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ABSTRACT

Wetlands degradation in terms of biodiversity and ecosystem health has been experienced
especially from wetland vegetation loss due to unsustainable usage of natural resources.
This study explores the indicators involved and various strategies the local community
employs in utilization and conservation of Rwamuthambi sub catchment, the role played
by Water Resource Users Association (WRUA) to influence the sub catchment area
management and how these strategies can be used to monitor and communicate
sustainability. Data was collected using field surveys, questionnaires, key informant
interviews and direct observations. This data was analyzed through descriptive statistics
and regression analysis using Stata software. The results indicated that level of household
incomes influenced level of sub catchment conservation and sensitization (p< 0.05).
Enforcement had a significant positive influence (p< 0.05) to the economy and
environment components. Community involvement and community initiative had a
strong significant influence (p< 0.05) on utilization, conservation and sensitization which
are the components of sustainability. The study revealed that sustainability was mainly
about people and their wellbeing. The study found that 82% of the community members
were involved in sub catchment utilization activities. Though profit driven, their
involvement subsequently improved the sub catchment conservation.  However,
community levels of education did not influence sub catchment sustainability. The study
adopted and improved the illustration of sustainability pillars as the framework to monitor
and communicate the effects of these indicators. Based on the findings, the study
concluded that conservation was a function of utilization and recommended a systematic
follow-up by practitioners on the tipping point of utilization-driven conservation.

1. Introduction

Although wetlands sustainability ensures human
survival on earth both at present and in the future, it is
unfortunate that the concept of sustainability has not
been regarded by many individuals as crucial to their
daily lives (Robertson 2018; EPA, 2017). In order to
efficiently provide these critical services to humanity,
wetlands need to be healthy so that they carry out their
functions such as receive water, filter wastes, clean
pollutants, mitigate floods and droughts, and recharge
water aquifers (Junhong ef al., 2013; Momanyi, 2005;
Mitsch & Cosselink, 2000). Additionally, wetlands
support a broad range of biodiversity by providing
suitable habitats. They also act as global carbon sinks
and climate stabilizers (Momanyi, 2005, Mitsch ef al.,
2015, Mclnnes, 2013).

However, irrespective of their typology or nature
wetlands are faced by some common threats. The most
common is as a result of human activities and their
effect on decision making which impact on wetland
resources (Brouwer et al., 2003; Saadati et al., 2013).
For instance, more than half of the global wetlands have
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been reclaimed for agricultural use, while others have
been cleared to pave way for infrastructural
development (Schuyt, 2005; Demnati et al., 2012).
Such numerous wetland loss and alarming pace of their
destruction raised the world focus on the need for their
conservation (Ma et al., 2011).

Kenya is no exception to these challenges as its wetland
discharge rate dropped from 647M° to 200M’ between
1992 and 2012. Although there is evidence of wetland
degradation and encroachment, the actual extent of
wetlands is unknown due to lack of proper wetland
inventory (Kenya wetlands forum, 2012; EMCA, 2012).
However, through use of satellite imagery information,
dwindling spatial areas of wetlands are observable
including development activities and state of vegetation
cover (Stewart et al., 1980; Baker et al., 2007; Guo et
al., 2017). Rwamuthambi sub-catchment area in
particular has experienced pressure from economic
development, lack of information and failure of
conservation interventions leading to deterioration,
encroachment and lack of sustainability of its wetlands
(RSCMP, 2015).

Water Resource Users Associations (WRUAs) were
established by the Kenyan government under Water
Resources Management Authority (WRMA) (Water Act
2002) currently known as Water Resources Authority
(WRA) (Water Act 2016).
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They are meant to regulate, formulate and enforce
standards and procedures for management and
utilization of water resources and other related
functions. A WRUA is local community based
organization meant to create collaboration in
management and conflict resolution in matters that
concern water resources use. According to Andresen &
Curado (2015) healthy wetlands can be sustained
through balancing conservation objectives with farming
practices, irrespective of whether they are traditional or
modern intensive agricultural methods.

Robertson (2018) indicated that much of environmental
stress was as a result of lack of information and
understanding of interrelationships of the spheres of
sustainability and how they could be monitored.
Seddon et al. (2016) also noted that for effective
conservation, restoration and sustainability there must
be clear understanding of biodiversity in science and
policy spheres. Xuehua & Sun (2010) concluded that
socio economic indicators for wetland sustainability of
all environmental resources are the most threatened.

Even though the term sustainability is used often, the
community and wetland related institutions may not
associate it to their activities and behaviour over the sub
catchment. This is contributed by lack of systematic
exploration on the relationship between human
wellbeing and biodiversity as integral to sustainable
development agenda (Griggs et al., 2013; UN 2015;
Sachs et al., 2009; Adams et al., 2004). According to
ePLANETe (2015) and Gouzee et al. (1995),
sustainability is viewed in three dimensions that include
economic, environmental and social aspects which
overlap in a logical way. And as Marc (2018) asserted,
in order to attain sustainable development there must be
a connection and a balance of the three elements since
they are usually in conflict. Economic sphere which is
profit driven should balance with environmental and
social systems since long term economy depends on the
latter. At the same time, social stability is a sub set of
environmental sphere where people and their culture
operate within the environment. Similarly, these
arguments apply to the environmental sphere when
viewed against economic and social spheres (Ibid).

