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Introduction: This research explores the perceptions of local forest

communities in Kakamega Forest Ecosystem (KFE) regarding forest conditions,

associated threats, Ecosystem services (ES) provision, and associated challenges

with a focus on socioeconomic differences (wealth categories). Effective forest

management is imperative for sustaining ES, but in KFE, threats to the forest and

challenges local communities face hinder their provision.

Methods: Mixed method research was utilized, with qualitative data collected

through Key Informant Interviews (KII), Focus Group Discussions (FGD), and

quantitative data gathered through household surveys.

Results and discussion: The findings indicated that wealthier households

exhibited a positive correlation with perceptions of unchanged ES provision,

while poorer households showed a positive correlation with perceptions of

decreased ES provision. Local communities generally perceived an improvement

in forest conditions across the wealth categories. However, unexpectedly,

poorer households associated highly improved forest conditions with decreased

ES provision, indicating challenges related to access to ES. In contrast, middle

and rich households expressed a positive correlation with perceptions of

severely degraded forest conditions. Illegal logging emerged as the most

significant threat to KFE, regardless of wealth category, followed by a lack of

awareness of conservation efforts, with significant differences in perception

across wealth categories. Surprisingly, animal grazing was perceived as a

relatively low threat, with significant differences between wealth groups

highlighting the importance of land ownership. The allocation of harvesting

rights to non-local community members was identified as the most significant

challenge faced by the local community, irrespective of wealth. Additionally,

the prohibition of maize planting in the Plantation Establishment for Livelihood

Improvement Scheme (PELIS) emerged as another major challenge across

wealth categories, underscoring the importance of PELIS lands for cultivating

staple foods. The electric fence was also perceived as a challenge by the local
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community, with significant differences between rich and poor households,

reflecting the greater reliance of poorer households on provisioning ES.

Conclusion: This research provides valuable policy insights on community

outreach, agricultural crops, harvesting, and the monitoring of participatory

forest management (PFM). The findings support more inclusive, sustainable, and

equitable management of KFE and other forest ecosystems to enhance the

wellbeing and livelihoods of local forest communities.

KEYWORDS

Kakamega Forest Ecosystem, challenges, threats, forest communities, ecosystem
services, access to ecosystem services, local community perceptions, livelihoods

1 Introduction

Forests provide goods and services to people, commonly
referred to as ecosystem services (ES) (Mea, 2005). These services
operate both globally and locally (IPBES, 2019). Globally, forests
contribute to climate regulation, biodiversity conservation, air
quality improvement, and water cycle regulation (Aznar-Sánchez
et al., 2018). Locally, forests offer provisioning services such as
firewood and food that support local livelihoods (Kalaba et al.,
2013); cultural and recreational services, including eco-tourism,
hiking, etc., (Sherrouse et al., 2017); regulating services such as
water purification and erosion control (Cavender-Bares et al.,
2022); and supporting services like soil fertility and nutrient cycle
(Ahammad et al., 2021). These local level forest ES are vital to the
livelihood and wellbeing of rural communities (TEEB, 2010).

To ensure the forest ES are used in a sustainable manner,
forest management plans should align with the needs of ES
beneficiaries. This requires policy makers to incorporate the
perspectives of the local communities to inform improved
management strategies (Hallberg-Sramek et al., 2023), particularly
addressing the challenges these local communities face in relation
to the forest ecosystem, and the perceived threats to forests that
underpin their livelihoods (Zulu, 2013; Aerts et al., 2016). Adjacent
Forest communities can better manage and protect forests if they
participate in decision making (Ongugo et al., 2007). Involvement
of local communities in management practices of forest products
is based on the assumption that the forest will provide ES, and the
accrued benefits are essential for sustainable management (Osewe
et al., 2023).

Participatory forest management (PFM) is a synergetic
approach that involves local communities in the conservation and
management of forest resources. It is gaining recognition as it
enhances community involvement and supports decentralization
in environmental policy (Tadesse et al., 2017). In PFM, local
engagement is vital, as it fosters a sense of responsibility and
ownership, leading to more sustainable resource use and improved

Abbreviations: CFA, Community Forest Associations; ES, ecosystem
services; FGD, Focus Group Discussions; KFE, Kakamega Forest Ecosystem;
KFS, Kenya Forest Service; KII, Key Informant Interviews; KWS, Kenya
Wildlife Service; PELIS, Plantation Establishment for Livelihood Improvement
Scheme; PFM, participatory forest management.

conservation outcomes (Frank et al., 2017). However, the success
of PFM largely depends on both the extent of community
participation and their perception of its benefits.

Studies in Tanzania (Luswaga and Nuppenau, 2020) and
Ethiopia (Girma, 2022) indicate that when communities perceive
their involvement as beneficial, they are more likely to participate
and support forest management activities. On the contrary,
negative perception – often derived from top-down management
approaches or inadequate involvement – can hinder the success
of PFM initiatives (Luswaga and Nuppenau, 2020). Therefore,
understanding and addressing community perceptions and
involvement are crucial for the success of participatory forest
management.

1.1 Participatory forest management in
Kakamega Forest Ecosystem

Kenya’s forest cover spans 37.6 million hectares and 940,423
ha designated as protected forest (GoK, 2016). Among these,
the Kakamega Forest Ecosystem (KFE) stands out as a globally
significant for biodiversity conservation while also sustaining the
livelihoods of the local forest dependent communities (Ouma
et al., 2011). However, KFE has faced significant degradation and
deforestation due to increasing human population pressure (Saalu
et al., 2020). Between 2000 and 2020, KFE lost 826.6 hectares of
cover (Osewe et al., 2022). Additionally, policies such as the 2018
charcoal ban (Das et al., 2024) and the electric fencing of KFE’s
buffer zone, initiated in 2023 (UNDP, 2023), have affected local
access to forest resources and, consequently, the livelihoods of local
communities. The charcoal ban, for instance, faced criticism for its
unintended consequences (Wekesa et al., 2023).

Kakamega Forest Ecosystem in Kenya exemplifies the
importance of community engagement in forest management. It
is managed under two different governmental frameworks. Kenya
Wildlife Service (KWS) manages the forest through command-
and-control management regime (Mbuvi et al., 2022), while Kenya
Forest Service (KFS) employs participatory forest management
(PFM), involving local communities through Community Forest
Associations (CFAs) (GoK, 2016). The PFM was a shift from the
central forest governance to the rural dwellers in the form of
the CFA’s, allowing local communities to benefit equitably from

Frontiers in Forests and Global Change 02 frontiersin.org

https://doi.org/10.3389/ffgc.2025.1554677
https://www.frontiersin.org/journals/forests-and-global-change
https://www.frontiersin.org/


ffgc-08-1554677 May 28, 2025 Time: 19:8 # 3

Osewe et al. 10.3389/ffgc.2025.1554677

sustainable resource use while conserving forests (GoK, 2016).
An effective CFA contributes to forest preservation from the
communities and improves members’ wellbeing.

Over 300 enlisted CFAs in Kenya with user rights conferred to
them including honey harvesting, timber harvesting and firewood,
gathering of medicinal herbs, ecotourism and leisure activities,
and grass harvesting and grazing (Laura et al., 2020). Kakamega’s
PFM registered CFAs include Muileshi registered in 2007, Bunyala,
Malava, and Kibiri all registered in 2008 (Laura et al., 2020).
CFAs operate across KFE neighboring sub-counties: Lurambi,
Shinyalu, Malava, and Navakholo. The CFA is managed by
executive members who are elected by the CFA members every
4 years. The executive members include the chairperson, and other
executive members each represent the user rights conferred to
them, respectively by the forest management act of 2016.

