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Abstract

Mountain ecosystems in sub-Saharan Africa provide essential services, including water
provision, soil fertility, and biodiversity conservation, yet they are increasingly threat-
ened by climate variability and governance challenges. While a growing body of scholar-
ship has examined climate impacts on ecosystem services and rural livelihoods, fewer
studies have explicitly integrated environmental justice and biodiversity governance to
explain differentiated livelihood outcomes in South African mountain socio-ecological
systems. This study examines how climate change, governance structures, and envi-
ronmental justice intersect to shape community resilience in South Africa’s Amathole
Mountains, focusing on the communities of Hopefield, Bold Point, and Hogsback. Us-
ing a qualitative research approach, data were collected from 83 participants through
74 semi-structured interviews, two focus group discussions, and nine key informant in-
terviews involving rural households, community leaders, and tourism stakeholders to
capture diverse perspectives. Findings reveal that erratic rainfall, declining soil fertility,
and reduced water access are reshaping livelihood pathways and intensifying food and
income insecurity. Governance shortcomings, including limited institutional capacity,
weak extension support, and exclusion from adaptation planning, further constrain equi-
table access to ecosystem services, deepening environmental injustices. Despite these
challenges, communities employ indigenous practices, informal knowledge sharing,
and small-scale conservation initiatives to sustain resilience. Despite growing research
on ecosystem services and climate adaptation, few studies have explored the interac-
tions between biodiversity governance, environmental justice, and livelihoods in South
Africa’s mountain socio-ecological systems. This study addresses this gap by integrat-
ing environmental justice theory, political ecology, and resilience thinking to examine
how governance and climate variability shape ecosystem services, livelihood outcomes,
and community resilience. This study further contends that ecosystem-based, partici-
patory governance rooted in local knowledge and attentive to differentiated livelihood
pathways is essential for biodiversity conservation, rural well-being, and climate adapta-
tion in mountain socio-ecological systems. Findings highlight the need for governance
approaches that simultaneously address ecological sustainability, social equity, and cli-
mate resilience in vulnerable mountain regions.
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Introduction

Mountain ecosystems across Africa provide essential ecosystem services,
such as freshwater, soil formation, biodiversity conservation, carbon storage,
and cultural value, that support both highland and downstream communities,
earning them the reputation of “water towers” and biodiversity hotspots (Tefera
et al. 2024). According to Ngwenya et al. (2019), even settlements in South Af-
rica located more than 20 km from mountainous areas depend heavily on these
services. However, increasing climate variability and governance challenges in-
creasingly threaten these ecosystems (loan et al. 2025). According to the IPCC
Sixth Assessment Report, global temperature is projected to continue rising un-
der all emissions scenarios, with warming likely to exceed 1.5 °C during the 215t
century unless deep greenhouse gas emission reductions are achieved (BIBLI-
OGRAPHY IPCC 2023). Rising temperatures are altering rainfall patterns and
degrading soil fertility, with direct implications for the availability of and access
to ecosystem services that underpin rural livelihoods. In regions such as the
Amathole Mountains, historical inequalities and fragmented governance struc-
tures leave vulnerable communities disproportionately exposed to climate-re-
lated risks. The Amathole Mountains were selected due to their unique so-
cio-ecological context, where biodiversity conservation, climate variability, rural
livelihoods, and environmental governance intersect. As a key water catchment
area supporting diverse ecosystem services, the region is well suited for exam-
ining how governance influences access to ecosystem services, environmental
justice, and community resilience in the face of climate-related challenges.

Climate change, defined as long-term shifts in temperature and weather
patterns driven by natural variability and human activities, has significant im-
plications for governance, environmental justice, and resilience (IPCC 2018;
Engelbrecht and Monteiro 2021). Human activities have already warmed the
planet by approximately 1.1-1.2 °C above pre-industrial levels (1850-1900),
contributing to increased climate extremes, water insecurity, and threats to ru-
ral livelihoods (BIBLIOGRAPHY IPCC 2023). In sub-Saharan Africa (SSA), shift-
ing rainfall patterns and prolonged dry spells undermine agricultural produc-
tivity, with countries such as Zimbabwe experiencing recurrent droughts (Phiri
et al. 2021). These climate pressures interact with governance arrangements,
producing uneven livelihood outcomes and environmental injustices.

The concept of vulnerability, first developed in hazard and disaster studies,
refers to susceptibility to harm arising from environmental and social change
and is shaped by both biophysical and socio-political factors (Proag 2014;
Azong and Kelso 2021). Vulnerability reflects unequal exposure, sensitivity, and
adaptive capacity, influenced by institutional weaknesses, power imbalances,
and limited participation in decision-making processes (Bassett and Fogelman
2013; Jozaei et al. 2022). In many mountain regions of the Global South, over-
lapping social, economic, and environmental disadvantages amplify climate
risks (Pearse 2017; Huynh and Resurreccion 2014). Understanding these dy-
namics is essential for analyzing how governance gaps and unequal access
to ecosystem services shape livelihood pathways and community resilience.

Across SSA, climate variability, manifested through erratic rainfall, prolonged
droughts, and shifting growing seasons, continues to undermine agriculture,
water supply, and food systems, particularly in areas characterized by weak
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governance and persistent social inequalities (Codjoe and Owusu 2011; Ezeh
et al. 2020; Phiri et al. 2021). Many rural communities depend heavily on moun-
tain ecosystem services, making equitable access and adaptive governance
critical. Although regional initiatives such as the African Highlands Initiative
and the Maloti-Drakensberg Transfrontier Programme have advanced moun-
tain conservation, context-specific empirical evidence on how governance sys-
tems shape climate—ecosystem service interactions in Southern African moun-
tain socio-ecological systems remains limited. Consequently, a comprehensive
framework for sustainable mountain governance is still underdeveloped (Roga
et al. 2017). Climate impacts also impose substantial economic costs, with
SSA countries losing an estimated 2-5% of GDP annually and facing adapta-
tion needs of USD 30-50 billion per year (Nor and Mussa 2024; World Meteoro-
logical Organization 2024). In mountain regions, adaptation often depends on
local and indigenous knowledge systems, yet governance barriers frequently
constrain their integration into formal planning processes (Falayi et al. 2021;
Downing et al. 2023; Teklu et al. 2023; Aggrey et al. 2024).

In South Africa, mountain systems such as the Drakensberg and Amathole
ranges play a critical role in supporting water security, biodiversity, and rural liveli-
hoods. Around Mariepskop, for example, approximately 90% of low-income house-
holds depend on mountain-derived firewood and water (Ngwenya et al. 2019).
The Maloti-Drakensberg wetlands buffer seasonal extremes and sustain peren-
nial water flows (Mathinya et al. 2022), while the Amathole catchment supports
endemic species such as the Amathole Toad and Afromontane fynbos patches
(Nama 2020). These biodiversity assets are ecologically significant and support
ecosystem functioning, water regulation, tourism, cultural services, and local live-
lihoods, making them central to ecosystem services governance and resilience.

Despite their ecological and economic value, estimated at more than US$528
million (Musetsho et al. 2022), these ecosystems face increasing pressures
from climate variability, land degradation, and competing land uses. Histori-
cal dispossession, weak land governance, and large-scale land acquisitions for
agriculture, tourism, and biofuels further exacerbate inequalities in access to
land, forests, and water (Mbaiwa 2009; Anseeuw et al. 2012; Rulli et al. 2013).
These dynamics highlight how environmental justice concerns, particularly the
fair distribution of ecosystem services and decision-making power, are closely
linked to governance and resilience challenges.

The Amathole Mountains represent a particularly suitable case study be-
cause they constitute a socio-ecological system where (i) climate-sensitive
ecosystem services, such as water provision, forest resources, and soil fertility,
are directly linked to rural livelihoods; (ii) unequal access to land and spatial
inequality continue to influence uneven access to natural resources; and (iii)
governance arrangements are fragmented across stakeholders, producing
contested decision-making spaces. These interacting conditions make the re-
gion a critical site for examining how climate variability, ecosystem services,
governance, and environmental justice intersect in practice.