This study employed sustainability indicators as tools to
monitor and assess wise use application and interaction
(Von 2000) with WRUA in Rwamuthambi sub
catchment. Relevant information was analyzed and
communicated through use of identified indicators
(Walmsley et al., 2001; Gallopin, 1997), which are
essential for measuring sustainable development
(Walmsley et al., 2001). Before adoption of indicators
in explaining environmental systems sustainability as
per Chapter 40 of Agenda 21, they have since been used
by economists for expounding economic trends (Bakkes
et al., 1994; Gouzee et al., 1995).

By focusing on community socio-economic activities as
indicators and on the role played by WRUA in
sustainability of Rwamuthambi sub catchment, the
study sought to establish where these activities came
into play in the overlap of the three spheres of
sustainability (economy as manifested through
utilization, environment through conservation and
social element through sensitization). The aim of the
interrogation was to highlight where these attributes
affected the pillars of sustainability in order to ascertain

what to monitor and also ensure communication of the
outcome in a simplified and concise format. Ostrom
(1990) suggested that monitoring of a resource by users
themselves was a way to foster community
collaboration. This was in support to Ruhet (2017) who
recommended that there needed to be appropriate
technical approaches involving skills in effective
communication processes and negotiations through
inclusive public participation. Similarly, findings from
Shahzalal & Hassan (2019) and Evans et al. (2006)
avered that communication increased acceptability of
sustainability culminating to positive adaptation to
sustainable behavior.

2. Methodology

The study was conducted in Rwamuthambi Sub
Catchment (RSC) which traverses from Mount Kenya
forest through Nyeri County before entering Kirinyaga
County through which it flows up to its confluence with
River Sagana. The sub catchment is part of upper Tana
River catchment area, one of the major basins in Kenya
(MEMR, 2012). Rwamuthambi River is a major
tributary to River Sagana which is known as Tana River
in its old stage. A combination of cultural and socio-
economic  activities led to degradation and
encroachment of the sub catchment resources. The sub
catchment system consists of several perennial and
ephemeral streams, swamps, irrigation projects and
water pans. As indicated in Figure 1, the area is
geographically located along 0° 37' 6" S, 37°14' 57" E;
0°37'6" S, 37°24'34" Eand 0° 69' 9" S, 37° 14' 57" E
and 0° 69'9" S, 37° 24' 34" E (Ibid).

The sub catchment lies within Upper Midland-I
(Kiambagathi- Forest; Kiamagunyi), Upper Midland-II
(Kirimaini) and Upper Midland-III (Kagio-Baricho;
Kwa V) agro-ecological zones. The area is endowed
with well drained soils which are extremely deep, dusky
red to dark-reddish-brown in the upper side and friable
clay, with acid- humic topsoil and nitisols (Farm
Management Handbook of Kenya, 2010). The area
experiences a tropical climate owing to its close
proximity to the Equator and being on the windward
side of Mount Kenya. Its annual temperatures range
between 17°- 20°celcius. It experiences two rainy
seasons; the long rains occurring from mid-March to
May, and short rains from mid-October to December,
with an annual precipitation of 800 - 1200mm (CGK,
2013; Farm Management Handbook of Kenya, 2010).

Most of the farming is seasonal based (Ibid) but
population pressure, socio-economic needs and climate
change has pushed farming to irrigation based (Hulme
et al., 2001; IITA 2014). The main cash crops grown
were coffee, tea, bananas and Macadamia. The food
crops included maize, beans, and various types of fruits
and horticultural crops which also substituted as source
of income generated from their sale. The residents also
practice zero-grazing dairy farming whereby most of
the natural animal feeds are grown along the wetlands
(Farm Management Handbook of Kenya, 2010).

The area was subdivided into five sections Kiambagathi
- Forest, Kiamagunyi, Kirimaini, Kagio- Baricho and
Kwa V with the boundaries created by the points where
the tarmac road dissected the drainage channel as it
flowed from the source to the confluence as shown in
Figure 1.
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Figure 1: Rwamuthambi Sub Catchment

Field data collection was conducted during the dry
season in the months of July and September 2018 using
a detailed questionnaire, key informant interviews direct
observations and review of documents. A total of 196
community respondents sample n=196 of the
community stakeholders was obtained through
Cochran’s formula by Horse (2018) and Rucker (2017)
as follows, based on a household population of 19,800;-

n, = Z°pa

e 2

(2,)
Where n, Cochran’s sample size
recommendation; Z = Z value (i.e. 1.96 for 95%

confidence level); p =proportion of the population with
direct attribute to the sub catchment governance; e, =
desired level of precision-confidence interval +7% =
(x0.07)) and Population proportion= 50%.

