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Abstract

Sustainable management of ecosystem services (ESs) is critical for balancing human well-
being with conservation goals in biosphere reserves. This study examined the spatial
and socio-demographic variation in the use and perceived importance of provisioning,
regulating, supporting, and cultural ESs across different vegetation types and land use
zones in the Vhembe Biosphere Reserve (VBR), South Africa. Household surveys were
administered to 447 randomly selected households in six rural communities. Descriptive
statistics, Chi-square tests, Kruskal–Wallis tests, and Friedman mean ranking analysis
were employed. Results revealed significant differences (p < 0.05) in ES distribution
and value across vegetation types, land use categories, and household characteristics,
including income, education, age, and gender. Provisioning services, particularly fuelwood,
wild fruits, and wild vegetables, were most intensively utilized in Mountain Woodland
Moist and Ironwood Forest areas due to accessibility and limited livelihood alternatives.
Regulating and supporting services, including water purification, erosion control, and
habitat provision, were associated with forested and traditionally protected areas. Cultural
services reflected strong socio-cultural ties, especially in sacred and tourism-associated
landscapes. Overall, the study highlights the multifunctional importance of forested and
agroforestry systems in rural livelihoods, emphasizing the need for integrated, culturally
informed, and ecologically sound land use planning to support sustainable development
in the VBR.

Keywords: ecosystem services; rural livelihoods; sustainable landscape management

1. Introduction
Having reached 8 billion by 2022, the rapid growth of the world’s population leads

to an increased demand for ecosystem services (ESs), especially in rural regions. This,
however, raises the following important questions: Can the products and services continue
supporting human well-being, or will there be a severe shortage over the next decades?
What will the near future look like? The international initiative known as the Millennium
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Ecosystem Assessment (MEA) has acknowledged the role of ecosystem services (ESs) in
human livelihoods. This assessment provides insight into the interaction between human
beings and ecosystem services [1]. Additionally, it raises awareness globally about the
interaction between people and ecosystem services and attempts to address the issues
resulting from these interactions. The MEA requires the world to make a serious effort to
sustainably balance the demand and supply of ecosystem services (ESs) to ensure a good
quality of life and a healthy environment. Worldwide, ecosystem services (ESs) provide
products and services to human beings [2]. ESs are critical natural resources for people’s
well-being in developing and developed countries [1,3]. The ESs are categorized into four
groups: provisioning ecosystem services (e.g., medicine, wild food, fuelwood, fodder,
building and construction materials), supporting ecosystem services (e.g., soil conservation,
nutrients cycling), regulating ESs (e.g., climate regulation and water purification), and
cultural services (e.g., spiritual and esthetic) [4,5]. However, quantifying these ESs in the
field is very difficult and time-consuming, just as the related processes (e.g., soil formation,
nutrient cycling, air purification) are very complex and time-consuming. Therefore, ESs
in this study are quantified using a participatory approach, benefiting from the local
communities’ local knowledge and daily experiences [6,7].

Addressing the interaction between human beings and ecosystem services is very
important as they have been agreed upon at the international level through MEA
(Dunkley et al., 2018, Díaz et al., 2015) [1,8]. The international agreement, known as the
Intergovernmental Platform on Biodiversity and Ecosystem Services (IPBES), emphasizes
the importance of positive interactions between human beings and ecosystem services to
enhance biodiversity and natural protection [9]. The demand and supply of ESs are critical
focal areas in ensuring the sustainable use and management of ecosystem services. The
IPBES aims to address the drivers of change in ESs and biodiversity worldwide (Díaz et al.,
2015) [8]. The conceptual framework outlines the interaction of different drivers of change
in ESs, interaction and provides possible solutions [1]. Further detail how nature and
human interaction help sustain and protect ESs and biodiversity [3]. In South Africa, there
is a total of 10 biosphere reserves which provide vital ecosystem services, including the
Garden Route, Kruger to Canyons, Vhembe, Cape Winelands, Waterberg, Marico, Cape
West Coast, Kogelberg, Gouritz Cluster and Magaliesberg [10].

The Vhembe Biosphere Reserve (VBR) of South Africa consists of a variety of vege-
tation types, such as Mopane shrubland, Musina mopane bushveld, Cathedral Mopane
Bushveld, Gabbaro grassy bushveld, Ironwood Forest, Limpopo riverine forest, Makhado
sweet bushveld, Mountain Woodland Dry, Northern mistbelt forest, Mountain Woodland
Moist, etc. [11]. However, the vegetation classification adopted in this study includes
Mountain Woodland Moist, miombo forests, lowveld woodland, Mountain Woodland Dry,
and ironwood forest [12]. These vegetation types offer various ESs essential to the lives
of the indigenous community of Vhembe Biosphere Reserve. Protecting and conserving
these vegetation types in VBR communities is critical because of a strong interconnection
between the local people and nature. Moreover, the ESs form the foundation of the en-
tire culture and traditions of the VBR people. Additionally, the traditions and culture of
VBR communities play a significant role in managing natural resources and production
sustainability. However, because of unresolved land disputes and social, economic, and
environmental issues, ESs are significantly affected and subsequently declining. As shown
by a recent study in the VRB [13], climate change, in combination with ongoing species
and biome shifts in southern Africa [14,15], is likely to reduce the ability of local forests to
supply ESs for rural populations.