The Amathole Mountains illustrate these intersecting challenges. Commu-
nities in Hopefield, Bold Point, and Hogsback depend on ecosystem services
such as water, fertile soils, forests, and tourism opportunities for their liveli-
hoods. Climate variability has reduced rainfall reliability and soil productivity,
while governance shortcomings, characterized by limited institutional support,
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weak coordination, and exclusion from decision-making, further constrain
adaptive capacity. Yet community-based forest management, informal knowl-
edge sharing, and small-scale conservation initiatives demonstrate locally
grounded pathways of resilience and adaptive livelihoods.

This study therefore examines how climate variability and governance inter-
act to shape community resilience, livelihood pathways, and environmental jus-
tice in Hopefield, Bold Point, and Hogsback in the Amathole Mountains. Ground-
ed in principles of equitable access, fair distribution of ecosystem services, and
inclusive participation, the study draws on community and stakeholder experi-
ences to explore how governance arrangements and local initiatives influence
access to ecosystem services under changing climatic conditions.

To address these gaps, the study is guided by the following questions:

i. How does climate variability affect access to and the functioning of key
ecosystem services in the Amathole Mountains?

ii. How do governance structures enable or constrain equitable access and
participation in resilience planning?

iii. What local and community-driven adaptation strategies exist, and how
can they inform more just, ecosystem-based, and participatory gover-
nance frameworks?

Analytical framework

This study is grounded in three interrelated theoretical perspectives: environ-
mental justice theory, political ecology, and resilience thinking. Together, these
frameworks provide an integrated and mutually reinforcing analytical lens for
examining how ecosystem services, livelihood pathways, climate variability,
and governance intersect to shape environmental outcomes and rural well-be-
ing in the Amathole Mountains, Eastern Cape. Rather than operating as sepa-
rate perspectives, these theories are used in a deliberately integrated manner
to capture the distributive, structural, and adaptive dimensions of socio-eco-
logical change. Importantly, the three frameworks informed both data analysis
and interpretation. During coding and thematic analysis, specific analytical cat-
egories were derived from each framework and used to organize participants’
experiences, governance challenges, and adaptation responses. Environmental
justice informed the analysis of distributional, procedural, and recognitional di-
mensions of resource access and governance; political ecology guided the ex-
amination of power relations, historical inequalities, and institutional arrange-
ments; and resilience thinking informed the analysis of adaptation strategies,
adaptive capacity, and socio-ecological responses to climate variability.

Environmental justice theory

Environmental justice theory extends beyond the equitable distribution of en-
vironmental risks and benefits to include questions of access, participation,
and recognition. It emphasizes not only distributional justice—fair access to
resources such as water, grazing land, forests, and tourism-related opportuni-
ties—but also procedural justice, which concerns meaningful participation in
environmental decision-making processes (Schlosberg 2007; Walker 2012).
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Recognitional justice further underscores the importance of acknowledging
diverse social identities, knowledge systems, and cultural practices, ensuring
that marginalized groups’ perspectives are valued and incorporated into envi-
ronmental governance (Fraser 1998; Schlosberg 2013).

In the South African context, environmental justice is particularly salient be-
cause historical inequalities shaped by apartheid continue to influence land
tenure systems, access to ecosystem services, and representation within gov-
ernance structures (McDonald 2002; Bond 2014). Within mountain socio-eco-
logical systems, these injustices manifest through uneven access to ecosys-
tem services that underpin rural livelihoods, thereby shaping differentiated
livelihood pathways and adaptive capacities. This framework therefore helps
to illuminate whose voices are amplified and whose concerns remain marginal-
ized in climate adaptation and resource governance.

Operationally, environmental justice informed three analytical categories used
throughout the analysis: (i) distributional justice, focusing on the allocation of eco-
system services and environmental benefits and burdens; (ii) procedural justice,
examining participation, representation, and decision-making processes; and (iii)
recognitional justice, assessing the extent to which local knowledge, cultural val-
ues, and community identities were acknowledged within governance systems.
These categories subsequently informed the interpretation of findings relating to
resource access, governance participation, and environmental inequalities.

However, while environmental justice clarifies inequalities in access and rec-
ognition, it does not fully explain the historical and political-economic process-
es that produce and sustain these injustices. This analytical gap is addressed
through political ecology, which deepens the analysis by interrogating power
relations and structural drivers of environmental inequality.

Political ecology

Political ecology provides a complementary perspective by examining how
power relations, historical processes, and political-economic structures shape
environmental governance and access to natural resources. It situates envi-
ronmental change within broader dynamics of state policy, conservation inter-
ventions, land reform, and development agendas (Bryant 1998; Robbins 2012).
This perspective is especially relevant in rural, postcolonial contexts such as
the Eastern Cape, where governance arrangements often reproduce exclusion,
marginalization, and uneven development (Benjaminsen and Svarstad 2021).

At the same time, political ecology foregrounds the agency of local actors,
demonstrating how informal institutions, everyday practices, and subtle forms
of resistance challenge dominant conservation and development narratives
(Scott 2020). In the Amathole Mountains, these dynamics shape how commu-
nities negotiate access to ecosystem services and reconfigure livelihood strat-
egies under conditions of climate variability and weak institutional support.

To operationalize this framework, the analysis focused on three interrelated di-
mensions: (i) power relations and resource control; (ii) historical legacies of land
dispossession and exclusion; and (iii) governance arrangements influencing ac-
cess to ecosystem services. These dimensions provided analytical guidance for
examining how structural inequalities and institutional processes shape liveli-
hood opportunities, environmental governance, and community vulnerability.
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However, while political ecology effectively explains structural inequalities
and power asymmetries, it is less explicit in theorizing how communities ab-
sorb disturbances, adapt, and reorganize livelihoods in response to environ-
mental change. This adaptive dimension is captured through resilience think-
ing, which complements political ecology by focusing on socio-ecological
persistence and transformation.

Resilience thinking

Resilience thinking emphasizes the capacity of socio-ecological systems to ab-
sorb disturbances, adapt to changing conditions, and, where necessary, transform
in response to shocks and stresses such as climate variability and environmental
change (Walker et al. 2004; Folke et al. 2010). This perspective highlights the in-
terconnectedness of people and ecosystems, the centrality of local and indige-
nous knowledge systems, and the importance of flexible, adaptive governance in
sustaining ecosystem services and livelihoods over time (Berkes and Ross 2013).

In this study, resilience is not conceptualized as a purely technical or ecolog-
ical attribute but as a socially negotiated process shaped by power relations,
justice concerns, and institutional dynamics (Cote and Nightingale 2012). As-
sessing community resilience therefore involves examining how governance
arrangements enable or constrain people’s ability to adapt, diversify livelihood
pathways, and maintain access to critical ecosystem services under changing
climatic conditions. The interpretation explicitly positions resilience within a
justice-informed and politically embedded socio-ecological framework, align-
ing resilience thinking with the normative concerns of environmental justice
and the structural insights of political ecology.

This study integrates environmental justice theory, political ecology, and
resilience thinking to examine how governance, power relations, and climate
variability influence access to ecosystem services, environmental justice out-
comes, and community resilience. Together, these frameworks provide a com-
prehensive understanding of the links between ecological change, governance
processes, and livelihood adaptation within mountain socio-ecological sys-
tems. These themes guided the interpretation of community responses and
adaptation pathways identified in the empirical findings.

Integrated analytical lens

By integrating environmental justice theory, political ecology, and resilience
thinking, this study develops a holistic framework for understanding how climate
variability, governance structures, and community responses operate through
interlinked causal pathways and feedback loops to shape environmental out-
comes, livelihood pathways, and justice claims in the Amathole Mountains.