Participatory forest management initiatives such as Plantation
Establishment and Livelihood Improvement Scheme (PELIS)
allow communities to cultivate agricultural crops – notably the
basic staples of local population within forest areas, thereby
helping to satisfy farmers’ needs for arable land – encourage
environmental awareness, and improve conflict resolutions. The
local communities are the immediate beneficiaries of the ES and
are involved in the day-to-day interaction with forest protection
and management (through CFA). However, challenges such as elite
capture within CFAs (Ongugo et al., 2007) and a lack of inclusivity
in decision making (Ouko et al., 2018) limit PFM effectiveness. This
highlights the need for a deeper understanding of local perceptions
of forest challenges and threats to improve management strategies.

1.2 Perspectives of local forest
communities

Understanding the perspectives of local forest communities
is critical for informing policy reforms that address challenges
and threats to forest ecosystems. Research done around the globe
has highlighted the main challenges to forests, including illegal
logging (Tabarelli et al., 2005), deforestation and climate change
(Cavender-Bares et al., 2022; Karjalainen et al., 2010), livestock
grazing (Trosper et al., 2012), forest loss through climate change
(Aerts et al., 2016), infrastructure development and biodiversity
loss (Alamgir et al., 2020), or institutional challenges of social
forestry (Rakatama and Pandit, 2020). However, these challenges
are often context specific and require localized solutions to
achieve sustainable rural livelihood (Scoones, 1998). Eliciting the
perception of the local forest communities must account for the
socio-economic diversity within communities (Rakodi, 1999), as
challenges faced by households affect their perception of the threats
faced by the forest ecosystems (Meijaard et al., 2013; Kalaba et al.,
2013; Ahammad et al., 2019). Local communities, especially those
stratified by different wealth categories, experience and perceive
challenges and threats differently, affecting their responses to forest
management strategies (Humphrey et al., 2016).

Existing research has often overlooked socio-economic
differentiation in forest community perspectives in KFE. For
example, Humphrey et al. (2016) focused only on one section
of the KFE, which is Malava, and did not consider the variation
of views across the different wealth categories of households.

Similarly, research in Marsabit forest emphasized the importance
of community participation (Ouko et al., 2018) and the associated
challenges in management but overlooked socio-economic
differentiation. Studies in Gabon (Laurance et al., 2006) highlighted
issues in tropical rainforest conservation but lacked insights into
user-level perceptions of ES.

As indicated, limited research has explored the perceptions
of local forest communities regarding ecosystem threats and
challenges, particularly across different wealth categories (Osewe
et al., 2023). Understanding these perspectives is critical for
achieving sustainable rural livelihoods and developing inclusive
policies tailored to the diverse needs of these communities.
By acknowledging the varied household perspectives on forest
ecosystem threats and challenges in deriving ES, policymakers
can foster a sense of ownership among the community members,
encouraging their involvement in decision making and promoting
sustainable forest management that aligns with the socio-economic
realities of KFE communities. Therefore, the specific objectives of
this paper seek to answer the following research questions: (a)
How does the household wealth status influence the perceived
change in forest ES provision? (b) How does the household wealth
status influence the perceived changes in forest conditions? (c)
How does household wealth status influence the perceived and
acknowledged threats to the forest? and (d) How does household
wealth status influence the perceptions of challenges experienced
by local communities?

Based on these objectives, we formulated the following
hypotheses: (H1) Poor households are more likely to perceive
a decrease in the provision of forest ES compared to rich
households; (H2) Rich households are more likely to perceive an
improvement in forest conditions than poor households; (H3) the
rich households will acknowledge a greater number of threats to
the forest compared to poor households; and (H4) Poor households
will recognize more challenges experienced by local communities
than their wealthier counterparts.

Based on the findings of this assessment, this study formulated
policy recommendations to support sustainable forest management
and inclusive decision-making processes that reflect the socio-
economic diversity of KFE communities.

2 Materials and methods

2.1 Study area

Situated in western Kenya (34◦52’ E; 0◦19 N) with a population
of 1.9 million people (KNBS, 2019), Kakamega county is home to
KFE, the only remnant of Guineo-Congolian tropical rainforest in
the country (Fashing et al., 2004). KFE consists of tea plantation in
the buffer zone (Farwig et al., 2009), natural forests, and planted
forest (Fashing et al., 2004). With 350 documented plant species,
the predominant tree species in the forest are some of the best
soft and hardwoods found on the continent: white stinkwood
(Celtis africana), red stinkwood (Prunus africana), croton (Croton
megalocarpus), and Elgon teak (Olea africana) (Fashing et al., 2004).

Kakamega Forest Ecosystem is divided into four zones, with the
objective of balancing restricted access to the KFE with the main
aim of safeguarding the forest and its other resource values (KWS,
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2012). These zones include: potential utilization zone – mainly
consisting of bushes and grazing lands, which acts as a buffer for
the forest while also being used as a reforestation area to restore
damaged areas; livelihood support zone – area which is intended
for implementing programs that promote sustainable livelihoods to
reduce reliance on forests and distinguished by a forest community
that is located 2 km from the forest boundary, protection zone –
characterized by low historical disturbance and natural forest; and
core zone – primarily natural forests to preserve the ecology and
fauna (KWS, 2012).

Local communities surrounding KFE have become increasingly
dependent on the forest due to the rising population (Saalu
et al., 2020). Consequently, the forest experienced a loss of 826
hectares over two decades (Osewe et al., 2022). The ES provided
by the forest are vital for supporting local livelihoods and meeting
the wellbeing needs of the communities (Wang et al., 2017). In
leveraging these ES, the local communities in KFE have embraced
a variety of livelihood strategies (Saalu et al., 2020), including
livestock herding, tour guiding, sand harvesting, farming, small-
scale local business, tea leaf plucking, and bush meat hunting. The
local communities in KFE have rich culture of bull fighting present
in Shinyalu on Saturdays, sacred sites from circumcision for the
Bukusu community in the Tiriki sites in the forest every August
and December (Were et al., 2024).

For this research all four forest adjacent communities located
in the four sub-counties surrounding KFE were selected: Malava,
Shinyalu, Navakholo, and Lurambi (Figure 1). These sub-counties
exhibit distinct forest characteristics, access influencing policies,
and community interactions. Malava, Shinyalu, and Lurambi
contain both natural and planted forests, whereas Navakholo
consists primarily of planted forests (Obonyo et al., 2023). Access
to the forest varies, with Malava and Navakholo lacking electric
fences, allowing relatively unrestricted entry, while Shinyalu and
Lurambi are fenced, limiting direct community access (UNDP,
2023). Forest resource use is structured through zoning systems,
with Malava featuring a core zone, potential utilization zone,
and livelihood support zone, whereas Shinyalu and Lurambi
incorporate additional protection zones, indicating a stronger
emphasis on conservation. Navakholo, with its planted forest,
is limited to potential utilization and livelihood support zones
(KWS, 2012). Lurambi is the most urbanized, benefiting from
better infrastructure due to its location near Kakamega town,
while Malava and Shinyalu remain more rural with small trading
centers, and Navakholo, the least developed, continues to see
gradual infrastructure growth (Barasa, 2014). These sub-counties
are inhabited by distinct ethnic communities, including the Idakhos
and Kabras in Malava, the Wanyala in Shinyalu, the Watsotso
in Lurambi, and the Kabras in Navakholo (Lwangale, 2018),
each of which is represented by respective community forest
associations, such as Majeto, Lianungo, and Nasina. As regards
the infrastructure, Malava is traversed by a national road, Shinyalu
and Lurambi buffered by tea zones, and Navakholo intersected by
a county road. Livelihood strategies in these sub-counties are in
relation with KFE, with communities engaging in farming, small
businesses, and resource extraction (Saalu et al., 2020). Malava’s
residents rely primarily on agriculture and livestock keeping, while
Shinyalu and Lurambi have more diverse economies that include
tour guiding, tea picking, sand harvesting, and gold mining. In

Navakholo, livelihoods are based on farming, sand harvesting, bush
meat hunting, and small-scale trade.

