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Overdependence on tropical forest ecosystems in the Global South continues to drive deforestation and envi-
ronmental degradation. The non-conformity of ecosystem service (ES) values with conventional economic
models limits effective resource management policies. ES valuation provides comparable metrics for the eco-
nomic inclusion of natural capital in decision-making for livelihood improvement. This research assessed how

Livelihoods ops . . :
forest dependent communities derive economic and cultural value from Kakamega Forest Ecosystem (KFE) in

Forest Dependency and Kakamega Forest . o .. . .

Ecosystem Kenya by (i) identifying the most frequently used forest products, (ii) evaluating the contribution of foraged

forest products to local livelihoods, and (iii) determining their perceptions and willingness to pay (WTP) for
cultural ES. This research used survey methods to collect primary data by distributing mixed-format question-
naires to 631 households across five sub-counties bordering KFE. Statistical analyses of collected data were
conducted in R studio. Firewood at 49% was the most frequently used forest product of the total foraged
products. The total annual monetary valuation for tangible ES was US$ 283,362, which comprised vines (Mondia
whitei) at US$ 74,786, firewood at US$ 73,513, fruits (Persea americana) at US$ 72,860, medicinal plants US$
39,320, timber US$ 12,801, and mushrooms (Auricularia auricula-judae) at US$ 8015. For the intangible ES, 93%
of the respondents had WTP within the price range of US$ 0.55 to US$ 2.17 with an average of 70% positive
perceptions expressed for cultural ES at forest sacred groves. The findings on both economic and cultural de-
pendencies on KFE enabled Payment for Ecosystem Services (PES) scenarios in livelihood improvement. This
research recommends PES schemes and socially inclusive interventions for sustainable forest management.

1. Introduction and the effect on global climate conditions (Artaxo et al. 2022).

Although conservation efforts at international levels often advocate for

Tropical forest ecosystems have critical ecological functions for the
maintenance of global biodiversity (Pillay et al., 2022) and provide
essential ecosystem services (ES): forest products like wood or envi-
ronmental services, such as climate regulation through carbon seques-
tration (Psistaki et al., 2024). Communities adjacent to tropical forests
often directly rely on the provisioning ES - wood-based products,
namely wood fuel, timber, and non-timber products which include
water supply for sustenance of daily needs (Dawson et al. 2021). Within
tropical regions in Southeast Asia, South America and Africa, the ES
associated with forest biodiversity are often jeopardized for short-term
gains like timber extraction and conversion of forest land for agricul-
ture, overlooking their long-term negative impacts on forest ecosystems
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the protection of unique and endangered species (Betts et al. 2020), the
demand for forest products to cater for immediate needs is prioritized by
communities at local levels (Haji et al., 2021).

In Africa, socio-economic dynamics related to household income
levels among forest fringe communities have been cited as a precursor to
the increasing rate of forest resource extraction for subsistence (Nugroho
et al. 2022), and commercial purposes (Chama et al. 2023a). For
instance, Lepetu et al. (2009) established that the level of forest
dependence in Botswana among the rural communities was associated
with household incomes. In Ethiopia’s Tigray region, livelihood assets
associated with household economic activities substantially impacted
reliance on forest resources (Babulo et al. 2008). Furthermore,
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international market demand for timber and wood products has also
influenced harvesting rates at household levels in Cote d’Ivoire and
Cameroon due to the existing financial incentives for forest products
(Ngaba et al. 2023). In Gabon, the demand for wood products within the
European markets resulted in increased timber production (Terheggen
2011). Similarly, in the Democratic Republic of Congo (Butsic et al.
2015), various forms of timber extraction have been exacerbated to fulfil
the market demand for wood and timber for export.

Regionally, continued deforestation in East Africa (Osewe et al.
2024), has been linked to land use changes often from the conversion of
forests land to agricultural land. In Kenya, these changes are more
pronounced and visible along the boundaries and edges of tropical forest
ecosystems (Osewe et al., 2022). Studies on forest ecosystems covering
Central, Eastern and Western Kenya have confirmed the nexus between
forest dependency and the need for rural communities to produce food
through various forms of subsistence agricultural practices such as shift
cultivation (Chhetri et al., 2023). For instance, Jebiwott et al. (2023)
highlighted small-scale agriculture, population pressure and political
interference as key drivers of deforestation in the Mau Forest complex.
Similarly,Kocemba et al. (2025) linked the decline in woodlands and
indigenous forest cover in Mt. Elgon region to the increased pressure on
remaining forest fragments because of lowered slope stability and less
arable land in the region. While other studies on forest dependency
emphasized conservation to avert irreplaceable biodiversity loss (Jago
et al. 2024), community centred approaches through payment for
ecosystem services (PES) schemes were cited as an effective long-term
solution for sustainable forest management (Osewe et al., 2023).

Communities in Western Kenya relying on Kakamega National Forest
Reserve are organized in forest user groups and formally recognized as
Community-Based Forest Associations (CFAs) under the forest conser-
vation and management Act of 2016 (Republic of Kenya, 2016). These
CFAs work together on utilizing and conserving forest resources through
initiatives that improve their livelihoods, such as silk farming, and of-
fering ecotourism services as tour guides. Further, Frank et al. (2017)
also  highlighted the positive outcomes associated with
community-centred participatory forest management (PFM) in Mida
Creek, Kenya and linked their economic empowerment with collective
resource ownership attitudes of forest-dependent communities through
CFAs. Moreover, Tsingalia (2020a) emphasizes the effectiveness of joint
forest management through CFAs and the government towards identi-
fying the needs of indigenous people and developing conservation pol-
icies that recognise the role of forest resources in their livelihoods.
Similarly, Musyoki et al. (2013) determined that households with CFA
memberships in central Kenya were more likely to contribute towards
forest resource stewardship through PFM compared to non-CFA affili-
ated households.