Environmental justice highlights fairness and recognition; political ecology
reveals structural drivers and historical constraints that produce and sustain
inequality; and resilience thinking illuminates adaptive capacities and commu-
nity responses within dynamic socio-ecological systems. Together, these per-
spectives are treated as complementary and mutually reinforcing rather than
additive, forming a single analytical system in which justice, power, and adap-
tation continuously interact.
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F

Their intersection is not only conceptual but also analytical, allowing the
study to trace how governance processes influence access to ecosystem ser-
vices, which in turn shapes livelihood strategies and adaptive outcomes under
climate variability. Fig. T summarizes the relationships among the three frame-
works and illustrates how the analytical categories derived from each perspec-
tive informed data coding, thematic development, and interpretation of findings.

This figure illustrates the causal and feedback interconnections among environ-
mental justice, political ecology, and resilience thinking as analytical lenses. Their
convergence provides a holistic understanding of how climate variability, gover-
nance structures, and community responses interact through multiple reinforcing
and constraining pathways to shape environmental outcomes, livelihood path-
ways, and justice claims within the Amathole Mountains socio-ecological system.

The overlap between environmental justice and political ecology highlights
how governance arrangements and resource inequalities are produced and main-
tained through power relations and historical processes (Walker 2012; Benjamin-
sen and Svarstad 2021). The intersection of political ecology and resilience think-
ing emphasizes community innovations, local knowledge, and adaptive strategies
that emerge within structural constraints (Turner 2014). The overlap between re-
silience thinking and environmental justice underscores the need for equitable,
inclusive, and empowering adaptation processes that strengthen both social and
ecological resilience (Cote and Nightingale 2012; Berkes and Ross 2013).

At the center, where all three frameworks converge, lies an integrated un-
derstanding of (i) ecosystem service availability and access, (ii) governance
processes, (iii) livelihood pathways, and (iv) adaptive capacity under climate
variability, all of which are mutually shaping and continuously interacting rather

EXTERNAL DRIVERS

External drivers Climate variability

GOVERNACE PROCESS
(Political ecology lens)

Influences :

e Rules , institutions and
policies

* Resource allocation and
control

» Participation and decision
making

¢ Enforcement and
accountability

Ecosystem service availability
and reliability

COMMUNITY RESPONSE
AND ADAPTIVE CAPACITY

(Resilience thinking lens)

Access to ecosystem services
( mediated by governance and

justice)
Includes:
Adaptation strategies and * Learning and knowledge
exchange

livelihood pathways

(Household and community lens )

* Social capital and networks
* Flexible adaptive
governance

Livelihood outcomes and wellbeing

—

(Environmental, social and economic)
outcomes

Environmental justice

OVERLAPPING ANALYTICAL LENSES
and political ecology Political ecology and resilience thinking Resilience thinking and
environmental justice

Figure 1. Integrated analytical framework illustrating the relationships among climate variability, ecosystem services,
governance processes, environmental justice dimensions, adaptive strategies, and livelihood outcomes in the Amathole
Mountains. Source: Authors, 2026.
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than operating in isolation. These dimensions also provide the organizing
structure for the presentation of findings, ensuring that the empirical analysis
explicitly reflects the theoretical foundation of the study.

Fig. 1 therefore provides an integrated analytical framework that guided data
coding, thematic development, and interpretation of findings. By linking eco-
system services, governance processes, environmental justice, and adaptive
responses to climate variability, the framework informed the analysis of liveli-
hood pathways and resilience outcomes in the Amathole Mountains.

Materials and methods

This section describes the study area and outlines the research design, partic-
ipant recruitment, data collection procedures, and data analysis methods used
to investigate stakeholders’ perceptions of ecosystem services, climate vari-
ability, and governance in the Amathole Mountains region.

Description of the study area

The study was conducted in South Africa’'s Eastern Cape Province, located be-
tween 30"00'S and 34"15'S latitude, and 22°45'E and 30"15'E longitude (Afo-
layan et al. 2014). Within this region, the Raymond Mhlaba Local Municipality
(RMLM) lies approximately at 32.6086°S, 26.3854°E and falls within the sub-
tropical high-pressure belt, a global atmospheric system occurring approxi-
mately 30° latitude in both hemispheres (CSIR 2011). The regional climate is
influenced by interactions between the Agulhas Bank and subtropical atmo-
spheric circulation systems, producing variable rainfall patterns, shifting wind
regimes, sea surface temperature anomalies, and periodic extreme weather
events linked to the convergence of the warm Agulhas and cold Benguela cur-
rents (Schumann et al. 1995; Shannon et al. 2003).

The Eastern Cape remains one of South Africa’s most socio-economically
disadvantaged provinces. Many rural households rely on small-scale agricul-
ture and rural resource use, while peri-urban populations depend largely on low-
wage labor (Statistics South Africa 2017). These structural conditions increase
vulnerability to climate variability and environmental change, particularly with-
in mountain ecosystems. In the Amathole District Municipality, approximately
59% of residents earn less than R1,600 per month, and unemployment reaches
42.8%, with social grants serving as a key poverty-relief mechanism (Statis-
tics South Africa 2017; Ngumbela and Mle 2019). Combined with increasing
climate variability, these conditions place considerable pressure on rural liveli-
hoods and natural resource systems.

The study focused on three communities within the RMLM: Hopefield, Bold
Point, and Hogsback. These settlements are located within the Amathole Moun-
tains landscape, an area of high ecological, hydrological, and socio-economic
significance. Two main stakeholder groups were engaged: (i) rural households
residing in Hopefield and Bold Point and (ii) tourism stakeholders operating in
Hogsback “village” involved in local development planning.

RMLM forms part of the Amathole District Municipality (ADM), established
following South Africa’s municipal restructuring reforms in 2000 (ECSECC
2017). ADM stretches from the Indian Ocean coast to the Amathole Mountains
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and covers approximately 21,114 km?, with an estimated population of 762,037
inhabitants in 2023 (Health Systems Trust 2024). RMLM itself was created in
2016 through the merger of the former Nkonkobe and Nxuba municipalities
and spans roughly 6,358 km?, with approximately 156,000 residents (Statistics
South Africa 2017). The municipality is predominantly rural and characterized
by dispersed settlements, commercial farms, and small service towns, includ-
ing Alice, Fort Beaufort, and Cathcart.

The Hogsback Mountain range rises to approximately 1,963 m a.s.l. and con-
stitutes a significant ecological asset providing water regulation, soil fertility,
carbon sequestration, and biodiversity support (Shackleton and Luckert 2015).
RMLM typically experiences average summer temperatures of approximately
26 °C and winter temperatures of approximately 13 °C. Rainfall averages ap-
proximately 1,000 mm per year in summer and 400 mm per year during winter
(Bontsa et al. 2024). Ecologically, the area falls within the Albany Thicket Bi-
ome, characterized by dense shrubs, succulents, and forest patches distrib-
uted across elevations between 300 and 700 m a.s.l. (Carvalho et al. 2022).
Although annual rainfall ranges from 800 to 1,200 mm, recent decades have
seen increasing climate variability, including recurrent droughts, soil erosion,
overgrazing, and deforestation pressures that threaten agricultural productivity,
water security, and biodiversity (Apraku et al. 2019).

As shown in Table 1, a total of 83 participants (74 community members and
nine key informants) took part in the study. Community participants includ-
ed 62 household representatives from Hopefield and 12 from Bold Point. No
household participants were recruited from Hogsback. The nine key informants
comprised six Hopefield community leaders, one Bold Point community leader,
and two tourism stakeholders from Hogsback (one from Hogsback Inn Hotel
and one tourism guide from Jikane). Tourism stakeholders participated primar-
ily through key informant interviews due to the small size of the tourism sec-
tor and the study’s focus on obtaining institutional rather than household-level
perspectives. Consequently, participant numbers varied across sites, reflecting
differences in population size, livelihood structures, accessibility, and stake-
holder availability rather than proportional representation. The larger sample
from Hopefield reflects its greater population size and stronger dependence on
ecosystem service-based livelihoods compared with Bold Point and Hogsback.