2.2 Data collection methods

The study employed a mixed-methods approach, integrating
both qualitative and quantitative techniques. Qualitative research
methods aim to interpret and explore social phenomena by
examining participants’ perception, experiences, and the meaning
they assign to various aspects of their lives. These techniques
prioritize context and rely on descriptive data, patterns, and
themes identified by the researcher (Creswell, 2009; Patricia, 2014).
Focus group discussions (FGD), a key qualitative method, facilitate
group conversations on specific topics and foster interactions
among participants, enabling the exploration of diverse thoughts
and viewpoints. FGD are particularly effective for investigating
complex topics and social dynamics, as they reduce researcher
interference, allowing participants to express themselves freely
(Patricia, 2014). Moreover, wealth ranking FGD, a participatory
appraisal tool, allows communities to evaluate the relative wealth
of households using their own criteria and wellbeing indicators
that other conventional methods cannot provide (income and land
ownership) (Chambers, 1994).

The following methods were used for data collection:
Focus Group Discussions: Three FGD were conducted in

Navakholo, Malava, and Shinyalu, each involving 8–10 participants
(Patricia, 2014). No FGD was conducted in Lurambi, as it has
a representation base in Shinyalu. Participants included both
members and non-members of CFAs. Among other things, the
FGD aimed to determine a comprehensive list of what the
participants see as threats to KFE, what are the benefits (ES) derived
from KFE, as well as a list of the challenges the FGD participants
identify as being faced by local forest communities. The discussions,
which lasted between 45 and 90 min, provided valuable insights that
guided the development of the household survey questionnaire.
The questions are presented in Supplementary Appendix Table B1.

Key informant interviews (KII): To explore the same topics
as the FGD, along with other aspects, in-person interviews were
conducted with two executive members of CFAs, forest managers
from Malava and Shinyalu, and three KFS rangers from the research
location. Lasting between 30 and 45 min, these interviews helped
validate and expand the list of identified threats and challenges
faced by local communities.

Wealth ranking focus group: In each research location, five
participants were selected through snowball sampling. These
included two executive CFA members, senior citizens from the
community, and a community leader. Participants were asked to
identify wealth indicators specific to their respective sub-county
(Navakholo, Shinyalu, Lurambi, and Malava) and reach a consensus
on these indicators. The focus group lasted between 45 and 90 min.
Subsequently, all the participants from all the sub-counties focus
group were brought together for a final focus group to reach a
consensus on the final wealth indicators. The same participants
from the initial sub-county focus groups were retained to ensure
continuity, leveraging their familiarity with the discussion and
criteria. Their local socio-economic insights played a crucial role
for refining and standardizing the final indicators.
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FIGURE 1

Map of Kakamega Forest Ecosystem (KFE) and communities included in the study.

Household survey: The questionnaire for the household survey
was developed based on insight from the KII and FGD. Prior to
conducting the household survey, the questionnaire was tested with
twenty-five CFA members in Lurambi to identify any potential
issues. The survey consisted of closed-ended questions designed to
address the elements detailed in Supplementary Appendix Table B2.

Sub-counties were used as a stratum in stratified sampling
(Tipton, 2013). The sample size was determined using a 95%
confidence level and a 5% margin of error (Memon et al., 2020;
Siri et al., 2008). Table 1 presents the household intervals. Targeted
households were selected using the road transect method (Awuah
et al., 2017) in a zigzag pattern to ensure representation of different
communities. Households identified based on the intervals in
Table 1 were informed about the study’s objectives, and those
willing to participate were given the questionnaire. Unwilling
participants were skipped and replaced with the next eligible
household, continuing this process until the required sample size
was achieved.

Six trained research assistants facilitated the household survey.
The questionnaires were printed in both English and Kiswahili.
The research assistants supported household respondents who felt
uneasy speaking or writing in the two languages by translating their
native “Luhya” into the two primary languages. Additionally, the
field teams benefited from the presence of one CFA member for
building trust with the community. The household survey took
about 15 min to complete.

In our study, the ES we have identified refers to the tangible
(provisioning) and intangible (regulating, cultural, supporting)
benefits local communities specifically gain from the forest
(Appendix C). The reference point for assessing changes in ES
provided by KFE was the period before and after the 2018 charcoal

ban. This policy intervention introduced stricter regulations on
forest resource harvesting, which affected the availability and flow
of the ES to local communities.

2.3 Data analysis

The indicators for the wealth categories included the level
of education, size of owned land, level of education, and type
of house wall material. Table 2 shows the households’ wealth
classifications based on these indicators: low-, middle-, and high-
income households. A weighted scoring system was utilized to
categorize households into wealth groups by assigning equal
weights (25%) to four indicators. Each indicator was scored based
on set criteria (e.g., education: 1.25 per level; wall material: 1.67;
income: 2; land ownership: 2 per level), after which total weighted
scores were calculated. Households were then classified as rich
(scores between 10 and 7), middle-income (6.9–4.2), or poor (4.1–
1.7). The socio-economic profile of the respondents is provided in
Supplementary Appendix Table A1.

A one-way ANOVA was used to assess the relative importance
of threats to the forest and challenges faced by local communities
across the wealth categories. Homogeneity of variance was
considered satisfied if Levene’s test produced a p-value greater
than 0.05. Next, the ANOVA table was reviewed to determine if
there were statistically significant differences (p < 0.05) between
the wealth categories. To ascertain which wealth categories had a
significant difference, a post hoc Tukey HSD test was employed.
The homogeneity of variance was not reached, though, if the
one-way ANOVA’s Levene’s p < 0.05. Subsequently, a Welch
ANOVA was employed, indicating a significant difference between
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TABLE 1 Sample size households across the four research locations.

Kakamega Forest
Ecosystem
sub-counties

Population
of

sub-county

Households
number per
sub-county

(HH)

Targeted sample size
with confidence level

95%, 5% margin of
error, 50% population

proportion

Strata
increased

sample
size (Hn)

Number of intervals
for

road/street/pathways
Household survey

Interval (i) = (HH)/(Hn)

Lurambi 160,229 52,015 94 123 423

Shinyalu 159,475 39,589 93 105 377

Navakholo 116,851 27,671 68 111 250

Malava 115,354 26,049 65 114 229

Total 453

TABLE 2 Wealth ranking indicators.

Indicators High Middle Low

Type of wall material Blocks/stone/bricks Bricks/semi-permanent Iron sheet/mud

Income level > USD 200/month USD100–200/month < USD 100/month

Level of education University level of education/tertiary/secondary Primary or secondary education. No formal education or primary
education.

Owned land > 3 acres 6 2–3 acres < 2 acres/no owned land

wealth categories if p < 0.05. It was also determined which
wealth groups have a significant difference using the Games-
Howell post hoc test. A correlation matrix was also generated to
determine the correlation between perceptions of ES changes and
the forest conditions in the KFE across the wealth categories.
The correlation matrix table was color conditional formatted
with red color indicating negative relationships, white for non-
significant relationships, and green for positive relationships. The
high intensity of the colors represented stronger relationships.