The ecosystems in VBR are heavily damaged and most of the local people live in
ecologically harmed areas. Degradation mostly harms the native communities, as their
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lives depend on natural resources [16]. A larger part of the people in the VBR often
live in rural areas and struggle with poverty. As a result, they use various strategies
to support themselves. People earn their livelihoods by gathering natural resources for
household consumption or commercial purposes [17]. Even though the different vegetation
types in VBR are crucial for providing ecosystem services and supporting a variety of
species, they still face challenges. The challenges arise from anthropogenic disturbances
such as harvesting natural resources, including wild food, medicine, fuel, building, and
construction materials. In order to address unsustainable use of ESs and to come up with
more sustainable suggestions, it is essential to understand how people utilize the ESs and
their connection to their natural resources. The sustainable use of ESs will enable the
ecosystems to continue to serve multiple functions. People’s actions are key in keeping the
connection between ESs and the local people.

2. Materials and Methods
2.1. Description of the Study Area

The study was conducted in six rural communities spread across the two local munici-
palities of Thulamela and Musina in the Vhembe District, Limpopo Province, South Africa
(Figure 1). All six communities are located within the VBR, which is a biodiversity hotspot
of Limpopo Province. Of these communities, two, including Ha-Mukununde village
(22◦28′26.3′′ S 30◦45′39.2′′ E) and Gumela village (22◦39′5.7′′ S 30◦27′47.6′′ E), were located
under the jurisdiction of Musina Municipality, while the other four, including Musunda
(22◦35′34.0′′ S 30◦54′29.7′′ E), Gunda (22◦42′7.4′′ S 30◦50′31.6′′ E), Tshiavha (22◦50′51.5′′ S
30◦17′0.8′′ E), and Makwarani (22◦51′5.8′′ S 30◦26′0.3′′ E), were located in the Thulamela
municipality (Figure 1). Most importantly, the VBR is among the world’s biosphere reserves,
as recognized by the United Nations Educational, Scientific and Cultural Organization
(UNESCO) [18]. Notably, the VBR consists of the three ecological zones, including the nine
(9) core and fourteen buffer zones, as well as transitional zones [19], accounting for 15.2%,
14.8% and 70% of the land cover of core and buffer zones, respectively [20].

Figure 1. The map depicting the study communities.
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2.2. Methods

A quantitative research approach was used in this study. The six study communities
were purposively sampled on the premise that they all had similar land use types [21],
including state forests (SF), homestead agroforestry (HSAF), common resource use zones
(CRUZ), traditional-protected areas (TPA) and trees in settlement areas (TSA). A similar
tree-based land use classification, with slight modifications, was employed by [22], ex-
cept that the term Traditional Protected Area was used synonymously with Culturally
Protected Area. Additionally, these land use types occurred in the core zones, buffer
zones and transition zones in the VBR [19,20]. The traditional authorities supplied the
total household number information in each study community, and the sample sizes were
determined at 10% sampling intensity and 95% confidence interval with a margin error
of 5%. Consequently, the sample sizes for Tshiavha (47), Gumela (67), Makwarani (103),
Gunda (99), Ha-Mukununde (81), and Musanda (50) were determined using the Raosoft
online sampling size calculator software [23], respectively. Furthermore, the household
list was processed using an online random number table generator software to select the
households to be interviewed. The simple random selection of households in this study
was used, as it ensures that every household stands an equal chance of being selected for
an interview [24].

The household survey using a structured questionnaire was conducted in September 2023
to gather information on different ecosystem services that households collected and accrued
from various land use types in their locality. To ensure the reliability and validity of the data
collection process, the research assistants in each community were trained to comprehend
the study questionnaire clearly to make meaning of each question in the local language of
Tshivenda [25]. To do this, the questions and predetermined responses in the questionnaire
were explained to the research assistants to ensure consistency in their comprehension
of the context. Furthermore, the research assistants were also given the opportunity to
ask clarity-seeking questions, which made the training process interactive and reliable.
Most importantly, the academic level and achievement were considered critical in selecting
the research assistants, targeting those who had acquired grade 12 (matric) and/or were
studying in tertiary or had completed tertiary studies. In line with [17], heads of randomly
selected households were interviewed using a semi-structured questionnaire, and questions
concerning the ecosystem services accrued from various land use types, including the pro-
visioning, regulating, cultural, and supporting, were posed. Although seasonality strongly
influences the availability of forest resources, our questionnaire focused on capturing the
use of all products throughout the year, rather than collecting season-specific information.
Notably, the questionnaire included a detailed list of ecosystem services, allowing heads of
household to indicate the land use types from which they obtained these services. To ensure
the feasibility and reliability of the data collection tool, a pilot study was conducted, which
helped improve the quality and appropriateness of the questionnaire [26]. Importantly,
ethical clearance for the study was granted by the ethics committee (NAS329/2022).

