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Abstract · The Venezuelan Llanos is a floodplain region of global importance for waterbirds, but comprehensive surveys of waterbird assemblages that 
encompass the en�re annual cycle are lacking. We conducted monthly fixed-point surveys of waterbirds at eight permanent lagoons within an agro-
forestry landscape in the Llanos over an en�re annual cycle, from April 2022 to March 2023. We recorded species richness and abundance and 
evaluated diversity, dominance, turnover pa�erns, and spa�o-temporal varia�on to characterize assemblages and assess the conserva�on value of 
these wetlands. We recorded a total of 54 waterbird species, with greatest species richness and abundance at the largest Samancito lagoon. Month 
of the year significantly influenced species richness and abundance, peaking during the dry season. Structural traits (diversity, dominance, and species 
turnover) varied among lagoons, reflec�ng dis�nct ecological values and assemblages, with certain lagoons serving as func�onal hotspots for specific 
guilds, such as Gandaria lagoon for waders. Migratory species comprised a modest percent of species richness and total bird counts, peaking in the 
month of September (20% species richness; 12% abundance). Our findings underscore that wetlands within the Venezuelan Llanos were not 
func�onally uniform, including also temporal dynamics of waterbird assemblages. Conserva�on and management strategies should recognize the 
complementary roles of different wetlands and account for seasonal variability in species use, thereby preserving permanent wetlands to support 
waterbird assemblages year-round, par�cularly during resource-scarce dry season.

Resumen · Los Llanos venezolanos cons�tuyen una llanura de inundación de importancia global para las aves acuá�cas, pero faltan estudios 
exhaus�vos de las comunidades de estas aves que abarquen todo el ciclo anual. Realizamos censos mensuales de aves acuá�cas desde puntos fijos 
en ocho lagunas permanentes dentro de un paisaje agroforestal en los Llanos a lo largo de un ciclo anual completo, desde abril de 2022 hasta marzo 
de 2023. Registramos la riqueza y abundancia de especies y evaluamos la diversidad, la dominancia, los patrones de recambio y la variación espacio-
temporal para caracterizar las comunidades, así como valorar la importancia de conservación de estos humedales. Detectamos 54 especies de aves 
acuá�cas, siendo la laguna de Samancito la que registró más especies y ejemplares. El mes del año influyó significa�vamente en la riqueza y 
abundancia de especies, alcanzando su máximo en la estación seca. Los rasgos estructurales (diversidad, dominancia y recambio de especies) variaron 
entre lagunas, reflejando valores ecológicos y comunidades dis�ntas, con ciertas lagunas actuando como puntos funcionales clave para gremios 
específicos, como la laguna Gandaria para las aves limícolas. Las especies migratorias representaron un porcentaje modesto de la riqueza y 
abundancia, con un máximo en el mes de sep�embre (20% de riqueza de especies; 12% de abundancia). Nuestros resultados subrayan que los 
humedales de los Llanos venezolanos no fueron funcionalmente uniformes, y presentaron dinámicas temporales en las comunidades de aves 
acuá�cas. Las estrategias de conservación y ges�ón deben reconocer las funciones complementarias de los diferentes humedales, y tener en cuenta 
la variabilidad estacional en el uso de las especies, preservando así los humedales permanentes para sostener las comunidades de aves acuá�cas 
durante todo el año, especialmente durante la estación seca con escasez de recursos.
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INTRODUCTION

Waterbird assemblages are key indicators of the ecological health of wetlands (Bellamy 1993, Weller 1999, Zwarts et al. 2009). Water-
fowl play vital roles in ecosystem func�oning such as nutrient cycling, seed dispersal or pest control (Green and Elmberg 2014, Winton 
and Richardson 2017), also ac�ng as indicators for monitoring environmental changes, habitat degrada�on and the impacts of climate 
change (Wrona et al. 2006, Amano et al. 2019). Regular monitoring of waterbirds provides cri�cal data for understanding their distri-
bu�on pa�erns, popula�on dynamics and habitat use, which are pivotal for conserva�on policies and sustainable management of wet-
lands (Bildstein et al. 1991, Aarif et al. 2014, McFadden et al. 2017). This is par�cularly relevant in zones undergoing rapid human-
induced changes, where wetlands face escala�ng threats from agriculture development, urbaniza�on and climate-related hydrological 
shi�s.