While the focal theme of most ES valuation studies typically refer to
tangible forest products and associate their value with livelihoods of
forest dependent communities, this often leaves a gap in understanding
the contribution of intangible ES, particularly those with cultural values
(Gogo et al. 2022). For instance, Osewe et al. (2024) established that
cultural ES were the least assessed compared to other categories of ES in
East Africa, with spiritual services being the lowest ranked among ser-
vices such as ecotourism and cultural practices. The Tiriki sacred groves
of Hamisi sub-county in KFE hold spiritual and religious significance for
rite of passage rituals amongst Tiriki people of the luhya community in
Western Kenya (Kassilly et al., 2009). These sacred groves are not just
expressions of identity or tradition; they also serve as social anchors that
influence how communities relate to and conserve forest ecosystems. In
many contexts, sacred groves and spiritual rituals are linked with forest
ecosystems function as informal conservation mechanisms (Fernandes
et al. 2022; Khunweechuay et al., 2022). Therefore, a comprehensive
economic assessment of ES, which includes aspects of spiritual services
related to the Tiriki sacred groves in KFE, would offer valuable insights
to key actors of a potential inclusive PES schemes that incorporates the
values which societies associate with tangible and intangible ES.
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Previous studies have highlighted the rate of dependency by forest
fringe communities to the ES (Waruingi et al., 2021), and the impact of
CFAs on forest user group attitudes towards conservation through PES
schemes (Nyongesa et al. 2016). Research has also associated forest
dependency with provisioning ES and their rate of supply as a factor that
determines the extent of utility (Maithya et al., 2022). Similar studies
have elaborated on the ES prioritized by the forest fringe communities
(Diafas et al., 2017), and assessed their willingness to pay (WTP) for
maintenance of forest resources with regards to regulating and sup-
porting ES (Waruingi et al. 2023). However, few studies have provided
comparable metrics for the inclusion of both tangible and intangible ES
in conventional economic models. Moreover, Osewe et al. (2024) also
cited the gap in assessment of intangible ES and recommended the in-
clusion of values like cultural services in ES valuations. Therefore, a
holistic assessment would provide a crucial context for understanding
the contribution of ES to the livelihoods of forest fringe communities
around KFE.

The aim of this research is to assess how forest dependent commu-
nities derive economic and cultural value from Kakamega Forest
Ecosystem (KFE) in Kenya by (i) identifying the most frequently used
forest products, (ii) evaluating the contribution of foraged forest prod-
ucts to local livelihoods, and (iii) determining their perceptions and
willingness to pay (WTP) for cultural ES. While numerous studies
highlighted the benefits of engaging with local communities to identify
their priorities in ES utility (Ali et al. 2025; Pradhan et al. 202.3), forest
conservation and management of natural resources (Ombogoh et al.,
2022), this research used survey methods to collect primary data by
disseminating questionnaires to households spread out across five
different sub-counties amongst the forest fringe communities bordering
KFE. A data frame was created for analysis based on the socio-economic
information provided by respondents to provide context for the forest
resource value chain and the socio-cultural impact on their livelihoods.
Further, this research aimed at using comparative economic metrics
drawn from the ES valuation to contextualise their contribution to
livelihoods and provide proper PES scheme scenarios for livelihood
improvement and sustainable forest management.

2. Materials and methods
2.1. Study area and context

Kakamega National Forest Reserve (Fig. 1) is an important forest
ecosystem because of its immense direct and indirect ecosystem benefits
to the livelihoods of the surrounding communities (Osewe et al., 2022).
Within the context of this study, surveyed households were spread out
along the forest edge covering the sub-counties of Lurambi, Shinyalu,
Navakholo and Malava. The selected sub-counties had approximately 90
% geographic coverage of the forest ecosystem to the western side of
Kakamega County. The remaining 10 %, located at the southern tip, was
covered by questionnaires administered in Vihiga County (Hamisi
sub-county). Furthermore, the eastern forest edge defined the outermost
boundary for Kakamega County extending to Nandi County.

2.2. Questionnaire design

Four hour focus group workshops with at least five CFAs leaders
were held in each of the five selected sub-counties before distributing
questionnaires. These interactive sessions were conducted to identify
preferences for ES. The four sub-counties of Lurambi, Shinyalu, Nav-
akholo, and Malava, showed a preference in utility for tangible ES
related to forest products like firewood, fruits (Persea americana), vines
(Mondia whitei), timber, medicinal plants (Azadirachta indica) and other
categories like wild wood ear mushrooms (Auricularia auricula-judae).
Consequently, the respondents were issued questionnaires focusing on
the type, amount and use of the of tangible forest products (Appendix A,
Table AII). The remaining sub-county (Hamisi sub-county) exhibited a
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Fig. 1. Surveyed sub-counties bordering Kakamega national forest reserve.

preference in utility for intangible ES, particularly cultural and spiritual
services associated with the Tiriki sacred groves, known by the locals as
“Ikavakava shrines” (Sharma et al., 2022). These spiritual associations
with KFE were uniquely concentrated in Hamisi sub-county based on
focus groups, and the other four sub-counties did not report similar
traditions during preliminary focus group consultations.

