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1. Description

1.1 Name ofCoordinator of the grant contracKenya Forestry Researdhstitute (KEFRI)

1.2Name and title of the€Contact personBenE. N. ChikamgPhD) Director

1.3 Name ofBeneficiary(ies) and affiliated entity(ieis) the Action:Kenya Forestry Research Institute
(KEFRI)

1.4 Title of the Action: Science to informdesign of communitylevel actions and policy decisions:
Evidencebased identification and targeting of interventions and policy decisions

1.5 Contract numberFED/2015/36€270
1.6 Start dateand end dateof the reporting period16™ September 206 ¢ 15" September 20T

1.7 Targetcountry(ies)or region(s) Mt. Elgon and Cherangany Forest ecosystems in Western and
North Rift parts of Kenya respectively

1.8Final beneficiarie&/or target groups (if different) (including numbers of women and men):

a) Targetgroup:

The number of people targeted by the action depends on the site locatiwhcovers a large part of
Kenya

1 Community memebersiving on the catchments ofboth Mt. Efjon and Cherangany Hills water
towers.

9 Special interest groups includimgpmen, the youth and peoplewith disabilities in communities in
both Mt. Elgon and Cherangany Hills Ecosystem

9 Community Forest Associations (CFAS) éividter Resource Users Associations (WRUAS).

Kenya Forest Service (KF®enya Wildlife Service, Water Towefgiency, Climate Change
DirectorateandWater Resources Management Authority

fCounty Governments in the eleven counties of the project area: West Pokot, Elgeyo Marakwet,
Uasin Gishu, Kakamega, Vihiga, Nandi, Bungoma, Trans Nzoia, KisumandBaga.

T Ministry of Environment and Natural Resources (MENR)istry of Energy, Ministry of Agriculture,
Ministry of Water and Irrigation, Ministry of Tourism and Marketing

b) Final beneficiaries:

 Communities living downstream who benefitom highlevel water tabls of the river systemand
carry out their agriculturaand other land basedctivities.

1 Two Water companiefl_ake Victoria North and lake Victoria Soutbjvnstream that rely on rivers
in order to distribute water to urbamand periurban residents whobenefit from the two

' q¢FNBSG 3INRdzLJAE | NB GKS INRdzLIAK Sy i
t dzN1J2aS tS@StzX FyR aFAyltft o0SySTAOA
level of the society or sector at large.
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ecosystems. In addition, reduction in sedimentation and pollutemelsof rivers will decreasand
reduce water purification cost.

1 Universities and othelearning institutionsoffering their expertise and at the same time beneiii
from research results.

fThe society in the project targeted areas and beyond since the ecosystems will improve and also
contribute to poverty reductiorand livelihoods improvementore so, the policies, protocols and
managenent frame works to be devefmed based on the researchesults and demonstrations
done will impact on the sociefy the counties , the country, the region and the glatdarge.

1.9Country(ies) in which the activities take place (if different from 1.7):
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2. Assessment of Implementation of Action Activite

Executive summary of the Action

Component 4 of the WaTERower Programme being implemented by KEFRRhs to identify and
actualize scientific evidendeased support for policy decisions and local interventions in both Mount
Elgon and Cherangany Hills Ecosystémnenhance participation by local communities, and imgrov
their livelihoods. Information generatd benefit stakeholders working with KEFRI in the two water
Towers as well as communitiegpstream and further afieldThe nmain focus for the component is
baseline assessment of the biophysical and secimomic status of the 2 Ecosystems; development of
Payment for Ecosystem services (PES) models; Integration and demonstration of selected rehabilitation
technologies; demonstrating management of Bamboo and other high value tree crops including fruit
trees; development of Nature based enterprises; and pringjddata and information through
communication and knowledge management systems.

Implementation ofComponent 4 activitiestarted in September 2015, after a grant agreement was
signed between the EU and KEFRI wihfirst year of action ending ob5" September 2016Most of

the activitiesplanned for the first were implemented within theperiod with about 60%of project
activitiesbeing completedThe first interim report was presented to and accepted by the EU on time.
During the first year of impimentation, Component 4stablished project management structures
recruited personne] securedoffice spacebuilt capacity of the staffimplemented activities covering all
the 7 outputs hosted variousneetings,visited manyproject sitesand procured 70% of the equipment
and services planned for the yeaComponent 4 mnagel all the accounting mattersand the
requirements for expenditure verification by the external auditasthin the institute with reference to

EU requiremerd and regulations.

Yeartwo of action started in September 205d ended on 18 September 2017Many activities which
were not accomplished in year one of the action continued into y®ar with a number of new
activities being implemented during this second ydduch progresshas been realized in year twuaith
most of the Technical workdone to @mpletion. Among the activities now finalizeidclude; project
website which is up and running;dviitoring and evaluation framework Gmmunication strategy for
the component Identification and prioritization of nature based enterprises targeting womgouth
and special interest grop Baselins surveys ostatus and characterization afetlands- springs and
riverine forests Baseline surveys on Utilization of didbareas Baseline survey omlemographic and
economic profilesof hot - spots; Baseline survey on erosigrsedimentation and pollutionQurvey on
energy sourcesBaseline survey dfees 2y FI NX¥ YR [/ 2YYdzyAGASaQ Ol LJ OA
propagation and analysis of dnd use systems in the two eesystems.In addition to technical
implementation, Procurementas managed 90% of all year tplanned equipment, goods and services
while theaccounting activities are well on course.

In the course ofmplementation of action in yearone and two, component 4 team have encountered
some challengemcluding late disbursement of funds especially for the second year of the prelech
delayed implementataion of planned project activitieeceipt of couterpart financing from Treasuyy
taxexemption from Treasurgnd complints by some few indigenous communitiesthe project sites

The year two interim reportontains a summargf the status of implementation of specific objectives
and sub activiesh & Sf I 62 NI { Résultsh ghd AR®ifide A ta SOT A B regolst o 6 P
complete activities are availablen the component websitevww.kefriwatertowers.org while the hard
copies of the reports @& availbeat the Component Mangement Office.
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3. Component 4Results and Activitieprogress

Project Meetings

3.1.1 Component Management OfficE€CMO)meeting

The CMO heldver seven (7ronsultative meetingsvithin the year two project periodfour (4) were
guartely planning and review meetiggthree (3) meetings were held to assess progress and ensure
compliance in acquiring key project equipment and maps while others weretbiglthn and facilitate
consultancy exercise®uring these meetigs the members deliberatedn wide range ofissues
affecting the effectiveunning and administration of the Project.

3.1.2 Component Steering Commige(PSEmeeting
The steering commitee held two meetings in the second year of the project. The steerimgiteem

used the meeting to give direction to the project team and approved the work plans that were prepared
by the PIC. The PSC took the opportunity to give direction to teams on matters that were unresolved
during the previous implementation period

3.1.3 Meetings held at the regioa

Both regional offices heldt least3 planningmeetings each. During these meetings, the tegianed
implementation of activities, agreed on teams compositiand reviewed progress. During these
regional team meetings, theeam leaders and regional directors who coordinates the projectivities
in the region get to learn and provide solutions to challerfgesd by the teams in the field

3.1.4 Component Implementataion Committee

Further Component 4 team éid 3 implementation Commitee meetings during the year two project
period. The CIC meetings were hal(KEFRI Headquaters in October 2016, Londiani and Kakameg
Felruary/March 2017 and in Naivasha in July 2017. During these meetings the implemenntation
commitee gavalirection and and advise to implementing teams ensuring that the best teams are put in
place to implement the projecactivities Quality assurance checks were also deliberated on as well as
field visits to verify actionsTwo (2) meetings were held to lilgerate on arising issues with iiggenous
communities at Mt. Elgoacosystem.

