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I urge all stakeholders and partners to collaborate and mobilize resources for conservation
and restoration of these fragile ecosystems. I wish to appreciate H.E the President for
his support in conservation of our water towers.

Mr. Keriako Tobiko, CBS, SC
Cabinet Secretary
MINISTRY OF ENVIRONMENT AND FORESTRY

ii

Nthangu - Kitondo Water Tower Status Report

Remarks from Principal Secretary
Water Towers provide a myriad of services ranging from provisioning,
regulating, supporting and cultural. They influence river flow
regulation, flood mitigation, water storage, water purification,
recharge of groundwater, reduction of soil erosion and siltation,
protection of biodiversity, carbon sequestration and regulation of
microclimate. Therefore, they play critical role at local, national and
regional scales. However, emerging phenomenon such as global
warming and climate change which manifests in extreme weather
conditions call for more significant resolve to protect and conserve
water towers.
Water towers in the semi-arid and arid areas are fragile ecosystems. They undergo pressure
from increased population and scarce resources that has led to its unsustainable exploitation.
This is witnessed across the Mbooni- Kitondo-Nthangu-Makuli-Nzaui circuit of water towers
in Makueni County and other ecosystems in similar semi-arid regions. As a result, negative
impacts such as loss of biodiversity, reduced agricultural production, reduced water quantity
and quality, creation of gullies and siltation of rivers due to soil erosion are experienced.
The Government through the Ministry of Environment and Forestry is at the forefront to
ensure that these impacts are reversed through implementation of restoration programs.
This role has been mandated to The Kenya Water Towers Agency. The Agency has made
tremendous milestones through involvement of strategic partners and stakeholders
including other National Government ministries, County Governments, relevant State
Agencies and Civil Society Organizations..
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I therefore take this opportunity to recognize work accomplished by the Agency and
I call upon all the stakeholders to support the implementation of the recommendations
highlighted in this report.

Dr. Chris Kiptoo, CBS
Principal Secretary
MINISTRY OF ENVIRONMENT AND FORESTRY
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Foreword
Kenya Water Towers Agency (KWTA) has made significant strides
in undertaking its mandate in coordinating conservation and
protection of Water Towers in the Country. Ecosystem research
and assessment is one of the managements tools the Agency has
adopted to achieve the coordination role through development
of Water Towers Status Report. The status report is a decision
support tool for collaborative, efficient and integrated Water
Tower conservation and protection. The Agency has put in place
various initiatives that bring on board strategic collaborators and
development partners to ensure enhanced ecosystem health
and resilience in all the Water Towers in Kenya.
Nthangu-Kitondo Water Tower is among the small, unrecognized and fragile water towers
within the semi-arid areas of the country. These water towers are mainly threatened
with illegal exploitation of resources leading to adverse negative impacts that affect
livelihoods. This report highlights the status of Nthangu-Kitondo Water Tower with
key recommendations for intervention to ensure its ecosystem health and resilience is
restored and maintained.
On behalf of the Agency, I appeal for continuous collaboration and support from our
key partners to ensure our water towers are restored, protected and rehabilitated. I
acknowledge the instrumental role played by the Government: The Presidency under
the leadership of H.E. Hon. Uhuru Kenyatta and the parent Ministry of Environment and
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Forestry under the leadership of the Cabinet Secretary Hon. Keraiko Tobiko, development
partners, staff, and other stakeholders in supporting conservation of water towers.
The KWTA Board of Directors is committed towards successful implementation of the
recommendations highlighted in this report.

Dr. Julius Malombe
Board Chairman
KENYA WATER TOWERS AGENCY
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Executive Summary
This report provides detailed analysis of the status of Nthangu-Kitondo Water Tower located
in Makueni County. It provides information on the hydrology, ecosystems services as well
the socio-economic activities within the Water Tower. It also focuses on Land Cover Land
Use (LCLU) analysis that informs on changes in vegetation cover and their impact on the
Water Tower ecosystem. It further highlights proposed interventions to avert and reverse the
negative impacts for the purpose of restoring ecosystem health and resilience.
Nthangu Kitondo Water Tower is found 20km from Wote town along the Wote-Tawa road.
It covers 16, 239 ha, comprising of two gazetted forests; Nthangu and Kitondo. It falls within
the Athi catchment. The rivers and streams are seasonal; filling and flowing during the rainy
season. These flows into two main rivers: Kaiti and Thwake that feeds to Athi River. It is at the
confluence of Athi and Thwake rivers where Thwake multipurpose dam is being constructed.
The water tower has over 62 springs, which provide water to the residents for domestic use.
The water tower is rich with biodiversity. It is home to several wildlife species ranging from
plants, mammals, reptiles, insects and birds. It also provides critical ecosystem services ranging
from provisioning, regulatory, supporting and cultural. The utilization of these services by
the communities has led to key changes on different land cover classes. Agriculture has been
identified as the main driver of these changes as recorded through encroachment in the
gazetted forests and expansion of cropland and reduction of grasslands within the buffer.
Despite the benefits derived from this water tower, it has continued to face increasing levels
of degradation resulting from human-induced threats. They include forest fires, illegal logging
and over-harvesting of timber products, encroachment for agriculture, charcoal production,
low level of awareness on the conservation of the water tower and weak coordination
and governance structures. These have led to several impacts ranging from reduced water
x
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volume in rivers and springs, reduced agricultural productivity, increased sedimentation, loss
of biodiversity, landslides and flooding.
To avert these negative impacts and ensure sustainable management of the Water Tower,
an estimated budget of KES 425 Million has been proposed and provided in this report to
enable implementation of the proposed interventions listed below:
1. Creation of awareness to the community on the importance of conserving the Water
Tower. This will increase and enhance community participation.
2. Reclamation and rehabilitation of encroached areas. This will involve realignment of
forest boundary and replacement of missing beacons. Rehabilitation activities including
tree planting, rehabilitation of gullies, terracing and spring protection.
3. Development and maintenance of firebreaks aimed at reducing the chances of fire
spreading to uncontrollable levels as well as ensuring easy access by vehicles and trucks
in case of an outbreak
4. Enhance enforcement of relevant rules and regulations governing conservation. This
will also involve building institutional capacities and human resources by training and
staffing
5. Community reliance on forest products can be substituted by introduction of alternative
livelihood options. Women and youth groups can be trained on income generating
activities like bee keeping, ecotourism, butterfly farming, horticulture and aquaculture.
6. Introduction of alternative sources of energy such as energy saving jikos, biogas
and briquettes to reduce over reliance on forest resources for firewood and charcoal
products. On-farm tree farming should be promoted to ensure constant standing
biomass where branches can be harvested for use.
Coordinated Water Towers Conservation
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Kenya Wildlife Service

KWTA		

Kenya Water Towers Agency

LCLU

Land Cover Land Use
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Non-Residential Cultivation

