ACTA ZOOLOGICA BULGARICA

Acta Zool. Bulg., 77 (3), September 2025: 345-355

Agquatic Ecolqu Published online 28 September 2025
Research Article DOI: https://doi.org/10.71424/azb77.3.002903

Ecological Patterns of Flamingo Distribution and Abundance
in High-Andean Wetlands of Peru

Angel Canales-Gutiérrez"*", Katia Pillco-Mamani'?, Gelvi Canales-Manchuria’, Marisol Shey-
la Chambi-Alarcon'?, Nataly Irene Mestas-Gutierrez"’, Germdn Belizario-Quispe* & Fabrizzio
Canales-Manchuria’

"Professional School of Biology, National University of the Altiplano of Puno, Peru; E-mail: acanales@unap.edu.pe, katiapillco-
mamani@gmail.com, maryshyela44.6@gmail.com, natalyirene.mg@gmail.com

’High Andean Research Institute, Puno, Peru

Professional School of Environmental Engineering, Jorge Basadre Grohmann National University of Tacna, Peru; E-mail: gcana-
lesm@unjbg.edu.pe

*Professional School of Agricultural Engineering, National University of the Altiplano of Puno, Peru; E-mail: gbelizario@unap.
edu.pe

SNational University of San Agustin of Arequipa, Peru; E-mail: fabcanales7@gmail.com

Academic Editor: Mihaela Illieva

Abstract: This study analyses the distribution and abundance of flamingos (Phoenicopteriformes: Phoenicopteri-
dae) in wetlands in the highlands of Southern Peru, located between 3,800 and 4,600 m a.s.l. Despite the
ecological importance of these wetlands as key habitats for foraging and reproduction, there is limited
scientific information regarding flamingo presence and their relationship with salinity and environmen-
tal variables in these ecosystems. The objective of the study was to evaluate the spatial distribution and
abundance of flamingo species in 13 high-altitude wetlands, sampled between August and October 2021
and October and November 2024. Both adults and juveniles of Phoenicopterus chilensis, Phoenicoparrus
andinus and Phoenicoparrus jamesi were recorded, alongside physicochemical and climatic variables.
We found that the Loriscota Wetland harboured the highest abundance with 21,000 individuals and was
one of the few sites where all three species co-occurred. Phoenicopterus chilensis was the most dominant
species. A positive correlation was identified between the Phoenicopterus chilensis and Phoenicoparrus
andinus abundance and water pH, maximum ambient temperature and relative humidity, while the dis-
tribution of Phoenicoparrus jamesi showed an association with salinity and electrical conductivity. This
study provides the first detailed assessment of flamingo population structure in relation to physicochemi-
cal gradients in Peruvian high-Andean wetlands, contributing novel insights into their ecological prefer-
ences and highlighting critical areas for conservation planning.
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Introduction

Flamingos (Phoenicopteridae) are gregarious birds
that inhabit shallow brackish water environments
(Barison et al. 2014), with a distribution ranging
from sea level to approximately 4,500 m a.s.l. (Ro-
mano et al. 2017). Four flamingo species occur in
South America: Phoenicopterus ruber (American
flamingo), Phoenicopterus chilensis (Chilean fla-
mingo), Phoenicoparrus jamesi (James’s flamingo)
and Phoenicoparrus andinus (Andean flamingo)
(SACC 2025). Of these, all have been recorded in
Peru except for the American flamingo (Rodriguez
2005; Caziani et al. 2007).

