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Abstract Profile

High Andean wetlands play a strategic role in water provision, climate regula-

tion and biodiversity conservation. Located in the Valparaiso Region of the Central
Andes of Chile, Parque Andino Juncal encompasses part of a hydrological network
composed of rivers, ravines, glaciers, high Andean peatlands (vegas) and springs.
Established in 2004 as a privately led conservation initiative open to the public, the
park was designated a RAMSAR site in 2010. Since 2017, it has gained greater vis-
ibility as a sustainable tourism project, drawing visitors primarily from the Valparaiso
Region, but also from other parts of Chile and abroad. This initiative integrates
tourism with passive restoration practices. Considering the alarming vulnerability of
the vegas due to climate change — particularly glacial melt and prolonged drought
periods — it is essential to consider both the climatic and the anthropogenic factors
threatening these ecosystems to develop climate adaptation and resilience strate-
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gies. Parque Andino Juncal offers one such alternative. However, its development
may be hindered by the installation of mining projects in the area. In this context,
our objective is to highlight the importance of maintaining private protected areas
such as the one presented here, as they serve as strategic spaces for monitoring and
mitigating the effects of climate change on fragile and vital ecosystems.

Introduction

High Andean wetlands are a global priority for eco-
logical restoration due to their role in climate regula-
tion, water provision, carbon storage and biodiversity
support. In recent years, ecosystems associated with
these wetlands have gained visibility because of their
increasing vulnerability to climate change (Anderson
et al. 2010; Zeballos et al. 2014). One of the most vis-
ible physical effects of climate change is glacial retreat
and the consequent shifts in water availability (Podgor-
ski et al. 2023). Likewise, water bodies fed by glacial
melt have undergone significant transformations. The
composition and ecology of high Andean wetlands,
also known as vegas, depend on hydrology, topogra-
phy and disturbance regimes (Méndez 2007; Méndez
2009; Ontivero et al. 2022).

Although high-altitude wetlands ate priority eco-
systems, in the Valparaiso Region (Chile) their pro-
tection is limited to the designation of state or APPs,
among which the private reserve of Parque Andino
Juncal stands out. Spanning 13,796 hectares in the
eponymous valley, it was declared a RAMSAR site of
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Figure 1 — Canchitas vegas, Quebrada de Navarro. © Calderin
Archina 2025

international importance in 2010. This convention
fosters international cooperation and provides a pro-
tective framework that promotes the conservation and
rational use of wetlands (Astralaga 20006).

The hydrological value associated with the more
than twenty glaciers and wetlands present in this val-
ley is considerable, as they provide a vital contribu-
tion to the water supply and ecosystem services for

the entire Aconcagua basin (Crespo et al. 2020; Fun-
dacion Plantae 2024). Furthermore, the park forms
part of the region’s biocultural heritage, shaped by
the interaction of geophysical, ecological and cultural
processes. This landscape reflects the territorial prac-
tices and biocultural traditions of herders and drovers
who, for generations, have engaged in transhumance
across the cordillera. It also holds high cultural value
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for the inhabitants of the Aconcagua Valley, especially
Indigenous peoples living in these territories, as well as
community and environmental organizations.

The High Andes of Chile are characterized by
extreme climatic conditions and unstable substrates,
making the distribution and composition of plant
communities sensitive to rising temperatures and
declining precipitation (Cavieres et al. 2021). Recent
studies have examined the dynamics between climatic
variables, local water availability and the effective ex-
tent of these ecosystems (Marcosig & Liaudat 2021).
As a result, the widespread and significant retreat
of glaciers and ice bodies caused by climate change
(Ferri et al. 2020) presents new hydrological scenar-
ios and challenges for natural resource management
and conservation. Within Parque Andino Juncal, one
key landscape unit is the Junca/ Norte Glacier, which in
recent years has shown a marked reduction in surface
area due to rising temperatures (Direccion General de
Aguas (DGA) 2022).

In addition to the biophysical effects of climate
change, open-pit mining projects in mountain areas
exert further pressure on these ecosystems, as well as
on both human and more-than-human communities
and the ways of life tied to these environments (Uribe-
Sierra et al. 2023). Given the interplay between bio-
diversity and the cultural diversity of human groups
that have long inhabited the Andes, this region has de-
veloped a biocultural heritage encompassing a variety
of belief systems and worldviews, along with complex
ancestral knowledge and practices, such as techniques
for managing animals and landscapes (Legufa et al.
2021). Because of its environmental, cultural and af-
fective significance, since 2024 multiple organizations
and residents have mobilized to defend Juncal Norte
Glacier against the proposed operations of the US-
based mining company Nutrex, which has been con-
ducting exploratory drilling near the park since 2017.
This illustrates that, despite its RAMSAR designation,
areas such as Parque Andino Juncal remain vulnerable
in the absence of specific glacier protection legisla-
tion and in the face of the legal primacy of subsurface
mining rights over conservation rights.