Respondents were issued questionnaires addressing these cultural
values considering their perceptions, attitudes and WTP for cultural
services from Tiriki sacred groves (Appendix A, Table AIIl). While the
cultural ES assessment was specific to Hamisi sub-county, it provides
insight into the broader role of sacred groves in shaping forest com-
munity relationships within the greater KFE. Moreover, Kambona et al.
(2016) reported less ecological disturbance and extraction of tangible
forest products by communities around Tiriki sacred groves compared to
other communities without sacred associations to KFE. Similarly,
Shoddo (2022) established a link between the conservation practices
with minimal extraction and sacred forest culture amongst the

Table 1
Survey sample size for each administrative unit bordering KFE.

communities of Gudo Forest in Ethiopia.
2.3. Data collection

The field data were collected in five sub-counties located at the
western and southern borders of KFE with a total population of 656, 578
and a total number of 172,288 households according to the 2019 Kenya
Population and Housing Census (Kenya National Bureau of Statistics
(KNBS), 2019). Kakamega Forest lies in two different counties i.e.,
Kakamega county and Vihiga county and its boundaries overlap with
adjacent targeted sub-counties (Table 1). Sample size determination,
considered parameters such as (i) statistical confidence level, (ii) margin
of error, and (iii) questionnaire design.

A stratified sampling technique was used, with sub-counties as strata
(Alzahrani et al., 2025), and interval number between households
(Table 1). The sample size was established for each sub county using a
95 % confidence level and 5 % margin of error (Ummel et al. 2024). For

Sub-counties where
Kakamega Forest
Ecosystem lies

Population of
Sub- Counties
proportion of 50 %.

Targeted sample size with confidence level
95 %, Margin of error 5 %, population

Increased sample Number of Households Interval Number for household

size for strata per Sub- County (HH) survey along road/ street/

(Hn) pathways
interval(i)=(HH)/(Hn)

Lurambi Sub-County 160,229 94
Shinyalu Sub-County 159,475 93
Malava Sub-County 115,354 68
Navakholo Sub-County 116,851 68
Hamisi Sub-County 104,669 61

Total number of Targeted households for survey

154 52,015 337
153 39,589 258
112 26,049 232
112 27,671 247
100 26,964 269
631
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better representativeness of each stratum, the sample size was increased
while preserving the proportionality and stratified structure of the
sample to have a minimum of 100 respondents in each stratum.
Households for survey were selected depending on interval number
established in Table 1. The questionnaire was applied to the adult in the
household who was to celebrate his/her birthday first.

2.4. Data processing

The primary data consisted of five datasets collected from the sub-
counties bordering KFE: four addressing the use of tangible forest
products and one addressing the cultural values of Tiriki sacred groves.
This research combined the four datasets from Lurambi, Shinyalu,
Navakholo, and Malava into a single numerical column dataset for
descriptive statistical analysis in R-Studio.

Using this combined dataset, the sum of responses regarding forest
product preferences was weighted and aggregated into percentages to
identify the most used forest products. Statistical approaches for mul-
tiple survey responses were used to weigh and adjust potential biases
(Arnab 2023). An analysis of the frequency distribution per sub-county
was conducted to show an overview of forest product utility by local
communities, inferring preferences for firewood, fruits (Persea ameri-
cana), vines (Mondia whitei), timber, medicinal plants (Azadirachta
indica), and wild wood ear mushrooms (Auricularia auricula-judae).
Given that some respondents provided multiple entries, a Pearson’s
Chi-squared test (Apolo et al. 2016) was conducted to assess any sta-
tistically significant association between sub-counties and the most used
forest products.

Based on similar statistical approaches for sums of weighted strati-
fied datasets (Orlov et al., 2014), the numerically coded responses were
summarised and grouped by the quantity of forest products collected in
kilograms (kg) per month. The aggregated sums of weighted averages
were based on medians of ranges per category of collected forest prod-
ucts: (i) under 20 kg, (ii) 21 to 50 kg, (iii) 51 to 80 kg, (iv) 81 to 110 kg,
and (v) over 111 kg (Appendix A, Table AIl). To evaluate the contri-
bution of collected forest products to local livelihoods, their direct
economic gains were estimated using the weighted average amount of
forest products collected per year (12 months) multiplied by their
respective market prices (Appendix A, Table Al). An analysis of variance
(ANOVA) test (Ostertagova et al., 2013), was conducted to identify any
statistical differences in the mean quantity of forest products collected
across three categories: (i) occupation or work status, (ii) main use of
forest products, and (iii) gender, which have been identified by similar
studies to influence the collection (Kimanzu et al. 2021), and foraging of
forest products (Bohnett et al. 2023).

For the assessment of cultural values, data was extrapolated from
survey responses capturing demographic attitudes and perceptions
associated with cultural ES, specifically spiritual services in the Tiriki
sacred groves of Hamisi sub-county. Using stated preference approaches,
such as contingent valuation methods (Cheng et al. 2019), the willing-
ness to pay (WTP) was analysed by amount in price ranges as an indi-
cator of economic value in a hypothetical scenario where entrance to
sacred shrines was fee-based. An ANOVA test was conducted to identify
any statistical differences in the distribution of WTP across key drivers of
cultural shifts, such as (i) religion and (ii) level of education (Son et al.,
2023). Gender was excluded from the analysis because, culturally, only
male respondents were permitted to provide feedback on the question-
naire regarding the Tiriki sacred groves (Ouma et al., 2015). Addition-
ally, respondents’ perspectives were analysed based on their experiences
at Tiriki sacred shrines to provide context for their perceptions of the
socio-cultural significance of sacred shrines to livelihoods. Finally, this
research drafted economic perspectives based on the ES valuation re-
sults to suggest proper PES scheme scenarios for livelihood improve-
ment in KFE.
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3. Results and discussions
3.1. Analysis of forest product use per sub-county

Firewood was the most used forest product locally as detailed in
Fig. 2. Similar studies have highlighted the high dependence of rural
households in Kenya on wood fuel and charcoal as their primary source
of fuel (Sola et al., 2020) for cooking, water heating and housewarming.
Osewe et al. (2024) attributed this overreliance to the easy access to
firewood for nearby communities, and socio-economic factors such as
poverty. Other studies have also highlighted limited access to electricity
in rural areas (Sawe 2012), the inaccessibility and cost of acquiring
liquefied petroleum gas (LPGs) as determinants to the overreliance in
firewood as a main energy source (Sola et al. 2019).