The questionnaire was also administered to Water
Resource Users Association Management Committee
Members (WRUA-MCMs), relevant county
government heads of departments and selected national
government administrators within the sub catchment
area. They were representative for the sub catchment

area and had been democratically elected by
stakeholders vide the guidelines of Water Resource
Management Authority (WRMA) (Water Act 2002).
The targeted government officers were both from
relevant county departments and national government
administrators in charge within the study area.

The questionnaire targeted household head or the senior
most person in the homestead who had attained age of
18 years, which is considered as age of consent in
Kenya. A pretest of the questionnaire was conducted to
a small sample. The outcome was used to refine the
questionnaire and reorder them to ensure that questions
were structured in a way that did not alter their meaning
or influence the responses. The pre-test data was also
used to evaluate the questionnaire administration and
get familiar with the instrument (Marambanyika et al.,
2016; Saunders et al., 2003). The respondents
understanding of the questions and any problems they
encountered in answering the questions was also
assessed and adjusted to suit the study (Marambanyika
etal., 2016).

A stratified systematic sampling method was used for
questionnaire administration.
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The strata comprised of land owners within the sub
catchment area and those abutting the river. Data was
collected by drawing transects. Every 5th household
along transect was considered for interview (Leedy et
al., 2013; Pearson et al., 2012).

The questionnaire was divided into four parts. The first
part dwelt on information in regard to status of
governance within the sub catchment; the second was
on effects of existing governance to the sub catchment
area. The third part gathered information on scenarios
influencing future utilization sustainability while the
last part was on biodata. Transect walks were done
throughout the sub catchment area upon which
observable records were captured.

Key informants were purposively selected within
WRUA-MCMs, relevant county heads of departments
and village opinion leaders.

The interviews were conducted face to face at places
agreed with each interviewee. The questions were open
ended aimed at capturing information on impacts of
projects initiated by WRUA, approach used in
sensitization and conservation and the decisions behind
utilization of the sub catchment area

Secondary information was mainly from topographical
maps which provided a basis for evaluation of change
(Stewart et al., 1980). Epochs of satellite imagery was
used to establish vegetation cover variations on the
wetland (Baker et al., 2007; Guo et al., 2017). Relevant
literature from journals, books and authorised
publishers from the internet were also perused besides
local policies, laws and legislations mainly
environmental related and relevant international
conventions as shown on tables 1 and 2.

Table 1: List of topographical maps

Topographical maps Reference no.

Embu 135-2
Ithanga 135-4
Karatina 121-3
Murang’a 135-1

Table 2: List of laws and policies

Law/ Policy Year of publication
Constitution of Kenya 2010

Physical Planning Act cap 286 1996

Agriculture Act Cap 318 1986, 2012
Survey Act cap 299 1969

National Land Use policy 2017
Rwamuthambi Sub Catchment 2015
Management Plan

Environmental Management 1999, 2018

and Coordination Act cap 387

Water Act Cap 372 1974, 2002, 2016

The data gathered was categorized according to types of
information and variables (Schoenbach, 2004). The
data was analyzed using regression based on (Stata)
software at 95% confidence level in order to establish
relationships between variables.

3. Results

3.1 Social economic characteristics and sub
catchment utilization

The study administered a total 223 questionnaires to
respondents consisting of = community members, 21
WRUA-MCMs, 4 Departmental heads and 2 local
administrators. However, only 201 questionnaires were
returned at the end of the study. Focused group
discussions were also conducted to WRUA-MCM and
some selected community opinion leaders.

An evaluation on the level of education of the
community established that 63% had gone beyond
secondary education (secondary 43%, college 17%,
university 3.5 %). 36% had primary school education
while 0.5% dropped out of school before completing
primary education. Despite high level of education,
23% of the community members were not aware of
Rwamuthambi Sub Catchment Management Plan
(RSCMP).

In addition, WRUA key informant interviews asserted
that there was increase in flow of water within the sub
catchment since the establishment of WRUA. They
justified increase in water supply through the argument
that in spite of the over 48 legal abstractors, there were
a myriad of both illegal abstractors and over abstraction
by the legal ones, yet there was still water left in the
channel for use downstream. WRUA could not
ascertain the exact amount in the alleged variation of
flow since the weirs were out of order. The community
key informants on the other hand stated that many
seasonal rivers dried up soon after the rain which was
not the case several years ago. At the same time,
demand for land near the river channels increased as
dry spell approached because water abstraction
channels could also not meet the irrigation water
demand as far as it used to. This indication of declining
flow of the river water was contrary to that of WRUA-
MCMs. In addition, illegal water abstractors used
unorthodox methods such as unlined furrows (which
use soil and stones filled into gunny bags) to transport
the water to distant farms away from the main river
though just within the sub catchment. @ WRUA
informants estimated that illegal water abstractors were
responsible for more than 70% of the unaccounted
water.

