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Figure 4 — Vegetation types, wildlife and wetland landscape at Juncal Andean Park: a) Senecio bonariensis; b) Caleeolaria 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 yeats 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.
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Figure 8 — Park entrance and camping area during the protest
in 2024. © Calderin Archina 2025
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