RF		
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Definition of Terms
Water Tower
Water Towers are elevated geographical areas comprising mountains, hills, and plateaus where the
topography, geology, soils and vegetation support reception, retention, infiltration, and percolation
of precipitation and storage as ground water, that is eventually released through springs, streams,
rivers,swamps, lakes, and oceans to sustain connected biodiverse ecosystems and is harnessed for
use.
Watershed
An area or ridge of land that separates waters flowing to different rivers, basins or seas
Drainage Basin
It is an area of land where all water that falls on that land flows into one river
Drainage system
The pattern formed by streams, rivers, and lakes in a particular drainage basin
Landcover
Is the physical material on the surface of the earth
Land use
Refers to human activities/foot prints on the surface of the earth
Land Use and Land Cover Changes
Changes that occur in land use and land cover over time based on satellite imagery analysis
Land Use and Land Cover Trends
Transitional changes in land use and land cover over a period of time
Buffer
An area of specified distance around a forest (in this case 5 km from the edge of the forest)
Coordinated Water Towers Conservation

xix

Geographical Information Systems (GIS)
Is a system designed to capture, store, manipulate, analyze, manage, and present geographical data
Remote Sensing
Process of obtaining data without being in physical contact with the object, as applied mainly by
space satellite in acquiring satellite imagery of the earth from space
Global Positioning System (GPS)
Is a network of orbiting satellites that send precise details of their position in space back to earth
and are used to provide position on the earth surface
Ecosystem services
Are the many and varied benefits that humans freely gain from the natural environment and from
properly-functioning ecosystems
Ecosystem values
Measures the importance of ecosystem services to people
Total Economic Valuation
It is a tool for determining the benefits of an environmental system to people by assigning monetary
value to all ecosystem goods and services
River flow
Volume of water flowing on a stream at a given time
Biodiversity
The variety of plant and animal life in the world or in a particular habitat, which is usually considered
to be important and desirable
Endemic species
These are plants and animals that exist only in one geographic region.

xx
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1.0 Introduction
A Water Tower is an elevated geographical area comprising mountains, hills, and plateaus
where the topography, geology, soils and vegetation support reception, retention, infiltration,
and percolation of precipitation and storage as ground water, that is eventually released
through springs, streams, rivers, swamps, lakes, and oceans to sustain connected biodiverse
ecosystems and is harnessed for use. Water towers are multi-functional and provide
significant ecosystem goods and services that are important for the livelihoods, hydrology
and biodiversity of the surrounding communities and the wider region in which they occur.
The ecosystem goods from the water towers include provision of firewood, honey, pasture,
herbs and medicinal plants, and water for domestic and livestock production. The ecosystem
services include provision of carbon sinks for climate change mitigation, water purification
and storage for recharge of ground water and rivers, and being reservoirs of biodiversity for
flora and fauna.
Water towers vary in size, shape, drainage patterns and features. There are five major water
towers legally recognized in Kenya namely; the Mau Forest complex, Mt. Kenya, the Aberdares,
the Cherangany hills and Mt Elgon. In addition, 13 more water towers have been gazetted
since 2012 (Fig. 1.1) and 70 more proposed by various stakeholders across the country (Table
1.1).

“Thousands Lived without Love, but not without water. So SAVE WATER”
Adopted from best slogans for save water awareness and scarcity
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Figure 1.1: Gazetted Water Towers in Kenya
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Table 1.1: Proposed Water Towers by the various stakeholders
Kajiado County
Ngong hills
Namanga hill

Nyamira County
Manga hills
Sironga wetland

Emali hills

Machakos County

Meru

Embu

Machakos hills

Imenti hills

Kirimiri hills

Kibauni hills

Ngaya hills

Kiang’ombe hills

Baringo County

Kisii

Tugen hills

Nyangweta hills

Kanzalu hills

Maparasha hills

Matetani hills
Iveti hills

Homa Bay

Nyeri County

Gwassi hills

Karima hills

Elgeyo Marakwet

Oldonyo Sabuk
Kilifi County
Mwangea hills

Tumutumu hills

Sameta hills

Kiamacheru hills

Taracha hills

Nyara hills

Nyacheki hills

Nyeri hills

Elgeyo hills

Makueni County
Makuli hills
Mbooni hills

Turkana

Taita-Taveta

Loima hills

Taita hills
Kasigau hills

Nthangu hills
Nzaui hills
Makongo hills

Nakuru County
Subukia
escarpment

Nandi County

Narok

Lamu County

Mt. Suswa

Lake Kenyatta

Kibirong swamp
Kingwal swamp

Kilungu hills
Mbui Nzau hills
Yekanga hills
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Migori
Maeta hills
Magaimuya hills
Taragwiti hills
Laikipia
Mukogodo hill

Nyandarua County Kitui County
Mutito hills
Maungu hills
Endau hills
Kavonge/
Museve hills
Kajiado County
Mutuluni hills
Nguruman
Mumoni/
Escarpment
Ngaikuyu hills
Kyawea hills
Mutha hills
Nuu hills

Water towers influence every aspect of the
economy including agriculture (irrigation),
energy (hydropower), tourism (wildlife),
urban development (water supply) and
industry (water supply). Protection and
conservation of these important ecosystems
continues to face a number of challenges
such as rapid population growth whose spiral
effects include increased land fragmentation,
encroachment on ecologically sensitive areas
and over exploitation of declining natural
resources within the water towers ecosystems.
The result has been adverse environmental
impacts such as drying up of rivers, dams and
springs; loss of biodiversity and changes in
micro-climatic conditions (Figure 1.2).

Kiambu
Kikuyu
escarpment
Uasin Gishu
Leseru Swamp

West Pokot.
Chebuko/
kamalegon
Karasuk hills

Figure 1.2: Causal Loop Diagram Illustrating Threats
Facing the Water Tower. Note: The positive (+) sign denotes an

increasing effect while the negative (-) sign denotes a decreasing effect)
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1.1 Water Tower Status Reports
As it envisages being a global leader in Sustainable Management of Water Towers, KWTA commits
to restore, conserve and manage the water towers and their ecosystems through coordination
and conservation for Socio-economic development. To achieve this, there is need to provide
accurate data and information as a tool to guide informed decision making in the conservation and
management of the water towers.
The specific objectives are to:
i.

Establish the location, size and bio-physical attributes

ii.

Analyze land use and land cover changes between 1990 and 2018

iii.

Establish hydrological attributes for the critical water catchment areas

iv.

Establish socio-economic status and livelihoods of the surrounding communities

v.

Identify and map critical water catchment and biodiversity hotspots for conservation and
rehabilitation

vi.

Identify key threats against conservation and protection of the water towers

vii.

Identify stakeholders and their functions in the conservation and rehabilitation of the
Water towers

viii. Establish conservation and rehabilitation actions undertaken
ix.