Variations in usage for the other forest products were influenced by
household needs and preferences. Market-related factors and environ-
mental influences also contributed towards these variations (Hlangwani
et al., 2023). For instance, Murimi et al. (2024), highlighted the sig-
nificance of value addition interventions for products such as fruits
(Persea americana), which played a key role in market robustness by
driving their usage rates in Kakamega County. Moreover, McMullin
(2016) also outlined the ecological suitability of KFE which supported
optimal growing conditions for various products throughout the year.
Moreover, these environmental conditions favoured consistent har-
vesting for forest products like fruits and vines (Mohammed et al. 2020).

The roots of vines (Mondia whitei) which are commonly known as
"mukombero"” by the local communities, were mainly used for recrea-
tional and medicinal purposes. For instance, Mabonga et al. (2022)
concluded that Mondia whitei boosted testosterone levels and showed
great potential for treatment of erectile dysfunction in males. Mondia
whitei has a wide range of other applications in alleviating stomach
pains, fever, stress, and as an aphrodisiac (Aremu et al. 2011a). Tradi-
tional uses have also been documented (Chokwe et al., 2021), among
forest communities in Southern African countries of Zimbabwe, Malawi
and South Africa where it was extensively used for treatment of al-
lergies, malaria fever, intestinal worms and skin diseases. Odugbemi
et al. (2008) also showed its efficacy in malaria therapy treatment
amongst the Okadigbo in Nigeria. Mondia whitei stands out as both a
culturally rooted and economically valuable forest product, reflecting its
broad significance in the local forest value chain. These diverse appli-
cations contributed towards the rate of utility in KFE comparable to the
other forest products.

Medicinal plants (e.g. Azadirachta indica), locally known as 'mwar-
ubaini’ have been used to alleviate common treatable illnesses alongside
modern medicine from hospitals (Wanzala et al., 2019). Traditional
medicine is perceived to be more accessible and cost-effective, especially
in rural areas where access to modern medicine and primary preventa-
tive care clinics is limited (Gakuya et al. 2020). The traditional practices
involving the use of medicinal plants in KFE were also intertwined with
cultural inclinations and socio-economic perceptions (Muthee et al.
2011). Similarly, Njoroge et al. (2007) showed that the peri-urban
population in Thika town preferred using herbal medicine over modern
treatments for common illnesses like diarrhoea. They perceived tradi-
tional medicines to have comparable efficacy to modern medicine and to
be less expensive. Njoroge et al. (2006) also noted the preferential up-
take of traditional medicine by farmers in ethnoveterinary practices for
livestock in Central Kenya. Other studies have highlighted deterrent
factors, such as the high costs associated with conventional modern
veterinary drugs (Githiori et al. 2002), which drive farmers to seek less
expensive traditional alternatives with comparable efficacy.

Timber had the lowest usage rates in three of the sub-counties
because commercial logging in the tropical forests of Western Kenya is
highly restricted for ecological reasons (Tsingalia, 2020b). In some
cases, it is totally prohibited such as by the 2018 logging moratorium of
the Kenyan government (Bartlett et al. 2024). Additionally, technical
and financial reasons contribute to the low usage rates (Langat et al.
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Fig. 2. Distribution of the most used forest products per sub-county.

2022). Efficient timber harvesting requires access to power saws, elab-
orate transportation systems, and a profitable value chain (Cheboiwo,
2016), which many farmers in rural communities lack. Without full
control over the value chain for sawn timber, these activities are pre-
dominantly left to established logging companies, estimated at 27 in the
western region (Muthike, 2017), with even fewer operating in Kaka-
mega County.

Although variations in the percentage of forest product usage were
observed in Fig. 2, the chi-square test p-value of 0.3836 indicated that
the usage of forest products was not dependent on the sub-county. The
findings suggest that socio-cultural factors (Ndung'u et al. 2023) influ-
enced the priorities of forest fringe communities in forest product utility
and therefore were not significantly different across the sub-counties. In
addition, Adwar et al. (2023) highlighted other common drivers influ-
encing forest dependency among rural communities, such as household

Table 2

income, family size, proximity to forest ecosystems, and access to
alternative energy sources.

3.2. Evaluation of collected forest products

Firewood was the most collected forest product by dry weight per
month, as detailed in Table 2. This was attributed to its essential role as a
primary fuel source for local communities (Ministry of Energy 2022).
Mbaka et al. (2019) concluded that the household preference for wood
fuel in rural areas in Kenya was due to factors such as low-income levels,
education levels, limited access to cleaner energy sources, and high
upfront costs for LPGs and subsequent refilling (Matthews, 2014). These
findings correlate with the distribution in Fig. 2, which demonstrated a
collective preference for firewood across all four counties, implying a
heavy reliance on forest resources to meet basic household energy needs

Summary of the average amount of forest products collected monthly in Kakamega county.

