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Introduction

The coastal plain of the southernmost Brazilian state of 
Rio Grande do Sul is 630 km long and 100 km wide and 
contains many lagoons, the largest of which are the Lagoa 
dos Patos and Lagoa Mirim. These two huge lagoons are 
separated from the ocean by a sandbar, where smaller lakes 
and lagoons predominate (Villwock 1984). The Lagoa do 
Peixe on the state’s central coast is perhaps the most well-
known of such smaller lagoons. This 35 km long and 2 km 
wide lagoon, with a mean depth of 60 cm, is one of the most 
critical areas for biodiversity conservation in south Brazil 
(Knak 1999). It connects to the sea almost annually, creating 
an ecotone with a high diversity of algae, crustaceans, and 
other invertebrates that supports many birds (Matsubara et 
al. 2008; Rolon et al. 2013).

The Lagoa de Peixe is inside a national park of the same 
name—Parque Nacional da Lagoa do Peixe (hereafter, “the 
park”)—, which was created in 1986 to protect nonbreeding 
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Abstract
The Lagoa do Peixe National Park is one of the most important wetlands in southern Brazil, serving as a contranuptial 
or breeding site for several species of birds, including the Chilean Flamingo. Despite being the only area where Chilean 
Flamingo can be seen all year round, the population dynamics of the species in the area is still poorly known. To fill this 
gap, we reunite populational data from three different sources: literature, fieldwork census, and citizen science data. We 
use Generalized Additive Models (GAMs) to detect population trends over the years and within the years. The most sig-
nificant models reveal that the number of Chilean Flamingos in the park decreased from the 1970s until the early 2000s, 
stabilizing after 2010. During the year, the dynamic of Chilean Flamingo match the dynamics of other contranuptial colo-
nies, with an increase in individuals during winter and early spring and a reduced number from December to May. We 
discuss how these trends can reflect general populational trends for the species across its distribution, but also changes in 
the conservation and management administration in the park. We also discuss how the demographic knowledge of Chilean 
Flamingos in the area can be affected by ongoing activities at Lagoa do Peixe, mainly the artificial opening of the lagoon, 
shrimp farming, fishing, and tourism, recommending further actions that consider the flamingos in the park and maintain 
a healthy relationship between human activities and bird conservation.
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habitats of Nearctic–Neotropical migrant birds. In 1990, the 
park was recognized as a Western Hemisphere Shorebird 
Reserve Network site of international importance and in 
1993 as a Ramsar Site for its significance for wetlands con-
servation. More recently, in 1999, it became an outpost of 
the Atlantic Forest Biosphere Reserve in Rio Grande do Sul. 
(Knak 1999). Threatened bird species threatened protected 
under Brazil and Rio Grande do Sul laws in the park include 
Buff-breasted Sandpiper Calidris subruficollis, Dot-winged 
Crake Laterallus spiloterus, Black-and-white Monjita Het-
eroxolmis dominicanus, Cinereous Harrier Circus cinereus, 
Hudson’s Canastero Asthenes hudsoni, Bearded Tachuri 
Polystictus pectoralis, and Chestnut-bellied Seed-finch Spo-
rophila angolensi (Rio Grande do Sul 2014; Pacheco et al. 
2021; MMA 2022).

Besides being essential for migratory birds, the park is 
perhaps the only site in Brazil where flocks of Chilean Fla-
mingos Phoenicopterus chilensis can be seen year-round, 
with the highest numbers from April to September (Bel-
ton 1985; Rezende and Leeuwenberg 1987; Delfino and 
Aldana-Ardila 2020). Birds in the park are supposed to be 
nonbreeding males from breeding colonies in northern and 
central Argentina (Belton 1985; Antas 1994). There, Chil-
ean Flamingos breed during austral spring and summer, 
after which some move to Uruguay and southern Brazil 
(del Hoyo 1992; BirdLife International 2008). However, 
despite the park being a relevant site for Chilean Flamin-
gos, no comprehensive study on the population number has 
yet been conducted. Furthermore, preliminary information 
from nearby communities suggests that the number of fla-
mingos in the area has decreased in the last decades (HCD 
unpub. data). The park suffers from land property disputes 
that challenge conservation and planning strategies and is 
currently threatened by a downgrading of its protection 
status (Almudi and Kalikoski 2009). The area is also an 
important fishing and shrimp ground, having high economic 
importance for the subsistence of local communities despite 
the potentially high level of disturbance that these activities 
can cause to local fauna (Péron et al. 2013).

