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Abstract

High-mountain protected areas are increasingly exposed to climate change, governance
fragmentation, and limited integration of cultural dimensions into conservation strate-
gies. In this context, this study examines the Chimborazo Fauna Production Reserve (Ec-
uador) as a high-Andean biocultural landscape, integrating ecological, geological, cli-
matic, and cultural evidence within a common interpretive framework based on the con-
cepts of integrity and authenticity. Using an interdisciplinary synthesis of secondary
sources, the analysis explores six analytical dimensions encompassing geodiversity, eco-
systems, biodiversity, climate dynamics, archaeological evidence, and cultural practices.
The results suggest that the Chimborazo system maintains a notable degree of structural
and functional coherence across its ecological and geomorphological components, while
also experiencing increasing pressures associated with climate change, particularly glacier
retreat and hydrological variability. At the same time, the persistence of archaeological
records, Andean epistemologies, ritual practices, and biocultural traditions supports the
interpretation of a landscape characterized by continuity of cultural meaning and long-
term human—environment interaction. Rather than proposing a definitive or directly
transferable model, this study offers a conceptual perspective that highlights the interde-
pendence between ecological processes and cultural values in high-mountain environ-
ments. Interpreting Chimborazo as a biocultural landscape offers a useful approach for
exploring sustainability-oriented governance and adaptive management in Andean pro-
tected areas. The findings may inform ongoing discussions on the integration of biodiver-
sity conservation, cultural continuity, and climate adaptation, while further empirical val-
idation is required to assess the broader applicability of this approach in other mountain
contexts.
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1. Introduction

High-mountain landscapes are increasingly recognized as complex socioecological
systems in which geological processes, climate dynamics, biodiversity, and human socie-
ties have coevolved over long temporal scales. In the tropical Andes, this coevolution has
produced landscapes of exceptional ecological heterogeneity and deep cultural signifi-
cance, while simultaneously generating high vulnerability to climate change and socio-
environmental transformation [1-4].

Within this context, the United Nations Educational, Scientific and Cultural Organi-
zation (UNESCO) provides the international framework for understanding and managing
heritage as an integrated system of natural and cultural values. Through instruments such
as the World Heritage Convention, the Man and the Biosphere (MAB) Program, and the
Global Geoparks Network, UNESCO has progressively moved beyond sectoral conserva-
tion approaches to embrace landscapes where tangible biodiversity, geodiversity, cultural
practices, and intangible symbolic meanings are inseparable [5-9].

The World Heritage framework’s central contribution is the articulation of integrity
and authenticity as complementary criteria for assessing heritage values. Integrity refers
to the wholeness, completeness, and functional coherence of natural systems and ecolog-
ical processes, whereas authenticity addresses the credibility, continuity, and living ex-
pression of cultural meanings, practices, and relationships associated with a site [8,10]. In
mountain regions, where environmental processes and cultural practices are deeply inter-
twined, these criteria offer a powerful conceptual lens for interpreting landscapes as indi-
visible socioecological systems rather than as separate either natural or cultural entities
[11,12].

In parallel, heritage and conservation scholarship has increasingly challenged the no-
tion of “pristine” or socially empty nature. Many protected areas are now understood as
historically inhabited and culturally produced landscapes shaped through long-term hu-
man—environment interactions. This shift has led to the recognition of biocultural land-
scapes, where biodiversity, geodiversity, and cultural practices are co-produced and mu-
tually reinforcing [13-15]. In the Andes, Indigenous relational epistemologies grounded
in concepts such as ayllu, pachamama, and sumak kawsay exemplify integrated understand-
ings of territory, governance, and resilience [16-18].

The Chimborazo volcanic massif in central Ecuador constitutes a paradigmatic ex-
ample of this convergence. As Ecuador’s highest mountain, Chimborazo hosts tropical
glaciers, paramo ecosystems, and high-altitude wetlands that play a critical role in hydro-
logical regulation, biodiversity maintenance, and climate sensitivity. At the same time,
archaeological, historical, and ethnographic evidence documents sustained human en-
gagement with this high-mountain environment, expressed through ritual landscapes, an-
cestral routes, scientific exploration, symbolic representations, and traditional practices
such as glacier ice extraction (hieleros) [19,20].

Despite this integrative perspective, conservation frameworks applied to high-
mountain environments—including Chimborazo—have often reflected sectoral and ex-
clusionary approaches. These models, frequently centered on wildlife management or re-
source control, have limited the recognition of archaeological heritage, sacred landscapes,
and living cultural practices, while also restricting the integration of Indigenous and local
knowledge systems into decision-making processes [21-24]. This logic underpins the cre-
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ation of the CFPR, a management category primarily oriented toward reintroduction of
vicuna (Vicugna vicugna) and fur production, rather than toward the integrated conserva-
tion of a biocultural landscape [25,26].

At present, the CFPR faces converging pressures from accelerated glacier retreat,
degradation of high-altitude wetlands, biodiversity loss, and the erosion of biocultural
practices under climate change trends [27-29]. From a UNESCO-oriented perspective,
these dynamics raise critical questions regarding both the integrity of natural systems and
the authenticity of cultural and biocultural values within the reserve.

From a sustainability science perspective, such limitations constrain the capacity of
protected areas to address the coupled ecological and cultural dynamics of mountain sys-
tems under climate change. In this context, biocultural landscape frameworks provide an
alternative pathway for integrating ecological integrity, cultural continuity, and adaptive
governance.

The retreat of glaciers, transformations in hydrological regimes, pressures on paramo
ecosystems, and evolving pastoral and ritual practices illustrate how environmental and
cultural processes are deeply intertwined. Yet, although these dynamics have been widely
documented across disciplines, their integration into a structured evaluative framework
capable of guiding governance remains insufficiently developed.