It was observed from the community that surveillance
on illegal activities was moderate (64%) while 25%
stated that it was low. Only 11% stated that
surveillance was very low. Key informant interviews
confirmed that surveillance had reduced by more than
50% since establishment of WRUAs. RSCMP had no
structured information on the modalities of collecting
information that related to the sub catchment,
monitoring or surveillance.

3.2 Utilization of Rwamuthambi sub catchment

Utilization of Rwamuthambi sub catchment was driven
by income generation with 51% of the community
indicating that they gave priority to activities that
improved their livelihoods. Similarly, 43 % of the
community gave priority to activities that improved
flow of water since it supported their production
initiatives such as farming, fish production, livestock
rearing and industrial activities (coffee factories and
abattoirs).
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Aesthetics and recreational facilities were of least
priority with 50% of the community indicating that they
didn’t attach much value to them.

In addition it was also noted that utilization of the
catchment varied per the agro ecological zone. For
instance, more that 73% of riparian land within
Kiambagathi- Forest and Kiamagunyi areas cleared off
indigenous vegetation for conversion into tea farming
and later growing eucalyptus. The latter had ready
market especially sale as fuel wood to tea factories.
80% of riparian land within Kirima-ini area was
converted to horticultural crop farming. More than 60%
of riparian land within Kagio and Baricho areas had
‘Jua kali’ (informally cultivated) rice.

These activities were meant for production to feed local
and export markets. Figure 2 based on study results
showed that the community had low regard towards
reserving the sub catchment for aesthetics and
recreational facilities. ~ Conversely, the community
indicated more priority towards income generating
agricultural production through irrigation. The
community perception towards conservation of the sub
catchment for recreation facilities as compared to
improved economic status and increased flow of water
showed an inverse relationship. The preference for
recreational facilities along the sub catchment decreased
as the community opted for activities that generated
income and also gave priority to activities that
improved flow of water since they relied on the water
for irrigation.
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Figure 2: Outcome of utilization of sub catchment resources
by order of priority
Source: Field data analysis by Author

Soil erosion by water was linked to some agricultural
practices.  For instance, the difference in tillage
methods was determined by land sizes held by an
individual owner and by the terrain. For example,
digging was preferred in Kiambagathi- Forest,
Kiamagunyi and Kirima-ini because the average sizes
of farms were below two acres which is relatively small
for mechanization besides the areas having steep
topography. The areas of Kagio and Baricho used ox-
drawn plough for tilling as they had land sizes above
three acres and the terrain is fairly flat. Both of these
cultivation methods left the ground bare besides making
loose topsoil and prone to erosion.

More than 95% of the farmers used organic and
inorganic fertilizers as well as pesticides especially in
areas where there was horticulture farming or rice

farming. The dominant fertilizers were those rich in
nitrates and phosphates which may be washed away
into the water bodies during rainy season. From
transect walk, it was observed that rice paddy fields got
covered by a layer of red water fern which could cause
blockage of drains risking flooding during rainy season.
The fern also altered the water colour and odour which
could reduce the water quality.

Further, it was observed that there were some
community members who washed clothes at the river
banks especially from Kagio area through to the
confluence with River Sagana.  Other activities
included washing cars while where water was drawn
using animal carts, the animals entered the river while
drawing water, polluting water for those downstream.

The study also interrogated factors that affected the sub
catchment utilization using regression analysis as
shown in table 3. The results showed a significance
positive influence p<0.05 in level of enforcement,
community initiative, community involvement and
elimination or reduction of governance challenges.
These findings showed that there was external influence
controlling utilization especially due to the fact that
almost all the parcels of land in Rwamuthambi sub
catchment area were privately owned and all activities
were pegged to profit making. The effort was attributed
to sensitization and education by WRUA-MCMs.

Indicators that had no significance influence p>0.05 to
utilization  included community awareness of
Rwamuthambi Sub Catchment Management Plan
(RSCMP), level of income and knowledge of the law.

Table 3: Factors affecting utilization of Rwamuthambi sub
catchment

Utilization Coefficient  Std. t P>t
Err.

Level of enforce-  0.120 0.119 1.01 0.014

ment

Community initi-  0.079 0.075 1.05 0.037

ative

Community in- 0.014 0.072 0.19 0.048

volvement

Governance chal- -0.117 0.070 -1.59 0.014

lenges

RSCMP aware- 0.036 0.221 0.16 0.872

ness

Income levels 0.127 0.102 1.24 0.216

Knowledge of the  0.072 0.063 1.13 0.058

law

Source: Field data analysis by Author

The existence of RSCMP was a big achievement for the
sub catchment as it was adopted as a blue print to guide
development and management of the sub catchment
management through its implementation. Key
informants indicated that RSCMP was lean on details
like enforcement modalities, access to sub catchment
information from stakeholders and procedures on how
Rwamuthambi WRUA should carry out the stipulated
management activities. Only 23% of the community
and 47% of WRUA-MCMs were aware of the existence
of RSCMP.