The data were entered into an Excel spreadsheet data entry template and later trans-
ferred to the Statistical Package of Social Sciences (SPSS) version 20 software [27] for further
coding and statistical analysis. The descriptive and inferential statistical tests were per-
formed to process the quantitative data on the ecosystem services accrued to households
in the study communities. To explore the association between household use of ecosys-
tem services and the different vegetation types and land use zones in which they reside,
we performed a cross-tabulation followed by a Chi-square test of independence. In line
with [28], the Kruskal–Wallis test analysis was used to determine the statistically significant
differences between the mean ranks of ecosystem services across the vegetation types,
respectively. We employed this non-parametric statistical analysis test due to its ability to
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compare more than two independent groups [29]. To facilitate the analysis, we pooled all
ecosystem services into four categories: provisioning ecosystem services (PES), regulating
ecosystem services (RES), supporting ecosystem services (SES), and cultural ecosystem
services (CES). This was achieved by transforming the primary ecosystem service data
into mean values representing each of the four pooled variables. Additionally, to identify
the top three provisioning, regulating, and cultural ecosystem services—and the top two
supporting services—utilized by households across the different land use types (SF, CRUZ,
HA, TSA, and TPA), we applied the Friedman mean ranking test. We also used this test to
assess statistically significant differences in the drivers influencing the household use of
provisioning ecosystem services [29].

3. Results
3.1. Demographic Characteristics

The demographic characteristics of households varied notably across the five veg-
etation types: Mountain Woodland Dry (MWD), Cathedral Mopane Bushveld (CMB),
Mopane Woodland (MW), Ironwood Forest (IF), and Mountain Woodland Moist (MWM)
(Table 1). Age distribution was diverse, with MWM showing a higher proportion of older
residents (61+), while IF had a relatively younger population dominated by adults aged
18–35. Gender was relatively balanced across all areas, though CMB reported a slightly
lower proportion of female respondents. Household income sources revealed spatial
disparities. MWM and MW had higher reliance on pensions and social grants, whereas
self-employment was prominent in MWD and CMB. IF exhibited the highest rate of formal
employment. Educational attainment mirrored income patterns; CMB had a greater pro-
portion of tertiary-educated individuals, while MWD and MW reported higher rates of no
formal education. Settlement duration also varied. Long-term residency (over 20 years)
was most common in MWD and MWM, reflecting stable, established communities. In
contrast, MW had a significant number of recent settlers (less than 10 years).

Table 1. Household demographic profile.

Characteristics Responses

Vegetation Types

Mountain Woodland
Dry (MWD)

Cathedral Mopane
Bushveld (CMB)

Mopane
Woodland (MW)

Ironwood
Forest (IF)

Mountain
Woodland

Moist (MWM)

Age

18–25 21.9 21.9 18.8 18.8 18.8
26–35 28.8 20.0 18.8 10.0 22.5
36–60 22.9 12.3 22.3 17.3 25.1
61 and above 26.2 4.7 18.7 18.7 31.8

Gender
Male 19.6 16.0 22.1 16.6 25.8
Female 28.3 10.1 19.0 16.9 25.7

Source of Income

No income 13.4 12.4 19.6 22.7 32.0
Employed 13.6 16.9 27.1 22.0 20.3
Self-employed 26.2 31.0 21.4 7.1 14.3
Pensioner 12.9 3.2 32.3 16.1 35.5
Social grant 36.8 8.2 15.8 14.0 25.1

Educational level

No education 21.2 7.7 28.8 15.4 26.9
Primary 27.7 9.2 13.8 26.2 23.1
Secondary 23.8 15.0 20.4 11.7 29.1
Tertiary 27.3 11.7 19.5 23.4 18.2

Length of stay
<10 years 20.7 13.8 51.7 3.4 10.3
11–20 years 24.4 22.2 24.4 13.3 15.6
>20 years 25.2 11.1 16.6 18.5 28.6
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3.2. Provisioning Ecosystem Services Received from Multiple Land Use Types Within Various
Vegetation Types

Table 2 shows that provisioning ecosystem services (PESs) in State Forest land are
significantly associated with different vegetation types (p < 0.05). Key PESs include wild
meat and insects (20%) in MWD, weaving materials in CMB (23%) and MW (31%), crafting
timber in IF (31%), and wild fruits in MWM (31%). In the common resource use zones,
PESs also vary significantly by vegetation type (p < 0.05). Thatch grass is prominent in
MWD (32%) and MW (19%), craft timber in CMB (11%), and wild fruits in IF (16%) and
MWM (45%). Homestead agroforestry showed significant associations between PESs and
vegetation types (p < 0.05). Common services include wild meat and insects in MWD (21%)
and MW (28%), fuelwood in MWM (45%), and medicinal plants in CMB (17%) and IF (23%).
For trees in settlement areas, PESs are also significantly tied to vegetation types (p < 0.05).
Notable services include fodder in MWD (7%), weaving materials in MW (32%), wild
meat and insects in MWM (59%), and wild fruits in CMB (12%) and IF (22%). Traditional
protected areas follow the same pattern of significant associations (p < 0.05), with dominant
PESs including thatch grass in MW (46%), medicinal plants in IF (45%), wild fruits in MWM
(43%), and construction timber in CMB (17%) and MWD (33%). As illustrated in Figure 1,
wild fruits and fuelwood are the most highly used PESs in state forests. In common resource
use zones, wild vegetables and wild meat/insects are most used. Homestead agroforestry
is dominated by wild fruits and vegetables, while trees in settlements primarily contribute
medicinal plants and weaving materials. In traditional protected areas, medicinal plants
and weaving materials are the leading services.

Table 2. Provisioning ecosystem services across multiple land uses and vegetation types.