3.1.4 Workshops and Seminars

During year two of the Project,two consultative workshop were held in Eldoret and Bungoma
(covering Cherengany Hills and Mt. Elgon Ecosystems respeciively) effort to bring together
stakeholdersand review progress as well aslutionsto identified challenges. The stakeholders were
given an opportunity to develop web maps for project gaved collaborators which was incoporated in
the communication strategyTheprojectalsosupported a number ofeams and staff to attend at least

4 different workshops and seminars during year 2 ofdh#@on, resulting into paperand presentations.
The workshops and semima werein relation to water towers rehabilitatioms follows; AFROMONT
presentation in Daaresalaam Tanzania in February 2017doy, Phesto and BenjaminThis resulted
into publicationg/Annex 1,2 and are abstracts of the published full papgrslon Wood Forest Products
poster presentation in Canada by Rose Chiteva and Nathan Maitha (AnnexSa@hicEconomics
presentation and paper omExclusion of Community Forest Associations in decision makingtsaand i
impact on forest condition; Case study of Mt. Elgon and Cherangany ecosystem@&éxventa Othim
and Benjamin Owuodone in India in April 2017 (Annex 5Presentation by Thalma Khalwale in
September 2017 at BogotayUh @S NE A G& 2 7F / #fluényidgladoptiényof ofia@t teé 2 NA
planting in Shinyalu Sulcounty, Kakamega, Kergya(Annex § was the last among conferences and
workshops in year twoThe project supported training fofour project staff on forest practioners

Pagel5of 189



training from 20" to 25" February 2017organized by the Forestry Society of Kenya Held at KEFRI
headquarterdo improve implementation capacity diorestry actions.

3.1.5 Component 1 and 2 Partners Field Visits

Component four team organised field visitsntroduce collabomators and partners to their project sites
so that they carshare in the experiences of the Component 4 team. The field visits were condincted
April 2017 when the Team of WaTER Programme Technical comieidedy the Ministry of
Environment and NaturadResourcesrisited the project sites In May 2017,Component two team
comprisingof representatives fronKenya Forest Service (KESpordinates component twpXenya
Wildlife Service (KWS), Kenya Water towers Agency (KWTA) and the Climate Changextif(€xiip)
also visited the Component four project sites in the two -sgstems.On Septenber 14" 2017, the
WaTER Programme Technical Assistance team led by the Movigayized and visited the Component
management office and subsequently the project implementation sites atvtibeeco-systems.
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Results and Activitieprogressunder each component

4. ER1:1 Land use and cover trend analysis to identify hotspots and dsigenducted
Activities implenented under this objective aimsowards establishing the biophysical and secio
economic status of the 2 ecosystems to inform rehabilitation and conservation actionseto b
undertaken. Initial activities/ere carried out in Yeadneand completed in the current year

Subactivity 1,2,3 and 4-Progress

The project acquired high resolution image validate land use landcover change under sudictivities

1, 2, 3 and 4. Project implementation teams organized and held consultative meetings to develop a
methodology for analyzing land use and land cover changes over time using the acquired high resolution
images. Further thegtam undertook ground truthing to the project sites in the two regions to validate
image data.

Key findings from validation exercise

Mount Elgon water tower ecosystem

Closed canopy forest cover was observed to be decreasing steadly as the area ungandraad
farmland increased. Open forest declined in 1995 and appears to have recovered/regenerated slightly in
2000 (Table4-1). The class categorized as others (riparian vegetation, bare areas and rock surfaces)
appeared to be decreasing, probably as a result of increase in the area under farmland and grassland.
The decline in closed canopy forest cover was attributed to forees,fi destruction of trees by
medicinal herbs harvestingndbrowsing bylarge animals.

Plate4-1: Land Cover transformation in Mt. Elgon ecosystem

Biophysical analysis of forest condition in Mount Elg@apTEA project suggested that between the
periods 1984, 1995 and 2008, significant areas in Mount Elgon forest ecosystem transitioned from high
canopy cover to low/no canopy covetigure4-2, Figure4-3 and Figure4-4 of this analysipresent land

uses in the yea1984, 1995 and 2000 with change results summarizédbie4-1 and Figure4-1. This
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transition is further corroborated by IFRI pletvel forest vegetation samplindata from both Chorlim
and Kimothon IFRI sites in Mount Elgon, showing trending decline in tree cover sinc0I207
Farmlands and grasslands have taken over the forest according to the historical trend aibgsis.
tree clearing are a function of subtence agriculture, though logging and infrastructure development
has also contributed to forest losRifssel, 2012)

Table4-1: Land use coverage (Kyrfor Mt. Elgon Ecosystem

469.21 388.06 262.20
121.40 185.63 131.97
m 536.98 559,13 618.00
_ 691.32 727.76 872.13
318.71 277.84 253.07
2138.13 2138.13 2138.13

Plate4-2: Forest disturbance in Mt. Elgon ecosystem
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Figure4-1: A summary of land use / cover changes in Mt. Elgon Forest Ecosystem between 1984 and
2000

Plate 4-3: Forest disturbances assessment in Mt. Elgon ecosystem
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Figure4-2: 1984 Land Use Map for Mt. Elgon  Figure4-3: 2000 Land Use Map for Mt. Elgon
Ecosystem Ecosystem

Figure4-4: 1995 Land Use Map for Mt. Elgon Ecosystem

Cherangany Watetower forest ecosystem

Like the case dfit. Elgon Forest Ecosysteripsed canopy forest cover in Cherangany Forest Ecosytem
decreased between 1984 and 2000, while the area under grassland and fanméaedsed Table4-2).

The decline in closed canopy forest cover was caused by competing land uses and unsustainable

extraction of forest products.




Plate4-4: Land Cover transformation in Cherangany ecosystem

A high increasén grasslands and farmlands was noticed in the analysis output indicating a higher
contribution of anthropogenic drivers towards degradation. This change analysis output is further
corroborated by forest catchment report on the five Kenyan water towsr&FWG and DRSRS, 2000

2003, which revealed significant changes in forest cover, pointing out degraded hotspots within each

ecosystem.

Regeneration was noticed to occur in few spots, thotlgh wasoutweighed by degradation levels. In

addition, forest fies were reported to be frequent in the area, suppressing and destroying forestlgrowt

and regeneration. The analyseésults of land uses in 1984, 1995 and 2002 are as presenteigine

4-6, Figure4-7 and Figure4-8 with result summary iTable4-2 and Figure4-5.

Table4-2: Land use coverage (Knfor Cherangany Ecosystem

Class Type

Closed Forest

Open Forest

Water body

949.66

1555.57

822.54

623.59

0.94

1042.22

4994.02

938.80

1424.58

779.33

718.27

1.44

1131.60

4994.02

860.55

1036.85

1162.90

1214.50

1.21

918.01

4994.02

1995(Areasgkm) 2000(Areasqkm)
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Figure4-5: Summarized historical trend for Cherangany forest ecosystem

Plate4-5: Animals grazing in Cherangany Forest ecosystem
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Figure4-7: 1995 Land Use Map f@herangany
Ecosystem
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Recent Land Use Maps
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Figure4-9: 2016 Land use land cover figlount Elgon Ecosystem
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Figure4-10: Degraded areas generated using 2017 High resolutioin satellite image Elgon Ecosystem
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Current Land Use Map for Cherangany ecosystem
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Figure4-11: 2016 Land use lancbver for Cherangany Ecosystem
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Figure4-12: Degraded areas generated using 2017 High resolution image for Cherangany Ecosystem