3.3 Sensitization towards wetland resources

Regression results with sensitization as the dependent
factor towards sub catchment utilization at 5%
significance level revealed that there was significant
difference in the following factors.
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Wetland sensitization was influenced by stakeholder
level of income, community initiative and involvement,
level of enforcement and the prevailing governance
challenges being addressed. The challenges included
poor coordination of institutional structures. For
instance  WRUA key informants alluded that the
institution did not have a formal strategy for
communicating with stakeholder. There was no list of
contact persons available or programme of events.
Engagement with the stakeholders was ad hoc on
emerging issues need-bases. Some community key
informants alluded that there was also poor financial
management with most of the finances being allocated
to projects such as purchase of water tanks for schools
rather than investing in long term programs.

With sensitization as the dependent factor towards sub
catchment utilization at 5% significance level
regression analysis results were as presented in table 4.
Enhancement in community initiatives by one unit led
to increase in sensitization by 0.008 units holding other
factors constant. Similarly, an improvement in the
household income levels by one unit increased
sensitization by 0.017. The level of enforcement and
knowledge of the law were not significant to
sensitization.

Table 4: Factors affecting sensitization in Rwamuthambi sub
catchment

Sensitization Coefficient  Std. t P>t
Err.

Level of enforcement 0.145 0.126 1.15 0.250

Community initiative 0.008 0.079 0.10 0.047

Community involve- 0.016 0.076 0.20 0.038

ment

Governance challeng-  -0.020 0.078 -1.22 0.024

es

RSCMP awareness 0.282 0.233 1.21 0.227

Income levels 0.017 0.108 0.16 0.000

Knowledge of the law  0.121 0.067 1.81 0.072

Source: Field data analysis by Author

The community (52%) stated that the common method
that was used for sensitization was through indigenous
knowledge and experience sharing. Only 35% of
community respondents indicated that WRUA
conducted sponsored short courses for capacity
building. Benchmarking was seldom considered due to
its high capital intensity. The key informants from
WRUA stated that constrained budgetary allocation was
a major challenge to improved sensitization. In spite of
this challenge 36% of the local community indicated
that open communication channels provided
opportunities to air their views. 26% stated that WRUA
had created opportunities for the community to get
involved in monitoring and evaluation of outcomes
whilst only 15% were aware of mechanisms for open
and continuous feedback.

WRUA-MCMs indicated that in every baraza (public
gathering) 50% of the agenda was on sensitization. The
two areas of emphasis were; (i) on matters on
legalization of water works and economic use of and (ii)
on graithing the public to participate in the process of
preparation of water allocation plan. This

notwithstanding, the key informants from the
community pointed out that barazas did not offer
sufficient education in regard to importance of
wetlands. On the contrary to WRUA-MCMs perception
above, the community stated that meetings were
dominated by budgetary agenda and proposal of
projects whenever there were looming funds. Less than
half (41%) of the community, stated that WRUA
offered education on wetland functions, their roles or
responsibilities. 31% of the community alluded that
there was improved sense of ownership which they
attributed to sensitization on benefits accruing from
community involvement and wise-use of the sub
catchment area. The rest of the community (28%)
indicated that WRUA had managed to unite resource
users WRA.

3.4 Conservation

Before establishment of WRUA, more than 80% of
Rwamuthambi sub catchment area suffered from
clearing of indigenous vegetation replacing them with
eucalyptus because of their fast growth and ready
market. Observations from the community however
indicated that there was effort from WRUA-MCMs to
stop planting of eucalyptus while marking the existing
ones for destruction.

Figure 3 show that most of the community members
(64%) engaged in best practice through planting of
ecologically suitable vegetation while 53% of WRUA-
MCMs indicated that the community was more
concerned in general practices of riparian protection
especially those that had economic value. For instance,
more than two thirds (82%) of the community admitted
that they planted napier grass mainly for their animals
and the rest for sale but not out of concern to conserve
the riparian area. In relation to the agricultural
activities being undertaken, the research inquired on
pest management in connection to sub catchment
resource conservation. It emerged that none of the
WRUA-MCMs viewed integrated pest management as
an option while only 2% of the community were aware
of'it.
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Figure 3: Perception on activities along Rwamuthambi sub
catchment

Source: Field data analysis by Author

Sub  catchment activities that contributed to
conservation undertaken by the community within the
sub catchment were in varied intensities. For instance
within the riparian reserve 46% of the stakeholders
indicated that soil erosion control was of priority
followed by re-afforestation (38%) at a Likert scale of 4
and 5 respectively.
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Nonetheless, there were those conservation activities
that the community gave less priority at a Likert scale
of 1 and 2. These included wetland rehabilitation
(35%) and employing knowledge exchange as a form of
enhancing conservation (40%) respectively.