Parque Andino Juncal

In Chile, most protected natural areas are publicly
owned and managed by the National Forestry
Corporation (CONAF). A smaller proportion consists
of private protected areas (APP), such as Parque
Andino Juncal in the Valparaiso Region (https://
parqueandinojuncal.cl/).  Officially  desighated a
RAMSAR site in 2010, the park has operated since
2015 as a private conservation area open to the public.
It is privately owned by members of the Kenrick
family, who decided to carry out a conservation project
in the area. They manage the reserve themselves with
the help of a small number of rangers and volunteers,
and their source of funding is the entrance fee they

charge for access to the park. According to the
definition of the International Union for Conservation
of Nature (IUCN), a protected area is a clearly
defined geographical space, recognized, dedicated and
managed, by legal or other effective means, to achieve
the long-term conservation of nature and its ecosystem
services and associated cultural values. Recently, In
Chile, a law regulates state and APPs (Ley 21600).
However, this initiative does not have that specific
recognition yet. In 2024, it was included in the Top 100
Green Destinations, a ranking that highlights tourist
destinations implementing innovative and effective
practices for more responsible and sustainable tourism.

The park is in the upper Juncal River basin, one of
the main tributaries of the Aconcagua River. Its pri-
mary mission is to protect the Juncal watershed. The
basin lies in the Valparaiso Region of central Chile
(32°53’S;70° 08" W), between 2,000 and 5,000 m asl,
covering approximately 220 km?, of which the park
occupies around 137.96 km?* — roughly two-thirds of
the basin. During the summer and in periods of low
precipitation, this glacial system contributes up to
67% of the total flow of the Aconcagua River. It sup-
plies drinking water to an estimated 1.5 million people
across the basin, according to the Aconcagua Obser-
vatory of Socio-environmental Conflicts, and to ap-
proximately 200,000 people through the basin’s rural
water systems (APR).

The main boundaries of the park are the Juncal
River to the west, the Republic of Argentina to the
cast, and the Monos de Agua stream to the south. It lies
within the high Andean biogeographic province, rec-
ognized for its ecological uniqueness and low repre-
sentation within Chile’s national system of protected
areas (Moreira-Mufioz & Troncoso 2014). The climate
is dry and arid, with winter precipitation and high di-
urnal temperature variation, and the landscape includes
shrublands, grasslands, rock outcrops, wetlands and
glaciers (Zapararte et al. 2022). As shown in Figure 2,
Parque Andino Juncal includes wetlands of significant
ecological importance such as the vegas L.os Nacimien-
tos, Mardones and Canchitas, along with smaller ones
like La Paz and La Roca. Associated with this, vegeta-
tion surveys show that there are around 200 plant spe-
cies in wetlands and on slopes (Cadiz-Veliz & Mufoz
2025). The site is habitat for a significant group of
fauna and flora, including endemic species such as the
short-tailed snake (Tachymenis chilensis), as well as endan-
gered species such as the matuasto (Phymaturus flagellifer)
(RAMSAR 2010) and gato andino (Iegpardus jacobita).

The RAMSAR site Parque Andino Juncal is the
only protected area for Andean flora in the Aconcagua
River basin and the mountain range of the Valparaiso
region. The zonal vegetation is known as Andean scrub
(Mufioz-Schick et al. 2000). This vegetation belt is dis-
tributed along the high slopes of the Andes Mountain
range, from approximately 32 degrees to 35 degrees
South, starting at an elevation of 2,000 m asl. It has
been calculated that this belt is protected on only 2.4%
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Figure 2 — Parque Andino Juncal, context map. The orange box outlines the excerpts shown in Figure 6. Data base: Esri World
Imagery; https:/ [ gadm.org/. Created by Pablo Mansilla.