Land Use Types PESs

Vegetation Types

p-ValueMountain
Woodland

Dry (MWD)

Cathedral
Mopane

Bushveld (CMB)

Mopane
Woodland (MW)

Ironwood
Forest (IF)

Mountain
Woodland

Moist (MWM)

State Forest

Wild fruits 18.0 9.7 13.4 28.1 30.9 0.000
Wild vegetable 17.4 14.1 16.1 27.5 24.8 0.000
Wild meat and insects 20.2 11.8 14.0 27.5 26.4 0.000
Fuelwood 19.0 8.4 18.4 34.1 20.1 0.000
Thatch grass 14.2 16.8 22.1 30.1 16.8 0.000
Construction timber 17.1 9.4 18.2 29.4 25.9 0.001
Crafting timber 19.8 16.0 22.9 30.5 10.7 0.000
Medicinal plants 13.4 17.4 18.8 30.2 20.1 0.000
Weaving materials 3.1 22.9 31.3 26.0 16.8 0.000
Fodder 9.2 22.1 25.2 26.0 17.6 0.000

Common Resource
Use Zones

Wild fruits 25.7 9.3 3.7 16.4 44.9 0.000
Wild vegetable 22.6 7.7 18.4 14.9 36.4 0.000
Wild meat and insects 28.2 7.8 18.4 10.6 35.1 0.000
Fuelwood 28.8 10.6 15.2 8.6 36.9 0.000
Thatch grass 32.0 10.2 19.3 12.2 26.4 0.005
Construction timber 24.8 9.8 17.9 14.1 33.3 0.000
Crafting timber 31.1 11.1 17.8 13.9 26.1 0.076
Medicinal plants 31.0 5.9 18.7 9.6 34.8 0.000
Weaving materials 29.9 6.4 16.6 11.5 35.7 0.000
Fodder 30.9 5.3 19.7 7.9 36.2 0.000

Homestead
Agroforestry

Wild fruits 19.5 8.7 21.0 17.4 33.3 0.002
Wild vegetable 20.1 10.6 18.4 19.0 31.8 0.042
Wild meat and insects 20.5 7.1 28.3 11.8 32.3 0.002
Fuelwood 20.2 11.7 10.6 12.8 44.7 0.000
Thatch grass 17.6 10.3 19.1 14.7 38.2 0.125
Construction timber 10.7 16.0 16.0 16.0 41.3 0.000
Crafting timber 11.1 11.1 27.8 15.3 34.7 0.017
Medicinal plants 10.7 17.3 14.7 22.7 34.7 0.004
Weaving materials 14.5 8.7 21.7 15.9 39.1 0.034
Fodder 23.1 23.1 16.7 11.5 25.6 0.027

Trees in
Settlement Areas

Wild fruits 5.9 11.9 2.2 22.2 57.8 0.000
Wild vegetable 2.5 8.4 21.0 15.1 52.9 0.000
Wild meat and insects 5.2 6.9 17.2 12.1 58.6 0.000
Fuelwood 1.1 10.1 19.1 13.5 56.2 0.000
Thatch grass 2.5 11.2 30.0 16.2 40.0 0.000
Construction timber 4.2 6.3 22.1 12.6 54.7 0.000
Crafting timber 1.3 10.1 29.1 16.5 43.0 0.000
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Table 2. Cont.

Land Use Types PESs

Vegetation Types

p-ValueMountain
Woodland

Dry (MWD)

Cathedral
Mopane

Bushveld (CMB)

Mopane
Woodland (MW)

Ironwood
Forest (IF)

Mountain
Woodland

Moist (MWM)

Trees in
Settlement Areas

Medicinal plants 0.0 2.3 27.6 18.4 51.7 0.000
Weaving materials 6.7 9.0 31.5 14.6 38.2 0.000
Fodder 7.4 2.5 27.2 16.0 46.9 0.000

Traditional
Protected Areas

Wild fruits 21.4 0.0 0.0 35.7 42.9 0.048
Wild vegetable 8.3 4.2 45.8 25.0 16.7 0.006
Wild meat and insects 16.0 16.0 24.0 8.0 36.0 0.466
Fuelwood 23.8 14.3 28.6 4.8 28.6 0.593
Thatch grass 15.4 7.7 46.2 7.7 23.1 0.209
Construction timber 33.3 16.7 33.3 5.6 11.1 0.249
Crafting timber 17.2 10.3 34.5 24.1 13.8 0.152
Medicinal plants 13.8 6.9 17.2 44.8 17.2 0.000
Weaving materials 0.0 2.2 73.3 15.6 8.9 0.000
Fodder 11.1 11.1 59.3 11.1 7.4 0.000