Discussion on Bgradation and Hot spot mapping

The approach of the study iMt. Elgon and Cherangany ecosystetn asses and monitor forest
degradation and disturbance using high resolution satellite ireagas a success as the resultant
hotspot areas mapped, with ground validation shawee cutting remains an ongoing problemtirese

major water towers, especially cutting of the larger, mature trees with the severity along the forest
edges. From the result,egradation in Cherangany was experiencedre on the southern part of the
ecosystem with patches spreading throughout gmsystem

During the fieldwork and interactions with the adjacent communities within Mt. Elgon and Cherangany
water towers, there was some indication that forest management in these areas is poor. From the

Page27 of 189



discussion with the local communitieis appear&l? G KF G GA YO SNI ¢l & o0SAy3a af St

Cheranganyiills ecosysters, both legally and illegally. Remoteness in terms of accessibility, inadequate
forest governance, and authorized and unaottized overuse of local forest rersourdasvit. Elgn and
Cheranganyills have resulted in continuing deforestation and forest degradation. The outcome of one
of the objectives which was to conduct land use land cover change provide important information
derived from historical Landsat satellite imagesluided in this report can help increase awareness and
understanding of the problems, support the development of appropriate management plans, and
provide a lowcost means for detailed monitoring of forest status within Mt. Elgon and Cherangany
ecosystems.

£ it T g o . 288, S
g %4k //- s P N

Plate4-6: Forest Degradation in Mt. Elgon through Charcol burning

Plate4-7: lllegal logging in Cherangany ecosystem
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Plate4-9: Forest Degradation in Cherangany ecosystem through Charcol burning
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Plate4-10: Forest disturbance through grazing

Conclusion

Land use and land cover changeay be grouped into two broad categories as conversion and
modificationof the forest landscapesConversion refers to changéem one covettype or use type to
another, while modification involves maintenance of the broad cover or use type in the face of changes
in its attributes (Daniels et al., 2008). Both ecosystems showed a significant change in land use and
cover, in termsof land conversion and modification. However, the Cherandulty ecosystem showed

more changen land use and cover change as compared to Mt. Elgon ecosystem. The ground truthing
and validation process of both areas showed that there were less land wension activities around

Mt. Elgon forest. This could be attributed to the fact that this ecosystem is more protected due to the
presence of wild animals and their management by KWS. Also, the Cherangany ecosystem was observed
to be entirely surrounded bgommunity members which increases its accessibility and subsequently the
chances of encroachment.

(Complete document for ER1 is available at the Component management office and will soon be
available on the project website atvww.kefriwatertowers.org)
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5. ER1:2 Land tenure profiles and maps developed

Subactivity 7-Conducting a survey on utilization of land
In the year under review, a baseline survey on utilization of public areas, gazetted forests and
community lands in the two ecosystems was conducted.

Objective of the study:The purpose of this study was to understand the demographic and economic
profile of the most degraded areas in the two ecosystems as identified through satellite imagery, and
vulnerable areas on public and community land. The work involved mapping land tenure in both
ecosystems in order to design better land management approachesinférenation generated was

used to understand the role of population increase/decrease in degradation of the ecosystems. Further,
the economic profile sequence showed the relationship between population dynamics with degradation
of the hotspots. The inforation obtained was used to come up with recommendations for community
interventions in conserving the ecosystems.

Key findingsLand plays a very important role in determining the economic-beihg and livelihoods of
rural households. Tenurarrangements and qoperty rights play a central role in the management of
land resources.

Increase in human population has led to increased pressure and diminishing of natural resources such as
forests, grassland and water in the catchment areas. Denf@ndrable land to cope with high increase

in human population has necessitated the degazettement of foresst reserves in to farmlands, followed

by letters of allotment to secure land rights. This tendency has caused clearing and removal of
indigenous foresstrees. Deforestation has reduced forest coverage from 12% in the 1960s to currently
chbp>® ¢KAA KFIA FFTFSOGSR GKS FtoAftAGe 2F YSyeéerQa ¥F2
is estimated that deforestation costs the Kenyan economy dimeased KES 5.8 billion per year. The
contribution of forests to GDP is estimated at around 3.6% but climate change is estimated to cost
YSyelrQa SO2y2Yeée & YdzOK |a Y9{ pn oAftA2Yy -1 &SI NI
term economic growth
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Figure5-1: Geographic location of the study area

Forms of land tenure systems in Kenya

Public land; Public land includes (among others) governmewned or occupied land. The State retains
the right to regulate the use of land in the interest of defence, public safety, public order, public
morality, public health, or land use planning. The State has the right to acquire other land for a public
purpose or in the public interest provided the acquisitian carried out in accordance with the
Constitution, which requires prompt and just compensation for owners as well asfgibaccupants.

Community land; Community land consists of land legally registered to a group, transferred to a
community througha legal process, or declared community land by an act of Parliament, as well as lands

traditionally occupied by hunter gatherer communities, lands held, managed, or used by specific
O2YYdzyAGASE a aF2NBaidas 3INI T AtyyEa couRtibdoerimestifor & K NR y S
specific community.

Private land; Private land consists of registered land under freehold tenure and land held under
leasehold tenure. The Private land owners have absolute proprietorship and the rights of exclusion

except n cases of compulsory acquisition by the Government, as outlined in sectiork2003f the
Land Act, 2012.
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Types of Land Tenure in Mt. Elgon and Cherangany Hills project area

0 15 30 60 Kilometers
———t—t———

Figure5-2: Distribution of types of land tenure in Mt. Elgon and Cherangany Hills Ecosysterot proje
area.

Conclusions

The survey indicated that:

1 Respondents were dominated by males in all the study areas. There was fair age representation
between youthful and old respondents.

1 Majority of the respondents were literate.

1 The average household size v&a8 members.

1 The most important sources of livelihood are crop farming and small livestock keeping that is
practiced on small farm sizes ranging 2cres.

T al22NRAGe 2F G(KS NBALRYRSydaQ TFTINya SELISNRSyOS
degradationare water erosion and fertility decline.

9 The root cause of land degradation were poverty and income inequality, high rate of population
growth and rapid immigration in Mt. Elgon, while high populatipowth, poverty and income
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inequality, and rapid migttion and land clearance considered the main cause of land degradation in
/ KSN} y3aQlyeo

1 Respondents practiced soil conservation methods which included: crop rotation, intercropping,
organic fertilizer application and live fence hedgerows.

Recommendations

The study recommended the adaptation of measures and strategies such as:

1 Soil conservation practices such as agro forestry, composting, cover cropping, soil fertility
management and erosion prevention measures.

9 Farmer education and training of the developnt agents and resource user association officials to
build the local understanding, management capabilities and community responsiveness to natural
resource management;

1 Extendngthe use of alternative livelihood sources such as bee keeping and iteigsdforestry
to decrease the deforestation.

9 Further research on participatory land degradation assessments and quantification and matching
with agricultural production.

(Final version of this report is available at the Componenet Management Office and also on the

component website onwww.kefriwatertowers.org)

Page34 of 189


http://www.kefriwatertowers.org/

Subactivity 8: Review secondary information on deroNJ LIKA O | YR SO2y2YA O LINBTA
vulnerable areas on public and community lands.

A survey of demographic and economic profiles of hot spots and vulnerable areas on public and
community land was carried out by KEFRI during Year Two of then.athis survey was aimed at
understanding the demographic and economic profile of the most degraded areas in the two
ecosystems and vulnerable areas on public and community land.

Fieldwork was conducted in the upper catchments of Mt. Elgon and Chemahiis ecosystems where
environmental degradation has occurred in the recéinies especially on areas around major forests.
The questionnaire was structured in a wag that it captures interrelationships of human so€io
economic activities with land degdation in Mt. Elgon and Cherangany ecosystems.