Recommend appropriate measures towards conservation and rehabilitation of the water
towers

Coordinated Water Towers Conservation
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1.2 Methodology
1.2.1 Socio-economic Data Collection
Socio-economic data was collected to understand and bring out interaction between the local
communities and the water towers. The data collected would also inform on alternative livelihood
programs to be implemented.
The socio-economic data was collected through administration of questionnaires. The respondents
were stakeholders drawn from state and non-state stakeholders within the Water Tower. Focused
group discussions were also held at the location level to obtain data at community level
The population density map was generated based on 2009 demographic data. Actual densities
were computed using ArcGIS and displayed as chloropleth map at sub location level.

1.2.2 Land Cover and Land Use Assesment
Multiple analytical methods were used to study and interpret Land Cover and Land Use (LCLU) changes
and explore the drivers and socio-economic impacts over time and space. Geographic Information
System (GIS) and Remote Sensing (RS) techniques were used to carry out LCLU assessment (Figure 1.3).
Classified LCLU from the satellite imagery using Random forest classifier were validated using ground
truthing points collected during fieldwork. The LCLU changes in the water towers were determined by
undertaking image differencing of 1990 image with the latest classified image using ERDAS Imagine
software and statistics tabulated as conversion matrix using Microsoft Excel.

“We spend billions of dollars looking for life on other planets and spend trillions
killing this one” Adopted from 40 clever environmental slogans, posters and quotes

6
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Figure 1.3: Process of mapping land cover and land use in the Water Tower

1.2.3 Assesment of Degradation Status
Desktop study was undertaken to identify degraded sites using satellite imagery. Land cover maps
were overlaid with slope data using weighted overlay. The weight of influence was set to range
between 1-3 where by ‘1’ has little or no influence on degradation and ‘3’ has the highest probability
of being degraded. The weights of influence for the two datasets were set at 60% for the land cover
and 40% for the slope. This means the land cover has more influence on degradation compared to
the slope. The degradation map was validated using ground truthing data.

Coordinated Water Towers Conservation
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Key Attributes
• Nthangu hills Water Tower is located
in Makueni County, 20 km from Wote
town along Wote - Tawa road
• The size of the Water Tower is 16, 239
ha
• It comprises of two gazetted forests;
Nthangu and Kitondo

Key Threats
and Challenges

Proposed
Interventions

• The highest point is 1,584 m
• It falls within the Athi Catchment
• All the rivers are seasonal flowing to
Kaiti and Thwake

• Forest fires
• Encroachment
• Lack of awareness on importance of
conserving the water tower

• Major LCLU in the gazetted forests is
forestland (80 %)

• Illegal logging and over exploitation
of timber products

• Major LCLU in the buffer is cropland
(55 %)

• Land degradation
• Charcoal production

• Reclamation and
rehabilitation of
encroached areas
• Creation of awareness
• Development and
maintenance of firebreaks
• Provision of alternative
community livelihoods
• Development and
implementation of
Ecosystem Conservation
Management plan
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2.0 Geographical Location
Nthangu- Kitondo Water Tower is located about 20km from Wote Town along the Wote-Tawa road.
It is found in Makueni County lying between -1.7171 [S] and 37.6013 [E] and comprises of two
gazetted forests; Nthangu and Kitondo. The Water Tower traverses 6 locations: Kilala, Iuani, Wote,
Kako, Waia and Kisau (Figure 2.1), covering 16,239 ha (Buffer-14,311 ha, Gazetted forests - 1,928ha).

Figure 2.1: Location of Nthangu Hill Water Tower

“ Water is the most critical resource issue of our lifetime and our children’s lifetime.
The health of our waters is the principal measure of how we live on the land.”
From best slogans for save water awareness and scarcity
10
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2.1 Topography

2.3.1 Rainfall

The hill rises to 1,256 m above sea level with its
highest point reaching 1,584 m above sea level.

The Kaiti catchment area has an annual rainfall
range between 150mm to 650mm. However,
Nthangu and Kitondo receive higher rainfall than
the surrounding area. For instance, in 2012 and
2013, it received a total of 904mm and 1201 mm
of rainfall respectively. This can be attributed
to its high level of elevation. The mean annual
rainfall is 974mm. The area receives two rainy
seasons; long rains occur in March /April while
short rains occur in November/December(KFS
2012 and Preserve Africa Intiative, 2012).

2.2 Geology and Soils
The soils in the area are developed from
undifferentiated basement and igneous rock
systems. These consist of vertisols (black cotton
soils) found along river basins, marshes and
depressions; usually waterlogged thus becoming
saline or sodic. The top hill is characterized by
loamy soils with some rock materials while the
middle and lower zones comprise of sandy soils.
These two soil types are well drained, shallow
and moderately deep to very deep, with an acid
humic top layer (Kenya Forest Service, 2009).

2.3 Climate
The larger Makueni County falls within the
agro-climatic zones IV–VI of semi-humid to arid
regions. Here moisture indices is less than 50%
and mean annual rainfall is much less than 1100
mm (Mengich et al., 2013).

2.3.2 Temperature
Makueni County generally experiences
high temperatures during the day and low
temperatures at night. The mean annual
temperature within the Kaiti Catchment is 1626°C with June being the coolest and February
the hottest months. Nthangu - Kitondo Water
Tower experiences cool temperatures ranging
from 20.2°C to 24.6°C (KFS 2012, Preserve
Africa Intiative, 2012).

Coordinated Water Towers Conservation
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2.4 Hydrology
The Water Tower falls within the Athi Catchment
and forms part of the Kaiti watershed. Kaiti
watershed constitutes the main Kaiti River and
its tributaries, hilltop forests and valleys forming
splendid landscape scenery. Some of the hilltop
forests which are important sources of water
for Kaiti River include Katende, Mutula, Kilala,
Matha, Nthangu, Kitondo, Makongo and Makuli
(KAMUKIMA Management Plan 2011-16, Kenya
Forest Service (2009).
The rivers and streams found in this Water Tower
are seasonal; filling and flowing with water only
during the rainy season. They include Nthangu,
Muiu, Yiuni, Kathini, Kamunyii, Mbimbini,
Kaumoni, Kathamba, Masaani, Mandalwa,
Kyamutala Kyeng’au, Lumu, Mukwii, Kyawatwa,
Mutomo, Muthii, Yandui, Ikua, Isyukani, IIyuni,
Kwa Nguni, Kyanguni, Wandiu, Mbondo,
Mwania, Kya ngoma, Kya ngwezwe, Kya ndumbu,
Kamana, Ngwani, Mutanga, Kanyai, Kiti Kyumu ,

Wanasya, Mukuuthuni and Kyamboo. All these
rivers and streams flow to either Kaiti or Thwake
(Fig. 2.2) the only two main rivers.
Kaiti river is a major tributary of Thwake river.
Thwake river funnels its water to Athi River, the
only perennial river flowing through Makueni
County. It is at the confluence of Athi and
Thwake rivers where Thwake multipurpose dam
is being constructed. This dam will cover an area
of 10, 276 km2, stretching to an approximate
12 km along the Athi River, and 8 km along the
Thwake River. Therefore, this Water Tower plays
a key role in the sustainability of this project by
ensuring constant water flow.
Approximately, over 62 springs are located in
this Water Tower out of which 10 were listed as
seasonal (Appendix 2). The rivers and springs
have been affected by degradation levels in
the Water Tower. They experience reduced
water volume and drying up of some springs,
sedimentation, pollution and contamination
while others have dried up.