Despite the growing body of interdisciplinary research on high-Andean environ-
ments, limited efforts have translated biophysical, historical, and cultural evidence into
structured interpretive frameworks that can inform decision-making in protected moun-
tain areas. In the CFPR, this gap becomes particularly visible, where ecological transfor-
mation, heritage values, and institutional fragmentation coexist without a clearly articu-
lated analytical integration. In this context, the Chimborazo Fauna Production Reserve
illustrates a case where ecological fragility, cultural depth, and institutional complexity
converge within a single high-mountain socioecological system. By organizing ecological,
cultural, and historical evidence within a coherent analytical perspective, the study seeks
to clarify how these dimensions interact within a biocultural landscape context. Rather
than offering a fully operational or directly transferable model, this contribution should
be understood as a conceptual and perspective-based approach that helps interpret the
socioecological complexity of high-Andean landscapes. In this sense, the study provides
insights that may inform ongoing discussions on integrative conservation and sustaina-
bility-oriented governance, while requiring further empirical application and validation
in different contexts [7,10,30,31].

2. Materials and Methods
2.1. Study Area

This perspective adopts a sustainability science approach, integrating interdiscipli-
nary secondary data to examine biocultural landscapes and to inform governance path-
ways for high-mountain protected areas under climate change. The CFPR is characterized
by the presence of volcanic landforms, tropical glaciers, pdramo ecosystems, high-altitude
wetlands (bofedales), and pronounced altitudinal and hydrological gradients see Figure
1. These features configure an ecological system that is highly sensitive to climate change
and of major relevance for hydrological regulation, biodiversity maintenance, and ecosys-
tem services in the tropical Andes. At the same time, the area presents a long history of
human occupation, evidenced by high-altitude archaeological sites, ritual landscapes, an-
cestral routes, and cultural practices associated with Chimborazo as a sacred mountain
[32].

The convergence of natural, cultural, and symbolic values makes the CFPR a partic-
ularly suitable case for examining the interaction between ecological processes and soci-

https://doi.org/10.3390/su18147199


https://doi.org/10.3390/su18147199

Sustainability 2026, 18, 7199

4 of 22

ocultural practices, as well as for analyzing, from an integrated perspective, the notions
of integrity and authenticity converging in high-mountain landscapes [11,33,34].
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Figure 1. Location of the CFPR as a study area. The right-hand column shows Ecuador’s location in
South America and the location of the Chimborazo province within Ecuador. The black outline on

the map marks the boundaries of the CFPR; the elevation ranges are indicated in the legend.

2.2. Conceptual and Analytical Framework

The study analyzes the CFPR as a high-Andean biocultural landscape using a sus-
tainability-oriented framework. The analysis is guided by the concepts of integrity and
authenticity, as defined within the UNESCO World Heritage framework, and employed
here as analytical criteria to assess and interpret the relationships between natural sys-
tems, cultural practices, and the meanings associated with the territory.

Integrity is used to examine the coherence, functionality, and continuity of the natu-
ral systems of Chimborazo, including geological, ecological, and climatic processes, as
well as their capacity to sustain environmental values over time. Analytically, it enables
the identification of systemic coherence, ecological resilience, and potential disruptions
affecting environmental functioning. Authenticity is applied to analyze the continuity and
credibility of cultural and biocultural values, expressed through ritual practices, Andean
epistemologies, historical occupation, and symbolic relationships between local commu-
nities and the mountainscape [8,10], allowing the assessment of cultural continuity, trans-
formations, and the persistence of meaning-making practices.

This framework supports interpreting Chimborazo as an indivisible socioecological
system consistent with mixed natural-cultural heritage, which is particularly relevant in
mountain landscapes where environmental processes and cultural practices are deeply
interconnected [5,11,12,35].

To enhance analytical clarity and consistency, the concepts of integrity and authen-
ticity were operationalized through a set of qualitative indicators applied across the six
analytical dimensions. Integrity was assessed through indicators such as: (i) structural
continuity of geological and geomorphological systems, (ii) functional coherence of eco-
logical and hydrological processes, (iii) landscape connectivity across altitudinal gradi-
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ents, and (iv) resilience of ecosystem dynamics under environmental change. Authenticity
was evaluated through: (i) continuity of cultural practices and ritual expressions, (ii) per-
sistence of symbolic meanings associated with the landscape, (iii) temporal depth of hu-
man-environment interactions, and (iv) credibility of cultural expressions supported by
archaeological, historical, and ethnographic evidence. These indicators were used to guide
the interpretation of evidence within each analytical dimension, ensuring consistency be-
tween descriptive material and evaluative conclusions.

2.3. Sources of Information and Analytical Procedure

The study follows a qualitative integrative design based on the systematic compila-
tion, classification, and cross-disciplinary interpretation of secondary sources. Materials
were selected according to their relevance to high-Andean socioecological dynamics, ex-
plicit reference to the Chimborazo massif or comparable mountain systems, and contribu-
tion to understanding long-term environmental and cultural transformations. The corpus
includes peer-reviewed scientific literature, historical and archival documents, archaeo-
logical and ethnographic studies, institutional management reports, and official carto-
graphic and geospatial data. Sources in both Spanish and English were considered in or-
der to ensure comprehensive coverage of regional and international scholarship.

Following compilation, materials were classified according to six interrelated analyt-
ical dimensions: (i) geological and geomorphological; (ii) ecological and vegetation cover;
(iii) climatic and glaciological; (iv) cultural and archaeological; (v) historical and symbolic;
and (vi) institutional and management-related. Several sources contributed to more than
one dimension, enabling cross-scale interpretation and interdisciplinary triangulation.

The analytical procedure consisted of three sequential steps. First, key findings and
documented transformations were extracted from each source and organized according
to the six dimensions. Second, convergences and tensions among ecological, cultural, and
institutional evidence were identified through comparative reading. Third, these findings
were interpreted through the lenses of integrity and authenticity, allowing the translation
of heterogeneous empirical data into evaluative insights relevant to governance and sus-
tainability. This structured workflow provides an initial level of traceability between em-
pirical evidence, analytical interpretation, and policy-relevant conclusions, supporting the
articulation of long-term society-nature coevolution processes within a coherent biocul-
tural framework [13-15,36].