The nformation generatedincluded understanding the role of population increase/decrease in
degradation of the ecosystems. Furthergetleconomic profile sequencghowed its relationship with
degradation othe hotspots.

Key findings:

The main sources of energy are firewood and charddat. major economic activities common in all the

11 counties are crop, livestock and fish production, forestry and agro forestry, mining, tourism and
industrialization.

P e

An enumerator being trained at Kaptama in I Enumerators being trained at Kaboywo in |
Elgon Eilgon

Plate 5-1: Photographs showing instruction exercise on how to fill questionnaire and understand
content of questions
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Figure 5-3: Educational status of the
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Vihiga County was found to be the most densely populated county %860 persons per square
kilometer, and a majority (52%) of the inhabitant were females. This exerted more pressure on land and
other resources. The situation leads to low agriculturaldoi@ion, which results in food insecurity, high
unemployment rate and unending land disputes. About 8@%h® population in all the 11 Counties are
dominated by young peoplbelow 40 years)Poverty levels are generally high in all counties. The main
sources of energy are firewood and charcoal.

Other impotatnt sources of revenue include levies, rates, fees and entertainment taxes and charges for
its services. Improving the business environment and automation of revenue collection as well as
broadening the tax base can help improve the total raxemaseMost of the towns have emerged as
either agricultural and/or trade centers due to construction of roads and railway. Major seuftdhe
economy are therefore; agrbased industries, service industry, transport and communication, tourism,
miningand quarrying. The survey indicated that:

1 Respondents were dominated by males in all the study areas with fair age representation between
youthful and old respondents.

1 Majority of the respondents were literate.

1 Marriage was highly prevalent, with largarfdy households. The most common number of
households was-B members.

1 The most important sources of livelihood are crop farming and small livestock keeping that is
practiced on small farm

Recommendations

1 Promotion of awareness on environmental consematis needed. Diversification on secondary and
tertiary sources of income should be initiated in the upper catchment to reduce pressure on land by
land related socieeconomic activities.

(Final version of this report is available at the Componenet Management Office and also on the
component website onwww.kefriwatertowers.orq)
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6. ER 1:3 Status of Biodiversity established
Subactivity 9:Baseline survey of flora and faunat of Mt. Elgon
Biodiversiy assessment was carried out bit. Elgon ecosystem in May 201d ascertain the curren
faunal and floral diversity othe ecosytem The assessmertaptured plants, birds, small and large
mammads and herpetofauna (reptiles and amphibians). This information can be used by all agencies and
collaborators in management, policy aspects and planningifiermanagement oNatural Resources.
The assessment was carried out in three ecological zones;Ipamiged montane forest, bamboand
sub-alpine zons.

Plate 6-1: Rapid vegetation assessment in the salpine heath forest during biodiversity assessment in
Mt Elgon Forest Ecosystem in May 2017

Floraldiversity
A total of 116 plant species were recorded from 55 families in the three vegetation zones of the forest

ecosystem. Trees and shrubs were the most abundant, while ferns and tree seedlings were the least
represented plant lifdforms (Table6-1).

Table6-1: Plant species representation by Hi@m categories in Mount Elgon Forest Ecosystem

Life-form category No. of plant species | Proportion of total (%)
Climbers 9 6.4

Fern 1 0.7

Grasses 13 9.2

Herbs 30 21.3

Shrubs 37 26.2

Saplings 10 7.1

Seedlings 4 2.8

Trees 37 26.2

Analysis of species distribution by vegetation zones indicated that the mixed mofdeest had the
highest number of plant species, a majority of which were shrubs. It was also the only vegetation zone
without ferns [Table6-2). The sukalpine zone had the least number of plant species. It was also the only
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vegetation zone without tree seedlings. The bamboo zone was the vegetation zone with all the plant
life-form categoriesTable6-2). Species richness among climbers, shrubs, saplings and trees appeared to
decrease with increase in altitude, with the mixed montane forest having the highest and tradpsue

zone having the leasiTéble6-2). On the other hand, species richness among grasses increased with
increase in altitude.

Table6-2: Plant species distribution by |lfferm categories in the four ecological zones of Mount Elgon
Forest Ecosystem

Life-form category Egozone - -
Mixed montane forest Bamboo | Sub alpine | Alpine

Climbers 8 4 1 0
Ferns 1 1 1
Grasses 7 8 10 5
Herbs 16 15 17 8
Shrubs 22 17 14 6
Saplings 6 4 2 1
Seedlings 2 2 0
Trees 26 11 10 0
Total no. of species 87 62 55 21

Mixed montane forest and bamboo vegetation had relatively higher species richness that tagsw

heath forest, but the latter had a significantly higher Shannon diversity ificiXe6-3). This suggested

that many of the 80 species in the mixed montane forest had relatively few individuals, which lowered
their relative abundance. On the other hand, most of the 51 species in thalpute heath érest had
relatively more individua| which raised their relative abundance. Similarly, the bamboo zone had a very
low species diversity index, implying that the population of most of its species was relatively smaller
than those of the sulalpine zone.

¢tKS {AYL&A2YyQa AYRSE 2F S@gSyySaa AyRAOFGSR GKI
vegetation zones was not significant. However, the-aliine zone had a relatively higher index than

the rest Table6-3), suggesting that its species were more evenly spread than those of the other two
vegetation zones. The mixed montane forest had the lowest species evenness, suggesting that most of it
species were noevenly distributed. Overall, all the three vegetation zones had fairly low species
evenness.

Table6-3: A comparison of plant species richness with Shannon diversity index and Simpson index of
evenness in mied montane, bamboo and stdipine heath forests in Mt Elgon

Ecological zone

Species richness

Shannon index

Simpson index

Mixed montane forest | 80 1.158 + 0.22¢ 0.018 + 0.008
Bamboo forest 53 0.681 + 0.143 0.053 + 0.035
Subalpine heath forest | 51 1.928 + 0.356 0.068 + 0.02%
p value 0.014 0.539
l.s.d. 0.636 0.119




Woody species composition

Of the 21 woody species found in the mixed montane ford&pboutonia macrocalyand Casearia
battiscombeiwere the most abundant within Kaberua Forest Reserve, whigs thonningiiand
Podocarpus falcatugrere the most dominant in the gazetted national park. The bamboo zone had 17
woody species of whictPodocarpus latifolius, Bersama abyssiracal Neoboubnia macrocalyxvere

the most represented within Kaberua Forest Reserve. The bamboo zone within the national park and in
Sossidlockhad Podocarpus latifoliuand Schefflera abyssinica; anB. falcatusand P. latifoliusas the
most dominant woody species respectively.

Of the 9 woody species of the salpine vegetationJuniperus proceteErica arboreaand Rapanea
melanophloeosvere the most dominant within Kaberua Forest Reserve. Theakibe vegetation
within Sos® had Hypericum keniense, Olea europsabsp caudata Juniperus procerand Nuxia
congestaas the key species. The salpine zone in the national park comprised mainly grase key
woody species found in the mixed montane forest, bamboo zone anglpirie zone are presented in
Table6-4 below.