“Waste water today – Live in desert tomorrow”
Adopted from 200 slogans on saving water

Coordinated Water Towers Conservation

13

Figure 2.2: River network in Nthangu water tower

14

Nthangu - Kitondo Water Tower Status Report

A section of Kaiti river © KWTA 2020
Coordinated Water Towers Conservation
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2.7 Biodiversity
Flora
Nthangu forest is considered the most diverse
and species rich ecosystem compared to
Kitondo forest. A record of 292 plant species are
found in Nthangu and 196 species in Kitondo.
These are represented in 105 families. Nthangu
is an indigenous forest that is considered less
disturbed while over 90 per cent of Kitondo
forest comprises of exotic plantations.

melanoxylon (Mvingo) and Ficus vasta (Kyumbu)
have become rare to find in the Water Tower. The
ensuing human disturbances have converted
the forest structure to mainly open canopy with
high dominance of herbaceous species and
growth of invasive species like Lantana camara.

Fauna

The common indigenous species include Acacia
pycnantha, Acacia polyacantha, Acokanthera
oppositifolia, Combretum mole, Combretum
collinum, Croton megalocarpus, Croton
macrostachyus, Terminalia brownie, Terminalia
spinosa and Cassia abbreviata. The common
species found in the plantation forests are
cypress, pine and eucalyptus species.

The Water Tower is home to several wildlife
species ranging from mammals, reptiles, insects
and birds. Mammals range from medium to
small sized species and they include Blotched
genet (Genetta maculate), hyena (Crocuta
crocuta), Impala (Aepyceros melampus),
dik dik (Madoqua kirkii), Bush baby (Galago
senegalensis), porcupine (Erethizon dorsaum)
Vervet monkey (Chlorocebus pygerythrus),
Olive baboon (Papio anubis), Hinde’s rock rat
(Aethomys hindei), bat (Epomophorus spp) and
suni (Neotragus moschatus).

However, the plant diversity in the Water Tower
is at risk from a myriad of human activities which
include uncontrolled livestock grazing, illegal
poaching of high value tree species, charcoal
production and firewood collection. These
activities have led to deforestation, habitat
fragmentation and degradation. Some trees like
Acokanthera oppositifolia (Mukweu), Dalbergia

There is a high number of bird species including
Cabani’s Greenbull (Phyllastrephus cabanisi).
Montane White-eye (Zosterops poliogastrus),
Black-backed Puffback (Dryoscopus cubla),
Rüppell’s Robin Chat (Cossypha semirufa),
Yellow-rumped Tinker bird
(Pogoniulus
bilineatus),
Tambourine
Dove
(Turtur
tympanistria), Eastern Nicator (Nicator gularis),
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Yellow-whiskered Greenbull
(Andropadus
latirostris), African Dusky Flycatcher (Muscicapa
adusta), Collared Sunbird (Hedydipna collaris),
Olive Thrush (Turdus olivaceus), and Peters’s
Twinspot (Hypargos niveoguttatus) (Malombe
et al., 2012).
Approximately 40 species of butterflies have
been recorded to exist in this Water Tower.
Some of the species include Precis archesia,
Acraea eponina, Charaxes pollux, Charaxes
brutus, Charaxes varanes, Charaxes candiope,
Neptis sp., Junonia natalica and Charaxes
aubyni (Malombe et al., 2012).

However, continuous habitat destruction and
degradation threatens the survival of these
wildlife species.

2.8 Population
The total population of Makueni County stood
at 884,253 persons in 2009. With a growth rate
of 1.4 per cent the population was projected to
grow to 989, 050 by 2017 (KNBS, 2009).
The Water Tower has a total population of
69,878; of which 34,712 were male and 35,166
were female. Wote, Kilala and Waia location had
the highest population while Kako and Luani
had the lowest (Figure 2.3).

“If we pollute the air, water and soil that keep us alive and well, and destroy the
biodiversity that allows natural systems to function, no amount of money will save
us” Author David Suzuki in 40 inspiring quotes on climate change, sustainable living
and our natural environment.

Coordinated Water Towers Conservation
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Figure 2.3: Total population in Nthangu-Kitondo Water Tower

Kilala and Wote locations have higher population densities (Figure 2.4). These are the main towns
whose economic activities are diverse high and so is the growth of the human population. This
therefore poses high potential threat of over utilisation of Water Tower’s resources as demand
increases.

18
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Figure 2.4: Population density in Nthangu Hill Water Tower

2.9 Ecosystem Services
The Water Tower provides both wood and non-wood products. The wood products include firewood,
charcoal, timber and wood for carvings. The non-wood products acquired include food in form of
wild fruits, honey, sand and herbal medicine. The gazetted forests are catchment areas for rivers,
streams and springs that form the key sources of water for domestic and commercial use.
The water tower is habitat to the wild species especially within the forested section as well as
grazing ground for livestock. Its higher elevation and forest cover support climate regulation,
carbon sequestration and acts as a catchment for rainfall. Additionally, the vegetation cover helps
in control of soil erosion and air purification.
Coordinated Water Towers Conservation
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2.10 Socio-economic Activities
Land ownership in the water tower is mainly through inheritance. Every land owner has a tittle
deed which is transferable to another person in case of ownership change. With an increasing
population, demand for settlement and agricultural land has multiplied leading to subdivision of
land per household. Majority of them currently own two to four acres.
The communities practice farming where they grow cash crops like mangoes, pawpaw, watermelons,
avocado, pixie, bananas, passion, kales and oranges. Food crops grown include maize, beans, green
grams, pigeon peas, millet, sweet potatoes, cassava, sugarcane, pumpkins.
They also practice animal husbandry where they keep dairy and beef cattle, sheep, goats as well as
poultry farming and bee keeping. To substitute their household income, they undertake other key
economic activities in small business enterprises within the market places.
Agroforestry is a common practice within the Water Tower with most farmers growing tree species
like Cypress, Grevillea robusta, Pine, Ficus sycomorus, Croton macrostachyus, Moringa, Syzygium
cumini, Acokanthera oppositifolia, Albizia gummifera, Acacia polyacantha and Terminalia brownii.