Sustainability is a culmination of many factors and
activities. From regression analysis with conservation
as the dependent factor, results indicated a positive
significant influence (p<0.05) in level of enforcement,
community initiative, community involvement and level
of income as shown in table 5. This meant that for
instance, an increase in one unit on level of enforcement
led to an increase in 0.065 units to conservation. The
results also showed no significant relationship (p>0.05)
from the interrogated governance challenges which
included institutional framework and financial
management, RSCMP and knowledge of the law.

This inferred that conservation was not based on
governance strategies, the knowledge of the law or the
existence of RSCMP.

Table 5: Factors affecting conservation of Rwamuthambi sub
catchment

Conservation Coefficient  Std. t P>t
Err.

Level of enforcement 0.065 0.124  0.52 0.000
Community initiative 0.018 0.088 0.21 0.048
Community involvement  0.020 0.074  -0.27 0.027
Governance challenges -0.062 0.075 -0.83 0.410
RSCMP awareness 0.013 0.227  0.06 0.953
Income levels 0.063 0.104 0.16 0.046
Knowledge of the law 0.008 0.065 0.13 0.897

Source: Field data analysis by Author

The various causes of degradation of Rwamuthambi sub
catchment area were interrogated in order to establish
the perception of the community on the magnitude of
pressure to the environment exuded by each. On
average, 29% of the community alluded that the causes
of wetland degradation were due to inadequate
enforcement mechanisms 28% indicated that it was due
to inadequate legislation, while 21% indicated that it
was due to lack of information on wetland values.
These results tallied to the regression analysis shown in
table 5.

Other indicators that the community did not find
directly contributing to degradation included lack of
incentives to the conservators (11%), poor governance
(10%) and population increase perceived to contribute
only (1%). Almost all parcels of land along the riparian
reserve were privately owned. However, 63% of the
stakeholders indicated that enforcement on management
of the riparian reserve was moderate.

4. Discussion

The results of the study found out that community
involvement and community initiative coupled with
perception and actions were core influencers of
conservation. The local community engaged in various
activities to increase sub catchment area productivity
and subsequently improve their livelihoods. In the
process, they adopted some strategies that included

terracing, growing ecologically friendly plants and
cover crops in order conserve the wetland and enhance
soil erosion control. A similar finding was recorded by
Lalika et al. (2015) that retaining vegetation along the
riparian reserve is a suitable strategy for conservation
and enhancing flow of water. Further, Faulker et al.
(2011) observed that the most effective conservation
practices are those that hold a direct connection
between the activities that are associated to a certain
practice and limitations to ecosystem process and
related activities. In addition, Shrestha (2013)
established that ecological balance in use of water and
land resources could only be attained through effective
local participation. Thus the future of conservation of
Rwamuthambi sub catchment area lies in positive
ecological practices from the local community.

Sensitization on government policies and capacity
building towards wetland benefits emerged as another
indicator influencing sustainability of the catchment.
Improvement in community involvement led to increase
in stakeholder sensitization which was essential for the
success of the catchment management. Sensitization
involved dialogue between stakeholders and WRUA
pertaining to the information received upon which
views raised would be listened to, discussed and upon
consensus, relevant action taken. Nonetheless, the
study results did not link knowledge of the law to
improvement in community sensitization. Besides,
results also showed that most WRUA-MCMs were not
conversant with sub catchment principles and prevailing
wetland resource legislation.  Therefore, although
Rwamuthambi WRUA-MCMs organized for short
courses, there lacked a structure for public engagement
and a clear direction on the process of stakeholder
engagement. The blame was laid on budgetary
constraints and on the institution’s tendency to target
more on short term projects. These findings compared
with those by Ashton (2007) which concluded that
although stakeholder engagement could improve water
resource management, there was lack of a clear pathway
on the process for their engagement with the
community. In a similar finding Booth (2004), asserted
that short-term growth may over ride long- term
environmental quality and security. It was noted that
WRUA required a structure on stakeholder engagement
that would outline a program of activities that is agreed
over with the community. In addition, WRUA-MCMs
once appointed required induction on the institutional
framework and nature of responsibilities they would be
expected to hold.

Irrespective of these challenges, the results showed that
WRUA-MCMs had managed to create a sense of
ownership for the sub catchment resource. This was
deduced based on the fact that land owners heeded to
the guidance of WRUA in spite of the parcels involved
being held under private tenure. This finding was
similar to Kombo et al. (2010) that besides public
participation, instilling a sense of ownership would
promote success in water resource management.
Nonetheless, this was contrary to the finding by Ashton
& MacKay (1996) which implied that there were great
strategies for water resource management fostered by
the government but failed in representing correct
ambitions for its management to the public who were
the same party in the resource utilization.
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Further, the study finding implied that WRUA-MCMs
conveyed some information other than what was wholly
contained in the statutes because most of them alluded
to be minimally conversant with the contents of relevant
laws and documentations. This calls for a need to
document the approach adopted by WRUA-MCMs and
the nature of information they passed across to the
community since through their effort, the community
got involved. Furthermore, the study divulged that
more than half of the community relied more on
indigenous knowledge and experience-sharing for sub
catchment utilization and conservation. This finding is
supported by Ayaa et al. (2016), Renias & Remigios
(2013) and Pandey (1994) that indigenous knowledge
influenced positive management of the environment
necessitating its integration into environmental
management plans.