Forest products
collected per month in Kakamega County

Estimated weighted average (kg) of forest products

Total collected per
month/ forest product

Percentage share (%)
/ forest product

Estimated annual (12
months)

Lurambi Malava Navakholo  Shinyalu sub- (ke) collected monetary valuanorf T
{product(kg) x Unit price
sub- sub- sub- county KES/kg
county county county according to Appendix A (
Table AI)
Firewood 1299 3712 3696 3929 12,636 37.2% 9552,816
Fruits (Persea americana) 997 1331 1628 1304 5260 15.5% 9468,000
Vines (Mondia whitei) 625 1824 1339 1611 5399 159 % 9718,200
Timber (sawn) 1364 1446 1980 755 5545 16.3 % 1663,500
Medicinal Plants (Azadirachta indica) 464 1118 984 1692 4258 12.5% 5109,600
Other categories i.e., wild wood ear 116 96 626 30 868 2.6 % 1041,600
mushrooms (Auricularia auricula-
judae)
Total (kg) collected per month/Sub- 4865 9527 10,253 9321 33,966 > KES 36,553,716
County
Annual total (kg) 58,380 114,324 123,036 111,852 407,592
estimate /sub-county
Percentage share ( %)/sub-county 14 % 28 % 31% 27 %
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around KFE. Similar findings have been recorded in other studies,
showing an overreliance on forest ecosystems for wood fuel in South
America (Thiffault 2023), Sub Saharan Africa (Njenga et al., 2023) and
Southeast Asia (Sasaki et al. 2009).

Timber was the second most collected product by dry weight, due to
its heavier mass compared to other forest products, even though its
frequency was lower, as shown in Fig. 2 (Lovri¢ et al. 2020). This was
also due to the main use of timber as the primary material for con-
struction in rural areas (KNBS, 2022). As for the fruits (Persea americana)
and vines (Mondia whitei), the amount collected suggested that they
served an essential nutritional and specialized function, as in the case of
vines, being commonly used as aphrodisiacs (Oketch 2012). Medicinal
plants and other categories (wild ear mushrooms) were the least
collected by dry weight, indicating they were less in demand with
specialized use and had limited availability (Kaigongi et al. 2023). Other
studies also established that many medicinal plants were endangered
species (Ojunga et al. 2023a), and the unregulated foraging was a driver
towards their continuous depletion.

In terms of forest product collection by dry weight per sub-county,
Navakholo and Shinyalu had a higher reliance on forest products
because they are predominantly rural areas (Kambona et al., 2006). This
contrasts with the lower dependence observed in Lurambi, a more ur-
banized sub-county that hosts the county capital of Kakamega Town
(Lloydjones et al., 2014). Malava, despite urban influences due to its
proximity to Kakamega town and good road infrastructure, showed
notable dependence on forest products because of its rural outskirts. The
amount of timber and firewood collected in sub-counties Navakholo and
Malava was attributed to the heavy reliance exacerbated by the acces-
sibility to forest resources by surrounding rural communities (Okumu
et al., 2020). Table 2 reflected variations in resource availability, com-
munity priorities, and the influence of local economic activities for
forest resource users.

The total annual monetary valuation for all the collected forest
products was estimated at KES 36.5 million (US$ 283,362). The highest
monetary valuation was for vines at KES 9.7 million (US$ 74,786),
which was due to the niche market demand driven by the robust trading
in major cities like Nairobi, Kisumu and Mombasa where it had high
fetching value (Osano 2019). Additionally, Tendwa et al. (2024) related
the extraction and foraging of vines with cultural practices amongst the
Luhya community and perception of improved fertility associated with
the vines. Other forest products had comparatively lower valuation,
namely medicinal plants, which was due to the limited availability of
certain endangered plant species (Ojunga et al. 2023b). The low volume
of timber was associated with harvesting when needed for construction
(Cheboiwo et al., 2019a), and the short shelf life of mushrooms led to
lower market prices, which further declined with storage length
(Onyango, 2016). These results suggest a higher demand for vines,
firewood, and fruits compared to other forest products like medicinal
plants, timber, and mushrooms.

The economic valuation was based on surveyed market prices per
kilogram in Appendix A (Table AI). While the prices used reflect market
rates during the survey period, they may vary due to seasonality, supply
fluctuations, and market distance. Therefore, conservative price

Table 3
Summary of forest products collected per category of occupation or work.
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estimates were used, and annual values were calculated using 12 month
extrapolations from weighted monthly averages (Table 2).

3.2.1. Average quantity of forest products collected by occupation or work
category

The self-employed category (45 %) had the highest share of total
products collected in Table 3. This category earned additional income
from the sale of forest products, which supplemented their household
earnings (Nerfa et al., 2020). Farmers were second, because of their
involvement in agricultural activities through programs like the Plan-
tation Establishment and Livelihood Improvement Scheme (PELIS)
(Humphrey, 2016), and their high reliance on forest resources to meet
their livelihood needs. Similar studies have also highlighted the nexus
between the reliance on forest ecosystems (Newton 2022), and agri-
cultural production along forest edges (Mahmoudi et al. 2023).

The collection by the retired group was influenced by their reduced
physical capability due to advanced age (Gobel et al., 2012), while civil
servants, given their stable income from formal employment, were less
dependent on forest resources for daily needs (Khan et al., 2020). Re-
spondents who did not identify with the social categories collected
negligible amounts of forest products at 1 %. Moreover, the ANOVA
p-value of 0.222 indicated no significant difference in the mean quantity
of forest products collected between different occupation or work
categories.

