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flagship for conservation because of the landscape 
scale at which they use wetlands, and Network of 
Wetlands for  Flamingo Conservation, which implies 
the sustainable use of these wetlands, can be invoked 
to determine priority conservation actions. Since 
2016, mining exploration has increased throughout 
the region, most notably in Argentina. A review of 
the Environmental Impact Reports (IIAs) for projects 
in Catamarca, Argentina, shows that they do not com-
ply with national guidelines: they do not adequately 
address water budgets, consider protected area sta-
tus, engage local communities, or consider cumula-
tive and synergistic impacts. While the transition to 
“green” energy sources holds the promise of mitigat-
ing the negative impacts of traditional energy sources 
responsible for climate change, a truly sustainable 
energy sector would consider the full life cycle of the 
battery (“cradle-to-grave”), the social and environ-
mental impacts of mining, and the feedback processes 
across the coupled socioecological systems, from raw 
material mining through production, use, recycling, 
and disposal.

Keywords Andean flamingo · Puna flamingo · 
Wetland network · Environmental impact · Lithium · 
Altiplano

Abstract The high Andean arid plateau extends 
through Peru, Argentina, Bolivia, and Chile. Within 
the desert matrix, basins contain wetlands that pro-
vide essential resources for human activity, and habi-
tat for biodiversity highly adapted to extreme tem-
peratures, altitudes, and salinity gradients. In these 
waterscapes, the water balance, even without human 
intervention, is negative and their unique biodiver-
sity and lifeways are now confronted with an unprec-
edented level of development from lithium mining 
for rechargeable batteries. The “lithium triangle” 
coincides with the areas of highest abundance of the 
altiplano’s iconic flamingos. Flamingos are an ideal 
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Introduction

The high Andean plateau or altiplano is located 
between the Oriental (eastern) and Occidental (west-
ern) mountain ranges in western South America, 
extending between approximately 16°S and 28°S 
at an elevation between 3500 and 5500 m.a.s.l., and 
is second only to the Tibetan Plateau in surface and 
altitude (Garreaud et  al. 2003). The > 400,000   km2 
area defined by rugged topography with expanses of 
level areas surrounded by volcanoes and snow-capped 
peaks encompasses the Central Andean Puna ecore-
gions (Olson et al. 2001). Climate is considered semi-
arid to hyper-arid, with most of the region receiving 
less than 400 mm of precipitation a year in a gradi-
ent from higher rainfall in the west (300–600 mm) to 
lower in the east (60–150 mm) (Morales et al. 2018). 
Diel temperature variation can reach 25° and wind 
gusts can exceed 30 m/s (Aceituno 1996). The region 
is highly influenced by the El Niño Southern Oscilla-
tion (ENSO), causing episodes of below average pre-
cipitation and warmer than normal air temperatures, 
with opposite conditions prevailing during La Niña 
(Garreaud and Aceituno 2001).

Within the desert matrix, the complex hydroge-
ology and climate interacts to create endorheic and 
exorheic basins with a diversity of wetlands. We use a 
broad definition of wetlands, building on that adopted 
by the Ramsar Convention on Wetlands of Inter-
national Importance (https:// www. ramsar. org/), to 
include areas covered with water, whether freshwater, 
brackish or saline; permanent or temporary; standing 
or flowing; including surface water and groundwater. 
The combination of large diel variability in tempera-
tures, low oxygen availability and high UV radiation 
at high altitude; and high desiccation potential, salin-
ity, acidity, alkalinity, and chemical concentrations 
in the high Andean wetlands create habitats for bio-
diversity highly adapted to these extreme conditions. 
Because of their presence in otherwise largely dry 
environments, wetlands in drylands are key providers 
and may be disproportionately important in terms of 
biodiversity and other ecosystem services (Millen-
nium Ecosystem Assessment 2005; Izquierdo et  al. 
2018). Indeed, in some arid or hyper arid settings, 
wetlands may provide the only supply of fundamental 
water and food resources (Tooth et al. 2015).

Under global change scenarios, temperature 
and aridity in the Andean plateau are projected to 

increase along with extreme heat events while pre-
cipitation is projected to decrease (Pabón-Caicedo 
et  al. 2020; Iturbide et  al. 2020) and localized stud-
ies have detected increases in average air temperature 
and decreases in precipitation over the past 3 decades 
(Bennett et  al. 2016; Frau et  al. 2021). In addition, 
mountain ecosystems are considered to be highly sen-
sitive to warming and changes in precipitation (Diaz 
et al. 2003; La Sorte and Jetz 2010) and shallow wet-
lands are particularly sensitive to changes in precipi-
tation and evaporation (de la Fuente et al. 2021).

Many of the saline lake brines and flats of the 
Andean plateau are rich in sodium, lithium, boron, 
magnesium, and other elements that attract mining, 
and  several national and multinational mining com-
panies have had operations of varying scale through-
out the ecoregion for several decades. The scale of 
mining operations is now significantly changing due 
to the increasing demand for lithium, which is pro-
jected to experience a sixfold increase over the next 
decade to supply the markets for rechargeable batter-
ies (Bloomberg 2021).

The objective of this paper is to characterize  the 
high-altitude wetlands of the Andean plateau with 
particular attention to their hydrogeology and unique 
biodiversity adapted to extreme environmental condi-
tions and sustained in a delicate balance with limited 
water and variable climate. Our focus is on waterbirds 
and in particular flamingos as iconic wetland species. 
In addition, we characterize the lithium brine mining 
activity in wetlands in Catamarca Province, Argen-
tina, addressing the environmental, regulatory, and 
local community aspects, as a case study of a Ramsar 
site with singular biodiversity  value currently expe-
riencing mining development at an unprecedented 
scale. Our goal is to bring attention to a unique com-
plex of wetlands in drylands under pressure from 
local and global drivers and identify knowledge gaps 
relevant to conservation, management, and wise use 
of these wetlands and their resources.

Methods

Hydrogeology, biodiversity, and socioeconomic 
characterization

We have been conducting ecological research and 
implementing conservation actions centered on 

https://www.ramsar.org/
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wetlands in the Andean plateau since 1997. Since 
the mid 1990s we have integrated multidisciplinary 
teams conducting research in hydrology, limnology, 
and social sciences in the region. To characterize the 
abiotic, biotic, and social ecological systems of the 
high Andean  wetlands, we synthesize  the available 
information from a review of the literature (using 
keywords altiplano, high altitude/shallow/Andean 
wetlands, Andes/Andean biodiversity, drylands, 
extremophiles, lithium mining), from our original 
research, and from interviews with experts in relevant 
topics and members of local communities. We also 
reviewed field guides, species lists, and unpublished 
reports, management plans, and policy documents. 
Information on flamingo distribution and abundance 
was obtained during comprehensive range-wide 
censuses targeting Andean and Puna flamingos and 
including other waterbirds that have been carried out 
systematically since 1997 via a collaborative regional 
effort led by us and coordinated through the Grupo 
de Conservación Flamencos Altoandinos (GCFA). 
In these censuses, direct counts are conducted over a 
10-day period during the breeding season at over 250 
wetlands by ~ 20 teams of 4–5 people, covering the 
global distribution of the Andean and Puna flamin-
gos (Marconi 2010). Regional range-wide flamingo 
censuses have been carried out every 5 years since 
2005 and are integrated with the Neotropical Water-
bird Census and the First South American Phalarope 
Census conducted throughout its winter range in 2020 
(Castellino and Lesterhuis 2020).

Lithium mining and Catamarca province case study

We obtained information on lithium brine mining in 
Argentina, Chile, and Bolivia from public sources 
including mining industry publications and media. 
Additionally, we obtained detailed information for 
Argentina from mining authorities and other gov-
ernment agencies, academia, and private organiza-
tions. We conducted annual field expeditions to the 
Andean plateau in Catamarca lasting ~ 10 days in Jan-
uary–February (austral summer) from 2017 to 2021. 
During each expedition we located and georeferenced 
mining activity and conducted interviews with min-
ing company staff, mining authorities, and local com-
munity residents.