Phoenicopterus chilensis has a broad geo-
graphic range, occupying both high-Andean and
lowland wetlands throughout South America (Mas-
citti & Buenaventura 2002; Del Hoyo et al. 2024;
Delfino & Carlos 2023). In contrast, Phoenicopar-
rus jamesi and Phoenicoparrus andinus are endemic
to the central Andes and puna ecosystems (Quiroga
& Llugdar 2022; Mahmood et al. 2020; Rivas et al.
2024); they nest and feed in high-altitude wetlands
and salt flats in summer (Caziani et al. 2007; Jahn et
al. 2023). In Peru, flamingos breed from December
to March and both adult and juvenile birds migrate
across the highlands, using lakes located between
3,200 and 4,400 m a.s.l., during the dry season
(March to August) and the early rainy season (No-
vember to December) (Ricalde 2003). Major breed-
ing colonies have been recorded in Salinas wetlands
(Arequipa) and high densities have also been report-
ed at Loriscota Wetland (Puno) and Parinacochas
(Ayacucho) (Hurlbert & Keith 1979; Ugarte-Nuiez
& Musaurieta-Echegaray 2000; MINAGRI 2014;
Luque-Fernandez et al. 2021).

The TUCN classifies Phoenicopterus chilen-
sis and Phoenicoparrus jamesi as Near Threatened
(NT) and Phoenicoparrus andinus as Vulnerable
(VU) (IUCN 2020). According to Peruvian legisla-
tion (D.S. No. 034-2004-AG), Phoenicopterus chil-
ensis is listed as N'T, while Phoenicoparrus andinus
and Phoenicoparrus jamesi are categorised as VU.
However, these statuses rely on insufficient and out-
dated population data for the two Andean endemics
(MINAGRI 2014).

The populations of high-Andean flamingos,
Phoenicoparrus andinus, Phoenicoparrus jamesi
and Phoenicopterus chilensis, are declining due to
mining operations, surface water extraction and hab-
itat degradation, factors that reduce the birds’ repro-
ductive success through limiting the availability of
essential microalgae, such as Surirella spp., which
are critical to the diet of Phoenicoparrus andinus
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and Phoenicoparrus jamesi (Machuca-Septlveda
et al. 2021). The populations of the high-Andean
flamingos are also threatened by the increasing sa-
linisation caused by climate change and mining
(Gutiérrez et al. 2022). Human disturbances such
as large-scale mining in breeding areas and agro-in-
dustrial activities in lowland wintering grounds are
emerging as major threats to flamingo survival and
reproductive success (Derlindati 2018). These im-
pacts are often associated with sedimentation from
dredging and moisture upwelling due to irrigation
seepage (Ywanaga et al. 2021). Recreational human
activities have been shown to significantly increase
vigilance and avoidance behaviours in Phoenicop-
terus roseus (Greater flamingo), reducing flock size,
although responses vary with pH, temperature and
aquatic organism density (Elhami-Rad et al. 2025).

Shallow and hypersaline wetlands, in particu-
lar, are characterised by harbouring high densities
of diatom and cyanophyte species, key dietary com-
ponents for Phoenicoparrus jamesi and Phoenico-
parrus andinus, making them near-exclusive habi-
tats for these specialised filter feeders (Caziani &
Derlindati 2000). Changes in lake water quality are
a key factor determining fluctuations in the abun-
dance of Phoeniconaias minor (Lesser Flamingo)
(Lihepanyama et al., 2022). Variations in depth,
transparency, pH and salinity are associated with the
presence or absence of aquatic birds, particularly
flamingos (Boyle et al., 2004; Oduor & Schagerl,
2007). Moreover, the availability and quality of phy-
toplankton notably influence flamingo abundance,
with the dynamics of algal biomass acting as a de-
cisive factor (Kaggwa et al., 2013; Lihepanyama et
al., 2022). In the Andes, Phoenicoparrus jamesi and
Phoenicoparrus andinus prefer hypersaline lakes,
whereas Phoenicopterus chilensis primarily forages
in mesohaline lakes (Frau et al., 2015). In the case of
Phoenicoparrus andinus, foraging habitat selection
is influenced by physical variables such as salinity,
water depth and distance from the shore, as well as
by biotic factors like polychaete abundance (Delfino
& Carlos 2023; Barcelos-Silveira et al. 2023).

