia gummifera Mimosaceae Seet T
7 Strombosia scheffleri Olacaceae Chepkorkoriet T
8 Chionanthus mildbraedii Oleaceae Kwomurguiwet T
9 Cassipourea malosana Rhizophoraceae Martit T
10 Prunus africana Rosaceae Tenduet T
11 Fagaropsis angolensis Rutaceae Noiwet T
12 Zanthoxylum gillettii Rutaceae Sagawaitet T
13 Celtis mildbraedii Ulmaceae Sertet T
14 Maytenus heterophylla Celastaceae Kukerwet T
15 Diospyros abbysinica Ebenaceae Kendoiywet T
16 Drypetes gerrardii Euphorbiaceae Mekunyet T
17 Lepidotrichilia volkensii Meliaceae Sakamwet T
18  Trilepsium madagascariense Moraceae Mbaraka T
19 Craibia brownie Papilionaceae Mekunyet T
20 Vangueria madagascariensis Rubiaceae Kimolwet/kipmowet T
21 Teclea nobilis Rutaceae Kuriot TIS
22 Croton megalocarpus Euphorbiaceae Masinaidet T
23 Dovyalis macrocalyx Flacourtiaceae Kapchopinyat S
24 Ekebergia capensis Meliaceae Teldet T
25 Croton macrostachyus Euphorbiaceae Tebesuet T
26 Macaranga kilimandscharica Euphorbiaceae Sebesebet T
27 Nuxia congesta Loganiaceae Choruwet S
28 Trichilia emetica Meliaceae Noiywet T
29 Ficus sur Moraceae Mukoiyot T
30 Dovyalis abyssinica Flacourtiaceae Nukiat S
31 Bersama abyssinica Melianthaceae Kipumetiet T
32 Coffea eugenioides Rubiaceae Noruyot Noriot S
33 Dombeya burgessiae Sterculiaceae Silipchet T
34 Maesa lanceolata Myrsinaceae Kipapusitanyet T
35 Caesalpinia volkensii Caesalpiniaceae ~ Chepkomon S
. . Sekelipagang or
36 Erythrococa bongensis Euphorbiaceae Chesicheiyot S
37 Ricinus communis Euphorbiaceae Imaniat S
38 Ocimum suave Lamiaceae Mwokiot H
39 Rubus apetalus Rosaceae Momonyet S
40  Solanum mauritianum Solanaceae Cheptomotwo S
41 Solanum sp. Solanaceae Mororuwet S
42 Hippocratea sp. Celastraceae Chepseleitet C
43 Solanecio mannii Compositae Chepkurbet S
44 Neoboutonia macrocalyx Euphorbiaceae Kipsebwet T
45 Pavetta sp. Rubiaceae Sekerbanga S
46 Toddalia asiatica Rutaceae Kipkoskosit C
47 Solanum aculeastrum Solanaceae Sikowet S
48 Trema orientalis Ulmaceae Kipsartet T
49  Acanthus eminens Acanthaceae Indakariat S




50 Leonotis nepetifolia Lamiaceae Sisiyat S

51 Hibiscus calyphyllus Malvaceae Motosheiet S

52 Macrorungia pubinervia Acanthaceae Kipongiet H

53 Scutia myrtina Rhamnaceae Sumbeiywet SIC
Key:

GH =Growth habit; T=Tree, S=Shrub, H=Herb, C=Climber
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Appendix 6: Species listed for medicinal use by informants with their family

name, local name, growth habit and the total number of diseases

treated
No. Species Family name  Local name GH Diseases treated
(Nandi)

1 Lactuca capensis Asteraceae Cheparaa H Anodyne,
antispasmodic,
digestive, diuretic,
hypnotic, narcotic and
sedative properties

2 Lactuca glandulifera Asteraceae Cheparaa H Anodyne,
antispasmaodic,
digestive, diuretic,
hypnotic, narcotic and
sedative properties