of its surface (Luebert & Pliscoff 2017). In addition ~ Cawv, among others. These species are visited by an as-
to the mentioned dominant species, other character-  semblage of pollinators that includes native species of
istic species are Mutisia sinuata Cav., Mutisia subulata, birds, bees, wasps, butterflies and beetles (Figure 3).
Rhodolirinm montanum Phil., and Tropaeolum pohphyllum ~ Among plant species, there ate some interesting cases
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Figure 3 — Native and endemic plants and characteristic birds and pollinating insects of Parque Andino Juncal: a) Alstroemeria
parvula Phily; b) Mutisia sinnata Cav.; ¢) native bee Megachile semirufa Sichel; d) native jewel wasp (Chrysis sp.); e) periquito
cordillerano, Bolborhynchus anrifrons Lesson; f) Tropaeolum pobyphyllum Cav.; g) Rhodolirium montanum Phil.; h) Chuquiraga
oppositifolia D.Don. © Moreira Murioz,

of restricted endemism that are at the same time con-
sidered as endangered, such as lvania juncalensis Al-She-
bbaz (Cadiz-Véliz et al. 2022) and Alstroemeria parvula
Phzl (Mufioz-Schick et al. 2011).

The Parque Andino Juncal project combines inte-
grated conservation measures, aligned with the guide-
lines of the IUCN, with ecological tourism. They apply
a passive restoration strategy, that involves the recov-
ery of environments through the elimination of agents

of disturbance, with the aim that the ecosystems will
recover naturally. Tourism serves as the primary source
of funding, supporting the salaries of park rangers and
ongoing maintenance tasks. Parque Andino Juncal re-
mains open from approximately October to April; dur-
ing the rest of the year, the road and the visitor centre
are closed because of winter conditions.

In line with the IUCN approach, the park has es-
tablished zoning between recovery areas and buffer
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Figure 4 — Vegetation types, wildlife and wetland landscape at Juncal Andean Park: a) Senecio bonariensis; b) Calceolaria biflora
and Werneria pygmaca; ¢) Hordeun comosum; d) Tropaeolum pohphyllum. © Calderin Archina and 1 eandro Alvarez 2025

zones. The recovery ateas include exclusion zones lo-
cated near the wetlands, designated for passive resto-
ration, where high-Andean wetland vegetation (locally
known as vegas, see Figure 1) are dominated by species
such as we show in Figure 3 and Carex gayana. This
conservation approach involves physical barriers that
restrict access, thereby promoting vegetation regrowth
after decades of grazing-related impacts. The buffer
zones are concentrated along the main trail leading to
the glacier viewpoint and the designated camping area.
Notably, a daily visitor cap of no more than one hun-
dred people has been implemented to help control and
minimize ecological impact.

Recently literature showed the resilience capacity
of wetlands to respond to and recover from various
anthropogenic and environmental disturbances (Jacob
et al. 2025). Some of these studies highlighted that
designing specific strategies, as we desctibe, helps to
build and improve resilience in complex socio-ecologi-
cal systems such as wetlands and enhances biodiversity
conservation (Kopprio et a.2014; Mustonen & Kont-
kanen 2019; Reid & Shafiqul Alam 2017).

Geohistorical context

“The place is full of human history”, says Tomas, the
administrative coordinator of Parque Andino Juncal.
His words encapsulate thousands of years of human
presence in the Juncal Valley, beginning with archaco-
logical settlements dating back at least 10,000 years
(Planella & Stehberg 1997). However, the site only
became more visible and accessible toward the end
of the nineteenth century, when the entreprencurial
Clark brothers acquired a concession to construct the
ambitious Trans-Andean Railway. This railway con-
nected the cities of Los Andes, Chile and Mendoza,
Argentina. It was inaugurated in 1910 and operated
until 1984, with intermittent closures due to adverse
mountain weather conditions.

In 1911, the British business family Kenrick Lyon
purchased the land now comprising the park for com-
mercial purposes, as the railway line passed directly
through it. Near the property there operated the Jun-
cal railway station, later renamed Hermanos Clatk sta-
tion, which served as a major operations hub (Lacoste
2013). In July 1984, a landslide destroyed the Chilean
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Figure 5 — Juncal Norte Glacier. © Calderin Archina 2025

section of the railway (Urzua 2015). From that point
until the early twenty-first century, the land now con-
stituting the park experienced various land uses, in-
cluding mining and livestock grazing, Specifically,
within the current park grounds, a gypsum mine and
later a brick factory were established. Today, the for-
mer brick kiln functions as a base camp for visitors.