Farmland © KWTA 2020
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2.11 Landcover Land Use Classification
The current major land cover in the gazetted forests is forest (80%), followed by grassland (12%)
and the least is open water, which represented less than 1% (Figure 2.5). The presence of cropland
in the forest is an indication of encroachment mainly for agriculture.

Figure 2.5: Land cover and Land Use in the Gazetted Forests Area of the Water Tower

Coordinated Water Towers Conservation
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Within the buffer area, the major Land cover is cropland (55%), and the least is open water and
otherland at 1% each (Figure 2.6). Cropland cover both annual and perennial crops. Annual crops
consist of maize, cowpeas, beans, sorghum, vegetables and cassava among others. Perennial crops
include mangoes, oranges, and lemon, tangerine, avocado and pawpaw trees.

Figure 2.6: Land cover and Land Use in the Buffer Area of the Water Tower
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2.12 Land cover and land use trend analysis
Over the period, 1990 – 2019, the net changes within the gazetted forest varied from one LCLU class
to another. Grassland showed the most decrease while forest and cropland showed and equal level
of increment (Figure 2.7). This means that grassland was converted to either forest of cropland.

Figure 2.7: Net changes in LCLU Categories in the Gazetted Forests from 1990 – 2019

Coordinated Water Towers Conservation
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Trend analysis shows that between 1990 and 2000, grassland and cropland increased by 365 ha and
57 ha respectively. Forest decreased by 420 ha within the same period (Figure 2.8). However, from
the year 2000 forest took an increasing trend while grassland decreased. This is an indication that
grasslands were converting to forest as mentioned above. Cropland increased from 2010, recording
an increment of 59 ha in 2014 and 8 ha in 2019 (Figure 2.8).

Figure 2.8: Land Cover Land Use Trend Analysis in the Gazetted Forests
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Within the buffer area, the net changes showed that cropland recorded the highest increment
of 4,834 ha while grassland had the highest decrease to a record of 4,788 ha for the period
between 1990 and 2019 (Figure 2.9). Forest decreased by 126 ha, while the other classes recorded
insignificant changes.

Figure 2.9: Net changes in LCLU Categories in the Buffer Area from 1990 – 2019

Coordinated Water Towers Conservation
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The trend analysis indicates that between 1990 and 2000, grassland and cropland increased by 218
ha and 732 ha respectively, while forest decreased by 842 ha within the same period (Figure 2.10).
This means that forest was lost to both cropland and grassland. From the 2000 to 2019, grassland
decreased while cropland increased; and indication that grasslands were converting to croplands.
Forest increased between 2010 and 2019 (Figure 2.10) by 472 ha in 2014 and 550 ha in 2019.

Figure 2.10: Land Cover Land Use Trend Analysis in the Buffer Area
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The figure below shows the gross LCLU classification in 1990, 2000, 2010 and 2019.

Figure 2.11: Land Cover Land Use Classification Map for Nthangu - Kitondo Water Tower
Coordinated Water Towers Conservation
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2.13 Land Cover Land Use change detection 1990 – 2019
Land cover Land use change detection shows that 1,940 ha, 1,551 ha, 3,621 ha of cropland, forestland
and grassland respectively, remained under the same LCLU class from 1990 to 2019 (Table 2.3).
There were significant conversions from one class to another within the same period. Grassland
recorded the highest conversion where 5,434 ha and 1,068 ha were converted to cropland and
forestland respectively. An estimated 121 ha of cropland was converted to forestland. However,
forest was also converted to other LCLU classes. An estimated 540 ha and 658 ha of forestland to
cropland and grassland respectively (Table 2.3).
The conversion of over 6,000 ha to cropland is an indicator of an increasing demand for arable land
leading to expansion of cultivation into forest margins and decline of grasslands posing a threat to
forest cover.
Table 2.3: LCLU Change detection matrix, 1990 - 2019

1990

28

Cropland
Forestland
Grassland
Otherland
Wetland
Grand Total

Cropland
1940
540
5434
54
2
7969
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Forestland
121
1551
1068
9
0
2749

2019
Grassland
Otherland
899
53
658
3
3621
102
66
23
2
0
5247
182

Wetland
16
2
36
20
0
74

2.14 Degradation status
Assessment of degradation levels indicated that 8% of the Water Tower is facing high level of
degradation while 73% faces medium level of degradation (Figure 2.11). The areas facing high
degradation levels include those along Nthangu Forest boundary (Figure 2.12). The two forest blocks
face medium level of degradation as shown in figure 2.12. This, therefore calls for prioritization for
rehabilitation of these protected areas. Other areas that require rehabilitation include south of
Waia, Wote, Kako and Kilala locations (Figure 2.12).

Figure 2.12: Degradation levels in Nthangu - Kitondo Water Tower

Coordinated Water Towers Conservation
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Figure 2.13: Degradation map of Nthangu - Kitondo Water Tower
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2.15 Stakeholder Profiling
Several stakeholders support the conservation and management of Nthangu Hill Water Tower. The
stakeholders include state institutions, non-state organizations and the local community. The roles
of the stakeholders is listed below.

No.

Institutions

Role

State Actors
1

Kenya Water towers Agency

Coordinate and oversee the conservation, protection and
sustainable management o all water towers

2.

Kenya Forest Service

Conservation and management of forest resources in
Kenya

3.

Kenya Wildlife Service

Conservation and management of wildlife in Kenya

4.

County Government of Makueni

Policy administration and management of county
resources

5.

Ministry of Agriculture, Livestock,
Fisheries and Irrigation

Enhance national food security through sustainable
natural resource management and promotion of improved
agricultural practices

6.

National Environment Management
Authority

Regulatory and coordinating role in environmental matters

7.

Water Resources Authority

Promote water resources regulations and management

Coordinated Water Towers Conservation
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No.

Institutions

Role

8

Ministry of Water and Sanitation

Promoting water resources availability and accessibility by
all

9

National Land Commission

10

Kenya Forest Research Institute

11.

Tana Athi River Development
Authority

Management of public land and development of land
policies
Carry out research and provide information and
technologies for sustainable forestry
Promote and undertake sustainable development of Tana
and Athi river basins

Non-State Actors
12

Community Forest Associations
(Nthangu and Kitondo)

Conservation and protection of Nthangu and Kitondo hill
forests

13

Water Resource Users Associations

Management of water sources at sub-catchment level

14.

Africa Sand Dam Foundation

Construction of sand dams

15

UTOONI

Supporting self-help groups in sustainable environmental,
water and agricultural management

16.

Dryland Natural Resource Center

Promoting community engagement in dryland resource
management and building sustainable livelihood programs

17.

Jisaidie Nikusaidie Womens Group

Supporting women’s engagement in conservation and
establishment of alternative livelihood options
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No.

Institutions

Role

18.

Taa Development Forum

Promoting reafforestation programs

19.

Bright Stars

Establishment of tree nurseries for sale of seedlings

20

Waia CBO

Promoting conservation through reafforestation programs

21.