Table6-4: Key woody species of vegetation zones of Mt Elgon Forest Ecosystem

Vegetatio | Woody specieq Forest area | Key woody Species
n zone richness
Mixed 21 Kaberua Neoboutonia macrocalyx, Casearia battiscomi
montane Ekebergia capensis, Aningeriadolfi-friedericii,
forest Celtis africana
Mt. Elgon N, Ficus thonningii, Podocarpus falcatus, Cro
Park microstachyus, Olea europea subsp caad
Trichocladus ellipticus
Bamboo Podocarpus latifolius, Bersama  abyssin
vegetatio Kaberua Neoboutonia macrocalyx
n Kaberua Podocarpus latifolius, Schefflera  abyssin
17 Bersama abyssinica, Afrocrania volkensii
Mt. Elgon N. Podocarpus falcatus, Dovyalis abyssinica, Te
Park nobilis, Diospyros abyssinica
Sossio Podocarpus falcatu®odocarpus latifolius
Subalpine Kaberua Juniperus procera, Erica arborea, Rapa
heath melanophloeos. Hagenia abyssinica, Hyperiq
forest 9 keniense
Sossio Hypericum keniense, Olea europea subsp cauq
Juniperus procera, Nuxia congesta

Key herbaceous species

Of the 59 herbaceous species in the mixed montane forE&mnisetum clandestinum, Cyperus
articulatesand Setaria plicatilisvere the dominant grasses, whildypoestes forskhaléand Galinsonga
parviflora were the dominant herbswithin Kaberua Forest Reservén the national parkCyperus
difformis and Oplesmenus hirtelusvere the dominant grasses, whilelypoestes forskhaliand
Achyranthus asperaere the most represented herbs.

In the bamboo zone, of its 36 herbaceous specteshania alpinaand Pennisetum clandestinumere
the dominant grasses, whildypoestes forskhalkind Cyathula polycephalarere dominant herbs within
Kaberua Forest Reserv&ushania alpinawas the dominant grass, whilelypoestes forskhaliand
Achyranthus aperawere dominant herbs in the national park. In SosBiennisetum clandestinuand
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Adropogon gayanusvere the most abundant grasses, whiientella asiaticand Hypoestes forskhalii
were the most dominant herbs in the bamboo zone.
Of the 42 herbaceous species in the slpine heath forestCyperus difformis, Cyperus kyllinga, Cyperus
articulates and Digitaria scalarumwere the abundant grasses, whilentella asiatica, Impatiense
pseudoviolaand Oxalis comiculatavere the most abudant herbs within Kaberua Forest Reserve.
Cyperus articulates, Cyperus kyllirayad Digitaria scalarumwere dominant grasses, whilgommelina
benghalensisand Tephrosia uniflorawere dominant herbs within the national parlennisetum
clandestinum, Cyperuarticulates and Adropogon gayanusvere dominant grasses, whil€entella
asiatica, Impatiense pseudoviotnd Oxalis comiculatavere dominant herbs within Sossidhe key
herbaceous species across the different-eones of Mt. Elgon is showTiable6-5 below.

Table6-5: Key herbaceous species in different vegetation zones of Mt Elgon Forest Ecosystem

Vegetation | Herbaceous| Forest area Life- Key herbaceous species
zone species form
richness
Mixed 59 Kaberua Grass | Pennisetum clandestinum, Cyperus articula
montane Setaria plicatilis
forest Kaberua Heb Hypoestes forskhalii, Galinsonga parviflora
Mt. Elgon NPark | Grass | Cyperus difformis, Oplesmenus hirtelus
Mt. Elgon N. Park Heb Hypoestes forskhalii, Achyranthus aspera
Bamboo 36 Kaberua Grass | Ywhania alpine, Pennisetum clandestinum
Kaberua Heb Hypoestes forskhalii, Cyathula polycephala
Mt. ElgonN. Park| Grass | Yuwshania alpine,
Mt. Elgon N. Park Heb Hypoestes forskhalii, Achyranthus aspera
Sossio Grass | Pennisetum clandestinum, Adropogon gayanus
Sossio Heb Centella asiatica, Hypoestes forskhalii
SubAlpine | 42 Kaberua Grass | Cyperus difformis, Cyperus kyllinga, Cyper
articulates, Digitaria scalarum
Kaberua Heb Oxalis comiculata, Alchemilla rothii
Mt. Elgon N. Park Grass | Cyperus articulates, Cyperus kyllinga, Digitd
scalarum
Mt. Elgon N. Park Heb Commelina benghalensis, Tephrosia uniflora
Sossio Grass | Pennisetum clandestinum, Cyperus articula
Adropogon gayanus
Sossio Heb Centella asiatica, Impatiense pseudoviola, OX
comiculata

Structural composition

The seedling density of the forest ecosystem ranged between zero and 24,800 per ha. There were no
seedlings in both the national park and Sossio in all the three vegetation zones. Thus, all the seedlings
recorded were found in Kaberua Forest Reserve. Tuieakpine heath forest had relatively fewer
seedlings than the mixed montane forest and the bamboo Zari€aberugTable6-6). Saplingdensity,

on the other hand, ranged between zero and 2,400 per ha. Saplings were recorded in all the three
vegetation zones, except the Kaberua part of the mixed montane foiiestl€ 6-6). The sukalpine

heath forest and the bamboo zones had relative lower sapling density (400 to 800 saplings per ha) than
the mixed montane forest (2,400 saplings per ha).

40



Table6-6: Seedling and sapling density in different vegetation zones of Mt. Elgon Forest Ecosystem

Vegetation zone Forest area Seedlings per ha | Saplings per ha
Mixed  montane| Kaberua F. Reserve 10800
forest Mt. Elgon N. Park 2400
Bamboo forest Kaberua FReserve 24800 800
Mt. Elgon N. Park 400
Sossio 400
SubAlpine heath | Kaberua F. Reserve 10400 400

¢tKS adSYy RSyaAle 2F g22Re &ElU5R¥ 47.2%in thenbarabyo z6ne and NI y 3 S
304.1 + 58.89 in the mixed montane fore3iaple6-7). The variation in stem density among the three
vegetation zones was, however, not statistically signific&imilarly, there was a variation in mean stem
DBH among the three vegetation zandVlean stem DBH ranged betwe28.06 + 15.42 cm in theub-
alpine heath foresand 63.67 + 14.21 cm in the bamboo low canégest (Table6-7).

The mean canopy height of the three vegetation zones ranged betWw8e3v +2.759 m in the sub
alpine heath forest an@0.47 + 2.759 in the mixed montane fore3iable6-7). The variation in mean
canopy height among the three vegetation zones was, however, not statistically signifitcenbasal
area of the three vegetation zones ranged betwedh42 + 24.11 fper ha inthe subalpine heath
forest and 58.69 + 22.22 fper ha in the bamboo zone. The variation was also not statistically
significant

Table6-7:{ 4GSY RSyaArdesz YSIty 5.135% YSty OFy2LR KSAIKG |y
in three vegetation zones of Mount Elgon Forest Ecosystem

Ecoezone Stems hd Mean DBH (cm) | Mean canopy| Basal area (fh
height (m) per ha)

Mixed montane forest | 304.1 + 58.89 31.98+17.% 20.47 + 2.759 42.26 + 27.68

Bamboo 175.2 £ 47.28 63.67 + 14.2], 16.01 + 3.168 58.69 + 22.22

Sub alpine 257.4 +51.29 28.06 + 15.42 10.97 £2.759, 30.42 + 24.1},

p value 0.222 0.239 0.169 0.716

l.s.d. 191.8 57.66 10.32 90.17

Comparing floristic and structural composition under different management regimes

The forest reserve in Kaberua had a higher species richness than the national park and areas dwelt by
indigenous communities in Sossidable 6-8). Similarly, the forest reserve had significantly higher
species diversity and speciesvenness than the national park and areas dwelt by indigenous
communities Table6-8). Areas dwelt by indigenous communities had relatively higher species evenness
than the national park.
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Table6-8: Analysis of species richness, species diversity and evenness in areas under different resource
management regimes in Mount Elgon Forest Ecosystem

Forest area Species richness | Shannon index Simpson index
Kaberua 93 2.274+0.130, 0.231+ 0.035,
Mt. Elgon N. Park 47 0.719 £ 0.129 0.024+ 0.002,
Sossio 39 0.798 + 0.154 0.153+ 0.043,,
p value 0.009 0.032

l.s.d. 0.724 0.154

The forest reserve and the national park had similar woody species rictuithés the mixed montane
forest. However, the forest reserve had a higher woody species richness than both the national park and
areas occupied by indigenous forest dwelling communities within the bamboo Z@ide6-9). The
national park and areas dwelt by indigenous communities had similar woody species richness within the
bamboo zone. In the suéllpine heath forest, the forest reserve had a higher wosggcies richness

than areas dwelt by indigenous communities.