Regarding livestock activities, these represent a
longstanding practice dating back to the colonial era,
sustained for centuries due to high demand for cat-
tle from Cuyo in Chile’s central valley (Michieli 1994;
Escolar 1996). The cross-border livestock trade was
primarily managed by bagueanos and arrieros, known
for their expertise in mountain navigation and animal
husbandry (Escolar 1996). Bagueanos, traditionally lo-
cal scouts or trackers, are highly skilled in navigating
rugged terrains, while arrieros are muleteers or herd-
ers who lead livestock caravans across long Andean
routes. A central component of their practice is trans-
humance, still maintained today, involving the seasonal
movement of herds from high-altitude grazing areas
in summer (veranadas) to lower elevations in winter
(invernadas), and back again. This cyclical migration
allows herders to exploit forage that grows at differ-
ent altitudes, especially in vegas situated near meltwater
streams (Hevilla & Molina 2010). For this reason, the
wetlands of the Juncal Valley have long been essential
summer grazing grounds. Over centuties, arrieros have
become the most historically established seasonal in-
habitants of these inter-Andean valleys.

Grazing in the vegas was one of the main challenges
the park faced when establishing itself as a protected
area. In 2003, when Catherine Kenrick Lyon inher-
ited the property, she initiated substantial changes in
land management — a process that took several years.
Among the most pressing obstacles were livestock

grazing and hunting, “You could not just tell the arrieros not
10 pass. For them, this is mountain land, and they have ahvays
brought their animals here. .. 1t was the same with the military
and hunters”, explains Martin, head ranger at the park
since 2017. Today, thanks to the dialogue built with
arrieros over the years, a good relationship has been
maintained. This agreement allows them to continue
bringing cattle to graze near the patk during summer,
ensuring that the animals do not enter the protected
reserve. In some sections, the boundary is marked by
fencing, while in others, it is defined by natural fea-
tures such as the river. When livestock occasionally
cross into the reserve, arrieros retrieve them promptly.
Park staff not only note the respectful collaboration
but also highlight the arrieros’ extensive knowledge of
the mountain environment.

Effects of Climate Change on the Juncal
Norte Glacier

The results of this study show that multiple pro-
cesses operate simultaneously at different scales, shap-
ing territorial patterns of degradation (glacial loss)
and regeneration (vega expansion) in high mountain
environments. Across the entirety of Parque Andino
Juncal, there has been a sustained 53% decrease in ice
cover and a significant 49% expansion of wetlands,
particularly in the Los Nacimientos #ega, which has
doubled in surface area with a 58% increase. Specifi-
cally, Juncal Norte Glacier (Figure 5) has undergone
a sustained 34% reduction in surface area, consistent
with previous studies (DGA 2022). At the same time,
new pressures have emerged due to the expansion of
mining activity at the national level and the resulting
social conflicts.

The analysis of glaciers and high Andean wetlands
(vegas) was conducted using Landsat sensor imagery
(TM, ETM+ and OLI) processed via Google Earth
Engine — GEE (Gorelick et al. 2017; Amani et al.
2020). For the period 1986-2025, cloud-free mosa-
ics were generated for the austral summer months
(December—March), minimizing interference from
seasonal snow. Spectral indices were applied to these
image composites: NDVI (Normalized Difference
Vegetation Index) to identify active vegetation (thresh-
old >0.35) and NDSI (Normalized Difference Snow
Index) to delineate glaciers and ice bodies (threshold
>0.65) (Marcosig & Liaudat 2021; Zalazar 2023). The
resulting layers were vectorized using QGIS 3.0 to
quantify surface changes, considering ENSO influ-
ence (NOAA data).

Significant changes were recorded in glacial and wet-
land cover in Parque Andino Juncal between 1986 and
2025. Overall, glaciers progressively lost surface area,
while wetlands expanded (Figure 5 & 7). Juncal Norte
Glacier experienced a 34% decrease in surface area
(from 11.5 km? to 7.6 km?), while the L.os Nacimientos
vega increased in area by 73% (from 43.1 ha to 74.8 ha)
(Figure 0). The retreat of Juncal Norte Glacier was pre-
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viously documented by DGA (2022), which reported a
30% loss in glacial mass. These studies also note sub-
stantial variability in the advance and retreat dynamics
of glaciers in the area. Our findings align with those of
Zalazar (2023), who suggests that glacier retreat may
increase local water availability, promoting the expan-
sion of adjacent wetlands, which helps explain the sus-
tained growth of Los Nacimientos.

During the initial period (1986—2005), the expan-
sion of wegas was closely linked to El Nifo events,
which brought increased winter precipitation (Mar-
cosig & Liaudat 2021). However, between 2005 and

Figure 6 — Spatial dynamics of Juncal
Norte Glacier and Los Nacinzientos wet-
lands from 1985 to 2025 within Parque
Andino  Juncal, Valparaiso  Region,
Chile. See Figure 2 for the overview of
the area.