This study aimed to evaluate the distribution
and abundance of flamingo species relative to en-
vironmental variables in hypersaline wetlands of
the Peruvian Andes. We hypothesised that the high-
Andean flamingo species differ significantly in their
habitat preferences based on environmental vari-
ables such as salinity, pH and water electrical con-
ductivity. In particular, Phoenicopterus chilensis is
expected to prefer wetlands with lower salinity and
moderately alkaline pH, whereas Phoenicoparrus
andinus and Phoenicoparrus jamesi are likely to
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be associated with more extreme conditions, such
as hypersaline or highly alkaline environments.
Therefore, we expected that differentiated distribu-
tion patterns would be observed among species in
association with certain variables of the aquatic en-
vironment.

Materials and Methods
Study Area

The study sites were located in the southern Andes, at
elevations ranging from 3,800 to 4,600 m a.s.l. This
high-altitude region is defined by a cold and arid cli-
mate, intense solar radiation, strong seasonal winds
(especially in August) and significant fluctuations in
daily temperature, ranging from -25 °C at night to
15 °C during the day. Frosts are frequent between
May and July. Within this extreme environment, the
high-Andean landscape supports a rich mosaic of
terrestrial and aquatic ecosystems, including numer-
ous rivers and marshes. Among these, high-Andean
wetlands stand out as critical habitats for flamingo
populations, offering essential conditions for feed-
ing and nesting. These wetlands are typically saline
due to a combination of geological and climatic fac-
tors, particularly the presence of endorheic basins
and the imbalance between low annual precipitation
and high evaporation rates (Seeligmann & Maid-
ana 2019). As such, they serve as vital ecological
refuges for flamingos, especially during the austral
breeding season.

For this study, 13 highland wetlands were se-
lected across the provinces of Azangaro, Melgar,
Lampa and El Collao (Conduriri) in the Puno Re-
gion, as well as the Pasto Grande Wetland System
in the neighbouring Moquegua Region (Fig. 1). The
georeferenced map illustrates the surveyed sites,
which include aquatic systems such as the Calapuja
River, Orurillo Wetland, Asnaqocha Wetland, Asil-
lo Marsh, Lagunillas Wetland, Loriscota Wetland,
Loriscota Swamp, the Conduriri River and the Pasto
Grande Marshlands.

All wetlands were sampled by a team of four
trained observers. Initial field surveys were per-
formed in 11 wetlands in February, August and Oc-
tober 2021 (Table 1). In a subsequent monitoring
campaign, carried out in 2024, the presence of fla-
mingos was again recorded at two key sites: Laguni-
llas and Loriscota Wetland, as well as at two new
sites: Conduriri River and the wetlands adjacent to
the Pasto Grande Reservoir, with observations made
in October and November. However, no flamingos
were recorded in the Loriscota Swamp, as it re-
mained dry during that period.

Methodology

The observation points for the flamingo counts were
selected in elevated or strategic locations (such as
natural promontories or slopes) that allowed a clear
and unobstructed view of the entire wetland sur-
face and flamingo aggregations. These points were
chosen upon arrival at each wetland, prioritising
both minimal disturbance and maximum visibil-
ity. Counts were conducted immediately after the
observers were positioned, ensuring temporal con-
sistency between the establishment of observation
points and data collection. To ensure reliable spe-
cies identification and precise population estimates
while minimising disturbance, flamingos were ob-
served using 10x50 binoculars from an approximate
distance of 300 m. This method is commonly ap-
plied in high-Andean wetland surveys (Derlindati &
Caziani 2005; Caziani et al. 2007). At each wetland,
the observers conducted independent visual counts
of individuals for 20-30 minutes. The observers
were positioned at different vantage points, approxi-
mately 30 to 50 m apart, when possible, to reduce
overlapping fields of view. Each observer conducted
the count silently and independently, without com-
municating with others during the process, to avoid
external influence on the estimates. The final popu-
lation size was determined by calculating the mean
of the four estimates obtained by the four observers.
The calculated standard deviations for the popula-
tions of Phoenicopterus chilensis in each of the wet-
lands evaluated did not exceed values of 5.0 (Table
1). However, standard deviations were not calculat-
ed for Phoenicoparrus andinus and Phoenicoparrus
jamesi due to their low abundance, as 100% of the
individuals present were counted.