The national park had a relatively higher stem density than the forest reserve within the mixed montane
forest (Table6-9). Inthe bamboo zone, the forest serve had a higher stem density than the both the
national park and areas dwelt by indigenous forest communities. In theakailbe heath forest, the
forest reserve had a higher stem densttyan areas dwelt by indigenous forest communities. The
vegetation within the national park in the swthpine heath forest comprised largely grassland.

Trees in the forest reserve had relatively larger diameter than those of the national park within the
mixed montane forest zoneTéble 6-9). However, in the bamboo zone, trees in areas occupied by
indigenous forest dwelling communities had significantly larger steamelier than both the national

park and the forest reserve. Trees of the national park had also larger stem diameter than those of the
forest reserve. Similarly in the swpine heath forest, trees in areas occupied by indigenous forest
dwelling communitie had relatively larger stem diameter than those of the forest reserve.

Among trees found in the mixed montane forest zone, those of the forest reserve were significantly
taller than those found in the national parkgble6-9). In bamboo zone, however, trees found in areas
occupied by indigenous forest dwelling communities were relatively taller than those of the national
park and the forest reserve. Those of thational park were relatively taller than those of the forest
reserve in this vegetation zone. In the salpine heath forest, trees found in areas occupied by
indigenous forest dwelling communities were relatively taller than those of the forest reserve.

The forest reserve had a relatively higher basal area than the national park within the mixed montane
forest zone Table6-9). In the bamboo zone, trees in areascopied by indigenous forest dwelling
communities had relatively larger basal area than those in the national park and the forest reserve.
Those in the national park also had relatively larger basal area than those in the forest reserve. Similarly,
in the sub-alpine heath forest, trees in areas occupied by indigenous forest dwelling communities had
relatively larger basal area than those in the forest reserve.
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Table6-9: A comparison of woody species richness, stem density, DBH, canopy height and basal area in

areas under different forest management in Mount Elgon Forest Ecosystem

Ecological | Forest area | Woody Stems hal Mean DBH| Canopy Basal area
zone species (cm) height (m) (m? per ha)
richness
Mixed Kaberua 12 89.3+18.3 46.0 +1.48 30.7 £ 2.G, 18.1+2.8
montane | Mt. Elgon N, 12 125.7+5.2 324+1.8 195+1.9 |13.1+3.8%
forest Park
Bamboo Kaberua 11 83.3+25.5 53.7+20.7, 15.0+3.5 |21.2+115
Mt. Elgon N. 7 78.1+£3.], 77.0 £38.8, 179+1.6 |97.7+84.9
Park
Sossio 7 49.3+0.7, 145.7+48.2 |27.2+3.1, |1126+55.}
SubAlpine | Kaberua 7 137.5+28.2 |24.2+5.3 95+1.9 9.6 £45
Sossio 4 100 £ 1.0, 443+ 7.7, 16.4+3.2 |126+3.8

Reptiles and amphibians

A total of 10herpetofaunalspecies were recorded. This included three amphibians and seven reptiles
(Table6-10). The natural forest had the highest species richness (six species)bdinéoo and Sub

alpine zones had three species eabhNJ dzS NI &

LJdzZRRE S FTNR3IA

g S NB

forest. On the other hand, one of the rare species was the Alpine lizard with only a single individual
documented in the heath grassland.

0KS Y2:

Other species which were only recorded in singletaese Montane sideéd i NA LISR OKIl YSt S2y >
forest lizard and Striped skink.

Table6-10: The recorded number of species in Mt Elgon in May 2017

Species EcoClimatic Zone Species Abundance
Forest | Bamboo | Subalpine

Phrynobatrachus graueri 27 0 0 27
Amietia nutti 12 5 0 17
Trioceros hoehnelii 6 0 0 6
Trioceros ellioti 1 0 0 1
Philithamnus battersbyi 1 0 0 1
Adolfus jacksoni 1 0 0 1
Trachylepis striata 0 12 1 13
Xenopus borealis 0 10 0 10
Trachylepis varia 0 0 19 19
Adolfus masavensis 0 0 1 1
Species Richness 6 3 3 12
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Plate6-2: Some amphibians and reptiles of Mt. Elgon ecosystem
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Avian diversity
A total of 206 bird species were recorded in the Ecosystérs included 6 globally endangered species
as listed inTable6-11.

Table6-11: Endangered Bird Species recorded in Mt. Elgon
Sharpe's Longclaw
Splendid Glossy Starling
White-breasted Cuckoghrike
African Golden Oriole
Fantailed Raven
Yellowbilled Shrike

OO WIN|F-

Small mammal

H_5-‘3-l7‘lt49
Plate 6-3: Montane forest at Kabela where Plate 6-4: visual structure of bamboo habitat
small mammal transect was set where small mammal sampling transect was set
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559017 15:“

Plate 6-6: Visual habitatstructure of lower Plgte t6-7: Sherman live trap for sampling
section of alpine habitat where small mammals rogents
were sampled
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Plate 6-8: Pitfall traps with drift fence for sampling shrews on forest floor

Twenty eight (28) species from 14 families representing four orders were recorded. These include thos
recorded in the systematic trapping, observational survey (24 species) and oppadusigsitings (3 species).

The recorded species comprise of rodents (16 species), bats (7 species), Shrews (4 species), and lagomorpf
species).

Species richness varied with elevation from eight species in Montane forest to three in bambooTatie, (
6-12),

Subalpine forest had second most diverse small mammal species, with fairly even abundance. The moorlan
though not as poor as bamboo habitat, was less hajereeous compared to the adjacent habitdiaple6-12).

The low small mammal diversity in both bamboo and moorland can be attributed to their low habitat
heterogeneity

Table6-12: Small mammal species dioversity in different ecological zones of Mt. Elgon forest ecosystem

Attribute Montane Forest | Bamboo | Subalpine Heath
No of species 8 3 8

Simpson Diversity (D) | 0.825 0.679 0.545

Shannon Weiner H' 2.63 1.406 1.47

Brilluoin H 2.365 1.06 1.187

Simpson Evennessl1/D)| 0.662 0.821 0.418

Modified Nee 0.195 0.464 0.142

Large mammal
A total of 15 large mammals species were recorded in the mixed montane forest, 11 species were recorded
bamboo zone while 6 species were found in-&lgine zonéTable6-13).
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Table6-13: Large mammal species recorded in the Mixed montane forest, bamboo zone aadpgd heath
zone of Mount Elgon Forest Ecosystem

No. | Wildlife species Population recorded
Montane Bamboo | Subalpine

1 Aardvark 13
2 Defassa waterbuck 4 4 2
3 African civet 4
4 Baboon 2
5 black and white colobus monkey | 80 23
6 Blue monkey 29 4
7 Buffalo 54 15 61
8 Bushbuck 30 14 7
9 Bush pig 2
10 Elephant 86 70
11 Giant forest hog 4
12 Grey duiker 1
13 |. dzNOKSffQa 1 SoN10
14 Red duiker 13 9
15 serval cat 1 1
16 silver backed jackal 1
17 | spotted hyena 6 1 3
18 Starck's hare 3
19 Tree squirrel 1