The Chilean Flamingo is the park’s official symbol and 
perhaps the most photographed natural beauty in the area. 
Nevertheless, its potential as a charismatic flagship spe-
cies for conservation and public awareness of biodiversity 
in the area is underdeveloped (Delfino and Aldana-Ardila 
2020). Therefore, efforts to increase ecological information 
about these birds are essential for proposing management 
and conservation strategies for the species in their most 
crucial area in Brazil, suggesting changes that can mitigate 
the effects of economic activities in the area without harm-
ing the survival of traditional communities. Accordingly, 
we gathered information on Chilean Flamingo numbers in 
the Lagoa do Peixe National Park to assess the populational 

variation over the years and within the years, verifying if it 
is possible to detect any trend that can impact management 
and conservation actions.

Methods

Data collection

To estimate the Chilean Flamingo population size and trend 
in the park, we combined three types of information: his-
torical and scientific published data, fieldwork in the area, 
and citizen science data. The use of multiple data formats is 
known to enrich population estimations, helping to improve 
models that fit better in the reality of bird population dynam-
ics (Freeman et al. 2007; Sæther et al. 2016; Barras et al. 
2021; Brlík et al. 2021).

Historical and recently published data

We searched the Web of Science (Clarivate Analytics 2020), 
Scopus (Elsevier 2020), and Google (Google Inc. 2020) 
complete databases using the keywords “Phoenicopteri-
formes”, “Phoenicopteridae”, “Phoenicopterus chilensis”, 
“flamingo”, and “Chilean Flamingo” combined with “Lagoa 
do Peixe”, “Lagoa do Peixe National Park”, “Mostardas”, 
“Tavares”, and “Rio Grande do Sul” in three different 
languages: Portuguese, Spanish and English. Except for 
Google, we entered search terms in the Title, Abstract, and 
Keywords fields, separated by the Boolean operators “And” 
and “Or” to increase the efficiency of the search, meanwhile 
reducing redundancy and wrong results (Sayers 2008). After 
removing the duplicate results, we submitted the remaining 
documents to a filtration phase (Khan et al. 2003; Tawfik et 
al. 2019). We selected books, official papers, reports, arti-
cles, thesis, and dissertations containing data on the Chilean 
Flamingos in the Lagoa do Peixe National Park.

Fieldwork

We included our fieldwork data from October 2005 to May 
2006 (Fedrizzi and Carlos unpublished data) and October 
2021 to May 2022 (Delfino and Carlos unpublished data). 
We actively searched for Chilean Flamingos flocks dur-
ing both periods and estimated their numbers through line 
transects (Bibby et al. 2000; Raman 2002). We always con-
ducted counts respecting 50–70 m from the flocks and walk-
ing from the beach to the posterior area of the lagoon, thus 
avoiding recounting and redundant samplings (Sutherland 
et al. 2004) (Fig. 1). We also did not consider flying birds to 
avoid overcounting (Bibby et al. 2000).
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Citizen science data

We collected all available occurrence data of Chilean Fla-
mingos in the park from two different citizen science plat-
forms: The Global Biodiversity Information Facility (GBIF; 
https://www.gbif.org/) and eBird (https://ebird.org/home), 
both commonly used by birdwatchers and tourists to record 
their observations (Horns et al. 2018; Wijewardhana et al. 
2020). We selected data only from the validated record, 
which underwent a review process to ensure the correct 
species identification, with precise geographic coordinates 
and the abundance of Chilean Flamingo within the region 
available (Bird et al. 2014; Horns et al. 2018). We did not 
include records that only show presence/absence for the 
study, despite recent studies assigning the count of one indi-
vidual to these types of records (i.e., Hernández-Brito et al. 
2022). We opted for this because flamingos are gregarious 

birds, and supposing that presence records are related to sin-
gle individuals would inflate the populational number based 
on single individual observations, decreasing the test power 
(Bird et al. 2014). We gathered the abundance data and date 
of every observation from both platforms, combining them 
in a single list. To avoid redundancy, we excluded dupli-
cated observations on different platforms.