3.3. Regulatory Ecosystem Services Across Multiple Land Uses and Vegetation Types

Table 3 shows that regulatory ecosystem services (RESs) in State Forest land are
significantly associated with different vegetation types (p < 0.05). Key services include
flood control (21%) in MW, carbon storage (17%) in CMB, and water purification in MWD
(11%), IF (29%), and MWM (28%). In the common resource use zones, RESs also show
significant variation by vegetation type (p < 0.05). Notable services include flood control
(4%) in CMB, carbon storage (25%) in IF, clean air (42%) in MWM, and water purification in
MWD (26%) and MW (22%). Homestead agroforestry is similarly influenced by vegetation
type (p < 0.05). Prominent RESs include both flood control and water purification (30%
each) in MWD, water purification in CMB (18%), flood control in MWM (34%), and clean
air in IF (22%) and MW (28%). Regulatory services from trees in settlement areas also
vary significantly with vegetation type (p < 0.05). These include clean air in MWM (42%),
water purification in MW (21%) and IF (32%), and carbon storage in CMB (13%) and MWD
(29%). In traditional protected areas, RESs are significantly associated with vegetation types
(p < 0.05) as well. Key services include flood control (31%) in MW and water purification
in CMB (9%), MWM (14%), MWD (24%), and IF (43%). According to the mean ranking
(Figure 2), carbon storage and clean air are the most valued regulatory services from state
forests and homestead agroforestry. In common resource use zones, water purification and
clean air are the leading benefits. Meanwhile, flood control and clean air are most valued
in trees in settlement areas and traditional protected areas.

Table 3. Regulatory ecosystem services’ perceived benefits received from multiple land use types
within various vegetation types.

Land Use Types RESs

Vegetation Types

p-ValueMountain
Woodland

Dry (MWD)

Cathedral
Mopane

Bushveld (CMB)

Mopane
Woodland (MW)

Ironwood
Forest (IF)

Mountain
Woodland

Moist (MWM)

State Forest

Water purification 10.9 14.3 17.7 29.3 27.9 0.000
Flood control 9.7 16.1 21.3 26.5 26.5 0.000
Clean air 11.5 12.8 18.6 29.5 27.6 0.000
Store carbon 10.4 17.2 21.5 28.8 22.1 0.000

Common Resource
Use Zones

Water purification 26.3 3.7 21.6 20.5 27.9 0.000
Flood control 18.8 3.8 12.5 24.4 40.6 0.000
Clean air 22.0 2.9 11.0 22.5 41.6 0.000
Store carbon 20.3 1.9 15.2 25.3 37.3 0.000

Homestead
Agroforestry

Water purification 29.7 18.0 16.2 10.8 25.2 0.045
Flood control 29.7 12.7 15.8 8.2 33.5 0.004
Clean air 22.8 8.7 28.2 22.4 17.8 0.000
Store carbon 29.2 12.5 18.1 8.3 31.9 0.000
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Table 3. Cont.

Land Use Types RESs

Vegetation Types

p-ValueMountain
Woodland

Dry (MWD)

Cathedral
Mopane

Bushveld (CMB)

Mopane
Woodland (MW)

Ironwood
Forest (IF)

Mountain
Woodland

Moist (MWM)

Trees in
Settlement Areas

Water purification 10.3 4.8 21.4 31.7 31.7 0.000
Flood control 11.3 2.3 15.8 29.3 41.4 0.000
Clean air 10.5 3.5 16.1 28.0 42.0 0.000
Store carbon 29.2 12.5 18.1 8.3 31.9 0.000

Traditional
Protected Areas

Water purification 24.1 8.6 10.3 43.1 13.8 0.000
Flood control 18.1 5.6 30.6 37.5 8.3 0.000
Clean air 19.8 3.7 18.5 37.0 21.0 0.000
Store carbon 21.7 1.4 27.5 40.6 8.7 0.000
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Figure 2. Top three provisioning ecosystem services under different land use types.

3.4. Perceived Support Ecosystem Services Across Multiple Land Uses and Vegetation Types

Table 4 shows that support ecosystem services (SESs) in state forest land are signif-
icantly associated with different vegetation types (p < 0.05). Key SESs include animal
habitat provision in CMB (15%) and MWM (25%), as well as soil formation in MWD (13%),
MW (27%), and IF (28%). In the common resource use zones, SESs also vary significantly
by vegetation type (p < 0.05). Common services include animal habitat in CMB (4%) and
MWM (39%), and soil formation in MW (15%), MWD (23%), and IF (24%). Homestead
agroforestry SESs are similarly influenced by vegetation types (p < 0.05). Notable services
include animal habitat in MW (26%) and soil formation in IF (10%), CMB (17%), MWD
(31%), and MWM (31%). Support services from trees in settlement areas also show signif-
icant associations with vegetation type (p < 0.05). These include soil formation in MWD
(10%) and MWM (39%), and animal habitat in CMB (6%), MW (23%), and IF (32%). In
traditional protected areas, SESs are significantly tied to vegetation type (p < 0.05). The
most common services include animal habitat in MWM (29%) and soil formation in CMB
(11%), MW (18%), MWD (23%), and IF (41%). According to the mean ranking (Figure 3), the
leading support ecosystem services across all land use types are habitat for wild animals
and soil formation.
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Table 4. Support ecosystem services’ perceived benefits received from multiple land use types within
various vegetation types.