Kyeni Kya Maviani CBO

Engagement in reafforestation programs

22

Kyenee CBO

Engagement in reafforestation programs

23

Kaiti river bank protection self -help
group

Engaging the community in protection and conservation
of riparian land

24

Nthangu Green Field/ Nthangu
Acapella

Promotion of reafforestation programs

25.

Kanaani Community self-help group

Promoting conservation awareness and advocacy

26

US Agency for International
Development (Kenya Integrated
Water, Sanitation and Hygiene
program)- KIWASH

Improving community lives and health through facilitating
the access of clean water

27

Food and Agriculture Organization
(FAO)

Building a food-secure country and improving the living
standards of all through sustainable agriculture
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Ongoing conservation activities in the Water Tower
The following conservation activities are being undertaken towards conserving this water tower as
indicated:
No.

Conservation activity

Institution

1.

Tree planting and establishment of tree
nurseries

• County Government of Makueni
• Kenya Forest Service
• Kyenee CBO
• Kyeni Kya Maviani CBO
• Kanaani Community self-help group
• Nthangu Green Field/ Nthangu Acapella
• Waia CBO
• Jisaidie Nikusaidie Womens Group
• Bright stars CBO
• Taa Development Forum- Mbooni
• Individual farm owners
• CFAs

2.

Capacity building on good agricultural
practices

• County Government of Makueni
• Ministry of Agriculture, Livestock, Fisheries and Irrigation

3.

Promoting alternative sources of
livelihood

• Nthangu Community Forest Association
• Jisaidie Nikusaidie Womens Group

4.

Wood lot management and agroforestry • Dryland Natural Resource Center

• Nthangu Community Forest Association
5.

Construction of sand dams, river bank
protection and spring protection

• UTOONI
• Africa Sand Dam Foundation
• Kaiti river bank protection self -help group
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2.16 Threats and Challenges facing the Water Tower
1. Forest fires
This is a major threat in this Water Tower. Most of the forest fire cases are human induced, either
accidental or deliberate. During the process of charcoal production, kilns are left unattended and
with strong winds, fire easily spreads into unintended areas. Fire is also used to clear farm land
in preparation for planting. Similarly, wind spreads the fire beyond the farm lands into the forest.
These two scenarios commonly occur in areas bordering the forested area. Fires are also started
maliciously by law offenders to conceal illegal actions such as unauthorized logging of trees. This
commonly occurs in Kitondo forest, while charcoal production is common in Nthangu forest.

2. Illegal logging and over-harvesting of timber products
A large population in this Water Tower depends on firewood and charcoal as the main source of fuel.
This has translated to over-harvesting of wood products to meet their energy needs. Additionally,
they harvest local tree species for timber, either for sale or personal use in building and construction
which occurs illegally. This has been aggravated by weak enforcement of the law. This continuous
over-exploitation of forest resources has significantly reduced Nthangu and Kitondo vegetation
cover hence exposing it to degradation as discussed in section 2.14 above. In Nthangu forest, trees
have been replaced by invasive shrubs mainly Lantana camara.

3. Encroachment
Increased human population has led to a greater demand for agricultural land, and this has led to
expansion of their farmlands into the forest. This has further been aggravated by unclear forest
boundary which occurs in Nthangu.

Coordinated Water Towers Conservation
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4. Land degradation
Poor land management practices
in the Water Tower have led to
expansive land degradation.
Unsustainable farming practices
like cultivation along slopes
with no terracing have led to
increased soil loss resulting
from erosion hence formation
of deep gullies and poor farm
yields. Loss of vegetation cover
in grasslands and forestland
has aggravated the problem.
It was noted that these areas
are prone to landslides which
pose a significant threat to this
ecosystem. The resultant impact has been loss of fertile soil to support farming, loss of biodiversity
and increased sedimentation in rivers and reduced water quality due to increasing turbidity levels.

5. Charcoal production
Charcoal is one of the energy sources utilized in this Water Tower. It is also a source of household
income. Production of charcoal utilizes mainly indigenous trees species. Over time, continued
harvesting of these species has led to reduction of the forest cover as well as loss of species like like
Acokanthera oppositifolia (Mukweu), Dalbergia melanoxylon (Mvingo) and Ficus vasta (Kyumbu)
among others.
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Charcoal burning within the buffer area of Nthangu Kitondo Water Tower
©KWTA 2020
Coordinated Water Towers Conservation
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6. Low level of awareness on conservation of the water tower
Due to low levels of sensitization on environmental conservation, the community did not understand
their role in conservation. This has led to lack of participation in environmental activities..

7. Weak coordination and governance Structures
There are several institutions (Government and NGOs) mandated to conservation who are
working in this Water Tower. However, there are uncoordinated efforts as each institution works
independently.

2.14 Proposed Interventions
1. Creation of awareness on the importance of conserving the Water Tower
The community is a key stakeholder in protection and conservation of the Water Tower as they
possess the indigenous knowledge on conservation. To increase their participation in conservation,
environmental education and awareness is essential. To enhance sustainability, environmental
education can be incorporated in schools through environmental clubs.

2. Reclamation and rehabilitation of encroached areas
This will involve reclamation of the encroached land. The forest boundaries will therefore require
realignment and where beacons are missing, there will be need to replace them. Rehabilitation
works will play a key role in restoring the ecosystem. This will involve practices like tree planting,
rehabilitation of gullies, terracing and spring protection.
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3. Development and maintenance of firebreaks
Fire breaks will reduce the chances of the fire spreading to uncontrollable levels. Well maintained
roads act as firebreaks as well as ensuring easy access by vehicles and trucks in case of an outbreak.
In other areas with no roads, fire breaks can be created by mowing of grass in identified areas to
reduce grass biomass which can fuel spread of fire.

4. Enhance enforcement of rules and regulations
There is need to strictly enforce the rules and regulations governing conservation by the
relevant authorities working in the Water Tower. Other forms of enhancing enforcement can be
through building institutional capacities and human resources by training and staffing, providing
remunerations to officers proportionate to responsibilities and promoting interagency linkages at
all levels.

5. Introduction of Community Livelihoods Programme
Community reliance on sale of forest products can be substituted by introduction of alternative
livelihood options. Women and youth groups can be trained on income generating activities like bee
keeping, ecotourism, butterfly farming, horticulture and aquaculture. They can also be supported
to adopt improved techniques in animal husbandry like zero grazing to increase animal productivity
and profitability.

6. Introduction of alternative sources of energy
Use of modern technologies of energy like energy saving jikos, biogas and briquettes will reduce
over reliance of the forest for firewood and charcoal products. On-farm tree farming should be
promoted to ensure constant standing biomass where branches can be harvested for use.

Coordinated Water Towers Conservation
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Open forestland in Nthangu Kitondo Water Tower ©KWTA 2020
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3.0 Proposed Implementation Matrix
The table below provides a road map on the implementation of the action plan aimed at restoring
the ecosystem integrity of Nthangu Kitondo Water Tower.
No.