Data analysis

We assembled the data from the three sources into a uni-
fied table containing the number of Chilean Flamingos in 
the Lagoa do Peixe National Park and the sampling date 
(Wijewardhana et al. 2020). From this initial source, we 
organized the data by year and month. Then, we assessed 
the temporal trend in the mean number of Chilean Flamin-
gos over years and months using the Generalized Additive 
Models (GAM) (Fewster et al. 2000; Clarke et al. 2003). In 
this type of analysis, we used semi-parametric smooth func-
tions (s) to fit the nonlinear relationship between abundance 
(dependent variable) and year/month (independent variable) 
(Fewster et al. 2000; Grego 2012). The degree of smooth-
ness (s) of model terms is estimated as part of the fitting, 
intrinsic of the analysis (Wood 2017). The GAM is suitable 
for these types of data since it does not assume a priori any 
specific form of relationship among data and can be used 
to reveal and estimate nonlinear effects of the covariate on 
the dependent variable, primarily used in meta-analysis of 
multisource data (Grego 2012; Wijewardhana et al. 2020).

For comparison, we also constructed Generalized Lin-
ear Models (GLM) with the same year and monthly varia-
tion data (Walker and Taylor 2017). Finally, we analyzed 
the fit of the models to the data through the level of sig-
nificance (p-value) and compared the GAM and GLM using 
the Akaike Information Criteria (AIC), where smaller AIC 
corresponds to better models to the fitted data (Johnson 
and Omland 2004). We performed all the analyzes using 
the package mgcv (Wood 2017) on the software R (version 
4.1.2) (R Core Team 2022).

Results

Data selection

We retrieved 123 articles and other documents from the 
three databases. After eliminating duplicate results, we 
were left with 61 papers. First, we reviewed the abstract of 
the articles according to the criteria described in the meth-
ods, resulting in 22 papers on the ecology, distribution, and 
occurrence of flamingos. Then, we assessed the full text 
of the remaining studies and excluded another 13 articles 

Fig. 1  Map showing the Lagoa do Peixe National Park and the sur-
rounding areas. The featured areas are the different main habitat types 
of that Chilean Flamingos and other waterbirds that occur within the 
park: the Talha-Mar and das Figueiras trail, the Barra, and the coastal 
beach. Map provided by Oscar Aldana-Ardila. Images by Henrique 
Cardoso Delfino
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lowest values vary from 0 to 5 flamingos observed, reported 
by different observers on different occasions in the three 
data sources.

Population size and trend

The GAM annual model better fits the multisource data used 
in the population estimates, providing significant results on 
the variation of Chilean Flamingo abundance in Lagoa do 
Peixe through the years (Table 1). Despite the Linear model 
also finding significant statistical results, the GAM model 
presented better AIC in comparison, a better prediction of 
historical population trends. The GAM model showed that 
the population varies from a mean of 167 individuals in the 
1970s to 71 individuals during the 2020s. The GAM model 
also showed fluctuation in the Lagoa do Peixe popula-
tion, slightly increasing during 1985–1990 and 2005–2011 
(Fig. 2).

The inclusion of citizen science data provided a better 
adjustment to the model, reducing the possible confidence 
interval observed after 2010; meanwhile, the confidence 
interval for the previous decade encompasses a much higher 
variance due to the non-continuity of the data among the 
years and the different high values obtained from the vari-
ous data sources, as expected.

about other flamingo species or that addressed areas other 
than the Lagoa do Peixe. Ultimately, we considered only 
five documents in our statistical analysis: Belton (1985), 
Rezende and Leeuwenberg (1987), Antas (1994), Delfino 
and Carlos (2021), and Aldana-Ardila and Carlos (2021).