This table summarizes the distribution of study participants across the
study area, indicating the number of individual interviews and key informant
interviews conducted within each community.

Bold Point is a small formal rural settlement approximately 5 km from
Hogsback Inn, while Hopefield is a semi-rural community located more than
10 km away. Hopefield features some modern housing, whereas Bold Point

Table 1. Participants involved in the study.

Participant group Hopefield village = Bold Point village Hogsback village = Total
Individual interviews 62 12 00 74
Key informants (community 6 01 02 09
leaders /tourism businesses)

Total 68 13 02 83

Source: Authors, fieldwork (2025).
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is marked by informal dwellings and limited educational facilities. Both com-
munities face significant socio-economic challenges: 65% of residents live
below the upper-bound poverty line, and unemployment is approximately
45% (ECSECC 2024). Social grants remain the main source of income for
many households (Mthethwa and Wale 2023), while limited employment op-
portunities increase reliance on natural resources for water, grazing, small-
scale agriculture, and livelihoods.

The Amathole Mountains system reflects the intersection of ecological
significance, socio-economic vulnerability, and climate sensitivity. Although
Hogsback’s tourism sector provides some seasonal employment, benefits
remain unevenly distributed, and persistent poverty and population pres-
sures continue to drive reliance on natural resources, including subsistence
farming and firewood collection (Wondirad and Ewnetu 2019). A lack of di-
versified livelihoods pushes many young people to seek temporary work in
nearby tourist establishments.

Given this dependence on mountain ecosystem resources, these communi-
ties form a key interface between environmental sustainability and rural devel-
opment. The study therefore examined differences in access to and valuation
of ecosystem services between upstream tourism stakeholders and down-
stream rural households, using the Millennium Ecosystem Assessment (MEA)
framework (Reid 2005) to classify and analyze ecosystem services and their
perceived importance across stakeholder groups.

Research design

This study adopted a qualitative research design grounded in an interpretivist
paradigm. The qualitative approach was selected because the study sought
to explore participants’ lived experiences, perceptions, and interpretations of
climate variability, ecosystem services, governance processes, and livelihood
pathways within the Amathole Mountain socio-ecological systems. The study
relies exclusively on qualitative methods, including in-depth interviews, focus
group discussions (FGDs), and key informant interviews (KlIs). Participants
were recruited through purposive and snowball sampling to ensure the inclu-
sion of individuals with relevant knowledge and experience regarding local en-
vironmental conditions and livelihood practices.

To strengthen methodological rigor and address coding reliability concerns,
the study adopted a systematic thematic analysis process supported by re-
peated coding cycles, peer consultation, reflexive memo writing, and audit trail
documentation. Coding decisions and emerging interpretations were reviewed
collaboratively among the authors to enhance analytical consistency and min-
imize subjective bias.

Community participants represented diverse demographic backgrounds and
livelihood experiences. Of the 74 community members interviewed, 50 were
women and 24 were men. Participants ranged in age from 21 to 76 years and
were predominantly Black South Africans, with two white South African partic-
ipants. Many participants engaged in multiple livelihood strategies, including
subsistence farming, informal trade, natural resource use, and tourism-related
activities. Approximately 60% had not completed secondary education, reflect-
ing broader structural educational challenges within the municipality.
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Key informants were selected based on their roles in tourism development,
natural resource management, and community leadership within the mountain
landscape. Their perspectives provided institutional insights that complement-
ed the lived experiences of community members and enabled triangulation
across governance and livelihood contexts.

Data collection

Fieldwork was conducted between September and November 2025 through
semi-structured interviews, FGDs, and Klls. These methods enabled the col-
lection of detailed qualitative data on participants’ perceptions of climate vari-
ability, ecosystem services, governance, livelihood strategies, vulnerability, and
environmental justice within the Amathole Mountains region.

Participants were divided into two targeted groups: (1) rural community
members from Hopefield and Bold Point and (2) tourism stakeholders operating
in Hogsback. Participants were selected through purposive sampling based on
their knowledge of mountain ecosystems and involvement in resource-based
livelihoods. Snowball sampling was subsequently used to identify additional
participants until data saturation was reached.

Two FGDs were conducted in Hopefield because it had a larger population
and was more accessible than the other study sites, allowing the collection of
in-depth insights from local community members who depend on mountain
ecosystem services. Each group consisted of six to 10 participants aged 18
years and older and provided opportunities for collective reflection on ecosys-
tem services, climate variability, and governance challenges. The FGDs were
organized into homogeneous sub-groups based on gender and age to promote
free expression, as recommended by De Vos (2011). Each FGD lasted between
45 and 60 min and was audio-recorded.

Ethics clearance was obtained from the University of Fort Hare Inter-Facul-
ty Human Research Ethics Committee (IFRED). Written informed consent was
obtained from all participants after explaining the study’s objectives, potential
risks, and their rights to withdraw at any stage without consequence. Confiden-
tiality and anonymity were maintained throughout the research process.

Klls were conducted with community leaders and tourism stakeholders and
lasted between 30 and 45 min. Tourism participants provided insights into nat-
ural resource use in Hogsback, climate-related risks, and environmental gover-
nance processes related to tourism activities. Some interviews and FGDs were
conducted in isiXhosa and later translated into English. To preserve meaning and
tone while ensuring clarity, translations were lightly edited for grammar without
altering participants’ intended meaning. Transcription was conducted verbatim,
with minor editing for readability while preserving participants’ intended meaning.

To examine spatial differences in ecosystem services, data were collected
along a distance gradient extending approximately 20 km upstream from Hogs-
back Mountain. This approach enabled comparison between upstream tourism
stakeholders and downstream rural households.

To enhance methodological trustworthiness, the study applied multiple
validation strategies, including member checking during and after interviews,
where participants were invited to confirm or clarify emerging interpretations.
An audit trail was maintained through systematic documentation of coding
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decisions, theme development, and data reduction steps. Reflexive memo writ-
ing was also used throughout the fieldwork and analysis phases to document
research assumptions, positionality, and evolving interpretations.

Data analysis

Thematic analysis was conducted following the procedures proposed by Sal-
dafia (2009). All interviews, FGDs, and Klls were audio-recorded, transcribed
verbatim, and reviewed for accuracy before analysis. The researchers repeat-
edly read the transcripts to become more familiar with the data and identify
recurring issues related to climate variability, ecosystem services, governance,
environmental justice, and livelihood adaptation.

The analysis proceeded through four stages. First, transcripts were read re-
peatedly to achieve familiarization and identify preliminary patterns. Second,
initial codes were generated both inductively from participants’ narratives and
deductively from the study objectives, research questions, and conceptual
framework. Third, related codes were grouped into broader categories and ex-
amined for recurring patterns across stakeholder groups and study locations.
Finally, these categories were refined into overarching themes that captured
key dimensions of ecosystem services, climate variability, governance, environ-
mental justice, livelihood pathways, and community resilience.

Both inductive and deductive coding were employed. Inductive coding en-
abled themes to emerge directly from participants’ narratives, while deductive
coding was guided by the research questions and conceptual framework. Man-
ual coding facilitated close engagement with the data and supported the iden-
tification of nuanced meanings and contextual insights.

A codebook was developed and continuously refined throughout the anal-
ysis process. Coding reliability was enhanced through iterative coding cycles,
collaborative review of coded segments among the authors, peer debriefing,
and comparison of interpretations across interviews, FGDs, and Klls (Bailey
2008). Coding discrepancies were discussed and resolved through consensus,
thereby strengthening analytical consistency and trustworthiness.