We obtained Environmental  Impact Statements 
and Reports  (Informe de Impacto Ambiental, IIA)  

for mining projects through official solicitation from 
the Ministerio de Minería (Ministry of Mines) and the 
Secretaría de Medio Ambiente (Secretary of Environ-
ment) of Catamarca Province, Argentina. We com-
piled and analyzed the current regulatory framework 
and created a matrix with elements that were required 
under current regulations and considered best envi-
ronmental and social practices for mining projects. 
We reviewed each  IIA and coded them using the reg-
ulatory matrix.

To determine perceptions and interests related 
to natural resources in communities in or near the 
Andean plateau we conducted diagnostic workshops 
(Montero 2012) in the towns of Fiambalá, Antofa-
gasta de la Sierra, and El Peñón, identifying and rank-
ing the issues to design a training program adjusted 
to the needs and capacities of each community. In 
addition, we implemented a survey using a free 
association technique with three successive prompts 
(Abric 2001) to 63 anonymous adult participants 
from the Andean plateau towns of Antofagasta de la 
Sierra, recruiting volunteers during the Feria de la 
Puna (Puna Fair) on 17 February 2018, and El Peñón 
recruiting volunteers from the municipal offices and 
school on 21 February 2018. Survey participants were 
given three cards, each one with one word: Mining, 
Water or Environment, to elicit responses linked to 
the mining theme. Participants were asked to record 
on the back of the cards what they thought about each 
word and what image came to mind when they read 
it. Informed from the survey of interests and requests 
for training, since 2019, we implemented a training 
cycle for ‘Environmental Managers,’ covering basic 
concepts on wetlands, lithium mining, strategic plan-
ning, and participatory environmental monitoring for 
community members (Marconi and Clark 2020).

Results and discussion

The high Andean waterscapes

The endorheic catchments in high, arid plateaus have 
a negative hydrological balance because the mean 
annual evaporation exceeds that of precipitation and 
rates of groundwater discharge often exceed modern 
recharge (e.g., van Beek et  al. 2011; Gleeson et  al. 
2012). Mechanisms such as regional-scale ground-
water flow between topographic basins and draining 
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of stored groundwater formed during past, wetter 
climatic periods, have been proposed to account for 
imbalances observed in the water budget (Placzek 
et al. 2013; Corenthal et al. 2016). Recent work in the 
Salar de Atacama basin in Chile, suggests that effec-
tive catchment area can be larger or smaller than the 
topographic catchment (Liu et al. 2020), and there is 
evidence showing that interbasin groundwater flow 
does play an important role in the modern hydrologic 
balance and of pre-modern (or fossil) groundwater 
(100 ≥ 10,000 yrs) dominating the discharge of water 
to wetlands in the basin (Moran et al. 2019a, b; Boutt 
et al. 2021).

Similar work across several topographic water-
sheds in the Andean plateau of Catamarca Province 
in Argentina using stable isotope and geochemi-
cal data show strong connectivity but also a marked 
disconnect between recharge and discharge areas 
and that most of the water discharging to large basin 
floors is composed of fossil water, yet modern water 
(days-10 yrs. old) is critical to sustaining many wet-
lands (Moran et  al. 2019a, b). Understanding these 
waterscapes as interconnected basins and the role of 
groundwater in the dynamics of surface water is key 
to addressing water sustainability and security in the 
region, especially since hydrological regimes are pro-
jected to continue to change due to natural and human 
induced pressures (Boutt et al. 2016; Corenthal et al. 
2016) and the concentration of the water demand will 
have crucial effects on the water supply–demand bal-
ance affecting water availability (Pabón-Caicedo et al. 
2020).

In the high Andean plateau, the wetland water 
budget includes inflow from precipitation (rain, snow, 
hail), surface runoff and groundwater, and discharges 
primarily through natural evapotranspiration. High 
Andean plateau wetlands include rivers and streams 
(both permanent and temporary), salt lakes and salt 
flats (salares), often with peripheral aquatic habitats 
of wetlands supported by springs called vegas (wet 
meadows) or bofedales (peatlands) (Ruthsatz and 
Movia 1975; Prieto et al. 2003; Izquierdo et al. 2018) 
that tend to form because primary production exceeds 
decomposition (Jacobsen and Dangles 2017). Several 
Andean plateau wetlands are influenced by volcanic 
activity and have elevated temperatures (e.g., 70 °C) 
while wetlands receiving meltwater from snow are 
usually cold (<  °C) (Morteani et al. 2014; Jacobsen 
and Dangles 2017). Below freezing temperatures at 

night and during winter can cause wetlands to freeze 
over completely (Rocha 1997; Caziani et  al. 2001). 
Spatial and temporal (seasonal and inter-annual) vari-
ability of high Andean wetlands is high and strongly 
related to weather conditions and connectivity among 
surface waters, with groundwater recharge being of 
major importance (Boutt et  al. 2016; Jacobsen and 
Dangles 2017; de la Fuente et  al. 2021; Frau et  al. 
2021). High Andean wetlands can be considered 
sentinels for climate change as they are sensitive to 
glaciers melting, they are located within small water-
sheds presenting a strong coupling between weather 
and water flows, and being wetlands in drylands, can 
be easily detected and delimited using satellite images 
(Dangles et al. 2017).

Biodiversity and lifeways adapted to extremes

The environments of the high Andes have been iden-
tified as important ecoregions of diversity with high 
levels of endemism, unique traits, and evolutionary 
novelty (Ibarguchi 2014). The high-altitude charac-
teristics and chemical composition attributable to 
volcanic activity create environmental conditions in 
these wetland systems that resemble those of the early 
Earth and potentially could provide information about 
the early evolution of life on the planet (Saona Acuña 
et al. 2020; Vignale et al. 2021). The wetland patches 
have varied chemistries (Boyle et al. 2004), contain-
ing diverse and singular assemblages of organisms, 
including a flourishing microbial diversity of extre-
mophile microbial mats, microbiolites (Cabrol et  al. 
2009; Albarracín et al. 2015; Farias et al. 2017) and 
stromatolites (Farías 2018); arbuscular mycorrhi-
zal fungi with stress-tolerant life history traits (Sil-
vani et  al. 2017); phytoplankton, zooplankton, and 
microfauna (e.g. Locascio de Mitrovic et  al. 2005; 
Frau et al. 2015) that support a diversity of endemic, 
resident, and migratory birds (Table 1), some of them 
completely dependent on water (Fjeldså and Krabbe 
1990; Caziani et  al. 2001). They also serve as step-
pingstones during the migration of long-distance 
migrants, particularly shorebirds (Caziani et al. 2001; 
Jacobsen and Dangles 2017; Castellino and Lester-
huis 2020). These wetlands are one of the main driv-
ers of bird spatial distribution at high altitude and 
have a crucial role in preserving bird life (Vuilleumier 
and Simberloff 1980; Tellería et al. 2006).
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Table 1   Birds associated with wetlands in the Andean plateau

Species English common name Status Endemic IUCN category

Tinamidae
1  Tinamotis pentlandii Puna Tinamou R X LC

Rheidae
2  Rhea pennata garleppi Lesser Rhea R LC

Podicipedidae
3  Podiceps occipitalis juninensis (Northern) Silvery Grebe R X NT

Phoenicopteridae
4  Phoenicopterus chilensis Chilean Flamingo N NT
5  Phoenicoparrus andinus Andean Flamingo N VU
6  Phoenicoparrus jamesi Puna Flamingo N NT

Threskiornithidae
7  Plegadis ridgwayi Puna Ibis R X LC

Accipitridae
8  Circus cinereus Cinereous Harrier R LC
9  Geranoaetus polyosoma Variable Hawk R LC

Falconidae
10  Phalcoboenus megalopterus Mountain Caracara R LC
11  Falco femoralis Aplomado Falcon R LC
12  Falco peregrinus Peregrine Falcon R LC

Recurvirostridae
13  Recurvirostra andina Andean Avocet R X LC
14  Himantopus mexicanus Black-necked Stilt R LC

Anatidae
15  Oressochen melanopterus Andean Goose R LC
16  Anas (flavirostris) oxyptera Inca Teal R LC
17  Anas georgica Yellow-billed Pintail LC
18  Spatula puna Puna Teal R LC
19  Spatula cyanoptera Cinnamon Teal R LC
20  Lophonetta specularioides alticola Crested Duck R LC
21  Oxyura jamaicensis Ruddy Duck R LC
22  Merganetta armata leucogenys Torrent Duck R LC