Strategic survey scheduling was employed to
reduce the risk of recounting individuals due to lo-
cal movements. Wetlands in close proximity, such as
Orurillo, Hanccoccota and Chullumpiri, all located
within a 20 km radius in the northern sector of the
Puno Region, were surveyed on the same day. The
following day, observations continued in nearby
wetlands, including Tuyturaqara, Asnaqocha and the
Asillo Marsh, situated approximately 18 km from
Chullumpiri. The spatial separation between more
distant wetlands such as Lagunillas and Loriscota
Wetland (over 100 km apart) and between Loriscota
Swamp and the Pasto Grande System or the Con-
duriri River (exceeding 20 km) reduced the likeli-
hood of inter-site movement by flamingos within the
same survey window.

In 2021, at each wetland, in situ measurements
of water physicochemical properties were conduct-
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Fig. 1. Location of the studied wetlands in the high Andean region of Puno, Peru. Photos: Google, n.d.

ed at five replicate sampling points to capture envi-
ronmental variability. Parameters included electrical
conductivity (EC, uS/cm), salinity (PSU), dissolved
oxygen (mg/L) and pH and were measured using
a Hanna HI9829 multiparameter probe. Salinity, a
critical determinant of flamingo habitat suitability,
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was assessed indirectly through electrical conduc-
tivity measurements, which allows for classification
of aquatic systems into alkaline, saline or hypersa-
line categories (Mirande & Tracanna, 2009). Addi-
tionally, GPS coordinates and elevation data were
collected for each point, ensuring spatially explicit
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environmental profiling. The environmental vari-
ables of maximum ambient temperature (°C) and
relative humidity (%RH) were obtained from the re-
cords of SENAMHI meteorological stations located
near the studied wetlands (SENAMHI, 2022).

This multi-scale dataset enabled a robust char-
acterisation of the high-Andean wetlands and facili-
tated exploration of the ecological drivers of flamingo
presence. To examine the relationship between envi-
ronmental gradients and flamingo abundance, a Prin-
cipal Component Analysis (PCA) was performed. A
hierarchical clustering analysis based on Euclidean
distance was applied to compare flamingo abundance
among the wetlands. All statistical analyses were
conducted using InfoStat software and thematic maps
illustrating wetland distribution; associated variables
were generated using ArcGIS version 10.5.

Results

During the 2021 campaign, 11 wetlands were sys-
tematically surveyed. Among these, Loriscota Wet-
land emerged as a critical stronghold, harbouring
the highest flamingo densities: 14,633 individuals
of Phoenicopterus chilensis, 115 of Phoenicopar-
rus andinus and two of Phoenicoparrus jamesi
(Table 1). The presented values correspond to aver-
age flamingo population sizes, recorded during the
surveys. Orurillo and Hanccoccota also supported
substantial populations, with over 1,300 and 400
Phoenicopterus chilensis individuals, respectively.
Notably, Chullumpiri was among the few wetlands
where all three flamingo species co-occurred, under-
scoring its value for monitoring interspecific habi-
tat use. Loriscota Wetland hosted one of the high-

Table 1. Number of flamingos recorded in high Andean wetlands in southern Peru, geographical characteristics of the

wetlands and the SD of counts of Phoenicopterus chilensis.