Similar findings were also registered by Sullivan &
Fisher (2011) who further emphasized that the law
could only be used to regulate the behavior of humans
towards the environment but it could not dictate how
the natural environment reacted. It was on the same
argument that Ostrom (1990) called for recognition of
local community knowledge in resource management.
Besides sensitization in regard to benefits of wetland
resources, WRUA should integrate cultural and
indigenous knowledge into management of the sub
catchment.

Based on the opinion from the community the study
revealed that lack of awareness of the contents of the
RSCMP was one cause of degradation in sub catchment
area due to unharmonious development.  Their
cluelessness of its contents meant that either they did
not participate or were not involved in the plan’s
preparation. As such then, the community dissociated
themselves with priorities that WRUA 1identified based
on RSCMP. This finding was congruous with Clare et
al. (2011) that failure to involve stakeholders in
preparation of wetland wuse planning led to
uncoordinated development leading to degradation.
Rwamuthambi sub catchment area WRUA requires a
revision of its management plan to ensure participation
from the stakeholders.

In addition, the study established that the community
did not view governance challenges as an impediment
to sub catchment management. At the same time,
WRUA-MCMs consulted the community in budgeting
and identification of some projects. In a similar finding
Lalika et al (2015) noted that water resource
governance challenges existed due to ineffective
structures and insincere management of finances.
Therefore, collaboration between WRUA and the
stakeholders was essential for sustainable management
of a sub catchment resource.

Although the community living within the sub
catchment was generally literate, the results further
revealed that rampant degradation was experienced
from clearing of vegetation, encroachment and
cultivation along the riparian reserve. This could imply
that the high education levels held by the community
was not oriented towards environmental resources
sustainability and therefore did not directly translate
into efficient sub catchment area management. In
addition, the study results indicated that the community

knowledge of the existing policies and legislations did
not have significant influence to utilization,
conservation and sensitization. A study by Kecha et al.
(2006) and Turner, (1991) had contrary findings that
sub catchment degradation was attributed to lack of
information on their role and poor sensitization in
regard to their intrinsic values towards human
wellbeing. While Schreiner & Barbara (2001) found
that illiteracy, substandard education and poor access to
information hampered public decision making. As
such, the community in Rwamuthambi sub catchment
area could have had an indication of existing policies
and laws but not privy to their contents. Similar to this
finding Tomas (2006) alluded that there were many
government policies that emanated into unsustainable
results because the community was not privy to the
contents of the law. On a similar argument Arto and
Mauri (2011) asserted that though research indicated
that sustainability could be achieved through innovative
technical solutions these must be collaborated with new
policies and community behavioural change.
Therefore, practical transition is accomplished through
government integrating citizens in participating in
decisions regarding ecological flourishment.

The results further revealed that increase in house-hold
incomes led to increased conservation of sub catchment
maintenance.  This was contrary to findings by
Freebairn (2011) and Smith et al. (2010) who indicated
that high incomes coupled with increase in population
caused failure on wetland management. It emerged that
increase in household incomes accrued from utilization
of the sub catchment through better agricultural
practices had a direct influence to increased
conservation. A similar finding was ascertained by
Kaffashi et al. (2015) who found that better
conservation was directly related to increase in income
levels. In addition, the results evinced that household
income was not a factor of sub catchment utilization but
a factor of conservation. The income was ploughed
back with an aim of boosting production for profit
gains.  This implied that the driving force for
conservation in Rwamuthambi sub catchment area was
the accruing economic benefits. Similar findings were
established by Marambanyika & Beckedahl (2016) that
wetland socio-economic benefits acted as an incentive
to conservation and sequentially considered wetland
management practices that were sustainable.

The results also indicated rampant use of inorganic
pesticides and fertilizers as a method to boost
production, with extremely low concern for use of
integrated pest management as an option for sub
catchment conservation. These findings were similar to
those of Ghorab & Khalil (2016) and Khalil et al.
(2012) that the only solution that could decrease use of
pesticides included adoption of integrated pesticide
management and sustainable agriculture. Study results
also recorded pollution from domestic activities, farm
inputs, effluents from factories and light industries.
Similar findings were recorded by Rafia et al. (2014)
that industrial waste and agricultural chemical and
fertilizers runoff which may also cause increase in algae
populations could lead to low levels of dissolved
oxygen. Water quality could be improved through
control of pollution and adopting safe use of waste
water.
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At the same time, it was observed that most water was
lost to illegal water abstractors. They used heretical
methods to draw and transport the water for irrigation
and other activities. RSCMP was not elaborate on
matters pertaining to water abstraction, prohibited
activities, enforcement or penalties that would apply to
those who contravened requirements. These
inadequacies were in contrast to a similar plan for Lake
Naivasha catchment area protection order of 2012,
which was elaborate on procedure of water abstraction,
prohibited activities and uprooting of eucalyptus trees
and replacing them with ecologically and economically
suitable tree species. Further, RSCMP was unclear on
matters of surveillance and inspection whereas Lake
Naivasha catchment area management plan gave
inspectors express access to land, information and
documentation.