Waterbird assemblages have been widely studied across a broad range of humid zones worldwide (Weller 1999). A consistent 
finding across regions is that waterbird abundance, richness and community structure o�en show strong seasonal varia�ons, driven 
by changes in flooding levels, food availability and migratory movements (Paracuellos 1996, Villarán Adánez 2000, Green et al. 2002, 
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Ramo et al. 2013). Consequently, many studies have emphasized 
the importance of accoun�ng for seasonality when assessing 
wetland value for conserva�on (Weller 1999). Nevertheless, a 
substan�al propor�on of waterbird surveys are limited to spe-
cific periods of the year, commonly focusing on peak seasons 
such as the breeding period, the dry season, or migra�on win-
dows, rather than covering complete annual cycles (Marchowski 
et al. 2025, Mar�nez-Curci et al. 2025, Zhang et al. 2025). Thus, 
comprehensive annual studies remain compara�vely scarce in 
tropical floodplain areas, where hydrological dynamics are espe-
cially pronounced (Vilella and Baldassarre 2010). In the 
Venezuelan Llanos, despite their recognised importance for wa-
terbirds at regional and con�nental scales, systema�c surveys 
spanning an en�re annual cycle are s�ll very limited (Vilella and 
Baldassarre 2010), resul�ng in an incomplete understanding of 
how seasonal processes shape waterbird assemblages at the 
scale of individual wetlands.

Venezuela is a South American biodiversity hotspot with im-
portant waterbird popula�ons due to its extensive network of 
aqua�c ecosystems, including forested peatland, mangrove 
swamps, coastal marshes, riverine wetlands, seasonal flood-
plains or freshwater permanent wetlands (Galán de Mera and 
Linares Perea 2008). Los Llanos is a vast tropical herbaceous 
plain that hosts an extraordinary rich waterbird diversity includ-
ing both resident and migrant species, hence being a region of 
interna�onal importance for the conserva�on of waterbirds 
(Vilella and Baldassarre 2010). Despite its ecological importance, 
Los Llanos is under increasing pressure from agro-forestry ac�v-
i�es, with extensive areas being converted from natural savanna 
to agricultural land, and hydrological exploita�on and altera�on, 
which threaten its wetlands and the waterfowl depending on 
them (Chacón 2007). In parallel, waterbirds have been rela�vely 
poorly studied within the region, with the chief excep�on being 
the Neotropical Waterbird Census (Sainz-Borgo et al. 2023). 
However, this census is based on just two sampling days per 
year, in the dry (February) and the wet season (July), a protocol 
that is insufficient for a detailed characteriza�on of wetlands due 
to the seasonal varia�on of waterbird assemblages over the an-
nual cycle (Vilella and Baldassarre 2010). Comprehensive sur-
veys of waterbirds in the Llanos region are therefore essen�al for 
iden�fying key wetlands, and to evaluate their rela�ve contribu-
�on for waterbird conserva�on in this region.

We therefore aimed to evaluate waterbird assemblages at 
several permanent lagoons within a region of Los Llanos in 
Venezuela, with the goal of determining their value for conserva-
�on. We hypothesized that wetlands would be structurally dis-
�nct, and these differences could be reflected, even inferred, in 
the assemblage of waterbirds that use such environments. In 
this way, we provide data from one of the most iconic and ecolo-
gically dynamic landscapes to contribute to regional and na-
�onal conserva�on priori�es, and evaluate the importance of 
these wetlands from a flyway perspec�ve, given the presence of 
migratory waterbird popula�ons. 

METHODS

Survey lagoons. We carried out surveys at eight wetland sites 
located within the Llanos region of Venezuela, within a property 
owned by Desarrollos Forestales San Carlos II, S.A., situated 12 
km south of San Carlos city in the state of Cojedes, central-west-
ern Venezuelan Llanos (Figure 1). The wetlands were situated 
within a 11,742 ha fragmented habitat mosaic, originally 
covered by savannah-like habitat, but now comprising Euca-
lyptus and Corymbia �mber planta�ons (55.6%), together with 
patches of natural habitat of forests and lagoons (36.25%) and 
areas of other uses (8.2%) like pastures, small urban areas, and 
roads (Leite De Souza et al. 2014). The region has average tem-
peratures between 27°C and 32°C, and two marked climatolo-
gical periods: the dry (November–April) and the rainy (May–Oc-
tober) season (Leite De Souza et al. 2014). 