Land Use Types SESs

Vegetation Types

p-ValueMountain
Woodland

Dry (MWD)

Cathedral
Mopane

Bushveld (CMB)

Mopane
Woodland (MW)

Ironwood
Forest (IF)

Mountain
Woodland

Moist (MWM)

State Forest
Soil formation 12.7 14.1 26.8 28.2 18.3 0.000
Habitat 12.2 15.1 20.9 26.7 25.0 0.000

Common Resource Use Zones
Soil formation 23.3 2.0 14.7 24.0 36.0 0.000
Habitat 22.5 4.1 14.2 20.7 38.5 0.000

Homestead Agroforestry Soil formation 30.5 17.0 12.1 9.9 30.5 0.000
Habitat 26.1 12.0 26.1 7.7 28.2 0.005

Trees in Settlement Areas
Soil formation 10.1 2.5 18.5 31.1 37.8 0.000
Habitat 9.9 6.3 23.4 32.4 27.9 0.000

Traditional Protected Areas
Soil formation 22.7 10.6 18.2 40.9 7.6 0.000
Habitat 15.4 3.1 12.3 40.0 29.2 0.000
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Figure 3. Regulatory ecosystem services under different land use systems.

3.5. Perceived Cultural Ecosystem Services Across Multiple Land Uses and Vegetation Types

Table 5 shows that cultural ecosystem services (CESs) in state forest land are sig-
nificantly associated with different vegetation types (p < 0.05). The most common CESs
include spiritual and religious values in IF (16%), relaxation and recreation in CMB (25%)
and MW (41%), esthetic appreciation in MWD (28%), and tourism in MWM (38%). In the
common resource use zones, CESs also vary significantly with vegetation type (p < 0.05).
Key services include educational benefits in IF (11%), spiritual and religious values in
MWD (36%), esthetic appreciation in CMB (8%), and tourism in MW (18%) and MWM
(52%). Homestead agroforestry CESs are likewise significantly associated with vegetation
types (p < 0.05). Notable services include educational benefits in MW (37%), spiritual and
religious values in IF (16%), relaxation and recreation in CMB (15%) and MWD (29%), and
esthetic appreciation in MWM (55%). Trees in settlement areas also provide CESs that
significantly differ by vegetation type (p < 0.05). These include spiritual and religious values
in CMB (11%) and IF (18%), relaxation and recreation in MWM (60%), tourism in MW (41%),
and esthetic value in MWD (20%). In traditional protected areas, CESs are significantly
associated with vegetation type (p < 0.05). Common services include educational benefits
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in MWD (18%), spiritual and religious values in CMB (25%), esthetic appreciation in MW
(76%), and tourism in IF (3%) and MWM (52%). According to the mean ranking (Figure 4),
the leading CESs in state forests are spiritual and religious values and educational benefits.
In common resource use zones, spiritual and religious values and relaxation/recreation
are most prominent. Homestead agroforestry is dominated by esthetic, relaxation, and
recreation values. In settlement areas, educational and esthetic services are most valued,
while in traditional protected areas, spiritual and religious values and tourism are the
leading CESs (Figure 5).

Table 5. Cultural ecosystem services’ perceived benefits received from multiple land use types within
various vegetation types.

Land Use Types CESs

Vegetation Types

p-ValueMountain
Woodland

Dry (MWD)

Cathedral
Mopane

Bushveld (CMB)

Mopane
Woodland (MW)

Ironwood
Forest (IF)

Mountain
Woodland

Moist (MWM)

State Forest

Education 17.2 20.0 29.7 12.4 20.7 0.000
Spiritual and religious 23.0 13.5 30.4 16.2 16.9 0.001
Relaxation and Recreation 6.6 24.8 40.5 4.1 24.0 0.000
Tourism 5.1 21.2 27.7 8.0 38.0 0.000
Esthetic 28.1 24.0 24.0 6.6 17.4 0.000

Common Resource
Use Zones

Education 31.7 3.8 11.5 10.6 42.3 0.000
Spiritual and religious 36.3 3.5 15.0 8.0 37.2 0.000
Relaxation and Recreation 24.5 5.7 15.1 5.7 49.1 0.000
Tourism 17.9 5.3 17.9 7.4 51.6 0.000
Esthetic 27.8 7.8 11.1 2.2 51.1 0.000

Homestead
Agroforestry

Education 11.5 11.5 36.8 10.3 29.9 0.000
Spiritual and religious 13.6 9.1 27.3 15.9 34.1 0.014
Relaxation and Recreation 28.7 14.9 14.9 3.2 38.3 0.000
Tourism 21.9 11.0 27.4 2.7 37.0 0.008
Esthetic 20.7 10.3 10.3 3.4 55.2 0.000

Trees in
Settlement Areas

Education 2.7 8.1 32.4 12.2 44.6 0.000
Spiritual and religious 5.4 10.7 30.4 17.9 35.7 0.003
Relaxation and Recreation 2.9 5.9 26.5 4.4 60.3 0.000
Tourism 4.0 8.0 34.0 8.0 46.0 0.000
Esthetic 20.3 10.1 14.5 1.4 53.6 0.000

Traditional
Protected Areas

Education 18.2 21.2 27.3 3.0 30.3 0.091
Spiritual and religious 15.7 24.7 25.8 1.1 32.6 0.000
Relaxation and Recreation 2.3 13.6 68.2 2.3 13.6 0.000
Tourism 7.5 11.9 25.4 3.0 52.2 0.000
Esthetic 5.2 19.0 75.9 0.0 0.0 0.000
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Figure 4. Supporting ecosystem services under different land use types.
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Figure 5. Cultural ecosystem services under different land use types.