Species
Sampling Area | Altitude
Wetland date (2021) | (ha) | (m as.l.) |Phoenicopterus SD Phoenicoparrus | Phoenicoparrus
chilensis andinus Jjamesi
Calapuja River | 13 August 1 3847 233 1.29 7
Pucara River 13 August 2 3862 183 0.58
Orurillo 13 August 1285 3894 1,355 4.27
Hanccoccota 13 August 239 3926 450 1.71
Chullumpiri 14 August 69 3917 566 2.22 6 11
12 February

Tuyturaqara and 191 3885 690 3.40

14 August

12 February

Asnaqocha and 338 3887 225 1.29

14 August
Asillo 14 August 19 3923 74 0.82
(Swamp)
Lagunillas 19 August 6640 4186 750 3.56
Loriscota 02 October | 2904 | 4568 14,633 4.08 115 2
Wetland
Loriscota 02 October | 27 4561 185 0.96 13
(Swamp)

(2024)

Lagunillas 27 October | 6640 4186 200 0.82
Conduriri 09 November | 10 3960 119 082
River
Loriscota 09 November | 2904 | 4568 21,000 4.55 120 10
Wetland
Pasto Grande | g o ember | 2 4592 73 0.58
(Swamp)
Total* 40,736 261 23
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Fig. 2. Principal Component Analysis (PCA) on the abundance of Phoenicopterus chilensis, Phoenicoparrus andinus

and Phoenicoparrus jamesi.

est documented flamingo densities, reinforcing its
ecological importance as a high-Andean refuge. In
2024, complementary surveys were conducted in
Lagunillas, the Conduriri River, wetlands adjacent
to the Pasto Grande Reservoir and again in Lorisco-
ta Wetland. This follow-up revealed an increase in
flamingo abundance in Loriscota Wetland, which
hosted 21,000 individuals of Phoenicopterus chil-
ensis, along with 120 individuals of Phoenicopar-
rus andinus and ten individuals of Phoenicoparrus
jamesi (Table 1).

A Principal Component Analysis (PCA) of the
environmental factors and species abundance re-
vealed that Principal Component 1 (PC1) explained
39.0% of the total variance, while PC2 accounted for
an additional 31.2%. The distribution of Phoenico-
parrus jamesi showed an association with salinity
(PSU) and electrical conductivity (EC). In contrast,
Phoenicopterus chilensis and Phoenicoparrus andi-
nus were positively correlated with pH, maximum
ambient temperature and relative humidity (Fig. 2).

The hierarchical clustering analysis based on
Euclidean distance of flamingo abundance across
different high-Andean wetlands is shown for three
species (Fig. 3). For Phoenicopterus chilensis (Fig-
ure 3a), a high heterogeneity among sites was ob-
served. Most wetlands had greater similarity in
abundance of Phoenicoparrus andinus (Figure 3b)
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with the exception for Loriscota Wetland, which
clusters separately. Phoenicoparrus jamesi was
recorded only at two sites (Loriscota Wetland and
Chullumpiri) and we recorded moderate dissimilar-
ity between them (Figure 3c).

Cluster analyses revealed a high degree of tem-
poral coherence for Phoenicopterus chilensis and
Phoenicoparrus andinus within each wetland, as
data from both years formed closely aligned group-
ings (Fig. 4). In the case of Phoenicoparrus jamesi,
a species with more restricted and scattered occur-
rences, temporal stability was evident in Lagunillas,
where population structure remained consistent be-
tween both years. However, the 2024 dataset from
Loriscota Wetland deviated from this pattern, show-
ing greater dissimilarity and suggesting possible en-
vironmental changes, episodic habitat suitability or
occasional site use by this species.

To explore the environmental determinants
of flamingo presence, multiple physicochemical
parameters and climatic variables were analysed
across 11 surveyed wetlands. Mean values per site
were used to identify key factors shaping wetland
conditions (Table 2). Among these, for the Chul-
lumpiri and Hanccoccota Wetlands was recorded the
highest salinity, while pH levels across sites ranged
from 7.6 to 10.3 and dissolved oxygen concentra-
tions (DO) varied between 0.4 and 3.8 mg/L. These
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Table 2. Physicochemical parameters of the studied wetlands in the Puno Region, Peru and the MINAM (2017) envi-
ronmental quality standards: Category IV: Conservation of the aquatic environment.
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measurements are largely consistent with the thresh-
olds established for lentic high-altitude aquatic eco-
systems, such as wetlands and shallow lakes, under
the Peruvian Environmental Quality Standards (MI-
NAM 2017).