3 Results and discussion

3.1 Perceived changes in ES

As a result of the wealth ranking, there were 84 rich households,
105 middle-income households, and 264 poor households. Our
analysis indicated that most respondents perceived an increase in
ES flow (see Figure 2).

Wealthier households, mainly from Malava (13.1%), perceived
ES provision as unchanged (see Figure 2), which could be attributed
to their limited reliance on the forest for their livelihood. In
contrast, and contrary to H1, poorer households, particularly in
Navakholo (13.3%), perceived an increased ES provision, likely due
to the active reforestation efforts carried out by some NGOs in
collaboration with the CFA. However, H1 is supported in the case
of poorer households in Shinyalu (8.7), who perceived a decline
in ES provision, this could be attributed to their high dependence
on forest resources due to limited job opportunities. Additionally,
middle-income households, mostly in Malava (10.5%), reported
being uncertain about the status of ES changes.

The correlation matrix (Table 3) indicates that rich households
are more likely to perceive ES provision as unchanged, likely due
to their access to sufficient resources and alternative goods or
services. This reduces their dependency on the forest, making them

less sensitive to changes in ES provision (Ahammad et al., 2019).
This outcome aligns with the findings of Tallis et al. (2011), which
suggest that wealthier households, having economic buffers, are
less sensitive to changes in ES provision, leading to an unchanged
perception of ES availability.

Land ownership size shows a weak negative correlation, while
income exhibits a weak positive correlation with an unchanged ES
perception. High-income households have more diversified sources
of income, making forest resources a less critical component of their
livelihoods. While households with larger land holdings engage in
agroforestry or farming, making them more aware of ES changes
such as soil erosion and soil fertility loss. This observation is
supported by Nyangoko et al. (2022) in their study in Tanzania.

Regarding the perception of decreased ES provision, income
shows a weak negative correlation (r = −0.07), land ownership
size indicates a weak positive correlation (r = 0.02), and the level
of education presents a weak negative correlation (r = −0.10).
The negative correlation between income and decreased ES
perception suggests that high income households often have access
to alternative ES such as piped water instead of relying on forest
streams, as a result they perceive less impact of declining ES.
While households with large land holdings are more likely to
engage in agroforestry and agriculture which can contribute to
forest degradation and ES decline. However, the correlation is
weak because some might practice sustainable land management.
Additionally, households with higher levels of education are more
likely to have alternative livelihoods, such as formal employment,
reducing their dependence on forest resources. As a result, they
experience fewer direct impacts from ES decline and may perceive
it as less severe.

Middle income households have weak positive correlations
with both increased and unchanged ES perceptions (see Table 3).
Their socioeconomic status provides them with access to alternative
goods or services and allows them to perceive some changes in
the ES provision (Cavender-Bares et al., 2022). However, the weak

Frontiers in Forests and Global Change 06 frontiersin.org

https://doi.org/10.3389/ffgc.2025.1554677
https://www.frontiersin.org/journals/forests-and-global-change
https://www.frontiersin.org/


ffgc-08-1554677 May 28, 2025 Time: 19:8 # 7

Osewe et al. 10.3389/ffgc.2025.1554677

8,3 9,5 9,5 8,3 8,6

4,2

8,3 6,7

4,9
1,2

3,8

6,8

13,1

8,6
4,5

13,1
7,6

4,5

3,6 3,8

4,9

4,8

10,5 6,1

6,0

11,4

13,3

4,8

9,5

6,0

2,9
6,8

1,1
6,0 7,6 8,3

8,3 6,7 5,7 6,0

7,6 8,7
2,4

1,1

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Rich Middle

income

Poor Rich Middle

income

Poor Rich Middle

income

Poor Rich Middle

income

Poor

Increased (161) Unchanged (117) Decreased (109) I do not know (66)

Lurambi Malava Navakholo Shinyalu

FIGURE 2

Perceived changes in ecosystem services (ES) across the wealth categories.

TABLE 3 Correlation matrix indicating ecosystem services (ES) change perception across the wealth categories and socio-economic factors.

Increased Unchanged Decreased I do not know Rich Middle Poor

Increased 1.00 – – – – – –

Unchanged −0.44 1.00 – – – – –

Decreased −0.42 −0.33 1.00 – – – –

I do not know −0.30 −0.24 −0.23 1.00 – – –

Rich −0.02 0.04 −0.01 −0.03 1.00 – –

Middle 0.02 0.02 −0.04 0.00 −0.26 1.00 –

Poor 0.00 −0.05 0.04 0.03 −0.56 −0.65 1.00

Income Size of land
owned

Level of
education

Increased UnchangedDecreased I do not
know

Income 1 – – – – – –

Size of land
owned

0.47 1.00 – – – – –

Level of
education

0.52 0.25 1.00 – – – –

Increased 0.00 0.06 0.06 1.00 – – –

Unchanged 0.05 −0.01 0.00 −0.44 1.00 – –

Decreased −0.07 0.02 −0.10 −0.42 −0.33 1.00 –

I do not know 0.01 −0.09 0.03 −0.30 −0.24 −0.23 1.00

Strong green indicates a high positive correlation, light green indicates a moderate positive correlation, while strong red indicates a high negative correlation and light red indicates a moderate
negative correlation.

positive correlation with the perception of unchanged ES provision

can be explained by middle-income households’ moderate reliance

on ES, availability to alternatives, and partial understanding

of environmental challenges. A more nuanced and less harsh

impression of environmental transformations derives from their

intermediate socioeconomic position, between rich households,

who can fully minimize the impact of ecosystem changes,

and poor households, who are more directly affected (Aznar-
Sánchez et al., 2018). Additionally, middle-income households
show a weak negative correlation with the perception of
decreased ES provision (r = −0.04). This could be due to
their access to alternative infrastructure that buffers them from
ES loss, such as utility of county water as opposed to natural
water sources. This outcome can also be observed in China
(Wu et al., 2022), where middle-income households focus
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more on cultural and provisioning ES rather than regulating
services, leading to weak negative correlation with regulating
ES.

Land ownership size and education level both show a positive
correlation with increased ES perception. This could be because
educated household heads are more likely to understand ES
and adopt better land management practices. However, the weak
correlation suggests that some households prioritize economic
gains over sustainability. Similarly, large landowners may have
diverse land uses, such as woodlots, that contribute to ES provision.

Poor households show a weak positive correlation (r = 0.04)
with decreased ES perception and a weak negative correlation
(r = −0.05) with unchanged ES perception. This could be because
poor households are more dependent on the forest for their daily
needs compared to their counterparts, hence are more sensitive
to ES provision change. This sensitivity is also observed in China
(Zhou et al., 2023), where poor households rely heavily on ES
for their basic needs and are more vulnerable to environmental
degradation and policy changes.

3.2 Perceptions of forest conditions

Wealthier households predominantly perceived the forest
condition as unchanged, with Malava having the highest proportion
(10.7%). This aligns with their perception that ES provision
remained stable (see Figure 3). Consistent with H2, rich households
were more likely to perceive an improvement in forest conditions,
with the highest proportion in Lurambi (14.3%), possibly due to
the regional base of the KFS in Lurambi, which helps deter forest
degradation. However, poor households also reported a significant
perception of forest improvement, with the highest proportion in
Navakholo (11%). This was expected, as they also perceived an
increase in ES provision. In contrast, middle-income households in
Shinyalu had the highest perception of forest degradation (7.6%)
and severe degradation (2.9%). This could be attributed to their
high reliance on the forest for community livelihood, as indicated
by their relative perception of decreased ES provision.