The eight survey wetlands were permanent freshwater 
bodies, all of which were protected, except for Ganadería that 
was only par�ally protected. Hun�ng and fishing were prohib-
ited in all the lagoons, which remain in a rela�vely well-pre-
served ecological condi�on, thus poten�ally harbouring repres-
enta�ve waterbird assemblages. The lagoons occurred within 
an al�tudinal range of 114–132 m asl, with an average water 
surface area of 30 ± 41.8 ha (range: 0.4–99.9 ha). The smaller 
lagoons were Ganadería, Laguna 25, Laguna 11, and Topochal, 
ranging from 0.4–2.1 ha; the large lagoons were Cocos, Pol-
vosito, and Samancito (58.6–99.9 ha), and Monos at 23.6 ha 
was in the mid-range.

Waterbird surveys. At each wetland site, we surveyed wa-
terbirds once a month over the en�re annual cycle, star�ng in 
April 2022 through to March 2023. We conducted one survey 
per site each month, with a mean 30 ± 8.5 days (range: 12–50 
days) elapsed between subsequent surveys at the same site. 
When possible, more than a single site was surveyed on a given 
date.

We conducted counts from fixed survey points, except in 
the largest wetland of Samancito, where we surveyed a 50 m 
line-transect along the western shore of the lagoon. We carried 
out surveys from 07:00 to 09:00 am, on sunny and calm days 
with no wind, even during the wet season. One person (JCO) 
conducted counts, accompanied by a second observer who tal-
lied the counts. Counts were conducted for approximately 15 
min per wetland with the aim of registering all waterbirds oc-
curring at each site, dedica�ng as much �me as required, 
though being as rapid as possible to avoid over-coun�ng indi-
viduals. All se�led birds detected within 100 m from the ob-
server were counted, without dis�nguishing between age 
classes. Flying individuals were omi�ed unless they landed on 
the water or in the nearby vegeta�on associated with the wet-
land.

We used the South American Classifica�on Commi�ee list 
as a taxonomic reference (Remsen et al. 2026).  Each species 
was assigned a category of either sedentary or migratory (Sup-
plementary Material 1). For sedentary, we considered all spe-
cies that were strictly resident or that could have intra-tropical 
dispersal, although their movements remain unknown. We 
classified as migratory species all the boreal (Northern Amer-
ican) migrants that overwinter in Venezuela or other Southern 
American regions. 

Sta�s�cal analyses. To determine whether month of the 
year influenced species richness or bird abundance we conduc-
ted Generalized Linear Mixed Models (GLMM), with one model 
for number of species and another for bird counts as dependent 
variables. We included month as a fixed factor and lagoon (site) 
as a random factor in models, and considered a Poisson error 
distribu�on. We used the func�on ‘glmer’ provided by package 
‘lme4’ (Bates et al. 2014) run on the R environment (R Core 
Team 2025).

To disentangle poten�al structural pa�erns that may high-
light the existence of varia�on between the sampled wetlands, 
we conducted a hierarchical analysis of clusters, based on an in-
dex of similarity (Morisita) and the UPGM method of ordina-
�on. We also conducted a Correspondence Analysis to visualize 
structural species-wetland rela�onships, and determine which 
species explained the degree of differen�a�on among sites. 
These mul�variate analyses were carried out with PAST so�-
ware (Hammer et al. 2001).

We also calculated a number of β-diversity-associated eco-
logical parameters to describe addi�onal structural pa�erns of 
waterbird assemblages at each wetland site, including: ob-
served species richness, abundance (bird counts), diversity, 
dominance, and turnover pa�erns. We used the Shannon and 
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Simpson indices to calculate diversity and dominance, re-
spec�vely (Magurran and McGill 2011). Varia�on of site-related 
species composi�on can be caused by two different phenomena 
(Baselga 2012): the replacement of several species by others 
from site to site (turnover), and a pa�ern where poorest sites 
are species subsets of the richest ones (nestedness). Using the 
‘betapart’ package (Baselga and Orme 2012) in R, we calculated 
separately the turnover and nestedness components of β-di-
versity, with the aim of obtaining a mean turnover es�mate for 
each wetland site. The turnover was calculated with the Jaccard 
index of dissimilarity (Baselga 2012).

RESULTS

Species richness and abundance. We registered a total of 5,653 
waterbirds of 54 species from 11 Orders (Supplementary Ma-
terial 1). Species richness per site varied from 22 species at La-
goon 11 to 49 species at the largest Samancito lagoon (Table 1). 
Eight species were each recorded at only one site, whilst five 
species were present in all eight wetlands.