2025, following the establishment of the protected
area, this pattern changed: [egas continued to ex-
pand even during I.a Nifia phases, such as that of
2021-2022. This shift is associated both with glacial
retreat and with active conservation measutes, such
as livestock exclusion, which have supported wet-
land recovery. According to Catherine Kenrick Lyon,
maximum temperatures in the park reached 28 °C in
January 2025, indicating extreme conditions that also
impact these ecosystems. Within this context, the 2023
El Nifio event triggered a marked resurgence in vega
surface area following the previous drought, highlight-
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ing increased ecosystem resilience as a result of park
management practices.

Conflicts over mining extractivism

Since 2017, the mining company Nutrex SpA has
sought to establish operations in the Juncal Valley. It
began with an exploration project covering approxi-
mately 8,000 hectares adjacent to Parque Andino Jun-
cal. In 2023, the company submitted a request for an
exploitation concession over the conservation area.
The owners of the park appealed the request through
legal channels, but the court ruled in favor of the com-
pany’s continued operations. Faced with the possibility
of active concessions and subsequent exploratory drill-
ing, various sectors of civil society mobilized publicly
to denounce the damage such activity would cause.
The mining claims are located directly on high An-
dean wetlands and glacier surfaces (Fundacion Plantae
2024), which would disrupt watercourses, alter wetland
functioning and impact endemic and endangered spe-
cies such as the Andean cat (Legpardus jacobita). Addi-
tionally, the project would undermine long-standing bi-
ocultural practices, including traditional hiking routes.

At the beginning of 2024, widespread demonstra-
tions took place both in major cities of the Valparai-

so Region and within Juncal itself in response to the
imminent installation of the project (see Figure 8). A
large group of activists and residents camped for two
weeks at the entrance to the park to block access to the
mining personnel. The encampment brought together
rural inhabitants, environmentalists, Indigenous com-
munities and academics. Also, present was the Defensa
Akonkawa Coordinating Committee, a coalition of over
20 socio-environmental initiatives and collectives ac-
tive in the Aconcagua Basin. Due to the mobilization
and resulting public pressure, the company’s personnel
temporarily withdrew from entering the park. Never-
theless, the project remains active and could resume at
any time. Under the current legal framework, mining
claims can now be formalized through Geographic
Information Systems without the need for physical
presence on the land. This may be seen as a strategy to
reduce or bypass social mobilization. Even so, the re-
serve’s owners, valley residents and activists remain on
high alert in defense of Parque Andino Juncal. Itis im-
portant to say that, in Chile, legislation establishes that
mining concessions are independent from surface land
ownership, and in cases of conflict between surface
and subsurface uses, mining activity takes precedence.



Private management of High Andean Wet-
lands in a context of glacial retreat

In a global context of glacial retreat and adverse cli-
matic conditions, the high Andean wetlands of Parque
Andino Juncal have undergone significant recovery
in recent decades. Notably, Juncal Norte Glacier ex-
perienced a sustained 34% reduction in surface area
between 1986 and 2025, while the LLos Nacimientos
vega expanded — even during drought years linked to
La Nifia events — suggesting that resilience mecha-
nisms have been strengthened through protected area
management. This case illustrates how private conser-
vation-oriented management can enhance ecosystem
resilience under challenging climate scenarios.

A central factor in this recovery has been the exclu-
sion of livestock, alongside active habitat monitoring
and protection, which has restored the role of wet-
lands as ecological refuges while maintaining essential
functions such as water provision and carbon seques-
tration. Additionally, this adaptive management model
has supported the return and persistence of emblem-
atic native species such as the Andean cat (Legpardus
Jacobita), puma (Puma concolor) and guanaco (Lama gua-
nicoe), whose presence has been documented with in-
creasing frequency in recent years.

This case demonstrates that, even on a small scale,
APPs can play a crucial role in conserving fragile eco-
systems in the face of climate change. The positive
outcomes of such management are evident not only
in the ecological recovery of wetlands, but also in their
strengthened capacity to respond to extreme climate
disturbances recently observed. In this way, Parque
Andino Juncal serves as a replicable model for adap-
tive conservation initiatives in other sectors of the An-
dean cordillera.