Rich households exhibited a weak negative correlation
(r = −0.02) with the degraded forest conditions, indicating that
greater wealth is associated with a reduced perception of forest
degradation. At the same time, a weak positive correlation (r = 0.02)
was recorded with the perception of severely degraded forest
conditions, suggesting that higher wealth is linked to a greater
awareness of severe degradation (see Table 4). This outcome may
result from rich households being less reliant on forest ES for
subsistence while still benefiting from recreation and esthetic ES.
As a result, they may not perceive the early stages of forest
degradation, leading to the weak negative correlation. However,
as forest degradation becomes severe, the reduced quality of ES –
such as reduced recreational opportunities, poorer air quality,
or diminished esthetic value tied to property investments – may
increase their awareness and concern (Cavender-Bares et al., 2022).
A similar pattern is observed in Tanzania’s mangrove forest reserves
(Nyangoko et al., 2022), where wealthier households prioritize
immediate economic gains over long-term sustainability, thereby
overlooking early signs of degradation.

Middle-income households had a weak negative correlation
(r = −0.08) with the perception of highly improved forest

conditions, suggesting that middle-income status is associated with
a reduced perception of significant forest improvements. There was
a positive correlation (r = 0.06) with the perception of severely
degraded forest condition (see Table 4). This may be attributed
to middle-income households not experiencing significant changes
in their daily lives, even when forests conditions improve
substantially. Nevertheless, severely degraded forest conditions
may still have indirect effects on middle-income households, such
as increased air pollution, reduced water quality, or increased flood
risks. That association is still weak but favorable, though, because
they can afford to use some mitigation techniques, such as buying
bottled water. A similar trend is observed in research by Parag et al.
(2023), where forest degradation and declined water quality led
households to shift toward bottled water consumption.

Poor households showed a weak positive correlation (r = 0.06)
with the perception of highly improved forest conditions and
a weak negative correlation (r = −0.07) with the perception of
severely degraded forest conditions (see Table 4). This may be
attributed to their direct reliance on forests for essential necessities,
such as food, firewood, and NTFP. Better forest conditions can
marginally increase their wellbeing and livelihood opportunities,
although these benefits may be limited by restricted access and
minimal gains. However, since they are negatively impacted by
forest degradation, poor households tend to have a weak negative
correlation with the perception of severely degraded forests. While
forest degradation negatively affects poor households, their long-
standing dependence and adaptive strategies, such as participating
in the PELIS program – which enables the local forest community
to farm on the deforested areas of the forest while continuing the
reforestation of KFE – help mitigate the full impact. Thus, the
correlation is weak and negative because they continue to derive
some benefits even in degraded forest conditions. Similar situation
is seen in Vietnam (Lan et al., 2016), where households’ payment
for ES enabled participants to plant cash crops on degraded lands
while simultaneously practicing reafforestation.

Income exhibited a weak negative correlation (r = −0.04) with
the perception of highly improved forest conditions. This may be
because high-income households rely less on firewood due to access
of alternative fuel sources, such as gas, but they might also clear
land for development. The weak correlation could be attributed
to some high-income households supporting conservation efforts
through eco-tourism initiatives. Land ownership size also showed
a weak negative correlation (r = −0.02) with the perception of
highly improved forest conditions, possibly due to large landowners
clearing agroforestry lands for grazing or commercial use. The level
of education had a weak positive correlation (r = 0.02) because
it encourages adaptation of sustainable practices and awareness.
However, not all educated households prioritize conservation.

Land ownership, income, and education level all had weak
positive correlation with the perception of improved forest
conditions. This could be attributed to wealthier and large
landowners having the capacity to allocate land for agroforestry,
a sustainable practice, while higher education levels may enhance
awareness of sustainable practices benefits. Conversely, these
variables showed a weak negative correlation with perceptions (see
Table 4). For severely degraded forest conditions, education level
exhibited a weak positive correlation. This may be due to higher
education sometimes leading to economic activities that contribute
to forest degradation or causing some educated individuals to

Frontiers in Forests and Global Change 08 frontiersin.org

https://doi.org/10.3389/ffgc.2025.1554677
https://www.frontiersin.org/journals/forests-and-global-change
https://www.frontiersin.org/


ffgc-08-1554677 May 28, 2025 Time: 19:8 # 9

Osewe et al. 10.3389/ffgc.2025.1554677

1,2

2,9 4,9

14,3

9,5 8,7
9,5

9,5

6,1
4,8 5,7 4,5

1,2

1,1

7,1

6,7

3,0

11,9

12,4
6,4

10,7
8,6

9,1 4,8

1,9 1,5

1,0

7,1

2,9

11,0

3,6

8,6

10,6

1,2
1,9

3,8

5,7 5,3

7,1
3,8 5,3

2,4
5,7 5,3 3,6

1,9

6,1

7,1
7,6 6,4

2,4
2,9

0,8

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Rich Middle

income

Poor Rich Middle

income

Poor Rich Middle

income

Poor Rich Middle

income

Poor Rich Middle

income

Poor

Highly improved (100) Improved (147) About the same (110) Degraded (83) Severely degraded (13)

Lurambi Malava Navakholo Shinyalu

FIGURE 3

Perception of forest conditions across the wealth categories in the four study areas.

TABLE 4 Correlation matrix indicating forest condition perception across the wealth categories and socio-economic factors.

Highly
improved

Improved About the
same

Degraded Severely
degraded

Rich Middle Poor

Highly improved 1.00 – – – – – – –

Improved −0.37 1.00 – – – – – –

About the same −0.30 −0.39 1.00 – – – – –

Degraded −0.25 −0.33 −0.27 1.00 – – – –

Severely degraded −0.09 −0.12 −0.10 −0.08 1.00 – – –

Rich 0.01 0.00 0.01 −0.02 0.02 1.00 – –

Middle −0.08 0.04 −0.03 0.04 0.06 −0.26 1.00 –

Poor 0.06 −0.04 0.02 −0.02 −0.07 −0.56 −0.65 1.00

Income Size of land
owned

Level of
education

Highly
improved

Improved About
the

same

Degraded Severely
degraded

Income 1.00 – – – – – – –

Size of land owned 0.47 1.00 – – – – – –

Level of education 0.52 0.25 1.00 – – – – –

Highly improved −0.04 −0.02 0.02 1.00 – – – –

Improved 0.06 0.03 0.06 −0.37 1.00 – – –

About the same 0.01 0.03 −0.01 −0.30 −0.39 1.00 – –

Degraded −0.03 −0.01 −0.11 −0.25 −0.33 −0.27 1.00 –

Severely degraded −0.05 −0.06 0.06 −0.09 −0.12 −0.10 −0.08 1.00

Strong green indicates a high positive correlation, light green indicates a moderate positive correlation, while strong red indicates a high negative correlation and light red indicates a moderate
negative correlation.

disengage from direct environmental management. This dual effect
results in a weak positive correlation.

3.3 Perceived importance of threats to
KFE

The importance of selected threats was ranked on Likert scale
from 1 to 5, and their mean and standard deviation are shown in

Figure 4. These findings provide partial support for H3. The results
demonstrate that for several key threats, wealthier households
consistently reported higher concern levels.

A deeper understanding of the specific threats faced by KFE
across wealth categories facilitates informed decision-making and
improved stakeholder involvement. It is important to involve
all stakeholders, including households with varying levels of
income, to ensure that conservation policies consider the needs
and impacts of all forest users. Research conducted in Kenya’s
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FIGURE 4

Perception of the identified threats across the wealth categories [Numbers outside of the brackets are the means, while numbers inside the bracket
indicate the standard deviation. A denotes a significant difference between rich and middle households, B denotes a significant difference between
rich and poor households, and C denotes a significant difference between the middle and the poor households, at p < 0.05. (W) indicates
performance of the Welch one-way ANOVA test].