3.2.2. Average quantity of forest products collected depending on the main
use

68 % of the total forest products collected (Table 4) were for
household use, which implied a high reliance and dependency on the
forest resources to meet daily livelihood needs. Moreover, large quan-
tities of firewood, fruits, vines and medicinal forest products were
collected for household use, which are typically associated with imme-
diate needs of forest fringe communities (Chama et al. 2023b).

Commercial uses were related to large amounts of timber, firewood
and fruits which were primarily collected for sale. Minimal amounts of
forest products were collected for mixed use purposes which were either
commercial or subsistence. Furthermore, the ANOVA p-value of 0.415
indicated no significant difference in the mean quantity of forest prod-
ucts based on their main uses. Factors such as data structure, distribu-
tion, and sensitivity within-group variability within large categories,
like household use, contributed towards the p-value.

3.2.3. Average quantity of forest products collected depending on gender
Women collected 66 % of the total forest products, as shown in
Table 5. This is due to the gender roles assigned by local communities in
Kakamega County (Rhodah et al., 2016). The findings reflect that
women are more engaged in gathering and foraging forest resources
mainly for household needs. In contrast, men are involved in different
economic activities, including agriculture, formal employment, and
skilled trades. For instance, Sylvester et al. (2016) also highlighted
apparent biases between the genders and roles assigned in forest
foraging in Costa Rica amongst the Bribri indigenous communities.
Similarly, Kiptot et al. (2012) demonstrated the disparities in roles

Category of occupation or work

Estimated weighted average (kg) of forest products collected

Percentage share ( %) of forest

per month in Kakamega County per category of product/
occupation or work occupation or
k

Firewood Fruits Vines Timber Medicinal Other wor

Farmers 5955 1965 2392 2166 1688 323 43 %

Civil servants 772 640 700 358 414 76 9%

Retired 312 10 191 222 106 0 2%

Self-employed 5440 2590 2080 2799 2050 358 45 %

None of the above apply 156 56 36 0 0 111 1%
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Table 4
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Summary of the average amount of forest products collected depending on main use.

Main use of forest

Estimated weighted average (kg) of forest products collected per month in Kakamega County per category of main usage

Percentage share

0,
products Firewood Fruits Vines Timber Medicinal Other ( %) of forest .
product/ category of main use
Commercial use 3008 1698 1391 2860 1059 81 30 %
Subsistence use 9364 3517 3897 2397 3163 720 68 %
Mixed use 262 46 111 288 36 66 2%
Table 5

Summary of the average amount of forest products collected depending on gender.

Gender Estimated weighted average (kg) of forest products collected per month in Percentage share ( %) of forest product/
Kakamega County depending on gender depending on gender
Firewood Fruits Vines Timber Medicinal Other

Male 4436 1778 1316 1258 1997 438 33 %

Female 8190 3482 4084 4286 2260 363 66 %

Other 0 0 0 0 0 66 0.2 %

Non-declaring 10 0 0 0 0 0 0.8 %

dictated by cultural norms in different African countries while reviewing
the participation of women in forest conservation and management.

Respondents who identified as “other” or non-declaring accounted
for 1 % of the total forest product collected, which implied their limited
involvement in foraging activities. Additionally, the ANOVA p-value of
0.023 indicated a significant difference in the mean quantity of forest
products collected between the different genders.

3.3. Evaluation of the cultural ES for Tiriki sacred groves

Most of the respondents (39 %) showed WTP given a hypothetical
scenario of entrance fees within the price range of KES 76 (0.55US$) to
KES 150 (1.09US$) as detailed in Fig. 3. This implied that the majority
had an appreciation of perceived values associated with Tiriki sacred
groves. Pedroso et al. (2019) reported similar findings while assessing
WTP for cultural services, i.e. ecotourism, and established that the WTP
was heavily influenced by the socio-economic status of the respondents
in the Mara basin. Additionally, other studies also outlined factors like
level of education and awareness (Acharya et al., 2021b), cultural
attachment and identity (Konu et al., 2024), to have influence on

50

32%

30

20

Number of Respondents

respondents WTP for cultural ES.

A sharp decrease was observed for the high price ranges beyond KES
300 (2.17US$) because only a few of the respondents perceived high
economic value for the spiritual services. Acey et al. (2019) similarly
revealed that positive perceptions and income levels influenced the WTP
for improved sanitation amongst low-income households in Kenyan
cities. Additionally, Misra (2008) outlined that respondents WTP for
improved essential services dropped beyond an affordable price range
because their WTP was pegged at the median household income.
Therefore, household income levels heavily influenced the respondents
WTP as it determined the amount of disposable income they would
hypothetically spend on cultural ES. 93 % of the respondents demon-
strated WTP for spiritual services at Tiriki sacred groves within the price
range of KES 76 (0.55US$) to KES 300 (2.17US$). Horowitz et al. (2003)
had similar findings and attributed the effect of respondent’s WTP
beyond their income level as a reflection of a higher value associated
with an ES service.

3.3.1. Key drivers of respondents’ attitudes towards cultural ES
83 % of the respondents were identified with a form religion, which

5%

Respondents’ Willingness to Pay by Amount in Ranges

Fig. 3. Distribution of respondents WTP if the entrance to sacred groves was fee based.
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suggested a dominant presence of a belief system in a spiritual context or
deity shown in Fig. 4. Such religious affiliations have been identified as
key drivers that shape perspectives and reinforce appreciation for cul-
tural ES associated with spirituality (Ives et al., 2024). Lusambili et al.
(2022) provided an aetiology which showed a permanence of religion
and adoption of evangelism in Kakamega County since the late 1970s.
Further, Iyer et al. (2020) highlighted that the social interactions which
were intertwined with ethnic practices avoided the competition for
religious superiority. Instead, the belief systems merged and formed a
hybrid keeping the indigenous language and culture while professing
doctrines of Christianity.