3 Chlorophytum Liliaceae Sikotiet H Cough, cold, Hair

galabatense conditioner

4 Acanthus eminens Acanthaceae Indakariat S Spleen, Liver,
Alimentary canal, skin
diseases, wound, eye
infections

5 Rauvolfia sp. Apocynaceae  Kipcheiyot C Tonsils, Hypertension,
insomnia

6 Tabernaemontana Apocynaceae  Mobondet T Leaf decoction -

stapfiana appetizer and treat
colic

7 Mondia sp. Asclepiadaceae Chemangururiet C Appetizer, increase
libido

8 Cordia abyssinica Boraginaceae = Tepesuet T Cover broken limb

9 Caesalpinia volkensii Caesalpiniaceae Chepkomon S Wound

10  Hippocratea graciliflora Celastraceae Kipcheiyot C Tonsils

11 Commelina latifolia Commelinaceae Lepulopitiet H Stomach ache

12 Bidens sp. Asteraceae Chepketel H Used in Fresh wound,
digestive disorders

13  Galinsoga parviflora Asteraceae Kipkoleitet H Wounds and  skin
inflammations

14 Solanecio mannii Asteraceae Chepkurbet S Cold, Chest infections,
Otitis media, Malaria,
Stomach ache,
heartburn

15  Sonchus sp. Asteraceae Cheparaa H Tonsils, Cough

16  Vernonia sp Asteraceae Kipsabuni S Labor, Malaria,
Afterbirth

17 Kalanchoe densiflora Crassulceae Kuserwet H rheumatism and
inflammation

18  Momordica sp Cucurbitaceae ~ Cheptenderet C Malaria, Tuberculosis

19  Dracaena steudneri Dracaenaceae  Lepekwet T Stomach problems

20  Acalypha sp Euphorbiaceae  Sambachet or H Skin problem

chesumeiyot

21  Croton macrostachyus Euphorbiaceae  Tebesuet T Ring worrms,
diarrhorea, fever in

COWS
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22

23

24

25

26

27

28

29

30

31

32

33

34

35
36

37

38

39
40

41

42

Erythrocooca bongensis Euphorbiaceae

Ricinus communis Euphorbiaceae

Tragia brevidens Euphorbiaceae

Flacourtiaceae

Dovyalis abyssinica

Dovyalis macrocalyx Flacourtiaceae

Achyrospermum schimperi  Lamiaceae
Ocimum suave Lamiaceae
Leonotis nepetifolia Lamiaceae
Ocimum Lamiaceae
kilimandscharicum

Gloriosa superba Liliaceae
Lobelia gibberoa Lobeliaceae
Hibiscus calyphyllus Malvaceae
Ekebergia capensis Meliaceae
Turraea sp Meliaceae

Bersama abyssinica Melianthaceae

Tiliacora keniensis Menispermaceae

Albizia gummifera Mimosaceae
Ficus sp. Moraceae
Maesa lanceolata Myrsinaceae
Syzygium guineense Myrtaceae
Chionanthus mildbraedii Oleaceae

Sekelipagang or S

Chesicheiyot

Imaniat

Sambachet
Nukiat
Kapchopinyat
Inyonyoitat

Mwokiot

Sisiyat

Sereguet
Motosheiet

Teldet

Kosositiet
Kipumetiet

Mborosiet

Seet

Kipchimdet
Kipapusitanyet

Lamaiywet

Kwomurguiwet

Vegetable,
anthelmintic,
antitussive,
and tonic
offers relieve to several
diseases, ailments and
discomforts e.g.
Constipation,

worms, Arthritis,
muscle aches and back

stomachic

ache, urinary tract
infections

Gonorrhea, promote
conception, lower
labour pain,

Stomach ache, boost

body immunity, chest
ailments
Constipation,
ulcers
Antimalarial
aromatic,  stimulant,
antispasmodic,
antiseptic
swellings,
gastro-intestinal
troubles

lower fever and many
ailments

Peptic

fever,

tonic, anti-periodic,
anti- helminthic and
laxative

Asthma, Bronchiti,
Cough

Stomach ache, General
fever

Back ache, Chest
pains, Dysentery,
Diarrhorea

Convulsions, Cough

Stomach ache,
Pneumonia, TB,
Malaria, East coast
fever

Fever relief,
Pneumonia,
antiinflammation
Sexually  transmitted
infections, stomach
ache

Diarrhorea, Vomiting
Heartburn

anthelmintic,
antispasmaodic,
laxative, purgative and
tonic, antifungal,
antibacterial,
diarrhorea

Pneumonia, Chest pain




186

43

44
45
46
47

48

49
50

51
52

53

54

55
56

57

58
59
60

61
62

Olea capensis

Calpumea sp.

Craibia brownie
Desmodium repandum
Adenia sp.

Phytolacca dodecandra

Piper capense
Plantago palmate

Helimus mystacinus
Prunus Africana

Rubus apetalus
Vangueria
madagascariensis

Fagaropsis angolensis
Toddalia asiatica

Zanthoxylum gillettii

Allophylus abyssinicus

Solanum aculeastrum
Solanum nigrum

Solanum sp.