Mau Forest emphasizes the significance of inclusive management
strategies involving a range of socioeconomic groups to effectively
conserve forests (Jebiwott et al., 2021). Some of the identified
threats to KFE were also identified in research conducted in other
forests in the western part of Kenya, such as illegal logging,
invasive species, overpopulation, overgrazing, and climate change
(Kisiwa et al., 2021).

Overpopulation is one of the major threats to KFE. The region
has a high population density, with an average household size of 5
and a density of 614 persons per square kilometer (KNBS, 2019).
This high population converts forest land into settlement areas or
agricultural land to support their livelihoods (Saalu et al., 2020;
Osewe et al., 2022). The results of the present study indicated
that the perception for the importance of overpopulation differ
significantly across wealth categories (F2,45 = 11.874, p < 0.001)
(see Figure 4). The education wealth indicator may be behind
this: wealthier households are better educated and have better
access to information, which increases their awareness of the long-
term effects that population growth has on biodiversity and forest
resources. This outcome aligns with research by Sulemana et al.
(2016), indicating that in both developed and developing countries,
environmental concern perceptions are positively correlated with
socioeconomic status of individuals.

Animal grazing was also identified as a threat by the
stakeholders in KFE. Due to some livestock browsing on sapling
trees in the forest, the regeneration capacity in certain parts of
the forest may be reduced. This is also observed in Mau Forest,
where research indicated no rejuvenation in heavily grazed areas
(Leley et al., 2023). There was a significant difference between
wealth categories regarding the perception on the importance of
animal grazing (F2,45 = 11.646, p = 0.314). Wealthier households
own larger landholdings, which may lead to other local community
members grazing on these lands without consent, particularly
on agroforestry plots. Conflicts over land use may arise due to
grazing pressure, with richer landowners seeing these pressures

as threats to both their assets and the forest. A similar situation
is observed in Mau Forest, Kenya, where large landowners are
more concerned about the impact of grazing on their lands
and forest health (Langat et al., 2016). In our analysis, animal
grazing was perceived as a less significant threat to KFE by the
respondents, possibly because the economic benefit from livestock
outweighs the perceived ecological costs from the local forest
community.

Focus group discussions and KII revealed that some of tree
species were utilized by the community for medicinal purposes
through debarking i.e., musine (Croton megalocarpus), black
ironwood (Olea capensis), shingulostso (Fagaropsis angolensis), East
African green heart (Warburgia ugandensis), African satinwood
(Zanthoxylum gilletii). Debarking these tree species causes diseases
to trees (Senkoro et al., 2014). There was a significant difference
between wealth categories regarding the perception of the
importance of debarking trees causing diseases (F2,45 = 14.559,
p < 0.001). The level of education, as an indicator of wealth, may
be a reason for this significant difference in perception, as wealthier
households tend to be more aware of environmental and natural
resource phenomena due to higher education levels compared to
poorer households.

Kakamega Forest Ecosystem faces issues with invasive plants
and tree species i.e., guava (Psidium guajava), wild sage
(lantana camara), Siam weed (Chromolaena odorata), Mathenge
trees (Prosopis juliflora), and eucalyptus (Eucalyptus saligna)
(Abonyo et al., 2016). These invasive species rapidly colonize
disturbed areas, competing with native tree species. The results
suggest that the perception for invasive plants and trees differs
significantly across the wealth categories (F2,45 = 31.946, p < 0.001),
possible due to the wealth ranking indicators such as land
ownership and education level. Wealthier and middle-income
households own more land and are better educated; hence their
perception of this threat is more enhanced compared to the poor
households. This outcome is consistent with the findings in India
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(Sarkar and Deb, 2024), where wealthier households are more
aware of invasive plants and more likely to engage in control efforts.

Illegal logging in KFE is a significant threat, as expressed during
the FGD and KII, and supported in the literature (Humphrey
et al., 2016; Kisiwa et al., 2021). This threat contributes to forest
degradation and revenue loss to the national government. KFS is
mandated to combat illegal logging through forest rangers, and
in some forest stations, CFAs have also mobilized forest scouts
who volunteer to assist in enforcing rules and regulations. Previous
studies indicated a shortage of KFS personnel to fully meet this
mandate (Kisiwa et al., 2021). However, in 2023, the KFS managed
forest stations in Kenya were boosted with additional rangers who
underwent through requisite training. KII revealed that, even with
additional personnel, the staff remains inadequate for effective
patrol and enforcement. Households identified illegal logging as
the biggest threat to KFE. This situation mirrors findings in Brazil
(Bösch, 2021), where illegal logging is one of the biggest threats to
the Amazon forest and results in revenue and tax income loss for
the government due to informal trade.

Sand mining as a livelihood activity was mainly carried out
in Navakholo and partly in Shinyalu along the riverbank. Sand
mining alters the river’s normal flow, resulting in sedimentation
and erosion that can weaken riverbanks and increase the risk
of flooding. It also lowers the riverbed, causing groundwater
levels to drop and impacting on the amount of water available
for ecosystems and human use (Sreebha and Padmalal, 2011).
Gold mining mostly takes place in Ikolomani in Kakamega,
with small scale and artisan miners also operating around the
forest. The proximity to KFE raises significant environmental
and sustainability concerns. These gold mines leave a lot of big
holes deep in the ground, and during the FDG, some participants
reported cases of residents sustaining serious injuries from the deep
holes in the mine. This outcome is also observed in Ghana (Boadi
et al., 2016), where the inception of illegal mining degraded 5% of
the forest reserve. Sand and gold mining did not show a significant
difference in its perception across the wealth categories.

Charcoal production is a common commercial activity in
Kakamega region. The Kenyan government’s charcoal ban, imposed
in 2018, resulted in an increase in illegal charcoal supply to meet
high demand (ISS, 2021). However, research by Wekesa et al.
(2023) revealed that the policy generated a negative feedback loop
among stakeholders, meaning the policy may not have achieved its
intended purpose of reducing deforestation due to its adverse side
effects. The authors recommended a policy mix, using substitute
products like briquettes. According to our respondents, charcoal
burning continues to pose a significant threat to KFE, a finding
consistent with research in Uganda, where firewood and charcoal
are major drivers of deforestation despite policies to control
charcoal production (Bamwesigye et al., 2020).

Climate change was perceived as a significant threat,
particularly after the severe drought throughout Kenya between
March and June 2023 (IRC, 2023), which led the government
to declare it a national emergency. This situation increased the
local forest community’s dependence on the forest for subsistence,
further exacerbated by crop failure. The results indicate that
perceptions of the importance of climate change differ significantly
across the wealth categories (F2,45 = 6.174, p = 0.002). Wealthier
houses, typically owning larger pieces of land on which they
practice agroforestry, are more aware of climate change as a

threat to KFE, as prolonged droughts directly impact their income
sources. This aligns with Stern’s (2007) research, which indicated
that wealthier households, more likely to possess valuable assets
such as land and businesses, are more vulnerable to the impacts
of climate change on forests, including higher wildfire risks and
decreased water supply.

Unsustainable harvesting of NTFP, which includes medicinal
plants, mushroom, grazing grass, sand, and vegetables is one of the
identified threats by the respondents. The results indicate that the
perceptions of the importance of unsustainable NTFP harvesting
differ significantly across the wealth categories (F2,45 = 13.005,
p < 0.001). This is also seen in Nigeria (Suleiman et al., 2017), where
wealthier households have a higher perception of the importance of
NTFP compared to their counterparts.