It is important to emphasize the park’s positive
effects and the urgent need to support conservation
initiatives in vulnerable ecosystems — especially given
the mining company’s intent to operate near Juncal
Norte Glacier. Although social mobilization has so
far prevented mining personnel from accessing the
site, the company holds a judicial mandate to pro-
ceed. This would directly impact high mountain eco-
systems, including vegas and stream systems, as well as
the plant and animal species that inhabit them — such
as the endangered Andean cat. Thanks to the collec-
tive resistance of various social actors defending the
Juncal River and the Aconcagua Valley — including a
two-week encampment at the park entrance and addi-
tional actions in Vifia del Mar and other urban centres
— the mining project was temporarily halted. However,
the state of alert continues, as the project may resume
once the mining claim is formalized, and currently no
measure exists to prevent it apart from the social pres-
sure that began one year ago.

Calderén-Archina et al.

Figure 8 — Park entrance and camping area during the protest
in 2024. © Calderin Archina 2025

Founding

ANID ANILLOS ATE230072 Climatic Pluriv-
erses.

ANID FONDECYT n°1252155 Decolonial Ani-
mal Geographies from the South: Multi-Species Tra-
jectories Through the Andes in the Context of Envi-
ronmental Change.

References

Amani, M., A. Ghorbanian, S.A. Ahmadi, M. Ka-
kooei, A. Moghimi, S.M. Mirmazloumi 2020. Google
Earth Engine cloud computing platform for remote
sensing big data applications: A comprehensive re-
view. IEEE Journal of Selected Topics in Applied Earth
Observations and Remote Sensing 13: 5326-5350. Avail-
able at: https://iecexplore.iece.org/abstract/docu-
ment/9184118 (accessed 19/09/2025)

Anderson, E.P, J. Marengo, R. Villalba, S. Halloy, B.
Young, D. Cordero, F. Gast, E. Jaimes & D. Ruiz 2010.
Consequences of Climate Change for Ecosystems and
Ecosystem Services in the Tropical Andes. In: Herzog,
S., R. Martinez, P. Jorgensen & H. Tiessen (eds.), C/-
mate Change and Biodiversity in the Tropical Andes: 1-18.
MacArthur Foundation, Inter American Institute for
Global Change Research and Scientific Committee on
Problems of the Environment.

Astralaga, M. 2006. La Convencién Ramsar y los
ecosistemas de manglar. Secretarfa de la Convencion
Ramsar. Suiza.

Cadiz-Véliz, A., N. Marin, R. Urbina-Casanova,
N. Garcia, B. Palma-Villalobos & G. Sapaj-Aguilera
2022. Rediscovery of lvania juncalensis Al-Shehbaz
(Thelypodieae; Brassicaceae), an endemic and
threatened species from the Andes of Central Chile.
Phytotaxa 558(3): 276-282. https://doi.org/10.11646/
phytotaxa.558.3.3

Cadiz-Veliz, A. & A. Mufioz Moreira 2025. Flora
vascular del Pargue Andino Juncal: descubriendo los tesoros




A Case in Point

botdnicos del Aconcagua, Chile Central. En X1 Jornadas
Argentinas de Botanica. Mar del Plata, Argentina.

Cavieres, L.A., G. Valencia & C. Hernandez 2021.
Calentamiento global y sus efectos en plantas de al-
tamontafia en Chile central: una revision. Ecosistenas
30(1): 2179. https:/ /doi.otg/10.7818 /ECOS.2179

Crespo, S.A., C. Lavergne, . Fernandoy, A.A. Mu-
fioz, L. Cara & S. Olfos-Vargas 2020. Where does the
Chilean aconcagua river come from? Use of natural
tracers for water genesis characterization in glacial and
periglacial environments. Water 12(9): 2630.

Direcciéon General de Aguas (DGA) 2022. Moni-
toreo de detalle del Glaciar Juncal Norte, Regidn de 1 alparaiso,
macrozona centro, 2020—-2021, SIT N°518. Ministerio de
Obras Publicas, Direcciéon General de Aguas, Unidad
de Glaciologia y Nieves. Realizado por: Laboratotrio
de Analisis Isot6pico de la Universidad Andrés Bello.

Hscolar, D. 1996. Practicas espacio-temporales,
poder e identidad entre los baqueanos de los Andes
Sanjuaninos. Cuadernos del Instituto Nacional de An-
tropologia y pensamiento latinoamericano 17: 17-39.