To strengthen analytical transparency, each piece of evidence was systematically as-
sociated with one or more indicators of integrity or authenticity. Comparative assessment
across the six dimensions was conducted by identifying convergences, complementarities,
and tensions among ecological, cultural, and institutional findings. When conflicting or
contrasting evidence was identified, priority was given to peer-reviewed and empirically
grounded sources, while discrepancies were interpreted as expressions of socioecological
complexity rather than inconsistencies. This procedure enables a structured transition
from descriptive synthesis to evaluative interpretation, ensuring traceability between
sources, analytical criteria, and the conclusions presented.

3. Results
3.1. Integrity of the Chimborazo High-Mountain System
3.1.1. Geological and Geomorphological Integrity

The Chimborazo massif constitutes a high-altitude andesitic—dacitic volcanic edifice
whose evolution is associated with successive eruptive phases, structural collapses, and
Quaternary glaciation processes. Geological studies describe Chimborazo as a composite
volcano whose eruptive history produced extensive pyroclastic deposits, volcanic ash lay-
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ers, and reworked volcanic materials, which currently structure the relief and control ge-
omorphological dynamics across the reserve [37,38].

The interaction between volcanism, tectonics, and glaciation has generated steep re-
lief forms, relict moraines, periglacial deposits, and eroded surfaces that stay clearly iden-
tifiable in the contemporary landscape. These landforms reflect the long-term continuity
of geological processes and contribute to the physical coherence of the high-mountain sys-
tem. Young volcanic soils derived from these processes show high porosity, substantial
water retention capacity, and marked spatial variability in nutrient availability, directly
influencing slope stability, hydrological regulation, and vegetation distribution across the
massif [39,40].

Across the CFPR, volcanic structures, glacial deposits, and geomorphological fea-
tures are preserved along a broad altitudinal gradient, from upper paramo environments
and periglacial deposits to the summit zone see Figure 2. This spatial continuity supports
the expression of geological processes at landscape scale and may provide a coherent abi-
otic framework that underpins ecological dynamics. Although contemporary environ-
mental pressures— particularly glacier retreat—are changing surface processes, the fun-
damental geological architecture of the Chimborazo massif remains intact and function-
ally connected.

Descriptive evidence indicates that the geodiversity of Chimborazo, expressed
through its volcanic architecture, glacial legacy, and high-altitude landforms, reflects the
long-term persistence of geomorphological processes. From an interpretive perspective,
the spatial continuity of volcanic structures and glacial deposits suggests a coherent geo-
logical framework that underpins ecological and hydrological dynamics across the land-
scape. In terms of integrity, these patterns support the interpretation of a structurally co-
herent and functionally connected high-mountain system, where process continuity and

landscape-scale organization remain largely intact despite ongoing environmental pres-
sures [39,40].
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Figure 2. Chimborazo—Carihuairazo Massif. Adapted from [38,39].
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3.1.2. Ecological Integrity of PAramo Ecosystems and Bofedales

The CFPR encompasses a mosaic of high-Andean paramo ecosystems and high-alti-
tude wetlands (bofedales), distributed along a broad altitudinal gradient and strongly
conditioned by geomorphological, edaphic, and hydrological factors. Together, these eco-
systems can be understood as the dominant ecological matrix of the reserve and play an
important role [40,41].

The paramos of Chimborazo exhibit high structural and floristic heterogeneity, with
plant assemblages adapted to extreme conditions of low temperatures, high solar radia-
tion, strong winds, and young volcanic soils. Vegetation cover is dominated by tussock
grasses, cushion plants, rosette shrubs, bryophytes and lichens, whose distribution re-
sponds to altitude, slope, aspect, and water availability. This diversity of life forms con-
tributes to soil stability, water retention, and the regulation of hydrological flows at the
catchment scale see Figure 3 [42,43].

Map Legend

- 1. EVERGEEEN SHRUELAND  AND

GRASSLAND OF THE PARAMO

2. EVERGREEN FOREST OF THE PARAMO
- 3. PARAMO GRASSLAND

4. UPFER MONTANE WET GRASSLAND OF
D THE PARAMO
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Figure 3. Vegetation cover map of the CFPR. Source: based on Ministerio del Ambiente, Aguay
Transicion Ecolégica del Ecuador (MAATE) and Ministerio de Agricultura, Ganaderia, Acuacul-
tura y Pesca (MAG) cartography of SIG-TIERRAS 2017 Project. (http://geoportal.agricul-
tura.gob.ec/geonetwork/srv/spa/catalog.search#/metadata/Ficha_cobertura_natural_10052016 (ac-
cessed on 15 March 2026)).

Bofedales constitute key ecological elements within the Chimborazo paramo system.
Associated with zones of water accumulation, glacier melt, and groundwater discharge,
these high-altitude wetlands function as natural water reservoirs and flow regulators,
buffering seasonal climatic variability. Their specialized vegetation, dominated by hydro-
philic species and cushion-forming communities, enhances sediment and nutrient reten-
tion, thereby sustaining essential ecological processes that support the functioning of the
high-mountain landscape. Thus, their hydrological buffering and nutrient retention func-
tions provide measurable indicators of ecosystem functionality and resilience [40,44,45].

Descriptive evidence indicates that connectivity among paramos, bofedales, and al-
titudinal transition zones maintains continuous ecological gradients across the CFPR.
From an interpretive perspective, this connectivity facilitates species movement, seed dis-
persal, and the persistence of ecological processes in a climatically dynamic environment.
In terms of integrity, the widespread presence and functional continuity of these ecosys-
tems support the interpretation of a coherent ecological system, where structural and
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functional attributes characteristic of high-Andean environments remain largely con-
served [40,41].