The study also disclosed that the community in
Rwamuthambi sub catchment area registered poor
enforcement as another cause of degradation.
Enforcement was rated as moderate by stakeholders
who implied that there was need for its enhancement.
From regression analysis results, enforcement was a
factor of utilization and conservation. An additional
unit in the level of enforcement led to improvement in
sub catchment utilization while holding other factors
constant. These  results concurred  with
recommendations in the Lake Naivasha catchment area
plan, and were also congruent with the study by Todd et
al. (2002) who reiterated that wetlands were only
protected through enforcement of government
legislations, policies and programs and educating
members of public on the importance and gains of
wetlands. Similarly, Sullivan and Fisher (2011) further
noted that enforcement of relevant legislation is
prerequisite in ensuring successful protection of a
wetland ecosystem for the sake of the present
community and for the future generations.

The study findings also indicated that conservation of
the sub catchment area concerned those abutting the
river and the parcel owners within the rest of sub
catchment area at varying magnitudes. As the former
influenced the riparian directly, the latter adopted
improved agricultural methods for soil conservation and
planting of trees. This was similar to the findings by
Alyson (1997) that the health of a wetland was affected
by activities in the uplands. The abstractors used open
canals or pipes which traversed through private parcels
of land in order to reach the target plots, free of charge.
This gesture was an indication of collaboration within
the community. This finding was echoed by Shrestha
(2013) that ecological balance for utilization of
available land and condition of water resources of a
wetland resource was dependent on community
participation.

The study results also demonstrated that sub catchment
sustainability was attained through utilization,
conservation and input from WRUA through
sensitization, hence the three pillars of sustainability
generally referred to as economic, environment and
social pillars. Community initiatives and involvement
were the main indicators that affected the three pillars.
The level of enforcement affected conservation and
utilization while governance related challenges were
factors of both utilization and sensitization whereas

level of household income and awareness of the law
were factors of conservation and sensitization.

Indicators that affect sustainability pillars are
communicated by adopting the illustration by
Ravikumar et al. (2014) as in Figure 4. The
demonstration was supported by Shahzalal & Hassan
(2019) who alluded that change of people’s behavior
towards sustainability could be effected by including
communication elements that targeted attitudes,
efficiency and culture. The framework illustrates that
relevant issues affecting sustainability can easily be
identifiable, interpretable, summarized and reported in
congruence to what Walmsley and Pretorius (1996)
advocated.

Community
initiatives

Conservation

Community
involvement

Household
incomes
Law awareness

Sub Catchment
Sustainability
Governance

Community
involvement

Sensitization

Community
initiatives

Community
initiatives

Governance
related challenges

Utilization

Community
involvement

Figure 4: Enhanced illustration and communication of
sustainability;
Source: Adopted from (Ravikumar et al., 2014)

5. Conclusion and Recommendations

The results of this study revealed that sustainability of
the sub catchment area relied more on effective
community initiatives, community involvement as well
as level of household income and enforcement.
Utilization, conservation and sensitization as the three
elements of sustainability could only be attained
through strategies for stakeholder engagement and
communication that ensure recognition of status of
wetland ownership and integration of community driven
public participation. Level of incomes and awareness
of the laws were significant where conservation and
sensitization was connected although the stakeholders
preferred conservation activities that had short term
economic gains.

The stakeholders also insisted on enforcement in order to
balance between conservation and utilization. Local people
were eager to participate in effective sub catchment
management as demonstrated by their voluntary use and
sharing of indigenous knowledge. Therefore
community participation assisted in rehabilitation and
mitigation of negative environmental effects, especially
those that were detrimental to production of wetland
oriented crops and animals. WRUA policies and
initiatives would continue to gain relevance as long as
they contributed to quality of life of the people, but
there was need to improve the approach and structure of
dissemination of information.
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The study is essential for management of the sub
catchment through communication to local community,
besides activists and environmental specialists on
effects of activities undertaken. It expresses wetland
sustainability in a format which makes it
comprehensible and easy to monitor based on the
prevailing indicators.

In conclusion, catchment sustainability was not
controlled by the community’s level of education. In
addition, although sustainability was associated with
environmental conservation, it was merely about people
and their wellbeing. The epitome of utilization would
only be short lived if it was not supported by matching
conservation measures and enforcement. This work
therefore recommends a study to establish the tipping
point for utilization driven conservation for sustainable
sub catchment development.
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