Species richness 15 11 6
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Subactivity 12: Slect germplasm and support establish quality nurseries

This activity aimed at identifying key tree species with high perfomance that will become germplasm sources fc
establishment of woodlots and for the rehabilitatiaf natural forests.The sukactivity began byan initial
surveyto identify key tree species in both Mt. Elgon and Cherengany Hills ecosysyténdsS & a5 yiiiK S (
SO2aeailSs eainpaténdmdiéhous tree species in thevo ecosystemssocio economic and cultural
uses of thedentified species physiology of the species identifiecinfall patterns in the regios challengesn
ensuring sustainabile utilizatiowithin the communitiesand the indigenous tree species within the CFA and
community selhelp nurseries

¢KS NBaSI NOK /KSHY | gok 9] YR BXBWH2 0 YR WYNY AUk YO { BRNG ?
{AYAE NI & Ay / KSNIySBINBRLREAASE B>/ AKBdzNi0aR®E  ValAAISdry 32
AAGSESRINEY ( KSF2RNETATIS NaXy2(01 & GKFG YIF1S dzl) RAFTFSNBY
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Table6-14: FGD at Kaberwa Forest Block
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7. ER 1:4 Erosion, sedimentation and pollution assessed

Qub-activities 13, 14, 15, 17,8and 19
Component 4 Projedtmplementedsub activities 13, 14, 15, 17, 48d 19during theactionperiod. The activity
aimed and establishing baseline information on the extent of erosion, sedimentation in the rivarsllaas
pollution in the two ecosystems covered by the project. The activities which were carried out inptavnethg
anddesign sampling schemeslelianation ofsource and sink pollution, geo referencinground survey of sqil
sedimentation and geo statistical analysis and mapping of land degradation.

Findings:Thestudyfindings showed that Mt. Elgon and Cherangany Hills are under continuous LULC dynamic
and the two ecosystems are prone to soil erosion. The model showed the erosion risk areas of the twc
ecosystems and the factors which affect soil erosierom theParticipatory geographic Information System (
PGI$activity, 1 KS FAYRAY3IEA YAYAYAT S (GKS 3L 0Si6SSyLaiddk S
degradation in the steeper slopes is severe which needs urgent land rehabilitation intervention such as
forestation programs, terracing and other remedial solutions.

Recommendtions: The slope grdient and slope length factor amominant in the magnitude of potential soil
erosion in the areas studied, it is possible to modify them through soil conservatgtiges at a small scale on
agricultural land using detailed field assessment.

Creating awareness among the communities concerning optimum use of natural resources, conservatio
systems, driving forces including population pressure and their respdotinefits is vital for sustainable land
resource management. Therefore, local managers and responsible sectors in Mt. Elgon and Cherangany sho
emphasize the importance of participation of the local communities in conservation activities and decision
making regarding land use within the ecosystems.

Methodology for assessment @bil erosion C factor valuaused duringthis study is presented ifigure7-1

below:

‘ Potential Models H Model Selection

Remote sensing

Slope Length LS N
Preprocessing

@ & Analysis

Participatory Soil

Erosion Map

erosion

\ assessment

Ground Potential monitoring sites for

Validation erosion and sedimentation

Figure7-1: Methodology for Erosion assessment
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Spatial Distribution of Average Yearly Rainfall for
Haoon Cherangany Ecosystem
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Figure7-2: Rainfall Map for Cherangany ecosystem

Rainfall factor (Mt. Elgon)
In Mt. Elgon Ecosystem, the spatial distribution of rainfall erosivitiesgreatly with its values ranging
from 87 to 156 MJ* mm/hal/yr. The northastern part of the ecosystem receives low rainfall compared

to the Western and Southern parts of the ecosystem.

Spatial Distribution of Average Yearly Rainfall for Mt. Elgon Ecosystem

Rainfall
_ High : 155.583
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Figure7-3: RainfallMap for Mt. Elgon ecosystem
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Mt. Elgon Ecosystem

Mt. Elgon ecosystem was divided based on the administrative boundatiesight Zones namely;
Cheptais Kapsokwony, Sirisia, Kimilili, Webuye, Mt. Elgon Forest, Saboti and KKarazeza region
coversthe largestpart of the ecosystem with anrea of 763.58 KA followed by Mt. Elgn forest zone
which covers an a&a of 487 Krh In Mt. Elgon Ecosystem, Tongareni covers the smallest extent of 37.57
Knt. In terms of erosion and sedimentation within the sgystem, the highest erosion rate value is 35
tons per year with the lowest erosion value of 0.2 tons of soil per year. The high erosion ctamsisn

in Kapsokwony, Cheptagsd Kimilili regions of the ecosystem. Over 50% of Kapsokwony region is losing
over 30 tons of soil per year. This can be attributed to soil type within the zone, steeply slope of the
ecosystem together with the land use which is majorly agriculture without erosion control measures.