Ferri, L., I. Dussaillant, L.. Zalazar, M.H. Masiokas,
L. Ruiz, P. Pitte & R. Villalba 2020. Ice mass loss in
the Central Andes of Argentina between 2000 and
2018 derived from a new glacier inventory and satel-
lite stereo-imagery. Frontiers in Earth Science 8: 530997.
https://doi.otg/10.3389/feart.2020.530997

Fundacion Plantae 2024. E/ Parque Andino Juncal
Y la alta cuenca del Aconcagua en peligro inminente. 1adera
Sur. Available at: https://laderasur.com/articulo/el-
parque-andino-juncal-y-la-alta-cuenca-del-aconcagua-
en-peligro-inminente/ (accessed 19/09/2025)

Gorelick, N., M. Hancher, M. Dixon, S. Ilyush-
chenko, D. Thau & R. Moore 2017. Google Farth En-
gine: Planetary-scale geospatial analysis for everyone.
Remote sensing of Environment 202: 18-27. https://doi.
org/10.1016/j.rse.2017.06.031

Hevilla, M.C. & M. Molina 2010. Trashumancia y
nuevas movilidades en la frontera argentino-chilena
de los andes centrales. Revista Transporte y Territorio 3:
40-58.

Jacob, L.M., K.N. Irvine, B.B. Beza & LL.H. Chua
2025. Adaptive resilience in wetlands: An integrative
review of principles, research gaps, and ways
forward for better adaptive management. Ecological
Engineering 220: 107720. https://doi.org/10.1016/j.
ecoleng,2025.107720

Kopprio, G.A., R.H. Freije, M. Arias-Schreiber, R.].
Lara 2014. An ecohydrological adaptive approach to
a Salt Lake in the semiarid grasslands of Argentina:
future management perspectives. Sustainability Science
9(2 PG-229-238): 229-238. https:/ /doi.otg/10.1007/
$11625-013-0207-7

Lacoste, P. 2013. E/ ferrocarril trasandino. Santiago.

Leguia, M.A., C. Tejer-Nos, N. Ortiz-Cubillo,
P. Mansilla-Quifiones & A. Moreira-Mufioz 2021.
Biocultural resistance and re-existence through a
dialogue of knowledge and citizen art in a threatened
biosphere reserve. eco.mont - Journal on protected monntain

areas research and management 13 (special issue): 102—107.
https://doi.otg/10.1553/eco.mont-13-sis102

Luebert, . & P. Pliscoff 2017. Sinopsis bioclimiitica y
vegetacional de Chile. Santiago.

Marcosig, I.P. & D.T. Liaudat 2021. Analisis de
la dindmica de dos mallines de altura en Vallecitos,
Cordén del Plata, Mendoza, Argentina en el periodo
2002-2019. Acta Geoldgica Lilloana 33(1): 1-24.

Méndez, E. 2007. La vegetacion de los Altos Andes
II: Las vegas del flanco oriental del Cordén del Plata
(Mendoza, Argentina). Boletin de la Sociedad Argentina
de Botdnica 42(3-4): 293-313. Available at: https://
www.scielo.otrg.ar/scielo.phprscript=sci_arttext&pid
=S1851-23722007000200014

Méndez, E. 2009. Biodiversidad de la flora del
flanco oriental del Cordén del Plata (Lujan de Cuyo,
Mendoza, Argentina). Catalogo floristico. Boletin de la
Sociedad Argentina de Botanica, 44(1-2), 75-102.

Michieli, C.T. 1994. Auntigua historia de Cuyo. San
Juan.

Moreira-Mufioz, A. & J. Troncoso 2014. Repre-
sentatividad biogeografica de las Reservas de la Bios-
fera de Chile. In: Moreira-Mufioz, A. & A. Borsdorf
(eds.), Reservas de la Biosfera de Chile: Iaboratorios para la
Sustentabilidad. Academia de Ciencias Austriaca, Pontificia
Universidad Catdlica de Chile. Instituto de Geograffa, Ge-
olibros 17: 24-61.

Munoz-Schick, M., V. Morales & A. Moreira-
Munoz 2011. Validation of _Alstroemeria  parvula

Phil. (Alstroemeriaceae). Gayana. Botinica 68(1):
114—116. https://dx.doi.org/10.4067/S0717-
66432011000100014

Mufioz-Schick, M., A. Moreira-Mufioz, C. Villagran
& I Luebert 2000. Caracterizacion floristica y pisos
de vegetacion en los Andes de Santiago, Chile central.
Boletin del Museo de Historia Natural, Chile 49: 9-50.

Mustonen, T. & H. Kontkanen 2019. Safe places:
increasing Finnish waterfowl resilience through hu-
man-made wetlands. Polar Science 21(PG-75-84): 75—
84. https://doi.org/10.1016/j.polar.2019.05.007.