Rallidae
23  Gallinula galeata Common Gallinule R
24  Fulica ardesiaca Andean Coot R LC
25  Fulica leucoptera White-winged Coot R LC
26  Fulica cornuta Horned Coot R X NT
27  Fulica armillata Red-gartered Coot LC
28  Fulica gigantea Giant Coot R X

Charadriidae
29  Oreopholus ruficollis Tawny-throated Dotterel R LC
30  Vanellus chilensis lampronotus Southern Lapwing LC
31  Vanellus resplendens Andean Lapwing R LC
32  Charadrius alticola Puna Plover R X LC
33  Pluvialis dominica American Golden Plover M LC
34  Phegornis mitchellii Diademed Sandpiper-Plover R LC

Scolopacidae
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Few reptiles and amphibians are affiliated with 
high altitude waters and their occurrence is sporadic 
(Péfaur and Duellman 1980; Jacobsen and Dangles 
2017). For example, in the altiplano of Argentina 
there are nine species of anurans in three genera 
(Pleurodema, Rhinella and Telmatobius) adapted to 
arid, high-altitude environments (Barrionuevo and 
Abdala 2018). The Telmatobius species are entirely 
aquatic and some of their populations as well 
some of Rhinella spp. are adapted to geothermal 
streams (Lavilla and Barrionuevo 2005; Pastenes 
et al. 2017). Native mammals include puma (Puma 

concolor), Andean or culpeo fox (Lycalopex cul-
paeus), hairy armadillo (Chaetophractus nationi); 
Pampas cat (Leopardus colocolo), the endangered 
Andean cat (Leopardus jacobitus) and short-tailed 
chinchilla (Chinchilla brevicaudata); and the com-
mercially valuable vicuña (Vicugna vicugna). The 
high Andean wetlands allow the ranges of these 
species to straddle the arid mountain landscapes 
and distance to wetlands was found to determine the 
distribution of several of these species, most impor-
tantly for the culpeo fox, most likely because it uses 
aquatic birds as prey (Cuyckens et al. 2015).

*Indicates regional migrant
Endemic birds are those exclusively found on the Andean plateau. Sources: Herzog et  al. (2016), Jaramillo (2003), Pearman and 
Areta (2020), Shulemberg et al. (2007)
Status M hemispheric migrant, N nomadic, R resident, En endemic

Table 1  (continued)

Species English common name Status Endemic IUCN category

35  Gallinago andina Puna Snipe R X LC
36  Limosa haemastica Hudsonian Godwit M LC
37  Tringa melanoleuca Greater Yellowlegs M LC
38  Tringa flavipes Lesser Yellowlegs M LC
39  Calidris melanotos Pectoral Sandpiper M LC
40  Calidris bairdii Baird’s Sandpiper M LC
41  Calidris alba Sanderling M LC
42  Calidris himantopus Stilt Sandpiper M LC
43  Phalaropus tricolor Wilson’s Phalarope M LC

Laridae
44  Chroicocephalus serranus Andean Gull R LC
45  Leucophaeus pipixcan Franklin’s Gull M LC

Thinocoridae
46  Attagis gayi Rufous-bellied Seedsnipe R LC
47  Thinocorus orbignyanus Grey-breasted Seedsnipe R LC
48  Thinocorus rumicivorus Least Seedsnipe R LC

Furnariidae
49  Cinclodes albiventris Cream-winged Cinclodes R LC
50  Cinclodes atacamensis White-winged Cinclodes R LC
51  Phleocryptes melanops schoenobaenus Wren-like Rushbird R LC

Tyrannidae
52  Lessonia oreas Andean Negrito R LC
53  Pseudocopteryx acutipenis Subtropical Doradito* M LC
54  Tachuris rubrigastra alticola Many-coloured Rush Tyrant R LC
55  Muscisaxicola juninensis Puna Ground Tyrant R LC
56  Muscisaxicola albifrons White-fronted Ground Tyrant R LC
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Human occupation, natural resource use, and threats 
to biodiversity

Human occupation of the Andean plateau began in 
the late Pleistocene some 11,000 years ago by hunt-
ers and gatherers (Wheeler 1991; Fernandez et  al. 
1991; Yacobaccio and Morales 2011). Between 1200 
and 1533, the Andean highlands saw the flourishing 
of the Inca civilization, with its administrative, politi-
cal, and military center in the high-altitude city of 
Cusco, Peru (Olivera 1992). From mid 1500–1824, 
the Andean plateau spanned two of the Spanish vice-
royalties and colonization and major trade routes 
from the Río de la Plata to the Alto Perú traversed the 
plateau (García et  al. 2000). During the Inca period 
and through the colonial periods, mining for met-
als (copper, silver, gold) contributed to development 
of the regional economy and infrastructure (Quiroga 
2019). Currently, population density in the Andean 
plateau is relatively low (1  p/km2), although there 
are several large cities (pop. > 400,000; e.g., La Paz 
and Oruro, Bolivia; Arequipa, Peru). Rural popula-
tions are concentrated in small settlements near water 
sources and engage primarily in agriculture and rais-
ing livestock; small, village-based commercial activi-
ties; and municipal employment. Some ethnic groups 
represented in the region are Uros, Quechua, Aymara, 
Atacameño, and Diaguita.

In drylands, wetlands may be disproportion-
ately important in terms of ecosystem service provi-
sion (Millenium Ecosystem Assessment 2005). The 
Andean plateau wetlands provide key ecosystem ser-
vices including food, wool, and fiber provision; soil 
carbon sequestration, fertility, and nutrient cycling; 
water provision and regulation; microclimate regula-
tion (Rolando et al. 2017 and references therein); rec-
reation and tourism, cultural and natural heritage, and 
aesthetics (Gandarillas et al. 2016).

Mining in the altiplano has been present through-
out history, from small-scale artisanal mines to major 
national and multinational investments (Raffino 
et  al. 2013; Gluzman 2007). At present, the Central 
Andes has one of the richest base metal endowments 
on Earth. In 2017, the region accounted for the mine 
production of around 39% of the world’s copper, 
23% of its silver, 20% of its molybdenum, 14% of its 
zinc, and 12% of its tin as well as significant shares 
of other metals including gold and lead (US Geo-
logical Survey 2018). At local and regional scales, 

since colonial periods and especially as of the 1990s 
with the growth of industrial-scale, open pit, surface 
operations, mining has been the main cause of biodi-
versity loss, degradation of ecosystem services, and 
social inequity in the high Andean plateau (Svampa 
and Antonelli 2009).

These wetlands are increasingly threatened by 
human activities contributing to wetland loss and 
degradation, notably intensive grazing, especially of 
non-native livestock (Struelens et  al. 2017), water 
diversion and draining (Rubio et al. 2016), redistribu-
tion of the population to urbanized areas (Izquierdo 
et  al. 2018), pollution (Rocha et  al. 2021; Quispe 
Mamani et  al. 2021), unregulated tourism, and min-
ing (Izquierdo et  al. 2018). Localized impacts on 
the high Andean wetlands are likely exacerbated by 
global drivers like climate change (Seth et  al. 2010) 
and energy markets (Gajardo and Redón 2019; Alam 
and Sepúlveda 2022).

The unique landscapes and wildlife of the Andean 
wetlands are increasingly promoted by the nature and 
adventure tourism industry, which has grown with 
limited regulation in the last three decades (Amilhat-
Szary and Guyot 2009; Otárola 2019), becoming the 
main economic activity in for example, San Pedro 
de Atacama in Chile and Uyuni in Bolivia (Galaz-
Mandakovic Fernández 2014), with a focus on pro-
moting protected areas such as Reserva Nacional Los 
Flamencos in Chile that received more than one mil-
lion visitors in 2017 (https:// www. chulu lo. cl/ pages/ 
recor tes2. php? id= 26072 018_ 035344) and Reserva 
de Fauna Andina Eduardo Avaroa in Bolivia (Drum 
2004). Many other wetlands and protected areas in 
the altiplano are also experiencing increased visita-
tion (Hernández 2016) providing additional sources 
of income for local residents.