From the fieldwork data, we retrieved abundance data of 
16 different sampling occasions, totaling 1365 birds counted 
(a mean of 50.56 flamingos per sampling). Lastly, in the two 
citizen science platforms, we retrieved 321 different points 
of occurrence for Chilean Flamingo in the Lagoa do Peixe. 
However, from these points, only 241 had abundance data 
that we used in our population estimates, and after a verifi-
cation check and elimination of duplicates, only 173 points 
were adequate for the analysis.

The final data we used for estimating the Chilean Fla-
mingo populational number consisted of 222 different 
dates of abundance data, 33 from the literature, 16 from 
fieldwork, and 173 from citizen science databases (Online 
Resource 1). The data covers 50 years, from 1972 to 2022, 
with the oldest records being from Belton (1985), with the 
significant majority of data reported for the last decade 
(2012–2022), mainly in the eBird and GBIF platforms. The 
mean numbers of flamingos observed on all occasions were 
40.16 (sd ± 35.31), with a higher value (n = 348) reported by 
Rezende and Leeuwenberg (1987) for September 1986. The 

Table 1  Models used to fit the abundance data of Chilean Flamingos at Lagoa do Peixe National Park using multisource data. We used Generalized 
Additive Models (GAM) and Generalized Linear Models to visualize populational trends both along the years and among the months., comparing 
better fit models using the AIC criteria. Significant values are highlighted in bold. SE = Standard Error; Edf = Estimated degree of freedom; Ref.
df = Reference degree of freedom
Generalized Linear Models (GLM)
Model Estimate SE t p-value AIC
abundance ~ year -1.849 0.4107 -4.614 < 0.001 2159.7
abundance ~ month 0.2567 1.2334 0.208 0.835 2179.6
Generalized Additive Models (GAM)
Model Edf Ref.df F p-value AIC
abundance ~ s(year) 2.016 2.514 9.837 < 0.001 2157.4
abundance ~ s(month) 5.941 6.61 4.82 < 0.001 2157.1

Fig. 2  Significant models 
reported important population 
trends for the Lagoa do Peixe 
National Park along the years, 
from 1974 to 2022. In blue, the 
model generated using General-
ized Additive Model (GAM) with 
its respective confidence interval 
in gray, highlights fluctuations, 
whereas the Generalized Linear 
Model (GLM), in red, shows 
a slight decrease in Chilean 
Flamingo abundance in the Park. 
Gray points indicate the raw data 
used in the study
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During the year, in the nonbreeding season, the species fly 
to other areas, with a very heterogeneous distribution pat-
tern that usually changes within the year and from one year 
to another (Bucher 1992; Mascitti and Bonaventura 2002; 
Romano et al. 2008).

Another relevant characteristic of the movements of 
flamingos is the strong philopatry among a given popula-
tion in specific areas. In Europe, genetic studies found that 
Greater Flamingos present high tendencies to return to the 
same breeding colonies or wintering areas, with a strong 
indication of despotic influence and wetland conditions in 
determining site fidelity (Balkiz et al. 2010). The constant 
movements between areas formed a cohesive metapopula-
tion of Greater Flamingos around the Mediterranean Sea 
(Balkiz et al. 2007a, b; Boucheker et al. 2011). Likewise, 
recent genetic studies failed to detect any segmentation and 
genetic differentiation among the Chilean Flamingo popula-
tion in South America (Torres et al. 2014). This finding sup-
ports the idea that the individuals fly out among wetlands 
very often and maintain the connectivity between these 
ecosystems through their displacement behaviors while also 
confirming the possible fidelity to wintering areas and the 
influence of climatic and environmental conditions on the 
distribution of the species on the continent (Caziani et al. 
2007; Frias-Soler et al. 2022).