Lack of awareness of conservation efforts was the second most
significant threat perceived by the respondents. This broad term
in our data collection covered: (a) limited access to conservation
information due to technological, educational and geographical
barriers; (b) inadequate outreach and education initiatives to
inform the public about conservation efforts and (c) limited
media coverage resulting in the public not being informed of
these initiatives. The lack of awareness has led to reduced public
support for conservation efforts, continued forest degradation,
and ineffective policy implementation. The results reveal that
perceptions of the lack of awareness of conservation efforts differ
significantly across wealth categories (F2,45 = 20.8, p < 0.001), with
wealthier and middle-income households being better positioned
to consider long-term environmental/forest impacts because their
basic needs are met. In contrast, poorer households strive to meet
some of their basic needs (food security, housing, and employment)
from the forest.

3.4 Perception of challenges faced by
local communities across wealth
categories

The importance of the selected challenges was ranked on a
Likert scale from 1 to 5, and their mean and standard deviation
are shown in Figure 5. The findings generally support H4. This was
evident in several areas where poorer respondents reported higher
concern. During the FGD and KII, numerous challenges faced by
the local community were identified, which were narrowed down
to 11 challenges, based on the frequency with which they were
mentioned by FGD and KII participants.

The installation of an electric fence along the forest edge was
identified as a challenge by the respondents. Initiated in 2023,
the project aims to curb forest loss and promote biodiversity
conservation. It is funded by the Kakamega and Vihiga county
governments (KCG, 2020), the United Nations Development
Program (UNDP), and the government of Japan (UNDP, 2023).
The first phase, covering 155.6 km, started at Isocheno forest
station in Shinyalu. The second phase, planned for 2024, will extend
the fence by 117 km. Our results reveal that perceptions of the
electric fence around the forest differ significantly across the wealth
categories (F2,45 = 7.163, p = 0.001). Wealthier households, with
greater financial resources, are better able to pay for entry fee
to use the forest resources, unlike poorer households. During a
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Harvesting rights given to non-local community members.

CFA/community members blamed for non-members infringes. B

Flash floods

Rich households (n = 84) Middle wealth households (n = 105) Poor households (n =264) Total (453)

FIGURE 5

Perception of the challenges faced by local communities across the wealth categories [Numbers outside of the brackets are the means, while
numbers inside the bracket indicate the standard deviation. A denotes a significant difference between rich and middle households, B denotes a
significant difference between rich and poor households, and C denotes a significant difference between the middle and the poor households, at
p < 0.05. (W) indicates performance of the Welch one-way ANOVA test].

KII interview with the forest manager at Isocheno in Shinyalu,
various challenges were cited, including the need for interventions
with some community members and vegetation near the fence
causing short circuits. For the latter, Kakamega county employed
six workers to slash the vegetation around the fence. The manager
also cited the challenge of the maintenance cost associated with the
electric fence. Overall, the communities neither agree nor disagree
that the electric fence is a challenge they experience.

Fees for forest use are another challenge cited by the local
community in KFE (See Supplementary Appendix Table A2 for
forest fees). Perception of the fee for forest use differ significantly
across wealth categories (F2,45 = 15.996, p < 0.001). Rich and
middle-income households have enough financial resources to
pay entry fee for forest use and perceive that fee is necessary to
support the CFA in its function. Chomba et al. (2015) indicated
that fees for forest resource use increased the vulnerability of
disadvantaged local communities and fostered elite capture of local
level institutions.

Regarding the issue of benefit sharing, the local community
expressed dissatisfaction, despite the presence of PELIS, which
allows forest access for a fee. Many respondents stated that the
benefits are still not significant, and some reported not receiving
any benefit from KFE. Financial barriers to joining CFA were
mentioned as limitations, as membership is required to access
forest resources. Even for those who could join the CFA, PELIS
was not guaranteed. This is reflected in the significant differences
in perceptions among wealth categories, with poorer households
expressing greater dissatisfaction compared to their wealthier
counterparts (F2,45 = 9.443, p < 0.001). However, the challenge of
benefit sharing did not have a high perception as a challenge to the
local community, possibly because some members acknowledged
the indirect benefits of KFE. A similar challenge has also been
documented in Nepal’s community forest management system,
particularly regarding the lack of social inclusion (Pokhrel and
Gautam, 2024).

Crop failure on PELIS plots was identified as a significant
challenge. Farmers reported losses caused by wild animals,
especially baboons, monkeys and rodents, which damaged crops
intended for domestic or commercial use. This further exacerbates
forest dependency in KFE. A similar situation has been documented
in Myanmar (San et al., 2023), where local communities perceived
wild animals as an obstacle to implementing community-based
agroforestry. However, crop failure did not have a high perception
as a challenge to the local forest community, likely because only a
small portion of the population benefits from the PELIS program.

By the time of data collection in March 2024, the PFM contracts
(forest management agreements) for all CFAs in the study area
had not been signed by the management of KFS since 2018.
During the FGD at the four study sites, participants stated that
the necessary documentation for finalizing the PFM agreements
had already been submitted. They highlighted that the delay posed
a challenge to their operation, as some sponsors of conservation
initiatives or alternative livelihood activities required signed PFM
contracts to continue or start funding. Perceptions of the prolonged
delays in signing PFM contracts differ significantly across wealth
categories (F2,45 = 4.143, p = 0.016). This may be attributed to
wealthier households being more educated and understanding the
critical role of PFM agreements in facilitating decision making
involvement and supporting livelihood, which helps, in the end, to
reduce forest dependence (Joram Kagombe, 2016).

The prohibition of maize planting in PELIS emerged as one
of the major challenges identified by the local community. Maize
flour is an essential ingredient in preparing “ugali,” a staple food in
the Kakamega region, and the restriction elicited a lot of negative
feedback from the community, many of whom rely on maize for
their daily food. The decision to stop maize planting in PELIS
came from the concerns at KFS headquarters over the prolonged
monoculture of maize, which was depleting soil minerals vital for
tree growth. During FGDs, the participants stated that the ban had
driven up maize prices in the market due to increased demand,

Frontiers in Forests and Global Change 12 frontiersin.org

https://doi.org/10.3389/ffgc.2025.1554677
https://www.frontiersin.org/journals/forests-and-global-change
https://www.frontiersin.org/


ffgc-08-1554677 May 28, 2025 Time: 19:8 # 13

Osewe et al. 10.3389/ffgc.2025.1554677

leaving some of the community members unable to purchase maize.
This led to the prohibition of maize planting in PELIS being
perceived as the second most significant challenge to the forest
community in our analysis.

Incidences of sexual violence against women were also
identified as a significant challenge by the local community.
Women who went in the forest to collect firewood, vegetables,
medicinal plants, and mushroom reported cases of some of their
acquaintances being sexually assaulted by men who were in the
forest to log or hunt bush meat. KII interviews with the forest
rangers confirmed such incidents. In response, some women began
to access the forest in groups, and KFS rangers increased vigilance
to monitor suspicious activity. Several perpetrators of these acts
were caught and prosecuted. Perceptions of sexual violence against
women in the forest differs significantly across wealth categories
(F2,45 = 3.401, p = 0.034), with poorer households reporting greater
concern due to their heavier reliance on forest resources.

Conflicts between the CFA/community members and KFS were
perceived as a challenge to the forest community. Some of the
CFA executive members in the forest stations did not have a good
working relationship with the forest manager in their respective
duty stations. This led to exclusion of the CFA members from
the community outreach programs and certain decision-making
processes. During FGDs, some of the participants stated that this
poor working relationship with KFS had delayed the signing of the
PFM contract. However, it is important to note that not all the KFS
staff had a poor working relationship with the CFA members at
their respective stations.