3.1.3. Faunal Assemblages as Indicators of Integrity

Faunal assemblages within the CFPR reflect the structural coherence and functional
continuity of high-Andean ecosystems across a wide altitudinal gradient. Mammals,
birds, and amphibians are closely linked with the integrity of paramo ecosystems and
bofedales, responding to habitat heterogeneity, hydrological availability, and landscape
connectivity. As such, faunal distribution patterns provide functional indicators of habitat
continuity and ecosystem integrity across the altitudinal gradient.

Large herbivores, particularly the vicuna (Vicugna vicugna), represent a conspicuous
component of the high-Andean fauna of the CFPR see Figure 4. The presence of stable
vicufa populations across extensive areas of paramo indicates the availability of suitable
forage, open grassland structure, and relatively continuous habitats. As a species histori-
cally extirpated and later reintroduced, the vicufia also reflects long-term ecological re-
covery processes linked to habitat conservation and management within the reserve. Their
recovery and spatial stability suggest ecosystem functionality and landscape connectivity
[33,46].

Figure 4. On the left, herd of vicunas feeding in “El Arenal” paramo in 2013. Note the overall
shrouding of cloudiness creating a mystical early morning browsing camelid packs. On the right,
vicunas (Vicugna vicugna) grazing in front of the Chimborazo volcano during the dry season of 2022,
illustrating the presence of emblematic high-Andean fauna within paramo landscapes. Source: pho-
tos by Jhony Cruz.

Avifaunal assemblages further illustrate the ecological integrity of the Chimborazo
landscape. The reserve supports a diversity of bird species adapted to high-altitude envi-
ronments, including grassland specialists, wetland-associated species, and raptors. These
assemblages depend on the spatial continuity of paramo vegetation, the presence of bofe-
dales and water bodies, and the maintenance of altitudinal gradients, which collectively
provide nesting, feeding, and movement opportunities across the landscape. These as-
semblages reflect the integrity of ecological gradients and habitat networks essential for
high-Andean biodiversity persistence [46,47].

Amphibian and reptile species, although less conspicuous, function as sensitive in-
dicators of environmental conditions in high-mountain ecosystems. Their occurrence is
closely linked to microhabitat availability, moisture regimes, and water quality in bofe-
dales and adjacent paramo environments. Descriptive evidence indicates that amphibian
and reptile assemblages are closely linked to microhabitat availability and hydrological
conditions. From an interpretive perspective, their presence reflects the maintenance of
localized ecological conditions within high-mountain environments. In terms of integrity,
these patterns support the interpretation that hydrological processes and microhabitat
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structures remain sufficiently conserved to sustain sensitive species, highlighting the im-
portance of localized conditions for overall ecosystem integrity [48].

3.1.4. Climatic and Glaciological Processes Affecting Integrity

Climatic and glaciological processes constitute a central component of the function-
ing of the Chimborazo high-mountain system and exert a direct influence on the ecologi-
cal and geomorphological integrity of the CFPR. The Chimborazo massif hosts one of the
most emblematic tropical glaciers in the Andes, whose dynamics have historically been
linked to hydrological regulation, and to the maintenance of high-altitude wetland sys-
tems (see Section 2.1), thereby sustaining water availability in surrounding paramo eco-
systems. These cryospheric processes are integral to the hydrological and ecological func-
tioning that sustains landscape integrity.

Studies document a pronounced retreat of tropical glaciers in the Andes over recent
decades, associated with rising air temperatures and changes in precipitation patterns. In
the case of Chimborazo, a sustained reduction in glacier extent has been recorded since
the mid-twentieth century, with a marked acceleration in recent decades, altering accu-
mulation-ablation dynamics at higher elevations. This trend represents a measurable dis-
ruption in the cryospheric processes that historically regulated high-mountain system sta-
bility [27,29].

Glacier retreat has direct consequences for hydrological processes across the high-
mountain landscape. Reduced meltwater inputs affect the recharge of high-altitude wet-
lands and modify streamflow regimes, particularly during the dry season. These changes
influence the extent and functionality of bofedales, as well as the availability of humid
microhabitats that are critical for various plant and animal species. Such changes reveal
the dependence of wetland functionality and ecosystem resilience on glacial inputs
[28,40].

At the ecological scale, increasing climatic variability and progressive warming drive
altitudinal shifts in species distributions and compress ecological gradients near Andean
summits. Such processes reduce the spatial extent of cold-adapted habitats and increase
the vulnerability of high-mountain species to habitat loss and extreme climatic events,
indicating emerging pressures on ecological integrity [28,29,49].

Descriptive evidence indicates that glacier retreat and climatic variability are altering
hydrological regimes and ecological conditions within the Chimborazo high-mountain
system. From an interpretive perspective, these transformations reflect increasing pres-
sure on cryospheric and ecological processes that historically sustained system stability.
In terms of integrity, these changes suggest a progressive disruption of the functional co-
herence of the system, particularly in relation to hydrological regulation and ecosystem
resilience. While the overall structure of the landscape remains recognizable, climate
change represents a growing pressure on long-term landscape integrity.

3.2. Authenticity of Cultural and Biocultural Values
3.2.1. Archaeological Continuity and High-Altitude Occupation

Archaeological evidence indicates a long history of human presence and use of the
high-mountain environments of the Chimborazo massif. Surveys and studies conducted
in the region document archaeological sites located at high altitudes, including ceremonial
structures, pathways, and activity areas associated with pre-Hispanic occupation and mo-
bility across the central Ecuadorian Andes. These sites demonstrate that high-altitude
landscapes were not marginal or uninhabited spaces, but rather integral components of
broader territorial and cultural systems. These findings suggest sustained human engage-
ment [50,51].
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The spatial distribution of archaeological features around Chimborazo reflects sus-
tained patterns of movement, ritual use, and symbolic appropriation of the mountain
landscape. High-altitude sites are frequently associated with ridgelines, passes, and prom-
inent geomorphological features, suggesting deliberate placement linked to visibility, cos-
mological significance, and control of movement across ecological zones see Figure 5. This
pattern is consistent with broader Andean traditions of mountain worship and ritualized
engagement with high peaks (Apus). Such spatial patterns reinforce the cultural credibility
and continuity of sacred mountain traditions [20,52].