Discussion

Abundance of flamingo populations

The temporal and spatial analysis of flamingo abun-
dance in the high-Andean wetlands of Loriscota and
Lagunillas between 2021 and 2024 revealed eco-
logically consistent and scientifically novel patterns,
underscoring the differential habitat use by Phoen-
icopterus chilensis, Phoenicoparrus andinus and
Phoenicoparrus jamesi across these ecosystems.
These patterns include species-specific site fidel-
ity and a clear spatial segregation among species,
particularly the preference of Phoenicopterus chil-
ensis for Lagunillas and the predominance of Phoe-
nicoparrus andinus and Phoenicoparrus jamesi in
Loriscota Wetland. This pattern suggests an appar-
ent stability in relative abundance over time at each
site and supports the hypothesis that both species
exhibit site fidelity.

The two-year monitoring confirmed that Phoe-
nicopterus chilensis was consistently the most
abundant species in the surveyed wetlands, par-
ticularly in Loriscota Wetland, where over 21,000
individuals were recorded. This finding highlights
the exceptional carrying capacity of certain high-
Andean wetlands for sustaining large aggregations
of flamingos (Caziani et al. 2007; Rodriguez 2005).
Despite broad spatial distributions, Phoenicoparrus
andinus and Phoenicoparrus jamesi maintained low
population numbers, corroborating prior reports of
their regional vulnerability (MINAGRI 2014; Ortiz
et al. 2023).

Temporal stability in relative abundance across
years was evident for Phoenicopterus chilensis and
Phoenicoparrus andinus, supporting the notion of
site fidelity and consistent habitat selection under
similar environmental conditions (Romano et al.
2017; Mascitti & Bonaventura 2002). However, oc-
casional increases or declines in local abundance,
particularly in Phoenicoparrus jamesi, suggest that
episodic environmental factors, such as interannual
changes in water level or salinity, may periodically
enhance or limit habitat suitability (Barison et al.
2014).

The observed patterns further validate the hy-
pothesis that high-Andean flamingo populations
are structured by species-specific tolerances and
resource requirements (Caziani & Derlindati 2000).
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Such differentiation underscores the need for con-
servation strategies tailored to each species’ demo-
graphic dynamics and ecological thresholds.

Distribution

Spatial analyses along environmental gradients re-
vealed marked segregation among the three flamingo
species. Phoenicopterus chilensis exhibited broad
ecological plasticity, occurring in both hypohaline
and mesohaline wetlands, aligning with previous
studies describing its wider tolerance to salinity and
elevation (Rodriguez 2005; Tobar et al. 2017; Del-
fino & Carlos 2023). In contrast, Phoenicoparrus
jamesi and Phoenicoparrus andinus were mainly
associated with hypersaline habitats above 3,500 m
a.s.l., reinforcing their characterisation as ecologi-
cal specialists of extreme environments (Frau et al.
2015; Caziani et al. 2007).

The coexistence of all three species in Loriscota
Wetland and Chullumpiri highlights these wetlands
as exceptional biodiversity refuges in the tropical
Andes (Romano et al. 2017). Our findings support
prior observations that high-Andean systems can si-
multaneously provide nesting, foraging and resting
opportunities despite pronounced physicochemical
variability (Hurlbert & Keith 1979; Jahn et al. 2023).

Cluster and PCA analyses confirmed that fla-
mingo distributions are non-random and are largely
shaped by abiotic factors, a pattern consistent with
the sensitivity of Andean flamingos to physico-
chemical gradients (Mascitti & Bonaventura 2002;
Battauz et al. 2013). This environmental filtering
likely interacts with migratory connectivity and re-
source pulses to determine spatial occupancy at the
wetland scale (Quiroga & Llugdar 2022; Gutiérrez
etal. 2022).