34°400'E

Erosion and Sediment Yield Map for Mt. Elgon Ecosystem

~~~~~~~~~~~~~~~

Erosion Class

] administrative

[ veryLow
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o 4 8 16 24 32
Km

Figure7-4: Zonal erosion distribution Map in Mt. Elgon

Low erosion is taking place in Mt. Elgon Forest zone which is majorly closed forest, open forest and
national park as the major land use land cover. However, the ecotone zone which is the lowef part
the zone is also experiencing high erosion due to land cover degradHligim.erosion in the lower part

of the ecosystem can also be attributed to high amount of rainfall as compared to -Magst part of

the ecosystem which receives low rainfall.
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" 2 = i 1
Plate 7-1: Measuring the Depth of Gully in Che

The reduction in runoff results into increased infiltration and percolation. In Mt. Elgon ecosystem,
Kaptkateny, Kibisi, Kaptesang, Sosio and Musindet receive a lot of sediments due to high erosion rate in
the lower region of the ecosystem which can be attributedad type, slope length factor and land use

which is majorly crop farming without magement practices to reduce the erosion. However, river
Koitobos, Nai Swamp, Kapkukul, Kabewyan, Chepereiwe receice slightly lower sediments due to low rate
of erosion on the Northern part of the ecosystem. This is due to low annual rainfall and redaped sl
length factor together with compact soil within the upper part of the ecosystem.
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Erosion and Sediment Yield Map for Mt. Elgon Ecosystem
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Figure7-5: Rivers and sediment yield Map for Mt. Elgon Ecosystem

Plate7-2: Sediment in River Kibisi,Mt. Elgon ecosystem
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Cherangany ecosystem

Climatic, edaphic and human activity varies greatly within Cherangany ecosystem. On the Northern part
of the ecosystem, main human activity is pastoralism.

; 4 & , il Y J X ' ; 42 2
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Plate 7-3: Measuring Rills/Gully erosion in Chepareria, Cherangany ecosystem
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Erosion and Sediment yield Map for Cherangany Ecosystem |
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ure7-6: Drainage system in Cherangany ecosystem
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Plate 7-5: Sedimentation in Kapcherop, Cherangany ecosystem
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Pollution in the Ecosystems

In the context of Mt Elgon and Cherangaagosystems, it is easier to connect with the larger, more
easily felt need of the region. There is no doubt that the best body that easily demonstrates pollution
effects on the region is Lake Victoria. The two ecosystems are connected to the Lake thmeugh t
commonly shared Nzoia River Basin.

This report is therefore a synthesis of some available reports on various aspects of pollution around the
lake, with special reference to Nzoia River Basin. Specifically, the report covers general ehaatges
temperature, pH and conductivity levels, changes in dissolved oxygen (DO), biological and chemical
oxygen demand (BOD and COD), total dissolved solids (TDS) especially heavy metals, nutrients in river
water and total suspended solids

BOD and COLFindings of widy show that effluent from Mumias Sugar Factory caused significant
changes on upstream water by increasing BOD, COD, TDS and TSS by 24% (2663 to 3340.6 mgL
100.6% (5562 to 11158 migl. 183.6% (542.5 to 1538.5 myland 266% (220 to 805.1 myL The
treatment systems at the sugar miller were obviously not very effective in handling the waste being
directed at the river. Western Kenya is a key producer of sugar, and it is not clear how compliant the
other sugar millers are with respect to environnt@hstandards. Going by the discharge at Mumias,
stricter measures clearly need to be enforced.almother study, Twesigye et al (2011) demonstrated

that there were also increases of TDS, EC and TSS, mixed results-adnd@304 and consistent
decreasesn DO for water samples taken from Nzoia at Pan Paper, Nzoia Sugar, Mumias Sugar and lower
Nzoia River.

Metals, Sediments and feacal coliform3he resultsindicate that concentration values for Zn during

dry and the wet was 0.16.50 mg-* and 0.260.60 md.* respectively. Concentrations varied from one

sampling station to another but all values remained within the WHO recommended lifhiesmain

sources of heavy metal and trace element contaminants are industrial effluents such as feom th

leather, sugar and coffee factories and fertilizers.

The turbidity of Malakisi river alone before joining the Ndakaru river was &2 NTU. Turbidity seems

to increase significantly in wet seasons as it is associated with soil erosion and trangpertiters. In

a similar study of the Mara River using a different paranieteas found that sediment concentration

F2N) g2 2F (GKS YI22NJ GNROodzi I NRSa 2 ¥F268bImylt andvA @S NI 2
Amala River with 26:258 mgL).

Thestudy alsdfound that water samples in both wet and dry seasons had high levels of fecal coliforms
during dry and wet seasons which ranged from¢28 cfu/100ml, well above the WHO standards. In
the case of Sosiani River, the authors concluded that #eson of the high abundance of macro
invertebrates in uppermost area where there was nutrient inflow in sewage was probably due to high
abundance of tolerant taxa to the sewage discharge from Eldoret Municip@ésticides transport was

by storm water ru-off and air drift into the lake. Fourteen pesticides were identified as commonly used
of which four are toxic to bees and five to birds.

Recommendations

Land degradation in the steeper slopes is severe which needs urgent land rehabilitagovention
such as forestation programs, terracing and other remedial solutsuth as on farm tree planting
within Mt. Elgon and Cherangany ecosystems.

Basically, man cannot modify rainfall erosivity and soil erodibility factors. However, as thesidpnt
and slope length factor is dominant in the magnitude of potential soil erosion in the area, it is possible to
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modify them through soil conservation practices at a small scale on agricultural land using detailed field
assessment.

Creating awarengs among the society concerning optimum use of natural resources, conservation
systems, driving forces including population pressure and their respective benefits is vital for sustainable
land resource management. Therefore, local managers and resporstokers in Mt. Elgon and
Cherangany to emphasize the importance of participation of the local communities in conservation
activities and decision making regarding land use within the ecosystems.

(Full and comprehemssive report for therosion, pollution and sedimentation is available at the
CMO and the Project websiteyww.kefriwatertowers.orq)
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Subactivity 16: Sample Soil and water for quality analysis

Component 4 ¢am of scientistsfrom the headquartersaand the regional programmes in Maseno and
Londiani havedesigneda frame work within viaich the activity will be delivered. The team carried out
initial baseline survey, set ufver gauging points and collected saeplfor the initialanalysis. Som
results are already available while others are undergoing laboratoaysis

The survey was madpossiblewith the help of GPS maps amwllaboratingHydrologists from the
Ministry of Waterand Irrigation Soils throughout the region are volcanic clay and clay barns classified as
feralo-chromic. Farming is the key activity in the region and its large population is reduoltiagversion

of forest land to crop land Streams from Mt Elgon forest and wedttbe Cherangany watershed feed

the NzoiaRver system, which flow into Lakectéiria and streams to the east of Cherangany flow into
the Kerio river streams. River Moiben which is one of the tribbesafor NzoiaRver feed into Chebara
Dam which ighe source of water for Eldorefown and its outskirts while KapoleRver which
originates from Kapolet Forest station and a tributary of Nzoia river provide water that is consumed in
Trans Nzoia and Bungor@aunties.

This survey captured theiver gaugng stations representing upper, mid and lower parts of the
catchment and also at the tributary confluences with the Nzoia River and at a point in the
Lower NzoiaThe major challenges in Nzoia Catchment include sogien, sedimentation, pollution

and encroachmentThese areas and their foot slopes have suffered severe degradation resulting in
drying of springs and wetlands, loss of valuable indigenous forest species that are water friendly and
landslides.
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Figure7-7: Map showing River Nzoia catchment areas from Mt. Elgon and Cheranagany

The activity achieved the following:

-Established the status ofxisting river gauges in both Mt. Elgon and Cherangany
ecosystems,

-ldentified and geaeferenced water sampling points, soil and sediment sampling sites
for analysis and monitoring

-Established collaborative framework with ELDOWAS, KIWASCORMA \Waboratories;

for water quality parameters which require analysis within 24 hours of sampling

Sampling Sites
The survey established twenty (20) sampling points representing upper, mid and lower parts of the
catchment and also at the tributary nfluences with the Nzoia River and at a point in the
Lower Nzoia. The first sampling site will be located near the margin of the forest, the second site in the
upland agricultural area, site 3 in the lowland agricultural area &eddast site near the shores of Lake
Victoria (Figure 68). Sterilized plastic bottles will be used during sampling and the samples stored in
cooler boxes at 4C and forwarded to the laboratory for analysis. The analysis data will form the baseline
of the sediment load and water pollution in the River Nzoia basin. Existing data will be provided by the
Water Resources Management Authority while discharge measurements at the sampling points will be
taken by WRMA after establishing the baseline data. The agnpsites identified include the
following rivers: Koitobos, ptogot, Sabwani, Lusumu, Kiminini tributary, Kuywa, Sergiot, Moiben,
Niongamet, Mbeere (mubere), Siosian (Germagut), LargeiaN(brigadier bridge), NzoiavBr IDA02
(Webuye), Nzoi&ver IDDO1 (Mumias bridge), Nzoia (Sigomere bridge), Nzoia river (Rwamba Bridge). All
these sites were gereferenced during the survey.

35°Q0E

45,000 90,000
M

2470 3B00E

Figure7-8: Proposed Monitoring stations for Mt. Elgon and Cherangangystem (River Nzoia
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catchment)

River gauge stations

WRMA hadl04 River Gauge Statisdistributed within various rivers in the NzoRwer catchments as
shown in he figure below. The River GaugiStations help to determine water discharg®m the
rivers. The River Gaugin8tations are classified into station of national importance and river
management units. The River GaugBtgtions are all geceferenced. However, during the survey, most
of them were not functioningdue to activities in and arou the rivers studiedas summarized in
picturesin plate 66 bellow.

Plate 7-6: Selected gauge stations at different points on River Nzoia river

20 sampling points were determined and gederenced. Status of the river gauge stations were
established and during the survey and river discharge measurements and hydrological parameters will
be determined with assistance of WRMA after baseline datavater and soil analysis is done for the

sites where the gauges are missing. However, hydrological measurements where river gauges are
present will be done during sampling. Soil and sediment analysis will be done at KEFRI soil
laboratory while waterquality analysis will be done either ELDOWAS or water quality laboratory

in Kisumu. The team recommends that sampling and analysis of water, soil, sediment and aquatic life be
done in the last week of July 2017.

(Full and comprehemssive report is available at the CMO and the Project website;
www.kefriwatertowers.orq)
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