A thematic matrix was subsequently developed to compare patterns across
stakeholder groups and study locations. All identifying information was re-
moved from transcripts before analysis. Analytical consistency was further
strengthened through repeated cross-checking of coded extracts and contin-
uous comparison across datasets (interviews and FGDs), ensuring alignment
between raw data and emerging themes.

The analysis generated five interrelated themes: (1) water provisioning,
agriculture, and livelihood vulnerability; (2) biodiversity, cultural ecosys-
tem services, and environmental change; (3) livestock, firewood, wildlife,
and ecosystem service decline; (4) governance, access, and environmental
justice in mountain ecosystems; and (5) community resilience, livelihood
adaptation, and grassroots responses. Each theme comprised several sub-
themes reflecting variations in experiences across Hopefield, Bold Point,
and Hogsback.

Several measures were employed to enhance the trustworthiness of the find-
ings. First, methodological triangulation was achieved using interviews, FGDs,
and Klls. Second, emerging interpretations were continuously reviewed against
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the raw data to ensure consistency. Third, an audit trail documenting coding de-
cisions, theme refinement, and analytical reflections was maintained through-
out the study. Finally, reflexive memo writing was used to minimize researcher
bias and improve analytical transparency.

Findings from the interviews and FGDs are presented through descriptive
narratives, supported by direct participant quotations. Quotations are attribut-
ed using general identifiers (e.g., “female FGD, Hopefield”) to maintain anonym-
ity while preserving the contextual richness of participants’ perspectives.

Findings

This section presents findings aligned with the three study objectives: (1) ex-
amining how climate variability affects access to key ecosystem services and
associated livelihood pathways in the Amathole Mountains; (2) analyzing how
governance structures and power relations influence access to these resourc-
es and shape environmental justice outcomes; and (3) identifying community
and sector-specific adaptation strategies that support resilience.

Water provisioning, agriculture, and livelihood vulnerability

Participants consistently reported that climate variability is altering mountain
ecosystems and the services they provide. Across all three study sites, partici-
pants highlighted changing rainfall patterns, declining water availability, vegeta-
tion stress, and shifts in biodiversity. These changes directly affect livelihoods,
particularly for households dependent on subsistence agriculture, livestock
grazing, wild plant harvesting, and mountain-fed water sources.

Through FGDs and interviews, participants described rainfall as increas-
ingly unpredictable. Seasonal rains that previously arrived in early spring
now occur irregularly or are delayed, resulting in shorter growing sea-
sons and declining water availability. Streams and rivers that once flowed
throughout the year now dry up earlier during the dry season, reducing wa-
ter availability for households and agriculture. Water provisioning emerged
as the most frequently discussed ecosystem service across interviews and
FGDs, with participants in Hopefield, Bold Point, and Hogsback consistently
reporting declining water reliability.

In Hopefield, drying rivers reduce soil moisture and limit irrigation for house-
hold gardens and small-scale farming. This has contributed to declining crop
yields for staple crops such as maize, beans, spinach, cabbage, and potatoes.
As one participant explained:

“The river often dries up now because the rain doesn’t come as before” (fe-
male participant, Hopefield FGD, September 2025).

Another participant highlighted the uncertainty that climate variability intro-
duces into agricultural decision-making:

“Sometimes it rains too much, other times there is no rain at all ...farming be-
comes difficult because we don’t know when to plant” (young male participant,
Hopefield interview, September 2025).
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These accounts demonstrate that climate variability affects not only the avail-
ability of ecosystem services but also the predictability upon which livelihood
planning depends. From a resilience perspective, uncertainty itself emerged as
a significant livelihood stressor because it undermines households’ ability to
anticipate and respond effectively to environmental change.

Participants in Bold Point reported similar challenges. Reduced rainfall has
weakened streamflow and increased sedimentation, limiting the reliability of
mountain-fed water systems. Many households previously relied on piped wa-
ter drawn directly from mountain sources, but broken infrastructure and declin-
ing streamflow have forced residents to rely on distant streams or purchase
water during dry periods. One participant stated:

“Before, pipes came directly from the mountain, but they broke... now we mostly
rely on mountain streams” (male participant, Bold Point interview, September 2025).

The interaction between climate stress and deteriorating infrastructure emerged
as a critical mechanism shaping water insecurity. While climatic factors reduce
water availability, inadequate maintenance of local water systems amplifies expo-
sure to risk. This finding supports political ecology perspectives that vulnerability is
co-produced through interactions between environmental change and institutional
conditions rather than resulting solely from biophysical processes.

Biodiversity, cultural ecosystem services, and environmental change

Beyond agricultural and domestic water use, climate variability also affects cul-
tural and spiritual practices tied to mountain ecosystem services. Participants
described the declining availability of traditional herbs used for healing, ritu-
als, and household protection. Participants from both Hopefield and Bold Point
consistently reported that medicinal plants are becoming more difficult to lo-
cate due to changing rainfall patterns, vegetation shifts, and recurring drought
conditions. As one participant explained:

“Some of the herbs don’t grow like before because the rain is not the same...
we now look for them higher up the mountain” (older female participant, Hope-
field interview, September 2025).

This perception was echoed by multiple participants across both commu-
nities, suggesting a widespread concern regarding the declining availability of
medicinal plants and other culturally significant ecosystem resources.

The findings indicate that climate variability affects both material and non-ma-
terial ecosystem services. The loss of medicinal plants represents more than
a decline in biodiversity; it also threatens cultural identity, traditional ecolog-
ical knowledge, and intergenerational practices that are central to community
well-being. From a recognitional justice perspective, these findings demonstrate
how environmental change can undermine cultural relationships with nature that
remain insufficiently acknowledged within formal governance systems.

Climate-related changes were also evident in Hogsback, where tourism and
hospitality businesses depend heavily on mountain landscapes. Participants
linked declining precipitation and reduced snowfall to falling groundwater lev-
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els and reduced spring recharge. Older residents recalled that snow historically
contributed to groundwater replenishment and sustained local streams and
wetlands. One tourism stakeholder explained:

“We get far less snow than when | was a child.... a stream that flowed for 140 years
dried for the first time” (KII 1, Hogsback tourism stakeholder, November 2025).

These findings reveal that climate variability affects multiple sectors si-
multaneously, but the consequences differ according to livelihood depen-
dence and resource access. Whereas rural households experience direct
impacts on food production, water access, and energy security, tourism
stakeholders are primarily affected through changes in landscape quality,
water availability, and visitor experiences.

Livestock, firewood, wildlife, and ecosystem service decline

Changes in vegetation and water availability also affect livestock grazing.
Households in Hopefield and Bold Point reported increasing grass shortages
during prolonged dry spells. Lower-altitude grazing areas dry earlier in the sea-
son, forcing farmers to move animals to higher slopes where moisture remains
available for longer periods.

Participants also reported broader ecological changes affecting wildlife and
forest resources. Some hunters in Hopefield reported that animals increasingly
migrate in search of water and vegetation, reducing access to bushmeat and
weakening an important supplementary food source for rural households.

Evidence of ecosystem service decline emerged consistently across inter-
views and FGDs. Participants reported declining streamflow, reduced medicinal
plant availability, increased grazing shortages, lower crop productivity, reduced
wildlife presence, and growing pressure on firewood resources. Collectively,
these observations suggest that climate variability is affecting multiple eco-
system services simultaneously rather than individual resources in isolation.

Firewood collection patterns are also shifting. Participants explained that
increasing travel distances, vegetation stress, and periodic wildlife move-
ment have reduced the availability of easily accessible fuelwood. As a result,
households reported collecting firewood less frequently, spending more time
harvesting resources, or traveling further into mountain areas to meet house-
hold energy needs.