Flamingos as flagships for Andean wetland ecology 
and conservation

Among birds, flamingos (Phoenicopteridae) are 
iconic species in the high Andean waterscapes, mov-
ing from one wetland to another tracking resource 
availability in space and time, effectively connecting 
these wetlands as a network of habitats. Flamingos 
are an important component of a growing nature tour-
ism industry and serve as flagship species for conser-
vation of high-altitude watersheds. The importance 
of these habitats for three of the world’s six species 

https://www.chululo.cl/pages/recortes2.php?id=26072018_035344
https://www.chululo.cl/pages/recortes2.php?id=26072018_035344
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of flamingo, the Chilean Flamingo (Phoenicopterus 
chilensis), Andean Flamingo (Phoenicoparrus andi-
nus), and Puna Flamingo (P. jamesi), supported the 
designation and/or expansion of three national pro-
tected areas and eight Ramsar sites throughout their 
range in the Andes.

Global population estimates for these three fla-
mingo species were difficult to obtain because of their 
nomadic movements, remote wetland habitats that 
are difficult to access, and extent of their geographic 
range. Prior to the late 1990s, global flamingo popu-
lations for these three species were estimated based 
on extrapolations from counts conducted at a few wet-
land sites (Cordier 1965; Johnson 1967; Kahl 1975; 
Hurlbert 1978, 1981; Parada 1990) and summer dis-
tributions were incomplete, while winter distribu-
tions and movement patterns were basically unknown 
(Caziani et  al. 2007). Establishing population trends 
was difficult given the unreliability of previous popu-
lation estimates (Federal Register 2010). Compre-
hensive range-wide censuses targeting Andean and 
Puna flamingos have been carried out systematically 
since 1997 via a collaborative regional effort coor-
dinated by the Grupo de Conservación Flamencos 
Altoandinos (GCFA). These species are primarily 
restricted to the wetlands of the altiplano of Argen-
tina, Bolivia, Chile, and Peru, and are often referred 
to as high Andean (or Andean highland) flamingos. 
The Andean Flamingo shows movements consistent 
with a partial seasonal migration to lowland wetlands 
in central Argentina during the non-breeding season 
(May–October), particularly when some of the high-
altitude wetlands freeze over (Romano et  al. 2006, 
2008, 2009; Caziani et al. 2007; Marconi et al. 2011). 
Puna Flamingos are occasionally observed in lowland 
wetlands (Cruz et al. 2013; Dias and Cardozo 2014). 
Because the broader Chilean Flamingo distribution 
overlaps with that of the high Andean species, the 
three flamingo species are counted in wetlands where 
they are sympatric during the censuses.

Recent population counts estimate the Andean 
Flamingo population at 77,949 individuals and Puna 
Flamingos at 154,001 individuals (Marconi et  al. 
2020). The Chilean Flamingo population previously 
estimated at 300,000 (Marconi et al. 2011) will likely 
be revised since the latest direct count that covered 
90% of wetlands in the global distribution estimated 
515,530 individuals. Results of the systematic cen-
suses show a sustained increasing trend in the global 

abundances of the three flamingo species, with close 
to 70% of the global populations of Andean and Puna 
flamingos concentrated in wetlands around the tripar-
tite border region of Argentina, Bolivia, and Chile 
(Marconi et  al. 2020) (Fig.  1). This tripartite region 
also encompasses the most important breeding sites 
for the Andean and Puna flamingos (Rocha 1997; 
Rodriguez et  al. 2006; Caziani et  al. 2007; Torres 
et al. 2019). Detailed monitoring of colonies in four 
wetlands in the Los Lipez Ramsar Site in Bolivia 
estimated over 16,000 chicks of these two species in 
2012 (Rocha and Marconi 2012).

The data generated from the regional simultaneous 
censuses was used to propose a regional conserva-
tion strategy based on a Network of Wetlands for Fla-
mingo Conservation (Marconi 2007). The Network 
strategy adopted an ecosystem approach, incorporat-
ing a wide range of goals in terms of biodiversity and 
promoting integrated wetland ecosystem manage-
ment based on scientific information, aimed at the 
sustainable and wise use of shallow saline wetlands. 
Several criteria were used to select network member 
sites, a defining one being that it harbors 1% of the 
global population of one of the two high Andean fla-
mingo species at any time of the year and/or records 
of breeding colonies of one of the two species.

Other criteria based on biodiversity value, con-
servation status, functional connectivity with other 
sites, and governance aspects helped refine the selec-
tion of network sites (Marconi and Sureda 2008). The 
Network project was officially presented in 2007 and 
had the immediate formal endorsement of 70% of the 
administrators of the proposed sites and was incorpo-
rated as a subregional project of the Regional Strat-
egy for the Conservation of High Andean Wetlands 
of the Ramsar Convention (https:// www. ramsar. org/ 
sites/ defau lt/ files/ ameri cas_ haw_ en. pdf). In 2008, 
three of the four countries in the Network (Bolivia, 
Chile, Peru) signed a Memorandum of Understanding 
(MOU) for the conservation of the two high Andean 
flamingo species in the framework of the Conven-
tion on Migratory Species (CMS, https:// www. cms. 
int/ flami ngos/), initiating the process of formulat-
ing international management plans by species 
(e.g., CONAF-Convencion de Ramsar 2015). Since 
2007, annual flamingo population monitoring has 
been carried out at the Network sites (Marconi and 
Sureda 2008), in addition to the international simul-
taneous censuses every 5 years. In terms of effective 

https://www.ramsar.org/sites/default/files/americas_haw_en.pdf
https://www.ramsar.org/sites/default/files/americas_haw_en.pdf
https://www.cms.int/flamingos/
https://www.cms.int/flamingos/
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protection, we focused on those sites that did not have 
any official conservation status, first promoting their 
designation as Ramsar sites and then complement-
ing them with other national or subnational protected 
area status (Table 2). Currently the Network of  Wet-
lands for Flamingo Conservation comprises 22 sites 
(Fig. 2).

Successful community-based conservation actions 
have been implemented throughout the Network. For 
example, a co-management agreement between the 
Corporación Nacional Forestal (CONAF) in Chile, 
the national agency charged with management of 
protected areas, and the indigenous Iikanantai (Ata-
cameño) people resulted in a participatory manage-
ment plan for the Reserva Nacional Los Flamencos 
(RNLF). The Iikanantai have been trained in tour-
ism administration and management, actively par-
ticipate in decision-making related to the RNLF, and 

manage and reinvest park fees in their territory and 
projects. These ecotourism related activities comple-
ment their traditional economic and cultural practices 
(CONAF 2008). In Argentina, the communities of El 
Peñón, Antofagasta de la Sierra, and Fiambalá, Cata-
marca, had an instrumental role in the participatory 
management plan developed for the Lagunas Altoan-
dinas y Puneñas de Catamarca Ramsar site (SRLAP-
Cat) (Marconi et al. 2013), and local communities in 
Laguna Pozuelos National Monument, a Ramsar site 
and Biosphere Reserve, participated in a restoration 
plan for overgrazed vegas (Amaya et al. 2019).