3.6. Comparison of Ecosystem Services Across Various Vegetation Types

The contribution of various vegetation types to ecosystem services were compared in
the study area. Provisioning ecosystem services were the most highly ranked in the MWM
vegetation type (mean rank ± 283.55), followed by MW (±206.00), while MWD received
the lowest ranking (±130.41). Regulatory ecosystem services differed significantly across
vegetation types in the VBR (p < 0.05), with IF ranking the highest (±243.64), followed
closely by MWM (±238.59), and MWD ranking the lowest (±151.62). Similarly, supporting
ecosystem services showed significant variation (p < 0.05), with IF again ranking the highest
(±225.49), followed by MWM (±224.27), and CMB receiving the lowest score (±164.33). For
cultural ecosystem services, which also varied significantly by vegetation type (p < 0.05),
MW was the top-ranked (±260.38), followed by MWM (±239.67), while IF ranked the
lowest (±106.68) (Table 6).

Table 6. Household ranking of ecosystem services received from various vegetation types.

Ecosystem Services Vegetation Type Mean Rank Chi-Square df p-Value

Provisioning ecosystem services

MWD 130.41 5

98.619 4 0.000
CMB 154.48 4

MW 206.00 2

IF 204.08 3

MWM 283.55 1

Regulation ecosystem services

MWD 151.62 5

43.771 4 0.000
CMB 166.36 4

MW 197.20 3

IF 243.64 1

MWM 238.59 2

Supporting ecosystem services

MWD 169.56 4

20.972 4 0.000
CMB 164.33 5

MW 209.76 3

IF 225.49 1

MWM 224.27 2
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Table 6. Cont.

Ecosystem Services Vegetation Type Mean Rank Chi-Square df p-Value

Cultural ecosystem services

MWD 160.08 4

94.428 4 0.000
CMB 228.56 3

MW 260.38 1

IF 106.68 5

MWM 239.67 2

Superscripts 1–5 depict the mean ranking.

3.7. Drivers for Household Use of Provisioning Ecosystem Services

The drivers of provisioning ecosystem services utilization were significantly different
(p < 0.05) across the different vegetation types in VBR. The easy accessibility to forest
resources (±5.59), lack of alternatives to forest resources (±5.78), and abundance of forest
resources (±5.68) are recorded as the main drivers of utilization of provisioning ecosystem
services. The least influential driver of utilization of provisioning ecosystem services was
the utilization of forest resources to augment the household’s income (±4.93) (Table 7).

Table 7. Drivers for household use of provisioning ecosystem services.

Reason Mean Rank Chi-Square df p-Value

Easy accessibility of forest resources 5.95 1 144.428 9 0.000
Inability to spend on alternatives, e.g., gas, electricity 5.78 2

Abundance of forest resources 5.68 3

Relatively low cost of forest resources 5.66 4

To survive household temporary shocks during periods of
failure, e.g., crop failure, fire outbreaks, theft, and loss of a job 5.59 5

Unemployment 5.43 6

Lack of job opportunities 5.40 7

Increase household consumption 5.35 8

Safety nets (temporary while searching for a job) 5.23 9

To augment household income 4.93 10

Superscript 1–10 depicts the mean ranking.

4. Discussion
The study reveals significant spatial and socio-demographic variation in the use and

perceived benefits of ecosystem services across vegetation types and land use zones in the
VBR. These differences are shaped not only by ecological attributes but also by factors such
as income, education, gender, and tenure.

4.1. Socio-Demographic Characteristics and Resource Use

Demographic data (Table 1) show that the 26–60 age group dominates, likely driving
resource collection activities [30]. The 61+ age group was more prominent in MWM,
correlating with higher reliance on pensions and traditional practices. Gender patterns
highlight women’s central role in resource use, particularly in MWD and MWM, where
they are involved in collecting fuelwood, wild vegetables, and medicinal plants [31,32].
Income sources and education levels vary by vegetation type. MW and IF show greater
reliance on pensions and employment, while MWM records the highest share of households
without income, which is likely to increase the dependence on provisioning services. Low
education levels in MW and MWM further reflect higher vulnerability to resource scarcity
and degradation. This aligns with findings from other studies linking low education and
income with greater reliance on natural resources [33].
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4.2. Provisioning Ecosystem Services (PESs)

Provisioning services, such as wild fruits, fuelwood, vegetables, and wild meat, are
widely used, though availability differs by vegetation type (Table 1). Wild fruits were the
most accessible in MWM and IF within state forests, likely due to their partial protection
status [34]. As alluded to by [35], the accessibility of the provisioning services may be
hampered by many factors, including the distance and/or the terrain in which they are
located. This finding suggests that managing forests to maintain their natural conditions
may broaden the diversity of species, while potentially enhancing the availability of pro-
visioning services. Ref. [17] shared contrasting views, highlighting the significant role
that distance plays in influencing local people’s access to the provisioning ecosystem in
various land use types in VBR. On the same note, ref. [36] found that the distance from
the communal areas to the protected areas is a contributory factor in the sustainability of
the provisioning ecosystem services. Crafting and weaving materials were mainly har-
vested in MW and CMB, especially from state and traditionally protected forests. The
special wood quality of species like Colophospermum mopane also influences preferences
for firewood, construction, and craft production [37]. MWM consistently emerged as a
hotspot for multiple provisioning services, likely due to its high biodiversity. Research
shows a positive correlation between species richness and ecosystem service delivery [38].
Meanwhile, state forests and protected areas provide better timber resources, suggesting
ecological conditions and forest management play critical roles [39].