Taken together, these findings reveal an interconnected cascade of impacts
whereby climate variability reduces ecosystem service availability, which sub-
sequently constrains livelihood options, food security, cultural practice, and lo-
cal economic activities. The findings therefore demonstrate that ecosystem
services function as critical livelihood assets whose decline has far-reaching
social and economic consequences. Despite these pressures, participants
consistently emphasized the central role of mountain ecosystems in sustaining
local livelihoods and cultural practices.

Table 2 summarizes the key ecosystem services utilized across Hopefield,
Bold Point, and Hogsback and highlights the observed impacts of climate vari-
ability on water provisioning, firewood availability, medicinal plants, cultural
practices, grazing resources, and tourism-related services.
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Table 2. Summary of key ecosystem services and climate-related impacts across Hopefield, Bold Point, and Hogsback
communities.

. Hopefield village Bold Point village Hogsback “Village” Impacts of climate
Ecosystem services . sy
(small scale farmers) (small scale farmers) (tourism) variability
Water provisioning Streams, taps, and tanks; Mountain streams; Springs, wells, dams for | Reduced rainfall, drying
river used for gardens. rainfall-dependent. hotels and farms. rivers, weaker waterfalls,

unreliable taps; less snow
reduces recharge.

Energy (firewood) Firewood is used daily for Main energy source; Used for heating and Wood scarcity during
cooking and heating. collected and sold. lodges; controlled drought; wildfires reduce
harvesting. supply.
Building materials Poles, sand, and stones | Timber, sand, and stones = Natural poles and reeds Vegetation stress and
collected locally. for homesteads. for lodge structures. | erosion reduce availability.
Wild foods and plants | Herbs, fruits, and small Wild honey, herbs, Minimal direct use. Loss of plant species; less
gardens. bushmeat, and wildlife; disrupted harvest
vegetables. cycles.
Medicinal plants Herbal remedies and Strong traditional healing Recognized but not Decline in herbs due to
rituals are widely used. practices. harvested by lodges. fires, heat, and erratic
rainfall.
Cultural value Rituals, cleansing, and Forest and waterfalls are | Landscape central to | Dry rivers and fires disrupt
ancestral ties. central to identity. tourism identity. cultural practices.
Aesthetic value Beauty of mountains and | Scenic cold highlands; | Core tourism attraction. ' Vegetation die-off reduces
waterfalls valued. waterfalls. scenic beauty; unreliable
waterfalls.
Livestock and grazing Livestock depend on Greener wet grazing Limited access due to Grass dries early;
mountain grazing. areas at high altitude. | plantations and tourism. | livestock lose condition;
more feed required.
Tourism and Seasonal jobs; small Visitors to waterfalls and | Main economic activity; Lower waterfall flow;
recreation tourism income. forests; limited gains. | trails, views, and forests. = heat stress for visitors;

reduced wildlife presence.

Source: Author’s own fieldwork (2025).

Governance, access, and environmental justice in mountain
ecosystems

The findings further indicate that climate-related pressures are inseparable
from governance dynamics because access to ecosystem services is mediat-
ed by institutions, power relations, and historical land-use arrangements.

While communities across the Amathole Mountains rely heavily on ecosys-
tem services, many participants reported limited involvement in governance
processes that regulate access to these resources. Across Hopefield and Bold
Point, participants described a lack of formal representation in decision-mak-
ing structures related to land use, water management, and forest resources.
Forest areas remain controlled by private tourism operators and forestry com-
panies, restricting access to grazing areas, trails, and other natural resources.
A tourism guide explained:

“The forestry company managing roughly 55,000 hectares restricts access
and we are currently in arbitration to improve access to some of the mountain
resources” (KIl 2, Hogsback tourism guide, September 2025).

This finding illustrates the distributive dimension of environmental jus-
tice because access to ecosystem services and their associated benefits
remains unevenly distributed among stakeholder groups. Although rural
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communities rely heavily on mountain resources for household livelihoods,
access to these resources is often controlled by actors with greater eco-
nomic and political power.

Participants frequently linked these governance challenges to historical land
dispossession and long-standing struggles for recognition and restitution. Sev-
eral participants emphasized that communities continue to rely on landscapes
that were historically part of their ancestral territories but are now managed by
commercial forestry or tourism enterprises.

These accounts reflect recognitional injustice because participants per-
ceived that their historical relationships with the landscape, indigenous knowl-
edge systems, and cultural claims to natural resources receive limited acknowl-
edgment within contemporary governance arrangements.

Water governance emerged as another major concern. Participants reported
inconsistent municipal water supply, poor communication during water short-
ages, and limited coordination between upstream and downstream users.

The unequal distribution of water resources between upstream and down-
stream users further illustrates distributive injustice. Communities located
downstream frequently experience shortages while possessing limited influ-
ence over decisions affecting water allocation and management.

Land restitution processes were also described as incomplete or delayed.
One participant reported:

“Some families were paid, but others are still waiting ...we are not part of the
decision even though this land was ours.” (female participant, Hopefield inter-
view, September 2025).

This statement reflects procedural injustice because affected communities
reported limited participation in decisions concerning land ownership, compen-
sation, and resource management.

Although Hogsback maintains a tourism-led forum, participants acknowl-
edged that commercial and forestry interests dominate discussions, limiting
genuine community representation. One tourism stakeholder explained:

“Currently, our forum does not have direct community representatives, but we
are working toward appointing one soon. We maintain regular communication
with strong leaders in each community.” (KIl 1, Hogsback tourism stakeholder,
November 2025).

Table 3 summarizes governance mechanisms, key actors, levels of commu-
nity inclusion, and major challenges affecting resource access in Hogsback,
Hopefield, and Bold Point. It highlights governance gaps, particularly weak
community participation and poor institutional coordination.

The findings therefore reveal that environmental justice concerns extend be-
yond resource scarcity to encompass questions of power, representation, and
recognition. Communities most dependent on ecosystem services frequently
possess the least influence over governance processes that determine access
to those resources. From a political ecology perspective, these governance
arrangements reproduce historical inequalities and shape contemporary pat-
terns of resource access and exclusion.
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Table 3. Overview of mountain resource governance in the Hogsback area.

Level of

Main resource . :
inclusion of rural

Location/ Existing governance | Dominant actors in Key governance

medicinal plants

municipal meetings
for infrastructure

stakeholders used forum/mechanism | decision-making . challenges reported
communities
Hogsback Water (springs, Hogsback Tourism Low; Restricted access to
(“Village” and dams); biodiversity, community forum businesses; rural voices are trails, viewpoints, and
tourism hub) trails, and (registered NPO, commercial often drowned out grazing; 2 years of
viewpoints meets four times farmers; forestry arbitration with the
per year) companies forestry company; slow
water rights processing
Hopefield Water (rivers, No formal Municipality, Very low; almost | Inconsistent municipal
downstream rural mountain community forum upstream no participation | water; upstream water
community streams), firewood, for mountain commercial diversion; delayed
medicinal plants, resources; farmers, land-restitution
and grazing occasional ad hoc and forestry compensation; no say
municipal meetings companies in land-use planning
Bold Point and other = Water (mountain | Informal permission Forestry Low; need Restricted entry
upstream mountain | streams), firewood, | system with forestry = companies and permission; little to forest areas;
settlements grazing, and company; rare municipality real power broken water pipes;

limited community
coordination on

resource management

Source: Author’s own fieldwork (2025).

Community resilience, livelihood adaptation, and grassroots responses

Despite growing climate pressures and governance constraints, communities
across the Amathole Mountains have developed a range of adaptation strate-
gies. These responses combine local ecological knowledge, household coping
mechanisms, and sector-specific innovations.

Rural households in Hopefield and Bold Point rely heavily on ecosys-
tem-based strategies to manage climate risks. In Hopefield, communities fre-
quently draw water from rivers, mountain springs, or storage tanks when the
municipal water system fails.