High Andean wetlands and the “lithium triangle”

Over two thirds of the world’s identified resources 
of lithium are found in the so-called “lithium tri-
angle” that overlays Argentina, Bolivia, and Chile 

Fig. 1  Distribution and abundance of Andean and Puna flamingos during the regional simultaneous census in January–February 
2020
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(US Geological Survey 2017b) (Fig. 2). Since 2016, 
exploration projects have grown throughout the 
region, most notably within Argentina because of 
favorable political climate, financial incentives, and 

world class mineral deposits, increasing lithium 
production by 60% in 2017 (US Geological Survey 
2017a). In Chile, lithium mining expansion is focused 
in the Salar de Atacama, a Network of Wetlands for 

Table 2  Ramsar sites in the Network of Wetlands for Flamingo Conservation

*el ANP Campo de Piedra Pómez is within the Catamarca Ramsar site
**P.N. Salar de Huasco includes the Salar de Huasco Ramsar site
In bold are sites that are partially or entirely included in the national or subnational (provincial, departmental, municipal) protected 
areas systems of each country. The Network of Wetlands for Flamingo Conservation was launched in 2007 which drove an increase 
in Ramsar site designation and expansion

1990 2000 2007-Wetland network 2010

Ramsar Sites Area (ha) Ramsar Sites Area (ha) Ramsar Sites Area (ha) Area (ha)

Argentina Lag. de Pozue‑
los (1992)

16,224 Lagunas de 
Vilama 
(2000)

157,000 Humedal 
Laguna 
Melincué 
(2008)

92,000

Bañados del río 
Dulce y Lag. 
Mar Chiquita 
(2002)

996,000 Lagunas 
Altoandinas 
y Puneñas de 
Catamarca 
(2009)

1,228,000 *Área Natural 
Protegida 
Campo de 
Piedra Pómez 
(2012)

75,489

Reserva 
Laguna 
Brava (2003)

405,000

Chile Complejo 
Lacustre 
Negro 
Francisco y 
Laguna Santa 
Rosa (1996)

62,460 Salar Aguas 
Calientes IV 
(2009)

15,529

Salar de Huasco 
(1996)

6,000 Salar de Pujsa 
(2009)

17,397 ** Parque 
Nacional Salar 
de Huasco 
(2010)

11,000

Salar de Surire 
(1996)

15,858

Salar de Tara 
(1996)

96,439

Sistema 
Hidrológico 
de Soncor 
(1996)

67,133

Bolivia Laguna Colo‑
rada (1990)

60,000 Lagos Poopó 
and Uru-Uru 
(2002)

Los Lípez 
(2009)

(incluye Laguna 
Colorada)

1,427,117

Perú Bofedales y 
Laguna de 
Salinas (2003)

17,657

Area Ramsar 
sites 1990

324,114 Increase 
1990—2000

1,575,657 Increase 
2007–2010

2,760,643

Total area Ramsar sites 324,114 1,899,741 4,660,384 4,660,384
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Fig. 2  Map of the sites that are part of the Network of Wetlands for Flamingo Conservation. The “Lithium Triangle” is indicated on 
the map
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Flamingo Conservation site within the national pro-
tected area Reserva Nacional Los Flamencos, where 
lithium has been mined since 1985. In Bolivia lithium 
exploration is centered in Salar de Uyuni, a known 
breeding site for flamingos. The geographical area 
where lithium exploration, exploitation, and expan-
sion is advancing, centered around the tripartite bor-
der of Argentina, Bolivia, and Chile, coincides pre-
cisely with wetlands with the highest concentrations 
of Andean and Puna flamingos and their most pro-
ductive breeding sites. In addition, 14 of the 22 sites 
in the Network of Wetlands for Flamingo Conserva-
tion are encompassed in the lithium triangle (Marconi 
2010).

In the arid Andean wetlands, lithium in brine, the 
point where the life cycle of many new technologies 
begins, is extracted from saline deposits through slow 
and inefficient methods, with a large investment and 
use of natural resources in relation to the final prod-
uct. The viability of mining is currently based on the 
externalization of water resource costs. The method 
consists of evaporating brine in open pools where 
the different salts precipitate sequentially, recovering 
the lithium carbonate from the concentrated brine in 
a treatment plant at the end of the process that also 
requires copious volumes of fresh water (Flexer 
et al. 2018; Sticco 2018). Because of the scale, lith-
ium brine mining should be framed as large-scale 
or mega-mining (Donadío 2009) in relation to the 
extraction of water: for each ton of lithium carbon-
ate produced between half to a million liters of brine 
water evaporates, and between 80,000 and 140,000 L 
of fresh water is used, depending on the technology 
used, the climatic and meteorological conditions, 
and the natural lithium concentration. The intensive 
extraction of brine from groundwater and use of sur-
face water in lithium mining in an area where water 
is scarce and critical for supporting a unique biodi-
versity, and on which human communities depend 
for their livelihoods is a challenge for an industry 
promoting environmentally sustainable technologies. 
Researchers are working on less intensive extractive 
methods (e.g., ionic exchange, reverse osmosis; mem-
brane technology) but these have not been scaled to 
industrial projects (Flexer et al. 2018, Liu et al. 2019).

The direct impact on wetlands of lithium mining 
infrastructure and activity in terms of habitat loss, 
conversion, and degradation include salinization of 
soils and wetlands, contamination, alteration of water 

flows, and land subsidence, with effects on local flora 
and fauna (Kaunda 2020). A report by Sticco  et al. 
(2021) documented combinations of these factors 
affecting mining projects in Argentina (Orocobre 
project in the Salar de Olaroz-Cauchari) and Chile 
(Sociedad Química y Minera de Chile-SQM project 
in Salar de Atacama) based on a review of company 
reports and government records of violations. In 
addition to the direct impacts, the sustained extrac-
tion of groundwater brines and surface waters over 
decades are likely to affect the hydrological balance, 
salinity, and unique biodiversity of these wetlands 
(Gajardo and Redón 2019) and a study in the Salar de 
Atacama, Chile, has found fast expansion of lithium 
mining operations to have a strong correlation with 
the ongoing environmental degradation in the area 
(Liu et  al. 2019). Impacts of water extraction from 
lithium mining are difficult to ascertain in the short 
term because of historical climate patterns, variable 
climate conditions and the occurrence of extreme 
climatic events (Bennet et  al. 2016; Pabón-Caicedo 
2020; de la Fuente et al. 2021, Alam and Sepúlveda 
2022) and delays in response of environmental vari-
ables to complex hydrogeological processes involving 
the distribution and timing of groundwater recharge 
magnified by long residence times (> 100  years), 
deep water tables (> 100 m), groundwater flow paths 
often crossing topographic boundaries before emerg-
ing at basin floors, and often insufficient data (Frau 
et al. 2021; Moran et al. 2019b).

Mining operations introduce both subtle and dra-
matic changes in social systems of host communities. 
Industrial scale mining has been an important sec-
tor of the Andean plateau economy since the 1990s, 
but the more recent lithium mining boom has seen 
an increase in polarization and a series of socio-envi-
ronmental conflicts in the salt flats of Bolivia, Chile, 
and Argentina (Argento and Puente 2019; Jerez et al. 
2021). One of the most conflictive aspects has been 
the use of water, due to the impact that decreased 
availability and quality will have on local livelihoods 
and economic activities (León et al. 2020).

The three countries that make up the lithium tri-
angle manifest the political intention to achieve the 
integral development of the value chain from the 
extraction of lithium, processing of lithium carbon-
ate, manufacturing of batteries, through to the manu-
facturing of electric cars. Faced with the challenges 
of developing the industry and the technological 
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capacities, each country starts from a different gov-
ernance model (León and Muñoz 2019) described as 
two on opposite extremes and one intermediate (León 
et al. 2020). Bolivia is characterized by a hierarchical 
regime, under strong political control of the central 
government (Obaya 2019). Argentina, on the other 
hand, has a market governance model, with a regu-
latory system based on the liberal structural reforms 
of the 1990s (Svampa and Antonelli 2009). Chile 
also has hierarchical governance features under the 
control of the Corporación de Fomento de la Produc-
ción (CORFO), a national governmental organiza-
tion that promotes production (Poveda Bonilla 2020), 
although by delegating the operation to large private 
companies, it has adopted characteristics of market 
governance.

Catamarca province, Argentina: wetlands, waterbirds, 
and world-class lithium deposits

The high Andean wetlands of Catamarca are located 
within a 30,000   km2 area in the southern end of the 
Andean plateau, in northwestern Argentina. In 2009, 
more than a third of the plateau in Catamarca was 
designated as the Lagunas Altoandinas y Puneñas 
de Catamarca Ramsar site (SRLAPCat) (https:// rsis. 
ramsar. org/ es/ ris/ 1865) within the framework of the 
implementation of the Network of Wetlands for Fla-
mingo Conservation (http:// www. redfl amenc os- gcfa. 
org/). The SRLAPCat consists of two areas desig-
nated northern subsite and southern subsite, sepa-
rated by the Abaucán valley that is traversed by Ruta 
Nacional 60, an international highway connecting 
Chile and Argentina. In 2012, a provincial protected 
area, Campo de Piedra Pómez Natural Protected 
Area, was created within the Ramsar site, and a par-
ticipatory planning and management process of the 
SRLAPCat was started with environmental authori-
ties and local communities (Marconi et al. 2013). The 
SRLAPCat is an important site for Puna Flamingos 
during the breeding season, where > 15,000 00 are 
regularly counted in one wetland, Laguna Grande 
(Marconi et al. 2011, 2020), as well as a breeding site 
for both Puna and Andean flamingos (Marconi and 
Clark 2011; Torres et al. 2019).