Additionally, the ANOVA p-value of 0.5152 indicated that religious
identities amongst respondents did not significantly influence their WTP
for cultural ES. The findings suggested that the large percentage of
religious affiliation had no significant bearing on the respondent’s
perception of ES values associated with Tiriki sacred groves. Re-
spondents therefore did not interpret cultural practices and religious
affiliation as mutually exclusive. Similarly, Thelma and Chitondo
(2023), while assessing the intersection of culture and religion, reported
that many of the respondents in Zambia simultaneously identified with a
form of region as well as other cultural practices and beliefs.

This prevailing attachment to cultural practices specific to Tiriki
sacred groves amongst the luhya community in Hamisi sub-county is
best demonstrated by male initiation ceremonies (Ouma et al., 2015),
which only take place at the “Ikavakava scared shrines”. The follow-up
rites for the initiates are also conducted exclusively within the sacred
groves (Duncan 2021) to allow for intersession with the ancestral spirits
while initiates learn life skills from the teachings of the elders (Were
et al., 2024). The rite of passage is done physically through circumcision
(Odoyo et al. 2021), and then accompanied by traditional practices to
signify transition from boyhood to manhood.

In terms of literacy levels, 93 % of the respondents had basic edu-
cation at primary and high school level up to university. This implied a
high literacy level amongst the respondents, reflecting a greater expo-
sure to concepts and ideas related to the appreciation of values associ-
ated with cultural ES. In Ethiopia, Wassihun et al. (2021) established
that education with regards to the literacy levels of the respondents
impacted their WTP for the conservation of cultural ES derived from
Altash National Park. The high literacy levels from basic to tertiary level
of education influenced the level of the respondents’ awareness (Arif
et al., 2022) in terms of the population appreciating the existence of
intangible ES benefits and having a comprehension of bequest value to
their livelihoods.

3.3.2. Perspectives on experiences at tiriki sacred groves

Although perspectives vary depending on personal preferences and
experiences, the distribution in Fig. 5 offered insights into the felt ben-
efits resulting from the respondents’ interaction with sacred groves
capturing the wider range of values attributed to the sacred groves

Religious Identity

| don't know
M -
. Prefer not to say

Yes

Trees, Forests and People 22 (2025) 101031

(Nche et al., 2024). The first questionnaire prompt had a majority of
respondents who affirmed feeling a sense of peace and tranquillity while
visiting the sacred groves. Michael et al (2021) in an exploratory study
of healing shrines in Africa similarly highlighted the effect of personal
fixations in levels of satisfaction with regards to calm and tranquil ex-
periences while visiting sacred shrines.

Most respondents reported experiencing physical sensations during
their visits, suggesting that visits to the sacred groves induced diverse
physical experiences (Herzog et al. 2013). Yaden et al. (2022) similarly
showed that feelings of physical sensations varied and influenced the
spirituality of devotees. Moreover, the high percentage of respondents
having spiritual experiences while visiting the sacred groves under-
scored its spiritual significance. Other studies have demonstrated that
the physical presence at religious places, such as sacred shrines,
churches, mosques, and temples, enhances feelings of spirituality
(Al-Musawi et al., 2021) and closeness to a deity or belief system
(Cooper et al. 2021).

The majority of the respondents also reported that the sacred groves
enhanced their religious life and deepened their spiritual and religious
practices, demonstrating that the sacred groves played a key role as
spiritual conduits for many believers. Collins et al. (2015) highlighted
the intersection of religiosity among tourists who experienced a spiritual
connection while visiting sacred places like the Vatican City, implying
that they associated certain spiritual values with sacred sites of worship
(Shinde 2021). On average, 70 % of the respondents had positive per-
ceptions of the Tiriki sacred groves and recommended visits. Despite
variations in perspectives and experiences, respondents showed a high
regard for cultural ecosystem services and the spiritual services associ-
ated with the Tiriki sacred groves.

3.4. PES scenario for livelihood improvement and sustainable forest
management in KFE

Key stakeholders in a PES scheme include: (i) beneficiaries, such as
forest fringe communities around KFE through their CFAs, (ii) in-
termediaries like the Kenya Forest Service (KFS) and the Kenya Forestry
Research Institute (KEFRI), and (iii) buyers, including the Kakamega
County Government, NGOs like Biovision Africa Trust, Deutsche
Gesellschaft fiir Internationale Zusammenarbeit (GIZ), and the World
Bank’s Global Biodiversity Framework Fund. In the short and medium
term, CFAs would receive direct payments to reduce their dependence
on tangible ecosystem services (ES) like wood fuel, which is linked to
household income and the ability to afford alternative energy sources.

Monitoring and assessment of PES schemes, based on established
indicators, would be conducted by KFS and KEFRI, leveraging their
forestry expertise. A co-payment structure with in-kind transactions,
providing farmers with subsidies and extension services based on suc-
cessful programs, like PELIS, could alleviate poverty and improve live-
lihoods in KFE. In the long term, CFAs are expected to develop

Level of Education

209% High School

39% . None
. Primary school
. Specialized school

University

Fig. 4. Distribution of respondents by the factors influencing attitudes towards cultural ES.
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Fig. 5. Distribution of respondents’ perspectives on their experiences at Tiriki sacred groves.

sustainable businesses, such as beekeeping, mushroom farming, and
butterfly farming, using capital from PES scheme payments to prevent a
return to resource extraction once PES payments end.