“When the taps don’t work, we get water from the river or directly from the
mountain.” (male participant, Hopefield interview, September 2025).

Another participant explained:

“We use tanks to store water... but when there is no rain, it becomes difficult.”
(female participant, Hopefield interview, September 2025).

These adaptation strategies demonstrate the continued importance of eco-
system services as a form of informal social protection. However, they also
reveal the limits of community resilience because households remain highly
dependent on increasingly stressed natural systems.

Farmers also adapt by adjusting planting schedules and diversifying liveli-
hood activities. Some households supplement agricultural income through wild
honey harvesting and small-scale trading.

Seasonal livestock mobility remains a key adaptation strategy. This practice
was described as follows by a participant:
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“During the drought we move our livestock up to the mountain because the
grass stays soft and green even in winter season and we bring them back in De-
cember.” (young male shepherd, Hopefield interview, September 2025).

This practice illustrates the importance of local ecological knowledge
in sustaining livelihoods under changing climatic conditions. In contrast,
tourism enterprises in Hogsback demonstrate higher adaptive capacity
due to greater financial resources and infrastructure. One tourism opera-
tor explained:

“We increased water storage... we have an artesian well, several good springs
on the farm, and a large dam to store water.” (KIl 1, Hogsback tourism stake-
holder, November 2025).

Some hotel establishments have also adopted ecological technologies to
manage wastewater more efficiently.

“We installed a biological digester system so we can recycle wastewater
safely and use it for irrigation.” (tourism employee, Hogsback interview, Sep-
tember 2025).

A central finding emerging from the data is that resilience is unevenly distrib-
uted across stakeholder groups. Tourism enterprises possess greater financial,
technical, and infrastructure resources, enabling them to implement capital-in-
tensive adaptation measures. Rural households, by contrast, depend primarily
on ecosystem-based and labor-intensive coping strategies.

During recent droughts, tourism operations were able to maintain water supply
through private infrastructure, while nearby households faced severe shortages.

Viewed through environmental justice and resilience frameworks, these
differences reveal unequal adaptive capacity. The groups most exposed to
climate-related risks frequently possess the fewest resources to respond
effectively, creating differentiated resilience outcomes across the moun-
tain landscape.

Taken together, these findings reveal significant differences in adaptive ca-
pacity across sectors. Tourism enterprises rely on technological and capital-in-
tensive adaptation measures, whereas rural households depend on ecosystem
resources, mobility, and community-based coping strategies. Despite these dif-
ferences, participants across all three communities emphasized the critical im-
portance of mountain ecosystem services as a natural buffer against climate
variability and environmental stress.

Overall, the findings demonstrate that climate variability, governance ar-
rangements, and environmental justice are closely interconnected. Access to
ecosystem services is shaped not only by ecological change but also by gov-
ernance structures, historical power relations, and unequal access to adaptive
resources. Consequently, distributive, procedural, and recognitional forms of
injustice collectively influence livelihood vulnerability, adaptive capacity, and
resilience within the Amathole Mountains landscape.
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Discussion

Mountain ecosystems play a central role in rural livelihoods and local econo-
mies but are increasingly strained by climate variability, land-use change, and
governance challenges. Viewed through ecosystem services, political ecolo-
gy, and environmental justice perspectives, the findings show how ecological
change intersects with historical land dispossession, unequal access, and
uneven benefit distribution across mountain communities. Similar dynamics
have been documented in rural areas of KwaZulu-Natal and Limpopo provinces,
where households remain highly dependent on natural resources amid limit-
ed infrastructure and persistent inequalities (Ngwenya et al. 2019; Rankoana
2020). However, rather than merely confirming existing evidence, this study
demonstrates how climate variability, ecosystem service dependence, and
governance arrangements interact simultaneously within a single mountain so-
cio-ecological system. The findings suggest that livelihood vulnerability is not
solely a product of environmental change but emerges from the interaction be-
tween ecological pressures and historically embedded governance inequalities
(Robbins 2012; Benjaminsen and Svarstad 2021). Rather than treating ecolog-
ical change, livelihoods, and governance as separate processes, the findings
reveal their interconnected nature and show how environmental and social
vulnerabilities are co-produced through ongoing socio-ecological interactions.
Across Hopefield, Bold Point, and Hogsback, participants demonstrated
strong dependence on mountain-based ecosystem services, particularly water,
firewood, medicinal plants, grazing land, and wild food. These services underpin
distinct livelihood pathways across the study sites. This finding aligns with eco-
system services literature emphasizing the importance of provisioning, cultural,
and supporting services in sustaining rural households in Africa (Bélanger and
Pilling 2019; Booi et al. 2022). In Hopefield and Bold Point, livelihoods are closely
tied to direct-use services such as water, firewood, wild herbs, and grazing re-
sources. This reflects broader evidence that marginalized rural communities dis-
proportionately rely on nature-based subsistence economies, particularly where
state infrastructure or formal employment opportunities are limited (Ohonba
2025). The empirical findings illustrate this dependence clearly. Participants
repeatedly described how declining streamflow, reduced grazing resources,
and shortages of medicinal plants directly affected food production, livestock
management, household energy use, and cultural practices. These experiences
demonstrate that ecosystem services function not merely as environmental as-
sets but as critical livelihood infrastructures (Bélanger and Pilling 2019; Booi et
al. 2022). Beyond confirming previous findings, the study demonstrates that de-
pendence on ecosystem services is not uniform across communities sharing the
same ecological landscape. Access, utilization, and perceived value vary accord-
ing to socio-economic position, livelihood strategies, and proximity to centers
of economic activity. This observation is consistent with environmental justice
scholarship, which argues that environmental benefits and burdens are unevenly
distributed across social groups due to differences in power, access, and gover-
nance arrangements (Schlosberg 2007; Walker 2012). This finding contributes to
ecosystem services scholarship by demonstrating that ecosystem benefits are
socially mediated and shaped by governance arrangements rather than being
distributed equally among resource users (Benjaminsen and Svarstad 2021).
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In contrast, Hogsback demonstrates a more commercialized relationship with
ecosystem services, where nature is primarily utilized for tourism, hospitality, and
recreation. Aesthetic and cultural ecosystem services therefore play a central role
in the local economy. Similar dynamics have been observed in other conservation
landscapes where natural environments are increasingly commodified for tour-
ism and leisure activities (Do 2019). The contrast between subsistence-based
livelihoods in Hopefield and Bold Point and tourism-driven economic activities
in Hogsback highlights the multifunctional nature of mountain ecosystems and
the competing demands placed on shared environmental resources. Important-
ly, the findings challenge assumptions within parts of the ecosystem services
literature that ecosystem utilization necessarily generates shared benefits. Al-
though tourism generates economic value and employment opportunities, the
benefits are unevenly distributed, while many rural households continue to face
restricted access to resources and limited influence over resource governance.
This demonstrates that economic gains derived from ecosystem services do not
automatically translate into equitable livelihood outcomes.

Climate variability further intensifies vulnerability across these livelihood
pathways. Participants reported reduced rainfall, drying rivers, vegetation
stress, increased wildfire occurrence, and declining snowfall in Hogsback.
These observations align with studies identifying mountain ecosystems as
highly climate-sensitive environments (McBride et al. 2022). In Hopefield and
Bold Point, impacts including crop failure, declining medicinal plants, con-
strained grazing availability, and unreliable water supplies mirror broader Afri-
can literature showing how rainfall variability threatens food security, livestock
production, and traditional knowledge systems (Alotaibi 2023; Zenda 2024).
However, the findings indicate that climate variability does not operate as an
isolated environmental stressor. Rather, its impacts are mediated by pre-exist-
ing social inequalities, livelihood dependence, and governance arrangements.
This supports and extends political ecology arguments that environmental
risks are distributed unevenly because of historical and structural factors rath-
er than biophysical processes alone (Robbins 2012).