As of 2016, when new financial incentives for min-
ing activity were established in Argentina (Decreto 
Nacional 349/2016), more than a dozen lithium brine 
exploration projects were launched in Catamarca, 

which until then had only one lithium mining project 
operating since 1998, the Livent Corp. Fénix project 
in the Salar del Hombre Muerto, a salt flat that strad-
dles Catamarca and Salta provinces and is outside the 
SRLAPCat protected area (CIMA  2021, 2019). At 
present, there are 36 mining projects (Table  S1) in 
different stages of development⎼prospecting, explo-
ration, exploitation⎼of which 20 (56%) are lithium 
and four are located within the SRLAPCat (Fig.  3). 
All the lithium mining projects use evaporation ponds 
in one or more stages of lithium carbonate produc-
tion, alternating with direct lithium extraction (DLE) 
methods such as ionic exchange and inverse osmosis. 
Other DLE technologies are being developed but are 
not applied yet at industrial scales (Pramanik et  al. 
2020; Zante et al. 2020; Zhao et al. 2020a, b) although 
these are aimed at increasing production efficiency vs. 
reducing the water footprint or resolving socio envi-
ronmental conflict (Díaz Paz et  al. 2021). Of the 20 
lithium mining projects being developed in different 
stages, 19 aim to produce lithium carbonate for bat-
teries and all are multinational companies, 50% based 
in Canada, 25% in Australia, and 10% in USA, with 
a trend towards major shareholding of companies 
from Asia (https:// panor ama- minero. com/ notic ias/ 
oroco bre-y- toyota- tsusho- aprob aron- la- expan sion- de- 
la- etapa-2- del- proye cto- olaroz- por- us295- millo nes/; 
https:// www. newsw ire. ca/ news- relea ses/ catl- incre 
ases- inves tment- in- neo- lithi um- 86699 1760. html).

In Argentina, mining companies must manage 
environmental permitting and licenses with the pro-
vincial government mining authority and the social 
license with local communities (Genovese 2020). 
The process to obtain these licenses requires approval 
of the Environmental Impact Report (Informe de 
Impacto Ambiental or IIA) by the provincial min-
ing authority. The IIAs in Catamarca do not comply 
with the national guidelines (Secretaría de Ambiente 
y Desarrollo Sustentable 2019) that are aligned with 
international criteria and standards. The structural 
and functional hydrogeological aspects are underesti-
mated; when water is valued, it is quantified as a com-
modity, not as an environmental service; they lack an 
ecosystem approach; and do not consider integrated 
watershed management. These four key deficiencies 
lead to an underestimation of the area of   direct and 
indirect impact of each mining project and the quan-
tification and assessment of the identified impacts 
(Secretaria de Ambiente y Desarrollo Sustentable 

https://rsis.ramsar.org/es/ris/1865
https://rsis.ramsar.org/es/ris/1865
http://www.redflamencos-gcfa.org/
http://www.redflamencos-gcfa.org/
https://panorama-minero.com/noticias/orocobre-y-toyota-tsusho-aprobaron-la-expansion-de-la-etapa-2-del-proyecto-olaroz-por-us295-millones/
https://panorama-minero.com/noticias/orocobre-y-toyota-tsusho-aprobaron-la-expansion-de-la-etapa-2-del-proyecto-olaroz-por-us295-millones/
https://panorama-minero.com/noticias/orocobre-y-toyota-tsusho-aprobaron-la-expansion-de-la-etapa-2-del-proyecto-olaroz-por-us295-millones/
https://www.newswire.ca/news-releases/catl-increases-investment-in-neo-lithium-866991760.html
https://www.newswire.ca/news-releases/catl-increases-investment-in-neo-lithium-866991760.html


840 Wetlands Ecol Manage (2022) 30:827–852

1 3
Vol:. (1234567890)

2019). The IIAs do not recognize or evaluate the 
cumulative and synergistic environmental impacts 
(IFC 2013; Minerals Council of Australia 2015) nor 
do they consider any zoning related to protected areas 
(Biosphere reserves, Ramsar sites, provincial pro-
tected areas) or protection zones for water resources 
(Decreto Ley 2577/1973), as well as the different 
traditional uses and customary land holding by local 
communities and native peoples.

The IIAs are approved only by the mining author-
ity (Código de Minería Ley 1919, Ley 24585/1995; 
Código de Procedimientos Mineros de la Provin-
cia de Catamarca  Ley 5682/2020), without binding 
intervention from other administrative areas such as 
environment, water resources, tourism, agriculture 
or archeological heritage. Commitments emanating 
from international conventions to which the country 
is signatory are not considered (i.e., Ramsar Conven-
tion, Convention on Migratory Species, UNESCO 
Man and Biosphere Programme), nor are approaches 

for planning and participatory management of pro-
tected areas. Access to public environmental infor-
mation related to mining that is protected by laws 
and international agreements (Ley  25675/2002, Ley 
25831/2003, Acuerdo de Escazú) is regulated by 
provincial laws (Resolución SEM 330/2016) but in 
practice is extremely difficult to obtain and is not yet 
completely available in digital format. Although the 
IIA procedures include instances of public participa-
tion, the terms, requirements, modalities, and forms 
of access are not systematized, nor do they com-
ply with the minimum requirements detailed in the 
General Environmental Law (Ley 25675/2002) and 
Access to Public Environmental Information Law 
(Ley 25831/2003). In practice, public participation is 
limited to presentations by mining companies where 
they present information.

With respect to mining projects and their envi-
ronmental impact assessment process, we highlight 
the bias established by the mining authority in the 

Fig. 3  Map of mining projects in Catamarca province, Argentina, as of 17 July 2021
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screening of projects based on the type and its basic 
information (dimensions, technology, location, etc.) 
and the determination of the scope of the project 
that establishes the terms of reference or technical 
specifications for carrying out the IIA (Secretaría de 
Ambiente y Desarrollo Sustentable 2019). The min-
ing authority considers every project in the explora-
tion stage as having low environmental impact with-
out consideration of size, technology or location, and 
based on this screening, establishing a scope for the 
project whose IIA requires information and analysis 
that is insufficient for or identification, assessment, 
and prevention of environmental impacts.

From an exhaustive review of IIAs of mining pro-
jects and publicly available information from the 
mining companies of projects in exploration and 
exploitation stages, we conclude that the require-
ments regarding environmental baselines and impact 
analysis, and subsequent mitigation measures, man-
agement plan, and monitoring plan should more be 
rigorous in the exploration phase since the approval 
of at this stage necessarily leads to the exploitation 
stage if financially feasible. Currently, in the explo-
ration stage of a mining project, very little from the 
regulatory side stops or substantially modifies the 
project for the exploitation phase. All the IIAs use 
the Fernández-Vítora et  al. (1997) methodology to 
identify, score, and evaluate environmental and social 
impacts. In the matrices generated, environmental 
impacts are usually scored negatively though under-
estimated, and they are averaged with social impacts 
that are arbitrarily scored positively. The final com-
bined impact scores are slightly negative, irrelevant, 
or overly  positive. The mitigation measures and envi-
ronmental monitoring and management programs 
are adapted from these biased average scores. We 
analyzed four aspects that we identified as the most 
relevant and that are systematically underestimated in 
IIAs, both in the exploration and exploitation stages. 
These are: (1) hydrogeological aspects, (2) land use 
planning, (3) cumulative and synergistic impacts and 
(4), public participation.