Triumfetta ruwenzoriensis

Oleaceae

Papilionaceae
Papilionaceae
Papilionaceae
Passifloraceae

Phytolaccaceae

Piperaceae
Plantaginaceae

Rhamnaceae
Rosaceae

Rosaceae
Rubiaceae

Rutaceae
Rutaceae

Rutaceae

Sapindaceae
Solanaceae

Solanaceae

Solanaceae
Tiliaceae

Murkuiywet

Senendet
Mekunyet
Chemigoiyot
Chemyalelder

Patakwet

Kiptutung’it
Yakariet

Sesiat
Tenduet

Momonyet
Kimolwet/kipmo
wet

Noiwet
Kipkoskosit

Sagawaitet

Sakamwet
Sikowet

Sojo or isochot

Mororuwet
Miswot

—

O -

Tw

Cough, TB, Malaria,
Peptic ulcers, Stomach
ache

Swollen body

cough

Stomach ache

treat many conditions,

including
gastrointestinal
problems,
inflammation, pain,
fever, malaria, leprosy,
scabies, cholera,
anemia, bronchitis,

sexually  transmitted
diseases, menorrhagia,
and mental illness

anti-inflammatory,

treats many ailments
e.g. venereal diseases,
bilharzia, rabies,
malaria, sore throat and

other respiratory
problems,  rheumatic
pain and jaundice
Cough

Tonsils,  pneumonia,

eye problems, stomach
ache, venereal diseases,
typhoid, antidiarrhorea
Epilepsy
Prostate
Stomach ache

cancer,

Stomach ache, Food
poisoning

Worms, food
supplement

Worms in cattle,
Malaria, Stomach ache,
Chest pains, Urinary

tract, TB, Cough
Cough and Chest pains,

Anthrax, measles,
tonic, urinary tract
infections

Head ache, heart ache,
Back ache

Stomach ache

Dropsy, General
debility, Diuretic, anti
dysenteric

Stomach ache

internal  ulcerations,
antihypertensive,
astringent, diuretic,
mucilaginous and

emollient, leprosy
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63  Trema orientalis Ulmaceae Kipsartet T gargle, inhalation,
drink, lotion, bath or
vapour bath for coughs,
sore throat, asthma,
bronchitis, gonorrhoea,
yellow fever, toothache

64  Urtica sp. Urticaceae Sabajet H Circumcision
ceremonies, boils,
worms

65  Cyphostemma orondo Vitaceae Simet C wounds

66  Aframomum keniense Zingiberaceae  Chemagururiet S painful  menstruation,
excessive lactation,
post-partum
haemorrhage and
infertility

Key:

GH = Growth habit; T=Tree; S=Shrub; H=Herb; C=Climber



188

Appendix 7: Determination of Relative density, Dominance, Frequency and

Importance Value Index (IVI) in forest section adjacent to

Chepkongony village

N  Family Species No. BA Freq RD1 R.D. RF VI
0.
1  Euphorbiaceae  Croton megalocarpus 15 27 100 92 255 82 429
2 Apocynaceae  |2pernaemontana 17 11 80 104 106 66 276
stapfiana
3 Euphorbiacese  goonaos 9 13 8 55 12 66 241
ilimandscharica
4  Olacaceae Strombosia Scheffleri 16 07 60 98 6.7 49 214
5  Euphorbiaceae  Drypetes gerrardii 9 1 40 55 93 33 181
6  Rubiaceae Heinsenia diervilleoides 16 01 60 98 09 49 156
7  Rasaceae Prunus africana 1 14 20 0.6 129 16 152
8  Solanaceae Solanum mauritianum 12 0 80 74 01 66 141
9  Ulmaceae Celtis africana 4 04 60 25 37 49 11
10 Monimiaceae Xymalos monospora 8 0.1 60 49 06 49 104
11 Sapindaceae Allophyllus africanus 4 03 40 25 33 33 9
. Deinbollia
12 Sapindaceae Kili . 2 05 40 12 45 33 9
ilimandscharica
13 Ebenaceae Diospyros abyssinica 5 04 20 31 42 16 89
14 Melianthaceae  Bersama abyssinica 4 0.1 40 25 11 33 6.9
15 Rhizophoracea Cassipourea _ 4 01 40 25 07 33 65
e ruwensoriensis
16 Flacourtiaceae  Casearia battiscombei 4 0.1 40 25 07 33 65
17 Bererait (unknown) 7 0 20 43 0.2 16 6.1
18 Euphorbiaceae = Neoboutonia macrocalyx 5 01 20 31 06 16 53
19 Boraginaceae Ehretia cymosa 4 01 20 25 06 16 47
20 Euphorbiaceae  Erythrococca bongensis 2 0 40 12 0 33 45
21 Moraceae Ficus sur 2 01 20 12 09 16 38
22 Flacourtiaceae  Dovyalis macrocalyx 2 0 20 12 0 16 29
23 ulmaceae Celtis mildbraedii 1 01 20 06 05 16 28
24 Bignoniaceae.  Kigelia africana 1 0 20 06 01 16 24
25 Rutaceae Zanthoxylum gillettii 1 0 20 06 01 16 23
26  Meliaceae Trichilia ementica 1 0 20 06 0.1 16 23
27  Achariaceae Rawsonia lucida 1 0 20 06 0.1 16 23
28 Rubiaceae Keetia gueinzii 1 0 20 06 O 16 23
29 Lamiaceae Clerodendron volkensii 1 0 20 06 O 16 23
30 Capparaceae Ritchiea albersii 1 0 20 06 O 16 23
31 Mimosaceae Albizia gummifera 1 0 20 06 0 16 23
32  Moraceae Vangueria ruwenzori 1 0 20 06 O 16 23
33 compositae Vernonia sp. 1 0 20 06 O 16 23
Total éG 106 1220 100 100 100 300
Key:

BA= Basal Area; No. =Number of individuals; Freq= frequency; RD1 =Relative density;R.D.

=Relative dominance; R.F=Relative frequency; IVI =Importance value index
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Appendix 8: Determination of Relative density, Dominance, Frequency and

Importance Value Index (IV1) in forest section adjacent to Bonjoge

village
No. Species No. BA Freq RD1 R.D. R.F. VI
1 Solanaceae Solanum mauritianum 109 0.454 100 10 13 57 79
2 Araliaceae Polyscias fulva 3 0.744 60 6 21 2 28
3 Euphorbiaceae  Croton megalocarpus 10 0432 100 10 12 5 27
4 Apocynaceae  Tabernaemontana stapfiana 11  0.471 60 6 13 6 25
5 Ulmaceae Celtis mildbraedii 4 0.495 60 6 14 2 22
6 Avraliaceae Schleffera volkensii 1 0.407 20 2 11 1 14
7 Olacaceae Strombosia scheffleri 5 019 40 4 5 3 12
8 Compositae Solanecio mannii 9 0.041 60 6 1 5 12
9 Unknown (Bereriat) 11  0.027 40 4 1 6 10
10  Rutaceae Zanthoxylum gillettii 3 0.018 60 6 1 2 8
11  Flacourtiaceae Casearia battiscombei 1 0.179 20 2 5 1 7
12 Ulmaceae Celtis gamphophyla 5 0.052 20 2 1 3 6
13 Melianthaceae  Bersama abyssinica 3 0.002 40 4 0 2 6
14 Compositae Vernonia sp. 2 0.019 40 4 1 1 5
15  Acanthaceae Mimulopsis solmisii 2 0.005 40 4 0 1 5
16  Moraceae Trilepisuim madagascariense 2 0.001 40 4 0 1 5
17 Moraceae Ficus sur 1 0.025 20 2 1 1 3
18 Bignoniaceae  Spathodea campanulata 1 0.019 20 2 1 1 3
19 Boraginaceae  Ehretia albacea 1 0.003 20 2 0 1 3
20  Euphorbiaceae Macaranga kilimandscharica 1 0.003 20 2 0 1 3
21  Meliaceae Lepidotrichilia volkensii 1 0.001 20 2 0 1 3
22 Euphorbiaceae Drypetes gerrardii 1 0.001 20 2 0 1 3
23 Sapindaceae Allophyllus sp. 1 0.001 20 2 0 1 3
24 Euphorbiaceae Erythrococca bongensis 1 0.001 20 2 0 1 3
25  Rutaceae Fagaropsis angolensis 1 0.001 20 2 0 1 3
26  Capparaceae Ritchiea albersii 1 0.001 20 2 0 1 3
27 Lamiaceae Clerodendrum volkensii 1 0 20 2 0 1 2
Total 192 3.6 1020 100 100 100 300

Key:

BA= Basal Area; No. =Number of individuals; Freq= frequency; RD1 =Relative density;R.D.