Evidence of continuity is further supported by the integration of archaeological re-
mains with later historical and ethnographic records. Colonial and republican sources, as
well as oral histories, indicate the persistence of cultural meanings attached to Chimbo-
razo as a sacred and symbolic mountain. These layered temporal expressions reinforce the
credibility and continuity of cultural values associated with the massif, extending from
pre-Hispanic occupation through historical periods into the present, supporting the inter-
pretation of temporal continuity that underpins cultural authenticity [53].

Figure 5. (a) Archaeological excavations within the southern rectangular enclosure of the Inka kan-
cha. (b) Measurements for the removal of sediment from artificial cavities in natural rock. (b1) Doc-
umentation of the origin of sediments extracted from rocks. (c) Artificial cavity in natural rock. (c1)

Teamwork for mapping the contours of the cavities. Source: photograph by Alden Yépez.

3.2.2. Andean Epistemologies and Ritual Landscapes

Andean epistemologies conceive mountains as living entities endowed with agency,
memory, and the capacity to interact with human societies. Within this relational frame-
work, Chimborazo is recognized as an Apu or waka, a sacred mountain that articulates
spiritual, territorial, and ecological dimensions and occupies a central place in Andean
worldviews. This understanding integrates nature and culture within a relational ontol-
ogy in which humans, mountains, waters, and other beings coexist and mutually influence
one another. This relational ontology sustains culturally grounded interpretations of land-
scape meaning, reinforcing authenticity [16,52,54].

Ritual landscapes associated with Chimborazo are expressed through ceremonial
practices, offerings, pilgrimages, and symbolic narratives that link local communities to
the mountain and its constituent elements. These practices take place at specific locations
across the territory —such as summits, slopes, passes, and water sources—and are closely
connected to agricultural, climatic, and ritual cycles. The persistence of these ritual uses
demonstrates continuity in the ways the landscape is socially interpreted, experienced,
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and reproduced over time. The persistence of these practices evidences continuity in land-
scape interpretation and cultural transmission [51,52].

From this perspective, the Chimborazo landscape is not merely a physical setting,
but a lived space constructed through symbolic relationships and everyday practices.
Concepts such as ayllu, pachamama, and sumak kawsay structure these relationships, shap-
ing social organization, territorial management, and reciprocal interactions with the envi-
ronment. These epistemologies also influence local understandings of environmental
change and responses to transformations in the high-mountain landscape. Also, these con-
cepts structure enduring human-environment relationships that support the credibility
of biocultural values [16,55].

The continuity of Andean epistemologies and ritual landscapes associated with
Chimborazo constitutes a central component of the cultural and biocultural authenticity
of the CFPR. The persistence of these practices and meanings indicates that the cultural
values of the landscape are not confined to remnants of the past but remain embedded
within living systems of knowledge and human-environment relationships, affirming the
authenticity of the Chimborazo biocultural landscape.

3.2.3. The Hieleros of Chimborazo as Biocultural Indicators

The traditional practice of glacier ice extraction on Mt. Chimborazo, carried out by
the icemen (hieleros), represents a documented biocultural relationship linking liveli-
hoods, high-mountain environments, and the symbolic meaning of the glacier. This activ-
ity involved the manual extraction of ice blocks from the upper slopes of the volcano and
their transport to lower-altitude communities and colonial markets, where ice was used
for food preservation, medicinal purposes, and everyday consumption. Practices like this
illustrate a historically embedded relationship between livelihoods, glacier dynamics, and
cultural meaning [56,57].

Ethnographic and documentary accounts indicate that the hieleros” work combined
physical endurance, experiential knowledge of the mountain, and ritualized interaction
with the glacier environment. Routes, timing, and extraction techniques were shaped by
seasonal climatic conditions and culturally embedded norms of respect toward the moun-
tain, reflecting long-term adaptation to extreme high-altitude environments. Such prac-
tices reflect culturally regulated interactions with extreme environments [52].

In recent decades, accelerated glacier retreat and changes in ice accessibility have sig-
nificantly constrained the continuity of this practice. Reduced ice availability and trans-
formed extraction routes have led to the near disappearance of glacier ice harvesting as a
regular livelihood activity, persisting mainly in symbolic or commemorative forms. These
transformations reveal the vulnerability of culturally embedded practices to cryospheric
change [57].

Descriptive evidence indicates that the hieleros practice has undergone significant
transformation due to glacier retreat and reduced ice accessibility. From an interpretive
perspective, these changes reflect the close coupling between climatic processes and cul-
turally embedded practices in high-mountain environments. In terms of authenticity, the
transformation and partial persistence of this practice suggest both the continuity and
vulnerability of biocultural traditions, highlighting how environmental change affects the
credibility and transmission of culturally embedded relationships with the landscape (see
Figure 6).
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Figure 6. Traditional process of extracting ice blocks from Chimborazo volcano (“Hieleros de Chim-
borazo”): (a) Ascent to glacier, (b) Extraction and cutting of ice blocks, (¢) Wrapping of ice blocks in
straw, (d) Loading of ice in animal transport, (e) Descent from the volcano, and (f) Delivery of ice
to the “La Merced” market in Riobamba for marketing. Source: Adapted from Pérez (2013) [58].