Physicochemical parameters of the evaluated
wetlands

This study provides one of the most comprehensive
regional datasets linking flamingo abundance to
physicochemical parameters, reinforcing prior work
demonstrating that water salinity, pH and conductiv-
ity are decisive predictors of habitat suitability (Ca-
ziani & Derlindati 2000; Mascitti & Bonaventura
2002). Hypersaline wetlands, in particular, support
dense diatom communities critical to flamingo diets,
underscoring their role as near-exclusive habitats for
these specialised filter feeders (Caziani & Derlindati
2000).

Our findings corroborate evidence that changes
in water quality parameters such as depth, transpar-
ency and salinity directly affect the distribution and
abundance of flamingos (Boyle et al. 2004; Oduor
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& Schagerl 2007; Lihepanyama et al. 2022). More-
over, the availability and quality of phytoplankton,
as reflected in algal biomass dynamics, act as de-
cisive factors influencing habitat use (Kaggwa et
al. 2013; Lihepanyama et al. 2022). The observed
associations between Phoenicopterus chilensis and
wetlands with moderately alkaline pH and warmer
temperatures are consistent with the species’ prefer-
ence for milder physicochemical conditions (Cazi-
ani et al. 2007; Delfino & Carlos 2023). Conversely,
the higher abundance of Phoenicoparrus jamesi at
sites with conductivity values exceeding 2,000 uS/
cm confirms its adaptation to more extreme environ-
ments (Rodriguez 2005; Frau et al. 2015).

Previous studies have also shown that biotic
interactions, such as fish predation on zooplank-
ton, indirectly constrain flamingo foraging success
(Hurlbert 1982; Hurlbert et al. 1986). For example,
fishless lakes in southern Peru sustain higher zoo-
plankton densities and consequently larger popu-
lations of Phoenicopterus chilensis (Hurlbert et
al. 1986). Similarly, the experimental exclusion of
Phoenicoparrus andinus resulted in measurable in-
creases in microbial biomass and diatom abundance
(Hurlbert & Chang 1983).

These results demonstrate that salinity and re-
lated parameters function as ecological filters shap-
ing community composition (Seeligmann & Maid-
ana 2019). The identification of such relationships is
especially relevant for predicting flamingo respons-
es to accelerated salinisation and climate variability
(Gutiérrez et al. 2022).

Conclusion

This study provides the first systematic assessment
of flamingo populations across high-Andean saline
wetlands in southern Peru, documenting the coexist-
ence of the three native species Phoenicopterus chil-
ensis, Phoenicoparrus andinus and Phoenicoparrus
Jjamesi at elevations ranging from 3,800 to 4,600
m a.s.l. The Loriscota Wetland alone hosted up to
21,000 individuals of Phoenicopterus chilensis, 120
of Phoenicoparrus andinus and ten of Phoenicopar-
rus jamesi in 2024, confirming its status as a critical
habitat for foraging and potential reproduction. The
coexistence of these species is rare in such extreme
environments and underscores the role of high-An-
dean wetlands as key biodiversity refuges.
Quantitative analysis revealed a positive cor-
relation between the abundance of Phoenicopterus
chilensis and Phoenicoparrus andinus and the en-
vironmental variables alkaline pH (8.5-10.3), maxi-
mum air temperature (>15 °C) and average relative

humidity (>40%). In contrast, the abundance of
Phoenicoparrus jamesi was associated with val-
ues of electrical conductivity exceeding 2,000 uS/
cm, suggesting a higher tolerance for hypersaline
conditions. These patterns indicate species-specific
ecological preferences and support the use of meas-
urable physicochemical parameters as proxies for
habitat suitability in future conservation models.

By integrating two-year population data (2021
and 2024) with detailed environmental profiling
across 13 wetlands, this study establishes a direct
link between abiotic water conditions and flamingo
distribution in high-Andean ecosystems. It identifies
at least four wetlands, Loriscota, Lagunillas, Oruri-
llo and Pasto Grande, as priority conservation areas,
which until now had lacked a comprehensive eco-
logical evaluation. These findings offer a scientific
basis for designing evidence-based conservation
strategies, promoting long-term ecological moni-
toring and policy intervention in these climatically
vulnerable habitats.
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