Hydrogeological balance and water budgets

Hydrological characterization and water budget mod-
els are not presented in the IIAs for the exploration 
phase of projects (100% of the 11 IIAs reviewed; 
Table  S1). Environmental baselines are incomplete 

and simplistic. We were able to obtain three exploita-
tion IIAs for review. One of them is for an expansion 
of the Livent Corp. Fénix project in Salar del Hombre 
Muerto (EC & Asociados 2018), one for the launch of 
the exploitation phase of the Galaxy Lithium S.A. Sal 
de Vida project in the same salt flat, and the third for 
the exploitation phase of the LIEX S.A. Tres Quebra-
das project within the southern subsite of the SRLAP-
Cat. The Fénix project proposes using large volumes 
of groundwater (650  m3/hr for 20 yrs.) which requires 
the installation of six pumping stations and a 30 km 
pipeline. Their hydrology model assumes that the 
only possible scenario is that the continued, sustained 
pumping of water will not affect the hydrological bal-
ance in the Río Los Patos, one of the main affluents 
to the Salar del Hombre Muerto salt flat wetlands. 
In other words, that there will be no major infiltra-
tion of the river to the aquifer, that infiltration from 
groundwater to the Salar will not decrease, evapo-
transpiration will remain the same, and water qual-
ity will remain the same. Water volumes used do not 
specify time units (e.g., hours, days). The IIA states 
that water extraction volumes will be 10% but does 
not specify how these calculations were done, if they 
contemplate seasonal or interannual fluctuations in 
groundwater recharge or the impact the extraction can 
have on the physical and chemical properties of the 
river. For the Sal de Vida exploitation phase, pump-
ing of 130   m3/hr from the same Rio Los Patos was 
approved for a 20-year period. Similar weaknesses 
in terms of water balance and hydrological mod-
els persist in the IIA, as well as a failure to address 
cumulative impacts on the shared water source. In the 
Tres Quebradas project, pumping water from the Río 
Abaucán aquifer was approved to supply the lithium 
carbonate industrial processing plant adjacent to the 
town of Fiambalá, with no information on the volume 
that will be extracted and no hydrogeological models. 
Without information on the volumes of water in the 
aquifer, origin of the groundwater (modern or pre-
modern) and the relationship of these to the surface 
water of the river, claims of low impact are specula-
tive. A consequence of damming and diverting water 
from the Río Trapiche to the Fénix processing in 
Salar del Hombre Muerto was the permanent desic-
cation of 32 ha of the Vega Trapiche and total loss of 
its vegetation (FMC-Minera del Altiplano S.A. 2000; 
CONHIDRO 2002).
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Land use planning

Within the Andean plateau of Catamarca, there are 
two types of land zoning: one resulting from the des-
ignation of protected areas and the other from the 
application of the provincial Water Law (Decreto 
Ley 2577/1973) in terms of its regulation of the use 
of groundwater to avoid the depletion of aquifers. 
Within the SRLAPCat, four lithium projects are reg-
istered (Fig. 3), two in the northern subsite, the NRG 
Metals Salar Escondido project and Lake Resources 
Kachi project, and two in the southern subsite, the 
Tres Quebradas project and the Portofino Resources 
Yergo project. From the review of the IIAs of Salar 
Escondido, Kachi, and Tres Quebradas, it appears that 
the provincial mining authority frames the screen-
ing and scoping of these projects as if they were not 
within a protected area (Ramsar site), that is, it does 
not increase the requirements and conditions for the 
IIA. Even though their location has been identified 
as being sensitive and having a high conservation 
value, adequate safeguards have not been established. 
Regarding the stewardship zone, the entire sub-basin 
of the Río Los Patos is within a zoning category that 
restricts the industrial use of surface water and espe-
cially groundwater. Despite this protected basin sta-
tus, the government of Catamarca approved water 
extraction for both projects for a total of 390   m3/
hr por for the life of the project which is 20  years 
(Decreto Provincial OP 847/2019, Decreto Provincial 
770/2020) without requiring that the companies carry 
out a detailed water balance study prior to extraction. 
Neither company has presented their annual monitor-
ing reports as of this writing.

Cumulative and synergistic impacts: Salar del 
Hombre Muerto

Cumulative impacts are those that result from the 
successive, incremental and/or combined effects of an 
activity or project when added to the effects of other 
existing or planned ventures (IFC 2013; Minerals 
Council of Australia 2015). In the Salar del Hombre 
Muerto where a lithium mine (Livent Corp. Fénix 
project) has been operating since 1998, eight lithium 
brine mining projects have been registered in differ-
ent mining stages (Fig. 4), all of them located in the 
same endorheic basin, using the same brine resource 
and fresh water for mineral processing. Two projects 

(Alpha Lithium’s Tolillar expansion and Galan Lithi-
um’s Hombre Muerto Oeste project) are in the pros-
pecting stage (pre-exploration) which does not require 
an IIA. Of the other mining projects, we reviewed 
five IIAs, three for exploration (Posco’s Sal de Oro 
project, Minera del Valle’s Virgen del Valle project, 
and Galan Lithium’s Candelas project) and two for 
exploitation (Fénix, Sal de Vida). Although the most 
recent projects refer to the existence of projects in 
the basin to prove the high productivity and qual-
ity of the lithium reserves, none of the revised IIAs 
identify cumulative impacts from the use of the same 
resource, which is indicated in the national guidelines 
(Secretaria de Ambiente de la Nación 2019) and the 
corresponding Cumulative Impact Assessment (CIA) 
is absent, although it is required by the provincial 
mining authority (COFEMIN 2019). Cumulative 
impacts are not considered in the Mitigation Meas-
ures or in the Management and Contingency Plans of 
any of the IIAs reviewed.

The most notable case in terms of the total absence 
of CIA for the extraction of fresh water from the Río 
Los Patos, a designated stewardship zone, for pro-
cessing concentrated lithium brine which, as men-
tioned above, was approved for two companies (Min-
era del Altiplano, Galaxy Lithium Argentina) for a 
total of 3,416,000   m3/yr. This represents 15.6 times 
the volume of water consumed for domestic use in the 
town of Antofagasta de la Sierra located in an adja-
cent basin.

Participation of local communities

In 2018, with various lithium mining projects under 
exploration in Catamarca, the situation of local com-
munities with respect to mining was diverse. In 
Fiambalá, the town closest to lithium mining areas 
in the southern subsite of the SRLAPCat, commu-
nity members organized in a group whose concern 
was the protection of water, with support from simi-
lar groups from nearby towns. The group, Asamblea 
Fiambalá Despierta (Fiambalá Awakens Assembly), 
first learned about the lithium mining activity through 
local media and requested detailed information and 
documents from the municipality but never received a 
response (Environmental Justice Atlas, https:// ejatl as. 
org/). At the same time in the northern subsite, in the 
towns of El Peñón and Antofagasta de la Sierra there 
seemed to be little interest in the mining activity, even 

https://ejatlas.org/
https://ejatlas.org/
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though Antofagasta de la Sierra is 80  km from the 
lithium mining projects in Salar del Hombre Muerto. 
The results from our survey of perceptions of mining 
related to water and environment of community mem-
bers from January—February 2018 (Table 3) showed 
that mining is considered an employment opportu-
nity, with negative connotations (35%) or uncertainty 
regarding the risks of contamination, damage to water 
and the environment, and competition with livestock 
raising. The value of water and environment as neces-
sary for life surfaced, as did the need for guidelines 
for protecting the environment (44%) and demands to 
the government for information and control of mining 
companies. In the responses related to mining these 
were exclusively of mining for metals with no con-
cepts related to extracting brine or mining of salt, a 
striking result considering the long-term presence of 
lithium mining in the Salar del Hombre Muerto, and 
the more recent increase in lithium mining activity. 
The results of our survey indicate that in the early 
years of the lithium expansion, there was little out-
reach from mining companies to communities, and 

little interaction between the government and com-
munities in terms of participation in natural resource 
decision-making. Based on the results of the survey 
and workshops in Antofagasta de la Sierra, we imple-
mented a training program to build local capacity in 
environmental monitoring whereby a group of com-
munity members in Antofagasta de la Sierra and Salar 
del Hombre Muerto can now recognize, record, and 
report changes in the environment, and can navigate 
the system for requesting information and filing com-
plaints (Marconi and Clark 2020). Community organ-
izing capacity of the community group Asamblea 
Fiambalá Despierta was also strengthened and they 
currently are advocating through official channels for 
the exclusion of industrial scale mining in the south-
ern subsite of the SRLAPCat.