The Lagoa do Peixe is the more distant area to the west 
within the Chilean Flamingo distribution, where this species 
occurs all year round. (Antas 1994; Delfino and Aldana-
Ardila 2020). Despite this no breeding behavior and nesting 
have been observed, the Chilean Flamingos return to the area 
annually, mainly during the austral winter and spring, with 
some individuals remaining in the Lagoa do Peixe National 
Park also during the summer (Belton 1985; Rezende and 
Leeuwenberg 1987; Delfino and Aldana-Ardila 2020). Our 
results showed patterns of demographic variation similar to 
other contranuptial areas used by flamingos, like the popu-
lation of Greater Flamingo around the Mediterranean Sea 
(Geraci et al. 2012; Liordos et al. 2014), or the demographic 
variation of Chilean Flamingos populations in lowlands 

Related to the models of monthly variation, the GAM 
was the only model to explain the intra-annual variance 
of flamingo significantly, while the Linear model nonsig-
nificant value (Table 1). The month GAM model predicted 
a population that varies from nearly 200 individuals during 
August and September to less than five individuals during 
January and February (Fig. 3). Due to the extensive monthly 
coverage of the data sources used in this study, the model 
could predict and estimate population trends with high con-
fidence and lower variety in the confidence intervals. These 
trends matched the expected for the species, from low num-
bers during the summer, when Chilean Flamingos are in 
their breeding colonies, to increasing numbers during the 
fall, achieving a higher number during the end of the winter 
and the beginning of the spring, before the birds return to 
their colonies for the next breeding season. Nevertheless, 
the model confirmed the presence of Chilean Flamingos in 
the park year-round.

Discussion

The flamingos are a well-distributed group and present 
complex patterns of habitat occupation, with high variation 
related to time, areas, and populational trends (Delfino and 
Carlos 2022). The distribution and movements of Chilean 
Flamingos in South America remain a mystery in many 
aspects, mainly due the high mobility of the species, high 
number of different wetlands occupied and the logistical 
difficulties of movement ecology studies with these popula-
tions, but the species seems to adopt a nomadic behavior, 
moving among wetlands according to the resource avail-
ability, climate conditions, and water features (Caziani et al. 
2007; Torres-Cristiani et al. 2020). Chilean Flamingos breed 
mainly in specific high Andean wetlands located in Chile 
and Argentina (e.g., Pozuelos, Surire, and Vilama lagoons), 
but the species can also breed in low wetlands almost at sea 
level, such as Mar Chiquita and Melincué lagoons (Bucher 
et al. 2000; Caziani et al. 2007; Romano et al. 2008). 

Fig. 3  Significant model used to 
indicate the intra-annual variation 
in the Chilean Flamingo abun-
dance at Lagoa do Peixe National 
Park, using the Generalized Addi-
tive Model (GAM), in blue with 
its respective confidence interval 
in gray. The gray points indicate 
the data used in the study
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non-inclusion of Lagoa do Peixe in the monitoring area of 
the Conservation Group. Marconi et al. (2011) estimated 
a population of 300,000 Chilean Flamingos, indicating a 
rapid recuperation of the population along their distribution 
(Marconi et al. 2011, 2020). Nevertheless, the end of the 
90s was also marked by the creation of the first environ-
mental management plan for Lagoa do Peixe National Park, 
in 1999, thirteen years after its creation (Knak 1999). This 
plan establishes rules for the park occupation and uses and 
determines conservation and management goals to preserve 
the area and all its associated species (Knak 1999). Despite 
the short citation of Chilean Flamingos in the park plan, the 
plan made official many conservation actions and allowed 
better monitoring of the area, reducing illegal activities, 
human disturbances, and stressful situations for flamingos 
in the area, potentially collaborating with the maintenance 
of the Chilean Flamingo population in the area during the 
2000 and 2010 s. It is also important to acknowledge that the 
decrease in population within the Park can also reflect the 
limited availability of demographic data in the early years, 
while the higher number of data collected in 2010 highlights 
the substantial differences in sampling effort between these 
periods.