Threats

1.

Low levels of
awareness on
conservation of
Water Tower

Recommendations Period Estimated
budget
(Ksh
Millions)
Community
Contin- 10*
sensitization and
uous
awareness on
conservation of
the Water Tower
through forums
or established
resource centers

Capacity building
on conservation
strategies

3 years 20

Responsibility Expected outcome

KWTA, KFS,
• Increased level
KWS, NEMA,
of awareness on
CFA, WRA,
conservation
WRUAs,
Ministry of
Interior and
Coordination,
County
Government
of Makueni,
NGO’S
KWTA, KFS,
• Increased
KWS, NEMA,
participation in
CFA, WRA,
conservation
WRUAs,
efforts within the
Ministry of
Water Tower
Interior and
Coordination,
County
Government
of Makueni,
NGO’S
Coordinated Water Towers Conservation
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No.

Threats

2.

Encroachment for
agriculture

42

Recommendations Period Estimated
budget
(Ksh
Millions)
Enhanced
Contin- 50*
enforcement
uous
by increasing
infrastructure for
monitoring such as
aerial surveillance

Responsibility Expected outcome

Reclamation and
rehabilitation of
encroached areas

KFS, CFAs,
• Encroached areas
WRA, WRUAs, reclaimed and
KWTA, Survey rehabilitated
of Kenya,
hence increased
County
forest cover
Government
of Makueni,
Ministry of
Interior and
Coordination,
NGOs
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3 years 30

KFS, DRSRS,
• Improved
Survey
monitoring of
of Kenya,
encroachment
National Land extent in the
Commission,
water tower
KWTA, County
Government
of Makueni,
Ministry of
Interior and
Coordination,
NGOs

No.

3.

Threats

Recommendations Period Estimated
budget
(Ksh
Millions)
Over-harvesting
Enhanced
Contin- 50*
of trees for
enforcement of
uous
timber (domestic
laws through
construction
improving
and small-scale
monitoring
commercialization) systems such as
patrol motorbikes
and building
institutional
capacity through
training, staffing
and remunerations.

Responsibility Expected outcome

Promotion
of woodlot
establishment and
agroforestry

KFS, CFAs,
• Reduced reliance
KEFRI, County on forest trees
Government • Increased
of Makueni,
alternative
Ministry of
livelihood income
Interior and
from fruit trees
Coordination, grown on-farm
NGOs

3 years 20

KFS, CFAs,
• Enhanced
KWTA, County monitoring,
government
reporting and
of Makueni,
penalizing of
Ministry of
illegal activities
Interior and
in the forest for
Coordination
improved forest
NGOs
cover
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No.

Threats

4.

Land degradation
(soil erosion and
landslides)

44

Recommendations Period Estimated Responsibility Expected outcome
budget
(Ksh
Millions)
Tree planting
3 years 15
KFS, CFAs,
• Reduced cases of
KWTA, WRA,
soil erosion due
WRUAs,
to soil compaction
NEMA,
• Increased forest
County
cover
Government
of Makueni,
Ministry of
Interior and
Coordination,
NGOs
Gulley
3 years 20
KWTA, WRA, • Improved soil
rehabilitation
WRUAs,
stability
Ministry of
Agriculture,
County
Government
of Makueni,
Ministry of
Interior and
Coordination,
NGOs
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No.

5.

Threats

Recommendations Period Estimated
budget
(Ksh
Millions)
Initiation of
3 years 30
Sustainable Land
Management
such as terracing,
contour ploughing
on farms

Charcoal production Enforcement
Contin- 10*
of charcoal
uous
regulations through
regular audits
and licensing of
producers and
issuing of permits
Adoption of
3 years 20
sustainable
charcoal
production
practices such as
on farm woodlot
establishment
for charcoal
production,
rotation system in
harvesting wood
for charcoal

Responsibility Expected outcome

KWTA,
Ministry of
Agriculture,
County
Government
of Makueni,
Ministry of
Interior and
Coordination,
NGOs
KFS, CFAs,
CPAs, Ministry
of Interior and
Coordination,
County
Government
of Makueni
KFS, CFAs,
CPAs, KEFRI,
Ministry of
Interior and
Coordination,
County
Government
of Makueni,
NGOs

• Improved soil
productivity
• Enhanced
agricultural
production

• Effective
monitoring and
response to
unsustainable
charcoal
production
• Reduced pressure
on forest trees
for charcoal
production
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No.

6.

Threats

Forest fires

Recommendations Period Estimated
budget
(Ksh
Millions)
Promotion of
alternative sources
of clean energy

Constructing and
maintaining fire
breaks

Contin- 20*
uous

Development
5 years 50
of fire alert and
response system
e.g. better
infrastructure such
as watch towers
and access roads
46
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Responsibility Expected outcome

KFS, CFAs,
• Reduced pressure
KWTA,
on forest
Ministry
resources hence
of Energy,
increased forest
County
cover
Government • Decreased cases
of Makueni,
of health impacts
Ministry of
associated with
Interior and
use of charcoal
Coordination, as a household
NGOs
energy source
KFS, CFAs,
• Reduced impact
KWS, KWTA,
and extent of fires
County
Government
of Makueni,
Ministry of
Interior and
Coordination,
NGOs
KFS, KWS,
• Timely alerting
KWTA, County and response to
Government
fire incidences
of Makueni,
hence reduced
Ministry of
impact of fires
Interior and
Coordination,
NGOs

No.

Threats

7.

Increased demand
for economic
empowerment

8.

Weak coordination
and governance
structures

Recommendations Period Estimated
budget
(Ksh
Millions)
Introduction
5 years 50
of alternative
Community
Livelihoods
Programmes such
as bee keeping,
ecotourism,
butterfly farming,
horticulture and
aquaculture

Responsibility Expected outcome

Development and
implementation
of Ecosystem
Management Plan

KWTA,
• Improved
Ministry of
synergized efforts
Interior and
in conservation of
Coordination, the water tower
NEMA, KFS,
KWS, WRA,
KMD, County
Government
of Makueni,
CFAs, WRUAs

2 years 15

KWTA, KFS,
• Improved
CFAs, KWS,
household income
Ministry of
Interior and
Coordination,
NGOs, County
Government
of Makueni
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No.