Starting at the exploration stage, the legal 
framework establishes that projects must be sub-
mitted with a detailed description of the activities 
to be carried out and reports on the environmen-
tal impacts of these activities (Ley 24585/1995). 
In accordance with the provisions of the General 

Fig. 4  Map of active mining project in Salar del Hombre Muerto, Argentina as of 17 July 2021
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Environmental Law (Ley 25675/2002) and the free 
access to public environmental information (Ley 
25,831/2003), these documents must be avail-
able for public consultation by people who may be 
affected by the projects. A second opportunity for 
public participation guaranteed by law (Código 
de Minería Ley  24585/1995) implies consulta-
tion procedures or public hearings convened by the 
enforcement authority as mandatory instances for 
the authorization of those activities that may gener-
ate negative and significant effects on the environ-
ment. If the convening authorities decide contrary 
to the hearing regarding the project, they must make 
it public and substantiate it. Of the 18 projects in 
the exploration or exploitation stage, none have 
developed a public consultation meeting according 
to the stated standards. One modality of interaction 
with local communities is through informative talks 
given by the mining companies. We detected nine 
projects that developed informative talks in nearby 
towns. In the rest of the projects, there is no record 
in the IIAs or in the official communications of the 
companies of any interaction with the communities 
in which information on the project is provided or 
made explicit. Regarding the availability of public 
documents, projects and IIAs, we recorded four pro-
jects that do not have their files available for public 

consultation in the corresponding offices closest to 
the site.

Conclusions

The development of “green” energy alternatives cur-
rently relies on globally accessible sources of lithium 
to power rechargeable batteries which requires mate-
rials to be sourced from previously unexploited min-
eral reserves. This will displace certain impacts asso-
ciated with previous mineral development practices 
into new areas and new communities. In addition, 
zero emissions at point of use will not significantly 
reduce risks to climate change if the electricity being 
used to charge electric batteries is generated using 
fossil fuels. While the transition to “green” energy 
sources holds the promise of mitigating the ineffi-
ciencies and negative impacts of traditional energy 
sources responsible for climate change, a truly sus-
tainable energy sector would consider the full life 
cycle of the battery (“cradle-to-grave”), the social 
and environmental impacts of mining, and the feed-
back processes across the coupled human and natu-
ral systems, from raw material mining through pro-
duction, use, recycling, and disposal. The sourcing 
of much of the world’s lithium in the high Andean 
wetlands of South America will provide a test as to 

Table 3  Results from surveys conducted in Andean communities

Prompts Concepts related to dominant reactions. Number is parenthesis is total responses

Negative Positive Neutral Ambivalent

Mining (22)
Contamination
Destruction
No controls

(19)
Economic benefit
Necessary for develop-

ment
Employment
royalties
Valuable metals: gold, 

silver, copper

(15)
Conditional approval
Missing information
Need control
Must be responsible
Requires environmental protec-

tion
Be sustainable

(6)
Tension between employ-

ment and damage to 
environment

Competition with livestock 
grazing

Water (20)
Fear of water shortage
Contamination of water

(20)
Value of water
Necessary for life

(19)
Uncertainty
Lack of knowledge
Need for care and control
Wise use

(0)

Environment (23)
Damage or threat
Contamination
Risk for future generations

(9)
Value of environment
Necessary for life
future generations
Development

(28)
Needs protection, management, 

and conservation

(0)
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how sustainable this “green” technology can be. The 
Life Cycle Assessment (LCA) of a product is a pro-
cess to assess the environmental burden, identifying 
and describing the use of energy, characterizing their 
sources and raw materials used, as well as the release 
of waste to the environment. Regarding lithium-ion 
batteries, there are already studies that systematize 
LCA inventories, or analyses of “cradle-to-grave” 
impacts (Ager-Wick Ellingsen et  al. 2016; Richa 
2016; Tagliaferri et  al. 2016). However, these LCA 
analyses do not incorporate the consumptive use of 
brine water used in the evaporation process and fresh 
water for lithium processing. The omission of this 
resource in the analysis questions the sustainability 
of the production of lithium batteries. While lithium 
extraction may be promoted as good for the environ-
ment and for certain economies, we are already aware 
that there have been negative impacts, both environ-
mental and social, associated with the development of 
this sector in the region (Liu et al. 2019; Marchegiani 
et al. 2018, 2020).

In the high Andean waterscapes, the water bal-
ance, even without human intervention, is negative 
and their unique biodiversity and lifeways are now 
confronted with an unprecedented level of extrac-
tive activity and development. Understanding of the 
water balance, including an assessment of the relative 
ages and sources of the recharge waters and recharge 
rates is necessary to make predictions about potential 
impacts of brine extraction. In addition, connectivity 
among basins through groundwater and surface flows 
and how fresh water sustains the fragile marginal 
wetland ecosystems is critical to defining direct and 
indirect impact zones. The Andean plateau’s iconic 
flamingos are an ideal flagship for wetland conserva-
tion because of the landscape scale at which they use 
wetland resources, and Network of Wetlands for  Fla-
mingo  Conservation, which implies the sustainable 
use of these wetlands, can be invoked to determine 
priority sites for conservation action.

The conservation of wetlands within the lithium 
triangle, which coincides with 64% of the priority 
sites of the Network of Wetlands for  Flamingo Con-
servation, requires an approach at different scales and 
considering a diversity of stakeholders. At the local 
level (provinces, departments, or regions), the IIA 
process should be strengthened by incorporating the 
consultation of independent experts. Authorities in 
the relevant specialties with the capacity to generate 

modifications, conditions, or the eventual refusal of 
the project evaluated should be involved in the pro-
cess, regardless of the agency leading the process. 
The IIA process must be improved through the pro-
duction of independent, rigorous, scientific informa-
tion that is publicly available and that strengthens the 
IIA. All information should be widely disseminated 
among stakeholders and affected communities to 
achieve public participation and free and informed 
consent, especially with indigenous communities. 
Instances of public participation should be genuine 
and culturally sensitive and relevant, recognizing 
community stewardship of the places that define their 
wellbeing. The IIA should take a systems approach, 
considering an integral view of the wetland basin, 
adapt the definition of the area of influence of the 
project to the spatial and temporal hydrological and 
ecological dynamics, and consider cumulative and 
synergistic impacts of more than one project operat-
ing in the same basin or interconnected basins. Ade-
quate guidelines should be provided to address these 
specific issues.

At the national government level, progress should 
be made in the approval of standards that provide 
minimum guidelines for land use zoning that incor-
porate existing protected areas and environmental 
legislation, and minimum requirements for an IIA 
considering the Strategic Environmental Assessment 
(SEA) and Cumulative Impact Assessment (CIA) 
processes. The global community (citizens and con-
sumers) should be informed about the value and sen-
sitivity of these unique wetlands in the provision of 
local and global goods and services and connect this 
knowledge with the promotion of responsible and 
informed consumption (FARN, Fundación YUCHAN 
& Wetlands International 2021).

To ensure the true sustainable use of these wet-
lands, it will be necessary to support research to 
determine the hydrogeological dynamics of all basins 
of the Andean plateau, to reduce the high cost of 
water in mining processes, establish zoning based 
on scientific information to protect the most valu-
able and vulnerable wetlands, and ensure participa-
tion of communities; all while strengthening inter-
national, national, and local regulation in all stages 
of the production of lithium batteries. Without an 
integrated approach to the social-ecological system 
centered on the high Andean wetlands that considers 
the long term sustainability of processes that define 
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the hydrogeology, ecology, and livelihoods depend-
ent on these wetlands, the so called lithium triangle 
runs the risk of becoming an environmental sacrifice 
zone (Lerner 2010) where rural communities with 
little access to resources are exposed to environmen-
tal injustices in conflicts defined by deep power dif-
ferences and human rights violations, where the loss 
and degradation of the environment implies the dis-
placement of communities and the erosion of their 
wellbeing.
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