=Relative dominance; R.F=Relative frequency; IVI =Importance value index
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Appendix 9: Determination of Relative density, Dominance, Frequency and

Importance Value Index (IVI1) in forest section adjacent to Serem

Chebilat village

Z
o

No

RD

X
a

Species BA  Freq 1 R.D. VI
1 Moraceae Ficus thonningii 1 3142 20 1 308 1 33
2 Apocynaceae Tabernaemontana stapfiana 23  1.372 100 12 135 7 33
3 Avraliaceae Polyscias fulva 9 2.024 100 5 198 7 32
4 Acanthaceae Mimulopsis arborescens 43 0.152 80 23 15 6 30
5 Solanaceae Solanum mauritianum 39 0144 80 20 1.4 6 28
6 Moraceae Ficus sur 6 181 80 3 177 6 27
7 Flacourtiaceae Casearia battiscombei 14 0.211 100 7 2.1 7 17
8  Euphorbiacese  Macaranga 6 037680 3 37 6 13
kilimandscharica
9 Ulmaceae Celtis mildbraedii 6 0.207 80 3 2 6 11
10 Euphorbiaceae = Croton megalocarpus 4 0.089 60 2 0.9 4 7
11  Euphorbiaceae  Erythrococca bongensis 4 0.003 60 2 0 4 6
12 Olacaceae Strombosia scheffleri 2 0.128 40 1 1.3 3 5
13 Meliaceae Trichilia emetica 4 0.013 40 2 0.1 3 5
14  Dracaenaceae Dracaena laxissima 2 0.118 40 1 1.2 3 5
15  Myrsinaceae Maesa lanceolata 3 0.062 40 2 0.6 3 5
16  Sapindaeceae Allophylus abyssinicus 3 0.039 40 2 0.4 3 5
17 Compositae Vernonia auriculifera 2 0.022 40 1 0.2 3 4
18  Melianthaceae Bersama abyssinica 2 0.011 40 1 0.1 3 4
. Deinbollia
19  Sapindaceae e . 2 0.003 40 1 0 3 4
kilimandscharica
20  Rubiaceae Paveta 4 0.003 20 2 0 1 4
21  Cupressaceae Cupressus lusitanica 1 0121 20 1 12 1 3
22  Euphorbiaceae = Croton macrostachyus 1 0.091 20 1 0.9 1 3
23 Euphorbiaceae ~ Neoboutonia macrocalyx 2 0024 20 1 0.2 1 3
24 Unknown 2 0.012 20 1 0.1 1 3
25 eHamamelldacea Trichocladus ellipticus 1 0.049 20 1 0.5 1 2
26  Boraginaceae Ehretia cymosa 1 0012 20 1 0.1 1 2
27  Salicaceae Oncoba spinosa 1 0.008 20 1 0.1 1 2
28  Fabaceae Albizia gummifera 1 0.006 20 1 0.1 1 2
29  Ulmaceae Celtis africana 1 0.004 20 1 0 1 2
30 Rutaceae Zanthoxylum gillettii 1 0.002 20 1 0 1 2
19 138 100. 300.
Total 1 10.2 0 100 6 100 6
Key:

BA= Basal Area; No. =Number of individuals; Freq= frequency; RD1 =Relative density;R.D.

=Relative dominance; R.F=Relative frequency; IVI =Importance value index
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Appendix 10: Determination of Relative density, Dominance, Frequency and