3.2.4. Scientific, Historical, and Symbolic Authenticity

The Chimborazo volcano has played a central role in the history of scientific explo-
ration and in the construction of symbolic meanings associated with high-mountain land-
scapes. Since the early nineteenth century, the mountain has been documented as a key
reference for the development of ideas related to altitudinal zonation, climate-vegetation
relationships, and global comparisons among mountain systems, particularly through the
work of Alexander von Humboldt, who positioned Mt. Chimborazo as a natural labora-
tory for understanding environmental patterns at a planetary scale [59], thus making Mt.
Chimborazo ‘the birthplace of ecology’ [60]. This scientific legacy contributes to the au-
thenticity of Chimborazo as a historically grounded landscape of global environmental
knowledge.

Subsequently, scientific expeditions and mountaineering narratives reinforced the
relevance of the Chimborazo volcano within the global imagination of great mountains.
Accounts by explorers and naturalists, including Edward Whymper, contributed to the
international recognition of the volcano as a site of scientific inquiry, physical challenge,
and symbolic significance, integrating Chimborazo into historical narratives of explora-
tion, measurement, and altitude conquest [19]; see Figure 7.
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Figure 7. Depictions by memory of the likely landscape of the Tapia Plateau (on the left) and the
base camp preparing for the excursion to Mt. Chimborazo (on the right). Painted by Friedrich Alex-
ander Weitsch in 1810-1816. (Source: Adapted from [59], public domain.)

Beyond its importance in the history of modern science, archaeological and ethnohis-
torical evidence indicates that the Chimborazo volcano occupied a central place for pre-
Inka societies and indigenous populations of the central Ecuadorian Andes. These groups
interacted with the mountain as a sacred and strategic landscape, incorporating it into
systems of mobility, ritual practice, and territorial organization that preceded and later
intersected with Inka expansion [61]. The presence of archaeological sites, ceremonial
spaces, and ancient pathways in the surroundings of the volcano documents a long-term
human engagement with Chimborazo as a lived and meaningful landscape, demonstrat-
ing long-term cultural continuity and territorial significance [61,62].

Within this broader Andean context, the Chimborazo volcano was also connected to
the imperial Inka road system (Qhapaq Nan), which structured communication, mobility,
and political integration across the Andes. Segments and associated routes linked to the
Qhapaq Nan in the Chimborazo region provide material evidence of the incorporation of
the volcano into large-scale pre-Hispanic networks of exchange, governance, and sym-
bolic geography. These connections situate Chimborazo within broader systems of mobil-
ity and symbolic geography, reinforcing its cultural authenticity [20,61,63,64].

In addition to its cultural and historical relevance, the Chimborazo volcano holds a
unique geodetic significance. Due to the Earth’s equatorial bulge, its summit represents
the point on the Earth’s surface farthest from the planet’s center and, therefore, the terres-
trial point closest to the Sun in geodetic terms. This exceptional condition has consolidated
Chimborazo as a reference in scientific discussions related to Earth’s shape, altitude meas-
urement, and global physical geography, defining a unique geodetic condition that
strengthens the scientific authenticity and global singularity of the site [65-67].

The symbolic authenticity of the Chimborazo volcano is also expressed through its
presence in official state iconography. In the national coat of arms of Ecuador, the Chim-
borazo volcano is depicted in the background, with the Guayas River originating at its
base. This representation constitutes an official and enduring visual reference that links
Mt. Chimborazo to the country’s natural geography, the origin of major hydrological sys-
tems, and national historical identity, affirming its enduring symbolic authenticity at the
state level [68]. Descriptive evidence indicates that Chimborazo holds a unique scientific,
historical, and symbolic significance at both national and global scales. From an interpre-
tive perspective, these multiple layers of meaning reflect the integration of scientific
knowledge, historical narratives, and cultural-symbolic values within a single high-
mountain landscape. In terms of authenticity, these elements support the interpretation
of Chimborazo as a landscape with credible, continuous, and multi-scalar cultural signif-
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icance, where historical, scientific, and symbolic dimensions reinforce its status as a bi-
ocultural heritage system.

4. Discussion
4.1. Integrity, Authenticity, and Biocultural Continuity in the Chimborazo Landscape

The Chimborazo volcano can be interpreted as a high-mountain landscape where
ecological integrity and cultural authenticity are closely interconnected. Integrity is ex-
pressed through the continuity of volcanic structure, altitudinal gradients, remnant glac-
iers, paramo ecosystems, and bofedales, which together sustain key hydrological and eco-
logical processes. Moreover, bofedales play a central role as high-Andean wetlands, reg-
ulating water availability, supporting biodiversity, and linking the nival zone with down-
stream ecosystems. Taken together, the evidence presented in Section 3 indicates that in-
tegrity and authenticity operate as interdependent socioecological properties rather than
isolated attributes [27,40,45].

This bio-physical framework supports representative assemblages of Andean high-
mountain biodiversity, including emblematic fauna such as the vicuiia (Vicugna vicugna),
the Andean condor (Vultur gryphus), and the Chimborazo hillstar (Oreotrochilus chimbo-
razo), as well as characteristic paramo and puna flora (e.g., Calamagrostis, Festuca, Chu-
quiraga, cushion plants, and localized Polylepis formations) [43,69]. Beyond their ecological
roles, biocultural interactions are evident, particularly in the relationship between Chu-
quiraga jussieui (see Figure 8) and Oreotrochilus chimborazo, where nectar provision and
pollination sustain ecosystem functioning, while the hillstar —known as wakcha quyllur
(orphan star) in Kichwa Puruwa narratives—is embedded in local identity as a guardian
of the high paramo. Together, these components define an integrity based on system func-
tionality rather than on isolated natural elements [47,51]. Also, these interactions illustrate
how ecological functionality and cultural meaning co-evolve, reinforcing system integrity.

Figure 8. The figure depicts Chuquiraga jussieui (approximately 1.5 m in height) in the foreground
with the Chimborazo volcano in the background, highlighting the ecological importance and bi-
ocultural significance of this emblematic species within Ecuadorian high-Andean paramo land-

scapes. Source: photograph by Jhony Cruz.
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Cultural authenticity is manifested through the continuity of territorially anchored
practices, meanings, and memories. Archaeological materiality, ritual traditions, mobility
systems, scientific narratives, and symbolic representations demonstrate that Mt. Chim-
borazo functions as a lived and meaningful landscape. Ecological processes sustain cul-
tural practices, while human uses and meanings contribute to the long-term social conti-
nuity of the landscape, a continuity which demonstrates that authenticity resides in living
practices and meanings sustained through ecological processes.