The allocation of harvesting rights to non-locals had the highest
perception as a challenge to the forest community. During FGDs,
participants expressed concerns that plantation forest harvesting
rights were awarded to harvesting companies operating outside
Kakamega, thereby directly benefiting people outside their county.
This trend was attributed to the decline in the number of harvesting
companies in Kakamega, driven by insufficient raw materials and
bureaucracy (Kefa et al., 2018).

The issue of CFA members being blamed for infringements
committed by non-CFA members was another challenge identified
by the forest community. According to our analysis, the local forest
community did not perceive this challenge as highly significant.
This could be because some of our respondents were not CFA
members and were not associated with this challenge. This
challenge contributed to a poor working relationship with the KFS,
as the CFA members assist in scouting KFE, leading to speculation
of collusion with offenders. Perception of CFA/community
members being blamed for non-members infringements vary
significantly across wealth categories (F2,45 = 8.793, p < 0.001),
with poorer households volunteering more for scouting activities
compared to wealthier households, thus increasing their awareness
of this challenge.

During the later stages of our data collection, Kakamega went
through heavy rains resulting in flooding that affected over 82,000
families in Kenya, with Kakamega county being one of the affected
regions (OCHA, 2024). The Isiukhu River, which flows through
KFE, broke its banks, severely affecting the neighboring local forest
community and destroying their assets, including cultivated lands,
houses, and livestock, which were vital to their livelihood (Star,
2024). Flooding was widely perceived as a high challenge by the
local forest community in KFE, leading to an increased dependence

on KFE for the provisioning ES. Our results align with outcomes
from Vietnam (Tran et al., 2010), where flooding was also perceived
as a major challenge due to similar experiences.

Analyzing the challenges faced by local forest communities
across wealth categories helps in the development of targeted
interventions tailored to the specific needs of each group
(Agrawal and Gibson, 1999). It also provides policy makers with
critical information for improving policy formulation by creating
more inclusive and effective policies that address the unique
difficulties experienced by various wealth groups. Such information
ensures that policies do not disproportionately favor one group,
promoting social equity and cohesion.

4 Conclusion

This research aimed to elicit the perceptions of the local forest
community of KFE regarding the changes in the ES provision,
changes in the forest condition, current threats to the forest, and
the challenges experienced by the local forest communities across
different wealth categories.

The results indicated perceptions that mirrored an increased
ES provision across wealth categories, highlighting the crucial role
of the forest ES in local community wellbeing, particularly among
wealthy households in Malava. However, as expected, the wealthier
households exhibited a positive correlation with the perception of
unchanged ES provision, while poorer households had a positive
correlation with decreased ES provision, indicating their sensitivity
to reductions in ES on which they rely for their daily needs.
Additionally, the size of land owned, and level of education were
positively correlated with increased ES provision.

The local communities generally perceived an improvement in
forest conditions across wealth categories, especially for Lurambi,
suggesting better management of KFE. However, unexpectedly,
poorer households correlated positively with perceptions of
significant improvements in forest conditions, with a decreased
perception in ES provision, indicating challenges related to access
to these ES. In contrast, middle- and rich-households respondents
showed a positive correlation with perceptions of severely degraded
forest conditions, implying that derived economic activities may
lead to deforestation. As expected, income, education level, and
land ownership size showed a positive correlation with perceived
improvement in forest conditions.

The unexpectedly low perception of animal grazing as a threat
to KFE, with significant differences between middle- and rich-
households, underscores the importance of land ownership as
a wealth indicator. It suggests that middle-income households
are more likely to rely on forest grazing for their livestock,
making them less sensitive to this threat. This outcome also
highlights a potential gap in conservation communication, as
intensive grazing, despite its negative ecological impacts, is not
widely perceived as a threat. This indicates a lack of awareness
among local communities regarding the long-term environmental
consequences, emphasizing the need for improved education,
awareness, and engagement between policymakers and the forest
dependent communities.

As expected, the electric fence was perceived as a major
challenge, with significant differences across wealth categories,
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highlighting the poor households’ heavy reliance on provisioning
ES. This finding illustrates how electric fencing, typically perceived
as beneficial for forest conservation by reducing illegal logging, has
differential socioeconomic impacts that are often overlooked. The
significant differences in perception suggest that fencing is not a
neutral intervention but rather one that creates economic and social
inequalities in access to forest resources.

This research contributes to the scientific community by
demonstrating how threats and challenges associated with forest
conservation disproportionately affect and involve different
wealth groups. The findings enhance the understanding of the
intersections between forest conservation, economic inequality,
and governance. They also highlight the need for wealth-sensitive
conservation policies and opens new research directions on how
economic disparities shapes forest threats.

The study’s strength relies in its mixed method approach and
use of weighted scoring to classify households by wealth, offering
valuable insights into how socio-economic status shapes forest
dependency in the KFE. Grounded in extensive fieldwork and
community engagement, the study captures the lived experience
of the forest-dependent communities and highlights the socio-
economic complexities influencing conservation outcomes.

However, several limitations exist. The study relies
on cross-sectional and self-reported data, which limits its
ability to establish causal relationships. The one-time survey
design also restricts understanding of evolving perceptions –
particularly considering recent interventions, such as the
installation of electric fences, whose long-term effects remain
unexplored. Future research should adopt a longitudinal
approach to capture shifting community perceptions and
adaptive strategies over time, especially in response to recent
developments. Incorporating participatory mapping and
remote sensing could further strengthen both ecological and
social insights.

Kakamega Forest Ecosystem presents a clear case of competing
interests between biodiversity conservation and community
livelihoods, as supported by previous research. This findings of
this study show that poorer households rely on forest resources
out of necessity, yet they are often disproportionately affected by
restrictive conservation measures.

The identified challenges and associated recommendations
offer equitable, inclusive, and sustainable solutions that
could enhance PFM in KFE and beyond, ensuring the
wellbeing of the local communities and contributing
to the achievement of the Sustainable Development
Goals of the region.

4.1 Policy recommendations

The research findings can inform policy development tailored
to local context and provide recommendations for targeted
interventions in the Kakamega forest management plan, as well as
for non-governmental organizations operating in the region. These
recommendations include:

Community outreach – the research revealed that the electric
fence, intended to curb threats such as illegal logging, creates
a negative feedback loop. Policymakers should consider targeted

public awareness campaigns to highlight how the fences not
only lower illegal logging incidences and improve forest safety
by limiting unauthorized access but also curb incidents such
as sexual violence. Additionally, these campaigns should clarify
maize planting restrictions within PELIS lands and support public
understanding of collective conservation efforts.

Alternative agricultural crops are another area of intervention –
policymakers might consider promoting non-palatable crops
for monkeys and rodents, such as onions and chilies, or
companion/buffer crops like marigold, carrots, and onions.
This would solve the crop failure issues identified by the
local community and curb the unsustainable harvesting of
NTFP by offering more alternative crops that fetch premium
prices in the market.

Local based harvesting – establishment of harvesting quotes in
favor of local timber harvesting companies operating in Kakamega
might be an area of policy intervention, offering synergistic solution
by ensuring more benefits remain in the county for the local
communities in terms of jobs and taxes.

In the area of monitoring of PFM implementation –
policymakers should consider establishing a monitoring
mechanism to oversee PFM implementation, resolve contract
difficulties between CFAs and KFS, and ensure that CFAs have
the necessary documents and meet contract conditions. Such
a mechanism would create a conducive environment for the
successful execution of PFM.
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