Importance Value Index (IVI) in Chepkumia area

No. Family Species No. BA Freq RD1 R.D. RF. VI
1 Apocynaceae  Tabernaemontana stapfiana 34 2.6 80 25 193 6 50
2 Araliaceae Schefflera volkensii 1 39 20 1 28.7 2 31
3 Moraceae Ficus sur 3 2.3 60 2 17 5 24
4 Moraceae Trilepisium madagascariense 8 1.7 40 6 124 3 21
5 Euphorbiaceae  Croton megalocarpus 8 1 80 6 76 6 20
6 Monimiaceae ~ Xymalos monospora 9 01 100 7 08 8 15
7 Rubiaceae Oxyanthus speciosus 9 0 80 7 03 6 13
8 Flacourtiaceae = Casearia battiscombei 7 02 80 5 16 6 13
9 Solanaceae Solanum mauritianum 9 0 60 7 01 5 11
10  Euphorbiaceae Macaranga kilimandscharica 4 0.7 40 3 5 3 11
11  Euphorbiaceae Erythrococca bongensis 4 0 60 3 01 5 8
12 Meliaceae Lepidotrichilia volkensii 6 0 40 4 01 3 8
13 Araliaceae Polyscias fulva 2 04 40 1 27 3 7
14  Ulmaceae Celtis mildbraedii 2 0.1 40 1 0.5 3 5
15 Unknown 2 0.1 40 1 05 3 5
16  Olacaceae Strombosia scheffleri 2 0 40 1 0 3 5
17  Rasaceae Prunus africana 1 0.3 20 1 22 2 4
18  Meliaceae Turraea holstii 3 0 20 2 0 2 4
19  Rutaceae Teclea nobilis 2 0 20 1 0 2 3
20  Achariaceae Rawsonia lucida 2 0 20 1 0 2 3
21  Compositae Vernonia auriculifera 2 0 20 1 0 2 3
22 Sapindaceae Allophyllus sp. 1 01 20 1 05 2 3
23  Euphorbiaceae Drypetes gerrardii 1 0 20 1 04 2 3
24 Kipkompotiet 1 0 20 1 01 2 2
25  Ulmaceae Celtis africana 1 0 20 1 0 2 2
26  Boraginaceae  Ehretia cymosa 1 0 20 1 0 2 2
27  Melianthaceae Bersama abyssinica 1 0 20 1 0 2 2
28  Rutaceae Clausena anisata 1 0 20 1 0 2 2
29  Rubiaceae Paveta sp. 1 0 20 1 0 2 2
30  Myrtaceae Syzygium guineense 1 0 20 1 0 2 2
31  Oleaceae Olea capensis 1 0 20 1 0 2 2
32  Rubiaceae Rytigynia bugoyensis 1 0 20 1 0 2 2
33  Flacourtiaceae  Dovyalis macrocalyx 1 0 20 1 0 2 2
34  Ebenaceae Diospyros abyssinica 1 0 20 1 0 2 2
35  Salicaceae Casearia battiscombei 1 0 20 1 0 2 2
36  Bignoniaceae  Markhamia lutea 1 0 20 1 0 2 2
37  Rubiaceae Vangueria ruwensoris 1 0 20 1 0 2 2

Total 136 13.6 1320 100 100 100 300
Key:

BA= Basal Area; No. =Number of individuals; Freq= frequency; RD1 =Relative density;R.D.

=Relative dominance; R.F=Relative frequency; IVI =Importance value index



Appendix 11: Determination of Relative density, Dominance, Frequency and

Importance Value Index (IV1) in Ngerek area
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No. Species No. BA Freq RD1 R.D. R.F. VI
1 Solanaceae Solanum mauritianum 62 0.2 100 36.9 37 78 484
2 Euphorbiaceae Macaranga kilimandscharica 22 1 80 131 21 6.3 40.3
3 Olacaceae Strombosia scheffleri 4 0.6 80 24 123 63 209
4 Euphorbiaceae Drypetes gerrardii 4 04 40 24 9 31 145
5 Apocynaceae Tabernaemontana stapfiana 7 0.2 80 42 37 63 141
6 Euphorbiaceae Croton megalocarpus 5 0.2 60 3 46 47 122
7 Oleaceae Olea capensis 1 0.5 20 06 10 16 121
8 Avraliaceae Polyscias fulva 5 0.3 40 3 57 31 118
9 Sapotaceae Aningeria altissima 1 0.3 20 06 7 16 91
10  Phyllanthaceae Bridellia micrantha 1 0.3 20 06 7 16 91
11  Ebenaceae Diospyros abyssinica 2 0.2 40 12 4 31 83
12 Ulmaceae Celtis mildbraedii 4 0 60 24 08 47 78
13  Sapindaceae Deinbollia kilimandscharica 4 0 60 24 01 47 712
14 Monimiaceae Xymalos monospora 3 0.1 40 18 17 31 66
15  Sapindaceae Allophyllus abyssinicus 3 0.1 40 18 15 31 64
16 Euphorbiaceae Alchornea laxiflora 6 0 20 36 01 16 53
17  Celastraceae Hippocratea africana 3 0 40 18 01 31 5
18  Compositae Vernonia auriculifera 3 0 40 18 0 31 5
19  Compositae Solanecio mannii 2 0 40 12 04 31 48
20 Ulmaceae Celtis gamphophylla 3 0.1 20 18 14 16 48
21  Euphorbiaceae Neoboutonia macrocalyx 2 0 40 12 02 31 45
22 Salicaceae Casearia battiscombei 1 0.1 20 06 21 16 42
23 Rubiaceae Oxyanthus speciosus 4 0 20 24 02 16 4.2
24 Euphorbiaceae Croton macrostachyus 1 0.1 20 06 12 16 34
25  Bignoniaceae Markhamia lutea 1 0.1 20 06 12 16 33
26  Hamamelidaceae Trichocladus ellipticus 2 0 20 12 03 16 31
27  Ulmaceae Celtis africana 2 0 20 12 01 16 28
28  Rutaceae Teclea nobilis 2 0 20 12 0 16 28
29  Melianthaceae Bersama abyssinica 1 0 20 06 03 16 25
30  Bignoniaceae Kigelia africana 1 0 20 06 01 16 23
31  Boraginaceae Ehretia cymosa 1 0 20 06 01 16 23
32  Meliaceae Lepidotrichilia volkensii 1 0 20 06 01 16 22
33  Myrtaceae Syzygium guineense 1 0 20 06 O 16 22
34  Rubiaceae Vangueria madagascariensis 1 0 20 06 O 16 22
35  Euphorbiaceae Erythrococca bongensis 1 0 20 06 O 16 22
36 Lamiaceae Clerodendrum volkensii 1 0 20 06 O 16 22
Total 168 4.6 1280 100 100 100 300
Key:

BA= Basal Area; No. =Number of individuals; Freq= frequency; RD1 =Relative density;R.D.

=Relative dominance; R.F=Relative frequency; IVI =Importance value index



Appendix 12: Determination of Relative density, Dominance, Frequency and

Importance Value Index (V1) in Chebilat area
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No. Family Species No. BA Freq RD1 R.D. RF. IVI
1 Avraliaceae Polyscias fulva 6 1.6 80 47 26 85 39.2
2 Rhamnaceae = Maesopsis arborescens 29 0.1 60 227 1.4 6.4 305
3 Apocynaceae Tabanaemantana stapfiana 8 0.8 40 6.3 138 43 243
4 Flacourtiaceae Casearia battiscombei 10 03 80 78 57 85 22
5 Myrsinaceae  Measa lanceolata 6 0.6 60 47 103 64 214
6 Ulmaceae Celtis mildbraedii 10 0.2 80 78 32 85 196
7 Euphorbiaceae Croton megalocarpus 4 0.5 60 31 92 6.4 187
8 Moraceae Ficus sur 1 09 20 08 153 21 182
9 Olacaceae Strombosia scheffleri 9 0.3 40 7 5.3 43 16.6
10  Solanaceae Solanum mauritanum 11 01 60 86 08 6.4 158
11  Euphorbiaceae Macaranga kilimandscharica 5 02 20 39 37 21 98
12 Stericuliaceae Dombeya torrida 3 0 40 23 05 43 7.1
13  Sapindaceae Deinbollia pinnata 6 0 20 47 0.1 21 6.9
14 Apocynaceae Thevetia thevetioides 4 0.1 20 31 1 21 6.3
15  Euphorbiaceae Erythrococa fischeri 3 0 20 23 01 21 46
16  Compositae  Solanecio mannii 2 0 20 16 0.6 21 43
17  Sapindaceae  Allophylus abyssinicus 1 01 20 08 09 21 38
18  Guttiferae Harungana madagascariensis 1 0 20 08 07 21 36
19  Bignoniaceae Markhamia lutea 1 0 20 08 0.6 21 35
20  Celastraceae  Hippocratea africana 1 0 20 08 04 21 34
21  Euphorbiaceae Neoboutonia macrocalyx 1 0 20 08 0.2 21 31
22 Rutaceae Zanthoxylum gilleti 1 0 20 08 0.1 21 3
23 Asteraceae Vernonia amygdalina 1 0 20 08 0 21 29
24 Flacourtiaceae Dovyalis macrocalyx 1 0 20 08 0 21 29
25  Ulmaceae Celtis africana 1 0 20 08 O 21 29
26  Euphorbiaceae Croton macrostachyus 1 0 20 08 0 21 29
27  Rubiaceae Heinsenia diervilleoides 1 0 20 08 O 21 29

Total 128 6 940 100 100.2 100 300.2
Key:

BA= Basal Area; No. =Number of individuals; Freq= frequency; RD1 =Relative density;R.D.

=Relative dominance; R.F=Relative frequency; IVI =Importance value index
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Appendix 13: Determination of Relative density, Dominance, Frequency and

Importance Value Index (IV1) in Morongiot area

No. Family Species No. BA Freq RD1 R.D. RF. VI
1 Avraliaceae Polyscias fulva 9 39 80 54 49 7.3 616
2 Rhamnaceae Maesopsis eminii 53 0.1 80 31.7 08 7.3 39.8
3 Solanaceae Solanum mauritianum 37 02 100 222 2 9.1 332
4 Moraceae Ficus sur 6 14 60 3.6 171 55 26.2
6 Ulmaceae Celtis mildbraedii 10 0.7 100 6 94 9.1 245
7 Flacourtiaceae  Casearia battiscombei 0.2 60 24 28 55 107
8 Apocynaceae Tabernaemontana stapfina 0.3 40 24 37 36 97
9 Rosaceae Prunus africana 0.2 40 12 25 36 74
10  Olacaceae Strombosia scheffleri 0.1 40 1.8 1.9 36 7.3
11  Euphorbiaceae = Neubotonia macrocalyx 0.2 40 12 24 36 7.2
12 Rutaceae Zanthophylum gilletii 0 40 24 02 36 6.2