4.3. Regulatory Ecosystem Services (RESs)

Regulatory services such as air purification, water regulation, and flood control were
especially valued in MWM and IF (Table 2). These services are closely tied to vegetation
structure and land cover. This agrees with [40], who stated that a decrease in the tree cover
has a direct and relative negative effect on the provision of ecosystem services such as
climate regulation, air and noise pollution. This notion was also supported by the findings
in [41], pointing out that areas with incremental vegetation cover have ecological benefits to
people. Agroforestry and settlement trees also contributed significantly, especially for clean
air and carbon storage [42], highlighting their relevance in climate resilience and adapta-
tion [41,43,44]. State forests and traditional protected areas were particularly important for
water purification and flood control. This finding aligns with the assertion by [45]. In addi-
tion, the study by [39] highlighted that managed mountain forests have water regulation
service capacity. The strong perception of regulatory services in mountainous and densely
vegetated zones like MWM and IF likely reflects observable outcomes like erosion control
and microclimate regulation. This is consistent with an argument by [39] that suggests the
regulation of climate and erosion is often higher in unmanaged mountainous forests.

4.4. Supporting Ecosystem Services (SESs)

Supporting services, including soil formation and habitat provision, were valued
across all land uses, with IF and MWM again standing out (Table 3). These areas, mostly un-
der protection, maintain essential ecological functions. Agroforestry and trees in settlement
areas also contributed notably, especially in soil fertility improvement through organic
matter inputs [45,46]. This finding is also supported by [47], who reported that the practice
of integrating trees and agricultural crops is key to improving soil fertility. MWM’s consis-
tently high ratings for habitat provision across land uses confirm its ecological richness and
importance in biodiversity conservation.
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4.5. Cultural Ecosystem Services (CESs)

Cultural services showed strong variation by vegetation type and land use. In state
forests, spiritual and religious values were dominant in IF, tourism in MWM, and relaxation
in MW and CMB. In common resource zones, tourism was highest in MWM, spiritual
values in MWD, and educational benefits in IF. Homestead agroforestry was associated
with esthetic and relaxation services, particularly in MWM, MWD, and CMB. This could be
due to the prevalence of exotic ornamental species in agroforestry [17]. However, ref. [48]
further touted the need to conserve and enhance the abundance of trees in homestead
agroforestry for the local people to continue accessing multiple uses at a closer distance to
their household. Settlement areas were valued for esthetic and relaxation benefits, espe-
cially in MWM and MW. Traditional protected areas were associated with esthetic values
(particularly in MW) and tourism (in MWM and IF), along with spiritual and educational
benefits. These findings stress the dual ecological and cultural value of protected land-
scapes. Similarly, ref. [49] argued that protected landscapes provide people with essential
benefits, especially to interact with nature, including education, recreation, and cultural
heritage. These findings support the case for integrated, multifunctional land use planning
that accounts for both ecological and cultural priorities [50,51].

4.6. Drivers of Provisioning Service Use

Household reliance on provisioning ecosystem services is primarily driven by the
lack of alternatives (±5.78), resource abundance (±5.68), and accessibility (±5.95), all of
which vary significantly across vegetation types (p < 0.05). This highlights forests’ role as
safety nets, particularly in economically marginalized communities [52,53]. Augmenting
income was the least cited driver (±4.93), suggesting subsistence rather than commercial
use. Limited market access and low value addition may explain this trend [54]. However,
ref. [55] argued that creating markets for ecosystem services could profoundly increase
private investment. Similarly, ref. [56] argued that households may opt to sell firewood
for income generation. On the other hand, ref. [57] pointed out that despite value addi-
tion to the non-timber products, poor marketing of the products substantially affects the
potential sales. Nonetheless, these results underline the importance of promoting sustain-
able resource use while enhancing alternative livelihoods and market linkages to reduce
forest dependency [58,59].

5. Conclusions
This study highlights the complex interplay between vegetation types, land use zones,

and socio-demographic factors in shaping the use and perceived value of ecosystem services
within the Vhembe Biosphere Reserve. Key findings show that provisioning, regulatory,
supporting, and cultural ESs vary significantly across vegetation/forest types studied,
with mountainous and forest-rich areas such as MWM and IF consistently emerging as
critical service providers. Household reliance on provisioning services is largely driven
by accessibility, resource abundance, and the lack of alternatives, highlighting the impor-
tance of forests in meeting basic subsistence needs. Cultural services, in particular, reflect
strong connections between ecological settings and community traditions, spirituality, and
recreation. The results underscore the urgent need for integrated land use planning and
multifunctional landscape management that considers both ecological and socio-cultural
values within the Vhembe Biosphere Reserve. Enhancing livelihood alternatives, improving
market access, and promoting sustainable resource use are essential steps to reduce overde-
pendence on forest ecosystems while safeguarding their long-term ecological integrity. For
instance, to reduce the substantial provisioning ecosystem services demand from various
vegetation types in the VBR, it would be crucial for households to prioritize the planting
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and sustainable management of retained indigenous tree species within their homesteads,
thereby enhancing biodiversity conservation and improving the livelihoods of local people.
We also recommend that future research focus on natural resources assessment.
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