The tourism economy in Hogsback also faces climate-induced stress, in-
cluding declining waterfall flow, reduced water availability, and drought-related
operational challenges. Research on nature-based tourism similarly demon-
strates that tourism activities are highly sensitive to climate-driven changes
in biodiversity, hydrology, and scenic quality (Scott 2020). Evidence from this
study indicates that climate change functions as a livelihood-threat multipli-
er because its impacts are experienced differently across stakeholder groups.
While tourism enterprises could invest in water storage and alternative water
sources, many households in Hopefield and Bold Point remained dependent on
rivers, streams, and rainwater harvesting. As a result, climate shocks amplified
existing inequalities in adaptive capacity and livelihood vulnerability. The study,
therefore, contributes to climate justice debates by demonstrating how climate
impacts reinforce disparities in access to ecosystem services and adaptation
resources within mountain environments.

Political ecology provides insight into why ecosystem services remain un-
evenly accessed across the study area. Historical land dispossession, com-
mercial forestry expansion, and the growth of tourism estates influence who
controls mountain resources and who benefits from them. Restricted access
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to waterfalls, forests, grazing areas, and culturally significant sites illustrates
how private ownership and commercial land uses can limit rural access to nat-
ural resources. Similar patterns have been documented across Southern Africa,
where land-use privatization marginalizes local users while privileging commer-
cial actors (Robbins 2012; Mani et al. 2021; Sarfo et al. 2022). The inequalities
observed in Hopefield and Bold Point are not solely the result of environmental
scarcity but are reinforced by governance arrangements that concentrate re-
source control and decision-making power among forestry companies, com-
mercial landowners, tourism enterprises, and state agencies. Consequently, ru-
ral communities have limited influence over resource governance. The findings
demonstrate how unequal access to land and tourism development interact to
shape contemporary patterns of resource access and exclusion, highlighting
how environmental governance continues to reproduce historical inequalities
(Benjaminsen and Svarstad 2021).

Environmental justice perspectives further reveal how these governance dy-
namics affect community participation and benefit distribution. The findings
reveal all three dimensions of environmental justice: distributional justice,
procedural justice, and recognitional justice. From a distributional justice per-
spective, access to ecosystem services, tourism benefits, water resources, and
adaptation opportunities remains unevenly distributed between Hogsback and
neighboring communities. Participants from Hopefield and Bold Point continue
to experience water insecurity, restricted resource access, and limited liveli-
hood opportunities despite their dependence on mountain ecosystems. From a
procedural justice perspective, participants reported limited involvement in de-
cision-making processes, weak communication from forestry companies and
tourism operators, and inconsistent engagement from municipal authorities.

These findings indicate that affected communities often have little influence
over decisions concerning resource access and environmental management.
From a recognitional justice perspective, participants perceived that their his-
torical relationships with the landscape, local knowledge systems, and cultural
practices received insufficient acknowledgment within formal governance pro-
cesses. These findings extend environmental justice theory by demonstrating
that exclusion from decision-making processes can be as influential as unequal
access to material resources in shaping experiences of environmental injustice.

Cultural and ecological dimensions of injustice are also evident. Communities
reported declining access to medicinal plants, cultural sites, and traditional har-
vesting areas, threatening cultural practices and local knowledge systems. Simi-
lar concerns have been raised by Cornelius and Van Wyk (2025), who show how
environmental change can undermine cultural heritage and indigenous ecolog-
ical knowledge. The findings suggest that environmental governance decisions
often prioritize economic objectives without adequately incorporating local
cultural values and knowledge systems. Consequently, environmental change
not only threatens livelihood security but also erodes cultural identity, collective
memory, and long-standing connections to place, raising concerns regarding en-
vironmental justice. The findings therefore contribute to recognitional justice de-
bates by illustrating how environmental governance decisions may unintention-
ally marginalize local knowledge systems and cultural relationships with nature.

These inequalities are further exacerbated by climate variability. As droughts,
wildfires, and ecological stress diminish the availability of mountain resources,
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competition among communities, tourism enterprises, and forestry companies
intensifies. Political ecology explains these tensions as struggles over scarce
resources driven by entrenched power asymmetries, while environmental justice
frameworks highlight the unequal distribution of risks and adaptive capacities.
The study therefore demonstrates that climate variability, ecosystem service
access, and governance cannot be analyzed independently; rather, they form a
mutually reinforcing system that shapes livelihood vulnerability and resilience.

Overall, the findings suggest that the challenges facing Hopefield, Bold Point,
and Hogsback are not purely environmental but also institutional and political.
Ecosystem services are unevenly accessed, climate impacts are experienced
differently, and governance structures often fail to recognize community rights,
local knowledge, and cultural practices. Communities such as Hopefield and Bold
Point, which rely directly on subsistence ecosystem services, face heightened
vulnerability as climate variability undermines water security and food systems.
Hogsback, although economically more diversified, also experiences climate-re-
lated pressures alongside growing tensions around land use and resource access.

The principal contribution of this study lies in its integration of ecosystem
services, political ecology, and environmental justice perspectives to explain
how climate variability and governance interact to shape livelihood pathways
within a mountain landscape. Empirically, the study provides evidence from a
relatively under-researched mountain region in South Africa, highlighting how
tourism-based and subsistence-based livelihood systems experience and val-
ue ecosystem services differently. Theoretically, the findings demonstrate that
ecosystem service benefits are mediated by power relations, governance struc-
tures, and historical inequalities, thereby advancing a more critical understand-
ing of human—-environment interactions within climate-vulnerable rural settings.

The findings also have important policy implications. Strengthening resil-
ience in the Amathole Mountains requires approaches that extend beyond
technical adaptation measures to address inequalities in resource access,
participation, and decision-making. Enhancing multi-stakeholder collaboration,
improving governance accountability and transparency, supporting ecosystem
restoration, and promoting climate-resilient livelihoods may strengthen adap-
tive capacity while advancing environmental justice. Building on existing local
institutions and community networks offers a feasible pathway toward more
inclusive and sustainable mountain governance.

Conclusion

Mountain ecosystems play a critical role in sustaining livelihoods, cultural prac-
tices, and local economies in the Amathole Mountains. The findings demon-
strate that climate variability, land-use change, and unequal access to ecosys-
tem services are placing increasing pressure on rural livelihoods. Importantly,
climate vulnerability is influenced not only by environmental change but also
by governance arrangements, historical land relations, and unequal access to
natural resources, resulting in differentiated livelihood outcomes and adaptive
capacities across communities.

By integrating ecosystem services, political ecology, and environmental jus-
tice perspectives, this study advances understanding of how ecological pro-
cesses, governance structures, and power relations interact to shape livelihood
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pathways and resilience. The findings show that historical land dispossession,
restricted resource access, limited participation in decision-making, and un-
even distribution of tourism and forestry benefits continue to influence access
to ecosystem services. The study contributes theoretically by demonstrating
that livelihood vulnerability and resilience are co-produced through environ-
mental and governance processes rather than environmental change alone.

The findings further suggest that strengthening resilience in mountain so-
cio-ecological systems requires governance approaches that address distri-
butional, procedural, and recognitional dimensions of environmental justice.
Enhancing stakeholder participation, supporting ecosystem restoration, pro-
moting climate-resilient livelihoods, and recognizing local ecological knowl-
edge are essential for improving adaptive capacity and advancing more inclu-
sive and sustainable mountain governance.

This study is limited by its focus on three communities within the Amathole
Mountains and its reliance on qualitative stakeholder perspectives. Future re-
search should adopt longitudinal and mixed-method approaches and undertake
comparative studies across mountain regions to better understand evolving
relationships among climate variability, ecosystem services, governance, and
environmental justice. Integrating local knowledge with ecological monitoring
and climate data may further strengthen evidence-based adaptation planning
in mountain socio-ecological systems.
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