0.1 40 1.2 08 36 57
0 40 1.2 05 36 53
02 20 06 25 18 49
0 20 24 01 18 43
0 20 18 05 18 41
01 20 12 08 18 38

13 Euphorbiaceae = Drypetes gerrardii

14  Boraginaceae Erhetia cymosa

15  Bignoniaceae Spathodea campanulata

16  Euphorbiaceae  Erythrococca fischeri

17 Compositae Solanecio mannii

18  Euphorbiaceae = Macaranga kilimandscharica

P RPRRPRPRPPPRPPPRPEPPOO ONOPRRENNEAENODNDDDS

19  Rhizophoraceae Cassipourea malosana 0 20 18 01 18 37
20  Salicaceae Dovyalis africana 0 20 18 0 1.8 37
21  Sapindaceae Deinbollia kilimandscharica 0 20 18 0 18 3.6
23 Myrsinaceae Maesa lanceolata 01 20 06 12 18 36
24  Myrsinaceae Maesa mildebradii 0 20 06 06 18 3
25  Sapindaceae Allophyllus abyssinica 0 20 06 05 18 29
26 Meliaceae Trichilia emetica 0 20 06 04 18 28
27  Melianthaceae ~ Bersama abyssinica 0 20 06 02 18 26
28  Rutaceae Fagaropsis angolensis 0 20 06 01 18 25
29  Euphorbiaceae = Croton megalocarpus 0 20 06 O 18 25
30 Unknown (Climber) 0 20 06 O 18 24
31  Menispermaceae Tiliacora funifera 0 20 06 O 18 24
32  Melianthaceae ~ Bersama abyssinica 0 20 06 O 18 24
Total 167 7.9 1100 100 100 100 300

Key:

BA= Basal Area; No. =Number of individuals; Freq= frequency; RD1 =Relative density;R.D.

=Relative dominance; R.F=Relative frequency; IVI =Importance value index
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Appendix 14: Regeneration status of woody plants: number of seedlings, saplings
and adults per hectare in the South Nandi Forest (Regeneration

status: 1= None; 2= Poor; 3= Fair; 4= Good; and 5=New).

Species Life- seedlings saplings Adults  Regeneration
form status

Albizia gummifera T 0 23 1 2

—

Allophyllus sp 2858 6 6 3

Berarait (Unknown) 357 51 0 5

Bridellia micrantha T 143 9 0 5

Cassipourea ruwensorensis T 429 9 2 4

Celtis gomphophylla T 0 0 4 1

Clausena anisata S 71 6 0 5

Coffea eugenioides 357 0 0 5

Croton megalocarpus T 1000 57 15 4

Cupressus lusitanica T 0 0 1 1

Diospyros abyssinica S 2429 23 3 4

Dovyalis macrocalyx S 429 0 0 5

Drypetes gerrardii T 5786 14 7 4

Erythrococca bongensis S 1429 46 0 5

Ficus sur C 0 3 9 2

Harungana madagascariensis T 0 0 1 1

Hippocratea africana T 0 9 1 2

Keetia gueinzii S 500 3 0 5
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Lantana camara 286 3 0 5

Lobelia gibberoa T 0 6 0 5

Maesa lanceolata T 71 0 6 3

Markhamia lutea SIT 71 6 1 4

Mimulopsis arborescens T 0 157 2 2

Nuxia congesta T 0 6 0 5

Olea capensis L. S 0 3 1 2

Oxyanthus speciosus S 0 34 1 2

Pavetta abyssinica T 15 5 0 5

Phytolacca dodecandra S 143 0 0 5

Polyscias fulva T 571 0 16 3

Psidium guajava T 0 6 0 5

Ritchiea albersii T 0 6 0 5

Schefflera volkensii T 0 0 1 1

Solanecio mannii 71 23 4 4

Spathodea campanulata T 0 0 1 1

Syzygium guineense T 71 9 0 5

Teclea nobilis T 429 11 0 5

Trilepisium madagascariense SIC 8929 31 2 4

Turraea holstii T 0 9 0 5

Vernonia amygdalina S 1214 3 0 5

Xymalos monospora S 214 37 3 4