Spiritual and cosmological dimensions are also present in the Mountain Protected
Area (MtPA). Rocks with votive cavities and the alignment of Chimborazo’s summits re-
flect the sacred dimension of the landscape [20], emphasizing the integration of cosmology
and conservation, which has materialized in the form of a typical Kancha (4 lateral rectan-
gular buildings surrounding a square) of the Inka culture (see Figure 9) and a series of
circular stone rings 1-2 m in diameter alongside micro-summits of a rockscape, probably
affiliated with the earlier Puruwa culture or Puruwa people of the colonial period (see
Figure 10). Such sites highlight how the mountain is not only an ecological space but also
a sacred being (apu) within the Andean worldview, reinforcing the principle of reciprocity
embedded in ayllu and Pachamama. Such sacred dimensions reinforce reciprocal human-—

environment relationships central to biocultural continuity [20,56,70].

Figure 9. Shows the oblique projection view of the walled areas of the Kancha site, the archaeological
work with on-site preparations, and the high-altitude excavations at Inka sites at 4880 m on the

southwestern slopes of Chimborazo volcano. Source: photograph by Alden Yépez.

The archaeological record further emphasizes the importance of integrating cultural
and ecological heritage in conservation planning. High-altitude Inka sites at 4880 m reveal
how human presence and ritual activities have long been integrated into the ecological
fabric of Chimborazo (see Figure 9). Similarly, the Yat'a Chimburasu walls illustrate ances-
tral engineering for resource use, refuge, or the rounding-up of fauna (see Figure 10).
These findings reinforce the idea that conservation strategies for the CFPR cannot be lim-
ited to ecological values alone but must also incorporate the archaeological and cultural
dimensions of the landscape, supporting an integrated interpretation of heritage and con-
servation [20].
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Figure 10. Panoramic view of the collection of walls or Yat'ns Chimburasu towards the northeast,
attention to the engineering of enclosures that could have served for refuge, storage or rounded-up

useful fauna. Source: photograph by Alden Yépez.

4.2. Indigenous Mobility, Glacier Dynamics, and Socioecological Vulnerability

Pre-Inka societies and contemporary Indigenous communities have historically en-
gaged with Chimborazo as a sacred Apu/waka and as a strategic node within broader
systems of Andean mobility. The incorporation of the volcano into routes associated with
the Qhapaq Nan situates it within continental-scale networks that articulated ecological
zones, ritual spaces, and political organization. These routes functioned as cultural corri-
dors for the circulation of goods, knowledge, and ceremonial practices, making mobility
a structuring component of the cultural landscape [51,61]. Mobility thus emerges as a
structuring component of landscape authenticity and territorial continuity.

Glacier retreat provides a critical lens for understanding both integrity and authen-
ticity under climate change. Accelerated ice loss alters hydrological dynamics and affects
bofedales, while simultaneously undermining biocultural practices historically associated
with ice, such as those carried out by the hieleros [56,57]. Chimborazo thus exemplifies
how climate-driven impacts on a natural component produce simultaneous ecological
and cultural effects. These dynamics suggest that integrity may be more appropriately
understood as a socioecological property [27,29,71].

4.3. Science, Symbolism, and Outstanding Universal Value

Chimborazo occupies a central place in the history of scientific thought on mountain
environments, considered for many decolonial scholars as the ‘tallest mountain on Earth’.
Starting from the Franco-Spanish Geodetic Mission to the observations of Alexander von
Humboldt, and later expeditions by Edward Whymper, the volcano served as a reference
for understanding altitudinal zonation, climate-vegetation relationships, and mountain
measurement [1,65]. This scientific trajectory contributes to Chimborazo’s universal sig-
nificance as a reference landscape for environmental knowledge.

This scientific relevance is reinforced by Chimborazo’s unique geodetic condition as
the point on Earth’s surface farthest from the planet’s center, situating it within global
debates on Earth system measurement. Scientific narratives coexist with Indigenous
meanings and symbolic representations, producing layered interpretations of the volcano
as a space of knowledge, sacrality, and universal heritage significance [65,67]. Literary,
artistic, and institutional representations further consolidate this symbolic dimension. The
famed prose ‘Mi delirio sobre el Chimborazo’ by Simén Bolivar, and the depiction of
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Chimborazo in Ecuador’s national coat of arms embed the volcano within universal nar-
ratives of freedom, identity, and state formation [18].

4.4. Implications for Sustainability and Protected Area Governance

The Chimborazo case highlights broader sustainability challenges faced by high-
mountain protected areas, particularly where sectoral conservation models prioritize
wildlife production or resource control while marginalizing cultural heritage and Indige-
nous knowledge systems. Such exclusionary approaches have been widely documented
to undermine social legitimacy and limit the effectiveness of conservation strategies, es-
pecially in historically inhabited mountain landscapes [21-23]. In the CFPR, the emphasis
on faunal production as a primary management objective reflects these limitations and
constrains the capacity of conservation frameworks to address coupled social-ecological
dynamics under accelerating climate change.

Interpreting Chimborazo as a biocultural landscape offers an alternative governance
pathway that integrates ecological integrity, cultural continuity, and adaptive manage-
ment. This approach is consistent with biocultural conservation frameworks that recog-
nize biodiversity, cultural practices, and knowledge systems as mutually reinforcing com-
ponents of social-ecological systems [14,15,35]. By acknowledging Indigenous epistemol-
ogies and territorially grounded practices, biocultural governance models enhance resili-
ence and adaptive capacity in mountain landscapes facing glacier retreat, hydrological
change, and ecosystem transformation [4,17].