4. Conclusion

This research found that forest fringe communities exhibited a strong
preference and heavy reliance on tangible ES compared to intangible ES.
The monetary valuation of foraged forest products ranked firewood,
vines, and timber highest, each contributing an average of US$73,720
per annum to the livelihoods of communities around KFE. Future valu-
ation approaches should integrate variability, seasonal variations and
market demand shifts into pricing models and policy projections.
Diverse needs and preferences were identified within socio-
demographic categories, such as occupation, primary use of forest
products, and gender. Civil servants could afford alternative energy
sources, unlike farmers who relied directly on foraged products like
firewood for household use. A substantial proportion of foraged prod-
ucts were used for subsistence. Gender disparities were evident, with
women more involved than men in foraging forest products. To bridge
gender disparities, this research recommends inclusive decision making
platforms that actively engage marginalized groups like the women from
low income households to support community led value addition for
products like vines, mushrooms, and medicinal plants. Forest policies
that guarantee inclusivity in decision making frameworks for low in-
come groups could improve livelihoods.

In terms of valuation for intangible ES, income disparity and per-
ceptions influenced the acceptable price ranges within the WTP hypo-
thetical scenario for the "ikavakava" sacred groves in Hamisi sub-county.
Religious affiliation and education levels positively influenced re-
spondents’ attitudes and perceptions towards cultural ES and their WTP
for spiritual services. The values attributed to the sacred groves were not
mutually exclusive with modern religious beliefs, which were dominant
among respondents. This research explored socio-cultural dynamics in
the valuation of cultural ES, assisting practitioners in contextualising
preferences and attitudes and establishing a common base for inter-
preting intangible ES. The findings highlighted the importance of cul-
tural contexts in forest policy and PES frameworks. Therefore, this

research recommends that future forest policies on PES schemes could
include frameworks addressing the immediate economic needs of com-
munities and involve multiple stakeholders to achieve sustained positive
impacts on rural livelihoods. Further studies integrating both tangible
and intangible ES for a comprehensive approach to forest management
are needed to inform holistic and equitable forest management
strategies.
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Appendix A

Table ALAILAIII

Table Al

Indicative prices for collected forest products in KFE.
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Monetary valuation per unit price of dry weight for collected forest products
*Prices provided are not static but subject to market fluctuations, seasonal variations in resource availability

Forest Product

Indicative prices:
Kenya Shillings (KES) per kilogram (kg)

Literature source

Firewood

Fruits (Persea americana)

Vines (Mondia whitei)

Timber (sawn)

Medicinal Plants (Azadirachta indica)

Other categories like wild wood ear mushrooms (Auricularia auricula-judae)

KES 63 per kg
KES 150 per kg
KES 150 per kg
KES 25 per kg
KES 100 per kg
KES 1000 per kg

(KNBS, 2024)

(Nyakang’i et al. 2023)

(Aremu et al. 2011b; John Shilitsa 2021)
(Cheboiwo et al., 2019)

(Omara 2020)

(Richard Maosi 2021)

Table AII

A summary of household questionnaires for collected forest products in KFE.

QUESTIONS POSSIBLE RESPONSES
a b c d e f
Gender Female Male Other 1 rather not say
occupation or work Farmer Civil servant Retired Self-employment
How often do you use forest Daily Weekly Monthly At least once in within 12 Never
products months (a year)
What Forest products do you use Firewood Fruits Vines Timber Medicinal plants ~ Others
most frequently? (Persea (Mondia (Azadirachta (mushrooms)
americana) whitei) indica) (Auricularia auricula-
Jjudae)
Quantity of forest product usedin ~ Under 20kg 21 kg to 50 kg 51kgto80kg 81 kg to110 kg Over 111kg
kilograms
Main use for forest products? To sell and make profit For household Mixed use
(commercial) use Both
(subsistence) Commercial
and
subsistence
Table AIII
A summary of household questionnaires for Tiriki sacred groves.
QUESTIONS POSSIBLE RESPONSES
a b c d f
Gender Female Male Other I rather not say
Education level None Primary Secondary school Education level None
school
Religious affiliation Yes No I don’t know. Prefer not to
say.
Would you be willing to pay if entrance Yes No I don’t know. Prefer not to
was fee based? say.
If the entrance was fee based, how much less than Ksh 75 Ksh 76 Ksh 151 (1.10US$) to Ksh Ksh 301 Ksh 601 (4.35US$) to Ksh 901
would you be willing to pay? (0.54US$) (0.55US$) to 300 (2.17US$) (2.18US$) to Ksh 900 (6.52US$) (6.53US$) to
Ksh 150 Ksh 600 Ksh 1200
(1.09US$) (4.34US$) (8.69US$)
Peace or tranquillity at the sacred groves?  Yes No I don’t know. Prefer not to
say.
Physical sensations such as tingling at Yes No I don’t know. Prefer not to
sacred groves? say.
Spiritual experience at sacred groves? Yes No I don’t know. Prefer not to
say.
Enhanced spiritual or religious life? Yes No I don’t know. Prefer not to
say.
Connection to a higher power? Yes No I don’t know. Prefer not to
say.

10
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Table AIII (continued)

Trees, Forests and People 22 (2025) 101031

QUESTIONS POSSIBLE RESPONSES
a b c d e f
Recommend visits to sacred groves? Yes No I don’t know. Prefer not to

say.

Data availability
Data will be made available on request.
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