Ontivero, M., E. Martinez Carretero & L. Perucca
2022. Clasificaciéon de humedales de montafia (ve-
gas) en los Andes centrales de Argentina. Boletin de
la Sociedad Argentina de Botdnica 57(1): 39-56. https://
www.scielo.otrg.ar/scielo.phpscript=sci_arttext&pid
=$1851-23722022000100041 (accessed 19/09/2025)

Planella, M.T. & R. Stehberg 1997. Intervencion inka
en un territorio de la cultura local Aconcaguna de la ona centro-
sur de Chile.

Podgorski, J., M. Petlicki, A. Fernandez, R. Urrutia
& C. Kinnard 2023. Evaluating the impact of the Cen-
tral Chile Mega Drought on debris cover, broadband
albedo, and surface drainage system of a Dry Andes
glacier. Science of The Total Environment. https://doi.
org/10.1016/j.scitotenv.2023.166907

Reid, H. & S. Shafiqul Alam 2017. Ecosystem-
based approaches to adaptation: evidence from two
sites in Bangladesh. Climate and Development 9. https://
doi.org/10.1080/17565529.2016.1167663



Uribe-Sierra, S.E., A. Panez-Pinto, A. Toscana-
Aparicio & P. Mansilla-Quifiones 2023. Mining, de-
velopment and unequal regionalization in subnational
Latin American contexts. The Extractive Industries and
Soczety 13: 101209.

Urzua, B. 2015. Recursos turisticos y patrimonio
ferroviario. El caso del ferrocarril trasandino chileno.
Identificacion, caractetizacion y evaluacion. Gestion Tu-
ristica 23: 9-33.

Zalazar, L. 2023. Variaciones espaciotemporales de vegas y
Slaciares en la alta montaia de los Andes Centrales Argentinos
(30-37°%) entre 1986 y 2020. Tesis de doctorado no pub-
licada. Universidad Nacional del Sur.

Zapararte, M.B., C. Napolitano, M. Sapaj-Aguilera,
T. Dinges, C. Kenrick, G. Llerena-Reategui, C.G.
Tellaeche & R. Palacios 2022. New Records of the
Andean Cat (Leopardus jacobita) in the Central Andes
of Chile: Filling Gaps in the Distribution Range
through Private-Social Partnerships. Animals 12(5):
639. https://doi.org/10.3390/ani12050639

Zeballos, G., A. Soruco, D. Cusicanqui, R. Joffré &
A. Rabatel 2014. Uso de imagenes satelitales, modelos
digitales de elevacion y sistemas de informacion ge-
ografica para caracterizar la dinimica espacial de glaci-
ares y humedales de alta montafa en Bolivia. Ecologia
en Bolivia 49(3): 14-26.

Avuthors

Aldana Calderén-Archina’

is an anthropologist with a PhD in anthropological
sciences from the Universidad Nacional de Cérdoba.
She is a postdoctoral researcher in the Pluriversos
Climaticos Project at PUCV in Chile and a professor at
the Universidad Nacional de Cuyo in Argentina. From
an ethnographic perspective, she explores the relation-
ships between human and non-human groups and the
environment. E-mail: aldana.calderon@pucv.cl

Calderén-Archina et al.

Leandro Manuel Alvarez?

is an ecologist and professional adjunct at IAN-
IGLA-CONICET with a master’s degree in environ-
ment and sustainable development. He specialises in
GIS, remote sensing and ecological monitoring. He
teaches conservation, coordinates fieldwork cam-
paigns and delivers postgraduate courses on GIS ap-
plications for solving environmental problems and
restoration. E-mail: lalvarez@mendoza-conicet.gob.ar

Andrés Moreira-Mufioz'

is a professor at the Pontifical Catholic Univer-
sity of Valparafso (Institute of Geography). He has a
Doctorate in Natural Sciences from the University of
Erlangen-Nurnberg in Germany and a degree in Geog-
raphy from the Pontifical Catholic University of Chile.
His research focuses on the botanical geography of
vascular plants in Chile and the Andes. E-mail: andres.
morteira@pucv.cl

Pablo Mansilla Quifiones’

is a professor at the Pontifical Catholic University
of Valparaiso (Institute of Geography), where he is
involved in teaching, research and community partici-
pation in the fields of social and Latin American geog-
raphy. He is the director of the Pluriversos Climaticos
project (ANID ATE230072). E-mail: pablo.mansilla@
pucv.cl

! Pontificia Universidad Catdlica de Valparafso, Chile
(PUCV).

> Consejo Nacional de Investigaciones Cientificas y
Técnicas — Instituto Argentino de Nivologfa, Glaci-
ologia y Ciencias Ambientales. Mendoza, Argentina
(CONICET - IANIGLA).