Beyond the Chimborazo case, these insights may be relevant for other high-Andean
and global mountain protected areas experiencing similar sustainability pressures. Inte-
grative governance models grounded in biocultural values may provide a useful basis for
reconciling conservation objectives with social inclusion, climate adaptation, and long-
term sustainability in mountain social-ecological systems worldwide [29,30,49].

4.5. UNESCO Criteria, Mixed Heritage Interpretation, and Governance Models

The integrated evidence contributes to the interpretation of Chimborazo as a site with
potential Outstanding Universal Value, grounded in the convergence of cultural criteria
(iii), (v), and (vi). Criterion (iii) is expressed through living Andean traditions associated
with sacrality (Apu/waka) and ongoing ritual practices; criterion (v) through the long-
term interaction between society and mountain, articulated via mobility systems and
landscape use in highland/lowland interactions; and criterion (vi) through Mt. Chimbo-
razo’s direct association with universal scientific, literary, and symbolic narratives [10].
Together, these criteria suggest the convergence of living traditions, landscape interaction,
and universal symbolic associations.

These cultural values are inseparable from an exceptional natural system—a tropical
glaciated volcano with pronounced ecological gradients, functional bofedales, active hy-
drological processes, and representative high-Andean biodiversity —forming a coherent
case of mixed natural—cultural heritage [14,35]. This inseparability supports interpreting
Chimborazo as a coherent mixed natural—cultural heritage system.

This interpretation aligns with UNESCO-integrated governance models, particularly
UNESCO Global Geoparks, Biosphere Reserves, and biocultural landscape approaches,
which promote articulated conservation of geological, ecological, and cultural heritage
through community participation, recognition of traditional knowledge, education, and
adaptive management under climate change [72]. For Chimborazo, such models may pro-
vide a coherent framework to safeguard ecological integrity, cultural authenticity, and the
landscape’s role as a living socioecological system of global relevance.

Recognition of mountains as sentient landscapes with their own rights protected by
the constitution is now granted in several countries, including Bolivia, Canada, Colombia,
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Ecuador, Mexico, New Zealand, Romania, and the United States of America [73]. While
designation of the MtPA of Chimborazo as a faunal reserve was implemented in the 1970s,
it is clear that the difficulty of isolating biodiversity from the sociocultural system of the
mountain, these elements support the consideration of Chimborazo as a candidate for
mixed World Heritage recognition, although further formal evaluation would be required
under UNESCO criteria. Examples of emblematic mountains considered hybrid territories
come from Mt. Uluru in Chata Yujta National Park, Australia; Mt. Fujiyama in Japan; Mt.
Kilimanjaro in Tanzania; Mt. Shasta in the United States of America; Mt. Kailash in India;
Mt. Machu Picchu in Peru; Banaue slopes in Ifugao, Philippines; and the “‘maunga’ of Mt.
Taranaki and Mt. Tongariro in New Zealand [32]. From this perspective, Chimborazo may
be considered a strong candidate for mixed World Heritage recognition, given the con-
vergence of ecological, cultural, and symbolic values identified in this study. However,
further interdisciplinary assessment and formal evaluation under UNESCO criteria
would be required to substantiate such a designation [32].

5. Conclusions

This perspective has examined the MtPA of the Chimborazo volcano as a high-An-
dean landscape in which natural processes and cultural meanings are closely intertwined,
supporting its interpretation as a site with potential Outstanding Universal Value (OUV)
and mixed natural—cultural heritage relevance. Rather than deriving from isolated attrib-
utes, Chimborazo’s significance emerges from the long-term convergence of ecological
integrity, living Andean sacrality, historical mobility systems, scientific exploration, and
symbolic representations.

The analysis suggests that UNESCO cultural criteria (iii), (v), and (vi) may be re-
flected through the continuity of living traditions associated with Andean sacrality
(Apu/waka), the sustained interaction between societies and the mountain articulated
through territorial use and mobility systems linked to the Qhapaq Nan, and Chimborazo’s
association with scientific, literary, and symbolic narratives. These cultural values are
closely linked to an exceptional natural system characterized by altitudinal gradients,
bofedales, hydrological processes, and representative high-Andean biodiversity.

By integrating glacier dynamics, pdramo ecosystems, bofedales, and emblematic
flora and fauna with archaeological evidence, ritual practices, and historical mobility, this
study supports the interpretation of integrity as a socioecological property and authentic-
ity as a function of culturally grounded continuity. Climate-driven glacier retreat illus-
trates how environmental change may simultaneously affect ecological processes and bi-
ocultural practices, highlighting the importance of integrated perspectives in high-moun-
tain environments.

Conceptually, this study contributes a structured interpretive approach that inte-
grates integrity and authenticity as complementary analytical lenses. Rather than consti-
tuting a fully operational or directly transferable framework, this approach provides a
basis for interpreting socioecological complexity in high-mountain biocultural land-
scapes.

This study is based on secondary interdisciplinary sources and comparative synthe-
sis; therefore, the approach would benefit from further empirical validation through par-
ticipatory research, co-production of knowledge, and long-term environmental monitor-
ing. Additionally, governance analyses remain constrained by the availability of institu-
tional data and evolving policy contexts.

The Chimborazo case highlights the potential relevance of UNESCO-aligned inte-
grated governance models—such as Global Geoparks, Biosphere Reserves, and biocul-
tural landscape approaches—for addressing sustainability challenges in high-mountain
systems. In this context, initiatives such as the Satoyama Initiative illustrate how socioec-
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ological production landscapes may contribute to integrating nature and culture through
participatory governance frameworks.

Future research may further explore the application of this approach through partic-
ipatory methodologies, climate adaptation scenarios, and comparative analyses across
Andean and global mountain systems. While the Chimborazo case provides useful in-
sights, further research is required to assess the broader applicability of these interpreta-
tions in other contexts.
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