Nevertheless, the population of Chilean Flamingos at the 
National Park is still overlooked and poorly studied, with 
only recent efforts to study the ecology and ethology of the 
animals in the area toward a better understanding of their 
relationship with the community, the park ecosystem, and 
the activities nearby and within Lagoa do Peixe (Delfino 
and Aldana-Aldila 2020). The Barra of Lagoa do Peixe, 
an area where the lagoon meets the sea, is a rich ecotone 
where Chilean flamingos rest and feed due to a large num-
ber of invertebrates and algae (Loebmann and Vieira 2005; 
Schossler 2011). This area is also essential for artisanal 
shrimp fisheries and other small-scale fisheries performed 
only by local communities, under license, as well as one of 
the main areas to receive tourists and visitors, potentially 
benefiting important sectors of the communities around 
the park (Almudi and Kalikoski 2009; Delfino and Aldana-
Ardila 2020). The Barra area is artificially opened to allow 
better fishing, changing the physiognomies of the entire 
area, with unknown ecological consequences to the local 
ecosystem dynamics (Schossler 2011; Crippa 2011). Human 
disturbances in the area can cause stressful situations for fla-
mingos, often animals susceptible to human presence, mak-
ing the group leave the area earlier and take time to return 
(Galicia and Baldassarre 1997; Yosef 2000). Furthermore, 
overfishing and predatory fishing can deplete directly or 
indirectly the primary food resources of Chilean Flamingos 
in the area, such as crustacean larvae, other invertebrates, 
and phytoplankton, forcing the animals to leave the Barra 
earlier (Crippa 2011, Aldana-Ardila and Carlos 2021).

such as Mar Chiquita and Melincué lagoon (Caziani et al. 
2007; Romano et al. 2008); these birds usually arrive at the 
end of the fall, achieving their high density in the late winter 
and early spring, right before leaving the area to return to 
the breeding colonies in south Africa or high Andean wet-
lands, respectively. Although there is no genetic or tracking 
information, the Chilean Flamingo patterns of occupation in 
Lagoa do Peixe suggest that the population that uses the area 
during the winter may come from the large breeding colo-
nies in northeastern Argentina and Chile, covering about 
2500  km, and probably use the wetlands of northwestern 
Argentina as a stopover until they finish this journey (Antas 
1994; Delfino and Aldana-Ardila 2020).

Regarding the annual and historical demographic pat-
terns of Chilean Flamingos at Lagoa do Peixe National 
Park, the decrease in the park occupation may reflect trends 
alongside the entire species population. During the late 80s 
and early 90s, the populations of South American Flamin-
gos presented an accentuated decrease, mainly in the case 
of Andean and Puna flamingos, but included some Chilean 
Flamingo populations (Rocha 1994; Rocha and Quiroga 
1997; Ugarte-Nuñez and Mosaurieta-Echegarey 2000). The 
rapid urbanization around wetlands, the continuous use of 
wetlands for agricultural and mining processes, and the 
high level of urban disturbances around these areas directly 
affected the reproductive capacity of these species, which 
are highly sensitive to stress and disturbances during the 
nesting and egg incubation phases (del Hoyo 1992; Rocha 
1994; Stacey 2019). Although there was no complex census 
data from this period, del Hoyo (1992) estimated 200,000 
animals in the Chilean Flamingo population in the mid-
eighties. However, a census by Valqui et al. (2000) counted 
a maximum of 75,000 animals in the sampled lagoons 
between 1997 and 1998, indicating a substantial decline. 
These could reflect directly in the decrease of Chilean 
Flamingos observed at Lagoa do Peixe during this period, 
reported both by the quantitative analysis here presented but 
also by the nearby population of birdwatchers and fisher-
men (HCD, pers. observ.).

In the late 90s and early 2000, South American research-
ers made a great effort to include the three flamingo spe-
cies in more active conservation and management plans by 
pressuring local and national politicians to protect wetlands 
where these species occur and developing research to docu-
ment population dynamics and the relationship between 
these animals and humans’ activities in breeding and non-
breeding areas (BirdLife International 2008; Marconi et 
al. 2011). The activities of the High Andean Flamingos 
Conservation Group managed to raise attention and help 
restore many populations of Chilean flamingos along their 
distribution and could collaborate with the stabilization 
of Chilean Flamingos populations at the park, despite the 
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conservation of the area and the species. Also, important as 
a tool to regulate the activities and the park and the necessity 
of new actions to mitigate potential threats. Furthermore, 
more ecological and conservation studies are needed in 
the area to better assess the effect that the artificial man-
agement of the Barra, the fishing, and the tourism have in 
the area, creating management and conservation plans that 
effectively collaborate to avoid the decrease not only in the 
Chilean Flamingo population but also in other birds’ species 
that use the area.
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supplementary material available at https://doi.org/10.1007/s11852-
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