Threats

Recommendations Period Estimated
budget
(Ksh
Millions)
Creation and
Contin- 15*
continuous
uous
facilitation of
strong platforms

TOTAL

425

Responsibility Expected outcome

KWTA,
• Maximize on
Ministry of
collection
Interior and
of resources
Coordination, for larger
NEMA, KFS,
conservation
CFAs, KWS,
programmes
WRA, WRUAs, • Coordinated
KMD, County
conservation
Government
activities
of Makueni,
NGOs

Note: * Represents budgets per year for continuous recommendations.
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4.0 Conclusion and Recommendations
Nthangu Water Tower is an important ecosystem in Makueni County. It supports various ecosystem
services and products that support community livelihood. These services range from water
provision of water, medicinal, climate regulation, carbon sequestration, provision of wood products
(firewood, timber) to natural habitat for fauna. However, the Water Tower faces a number of threats
that if not checked will lead to loss of ecosystem health and resilience. There is therefore need to
promote conservation initiatives and create awareness at community level on the need to conserve
the Water Tower.
Some of the proposed initiatives include:
1. Reclamation and rehabilitation of encroached forest areas
2. Development and maintenance of firebreaks
3. Enhanced enforcement of relevant laws and regulations
4. Implementation of green energy sources
5. Promotion of alternative sources of community livelihood
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Appendix
Appendix 1: List of tree species used for different purposes in Nthangu Hill Water Tower
No

Purpose

Common Name

Scientific Name

Local Name (Kamba)

1.

Charcoal

Wattle tree

Acacia pycnantha

Kiseele

White thorn tree

Acacia polyacantha

Kiselele

Bushman’s poison

Acokanthera oppositifolia

Kikweu

Velvet bushwillow

Combretum molle

Kiama

Croton

Croton megalocarpus

Kithulu

Red pod terminalia

Terminalia brownii

Kiuuku

Blue gum

Eucalyptus camaldulensis

Musanduku

Mango tree

Mangifera indica

Kiembe

Oil cake tree

Albizia amara

Kiundwa

Guava

Psidium guajava

Kiseele

Kivela

Acacia polyacantha

Kiselele

Grevillia

Grevillea robusta

Mukima

Cypress

Cupressus lusitanica

Blue gum

Eucalyptus camaldulensis

Musanduku

Grevillea

Grevillea robusta

Mukima

Velvet bushwillow

Combretum molle

Kiama

Cypress

Cupressus lusitanica

Blue gum

Eucalyptus camaldulensis

Musanduku

White thorn tree

Acacia polyacantha

Kiselele

Bushman’s poison

Acokanthera oppositifolia

Kikweu

Melia volkensii

Mikau

2.

3.

Firewood

Building and
Construction

Mnuono
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No

Purpose

Common Name

Scientific Name

Local Name (Kamba)

4.

Timber

Grevillea

Grevillea robusta

Mukima

Broad-leaved croton

Croton macrostachyus

Kitundu

Golden wattle

Acacia pycnantha

Kiseele

Cypress

Cupressus lusitanica

Blue gum

Eucalyptus camaldulensis

Musanduku

Mango tree

Mangifera indica

Muembe

Long-tail cassia

Cassia abbreviata

Kyathandathe

Ficus

Ficus thonningii

Kiumo

Eucalyptus camaldulensis

Musanduku

Red pod terminalia

Terminalia brownii

Kiuuku

Bush plum

Carissa spinarum

Kikawa

5.

Herbal Medicine Blue gum

Muteo

6.

Others e.g.
carvings

Guava

Psidium guajava

Kivela

Red stinkwood

Prunus africana

Wattle tree

Acacia pycnantha

Kiseele

Croton

Croton macrostachyus

Kitundu

Aloe

Aloe vera

Kiluma

Mexican marigold

Tagetes minuta

Muvangi

Ficus

Ficus thonningii

Kiumo

Spiny terminalia

Terminalia spinosa

Kitula

African blackwood

Dalbergia melanoxylon

Mvingo

Red pod terminalia

Terminalia brownii

Kiuuku
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Appendix 2: List of springs found in Nthangu - Kitondo Water Tower
No

52

Spring

Location

Seasonality

1.

Isyokoni

Kisau

Permanent

2.

Kwamalwa

Kilala

Seasonal

3.

Kwa thyaka

Kilala

Seasonal

4.

Kwa mailu

Kilala

Permanent

5.

Muthini

Kilala

Seasonal

6.

Ilakoni

Kilala

Permanent

7.

Kwa kiketi

Kilala

Permanent

8.

Kwa ngumbu

Kilala

Seasonal

9.

Kwa mulewa

Kilala

Seasonal

10. Itulusyu

Kilala

Permanent

11. Ngoloi

Kilala

Seasonal

12. Kya mutala

Kilala

Permanent

13. Kwa kimayu

Kilala

Permanent

14. Isyokoni

Kilala

Permanent

15. Kwa mbwikya

Kilala

Permanent

16. Kyamwanga

Kilala

Permanent

17. Kwa kiswii

Kilala

Permanent

18. Kwakaswe

Kako

Permanent

19. Kwamativo

Kako

Seasonal

20. Kwanguku

Kako

Seasonal
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No

Spring

Location

Seasonality

21. Katothya

Kako

Permanent

22. Mutisya kivungi

Mbumbuni

Permanent

23. Ngungani

Mbumbuni

Permanent

24. Kye ngai

Mbumbuni

Permanent

25. Kya nthuke

Mbumbuni

Permanent

26. Kwa mutua mwanthi

Mbumbuni

Seasonal

27. Naana

Waia

Permanent

28. Kwenzi

Waia

Permanent

29. Forest camp

Kaumoni

Seasonal

30. Kwa wali

Mituvu

Permanent

31. Kwa ndombo

Mituvu

Permanent

32. Kya nziva

Iuani

Permanent

33. Kya vulya

Iuani

Permanent

34. Mutangaa

Iuani

Permanent

35. Kaaloa

Iuani

Permanent

36. Mutondoni

Iuani

Permanent

37. Kya mutula

Iuani

Permanent

38. Ikangaani

Iuani

Permanent

39. Kya nzumbu

Iuani

Permanent

40. Kwa voo

Iuani

Permanent

41. Nzukini

Iuani

Permanent

42. Ndiuni

Iuani

Permanent
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No

54

Spring

Location

Seasonality

43. Kwa maswili

Iuani

Permanent

44. Kwalala

Iuani

Permanent

45. Nthongoni I

Kaiani

Permanent

46. Nunguri

Kaiani

Permanent

47. Kya kyoo

Kaiani

Permanent

48. Kya nduli

Kaiani

Permanent

49. Sisyani

Kaiani

Permanent

50. Kititi

Kaiani

Permanent

51. Nthongoni II

Kaiani

Permanent

52. Kya kitove

Iuani

Permanent

53. Mukooweni

Iuani

Permanent

54. Kya ngombe

Iuani

Permanent

55. Nthongoni III

Iuani

Permanent

56. Kya nthaa

Iuani

Permanent

57. Kya ngundu

Iuani

Permanent

58. Kya mandi

Iuani

Permanent

59. Kaiuni

Iuani

Permanent

60. Kwa ngele

Iuani

Permanent

61. Nthanzai

Kitondo

Permanent

62. Kivuenini

Kitondo

Seasonal
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