Most detected species belonged to the ‘resident’ category 
(45 resident species vs. 9 migratory species). Only five out the 
eight wetland sites hosted migrant species, with Ganadería hav-

Figure 1. Distribu�on of eight surveyed wetlands, within the Cojedes State, Venezuela. Wetland codes: 11 – Laguna 11, 25 – Laguna 25, CO – Cocos, GA – Ganadería, MO 
– Monos, PO – Polvosito, SA – Samancito, TO – Topochal.
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ing an assemblage with slightly more than 20% of migrant spe-
cies, followed by Samancito (14% migrants), Topochal (ca. 10%), 
Monos (7.4%) and Cocos (3.8%).

The two most abundant species were the Hoatzin Opis-
thocomus hoazin (20.6%) and the Black-bellied Whistling-Duck 
Dendrocygna autumnnalis (20.2%; Figure 2). The two second-
most abundant species were the Ca�le Egret Ardea ibis (12.6%) 
and Greater Ani Crotophaga major (7.3%), with the remaining 
species accumula�ng less than 5% of the counts in each case 
(Figure 2). The site that hosted the largest bird numbers was 
Samancito, with almost 3,000 counts (Table 1). By comparison, 
the other wetland sites totalled just a few hundreds of birds, 
from 282 counts in Topochal to 571 in Polvosito (Table 1).

Temporal varia�on. A�er controlling for a random site-
effect, GLMM showed that month of the year influenced species 
richness (F11 = 3.706, P < 0.001; R2: condi�onal 0.64, marginal 
0.16), and waterbird abundance (F11 = 108.25, P < 0.001; R2: con-
di�onal 0.96, marginal 0.30). Greater species richness was re-
gistered in October, November, and December at the start of the 
dry season, and a minimum in April and July during the rainy sea-
son (Figure 3). Regarding abundance, we again found a peak in 
the dry season month of January, and a minimum in July during 
the rainy season (Figure 3).

The percentage of migrant species in waterbird as-
semblages showed two peaks in contribu�on of migrants during 

February–April (10–12%) and in September (almost 20%; Figure 
4). A�er the first ini�al peak in September, a decreasing percent 
of migrants was registered from October to January (Figure 4). 
Lowest percent of migrants occurred from May to August, with 
no migrants registered in May and <4% during the months of 
June to August (Figure 4). This pa�ern was similar when consid-
ering species richness or abundance, although percent contri-
bu�on of migrants was lower when considering abundance 
(Figure 4).

Assembly-related structural traits. Cluster analysis re-
vealed that the waterbird assemblage of Ganadería was dis�nct 
to the other lagoons (Figure 5). Correspondence analyses 
showed that this difference was due to species such as the Least 
Sandpiper Calidris minu�lla, White-rumped Sandpiper C. fus-
cicollis, Spo�ed Sandpiper Ac��s macularius, and Solitary Sand-
piper Tringa solitaria (Figure 6) that were migratory waders re-
gistered mainly in this lagoon (Supplementary Material 1). 
Samancito also showed some degree of differen�a�on, mainly 
due to the presence/abundance of White-faced Whistling-Duck
Dendrocygna viduata, Lesser Yellowlegs Tringa flavipes, and 
Greater Yellowlegs Tringa melanoleuca (Figure 6).

Diversity indices fluctuated between 1.68 and 2.80, show-
ing the greatest diversity in Topochal (Table 1). By contrast, 
dominance was inversely related to diversity, ranging from 0.08 
to 0.30, with Ganadería exhibi�ng the lowest value (Table 1). 
Nested turnover values remained rela�vely consistent, 

Table 1. Main ecological indices related to β-diversity of each lagoon. The turnover rate is calculated considering nestedness (nest.) and replacement (repl.). 

Figure 2. Mean percent abundance (±95% confidence interval) of the ten most frequent species detected at eight wetland sites of the Venezuelan Llanos region. REST: 
all remaining species.



10

WATERBIRDS IN LLANOS REGION

between 0.08 and 0.13, except for a spike at 0.33 in Samancito 
(Table 1). Replacement turnover was more variable, ranging 
between 0.13 and 0.47, with Ganadería displaying the greatest 
replacement turnover (Table 1). 

DISCUSSION

Our results provide a comprehensive overview of waterbird as-
semblages in the Venezuelan Llanos over an en�re annual cycle, 
revealing a significant influence of month on species richness 
and waterbird abundance. This adds to previous studies that, al-

though they covered larger spa�al scales (Sainz-Borgo et al. 
2023), did not consider sufficient temporal coverage to consider 
monthly or seasonal varia�ons.

We found that both species richness and waterbird abund-
ance peaked in the dry season months of November to January, 
with lowest values in July in the middle of the rainy season. 
These fluctua�ons align with known ecological dynamics of 
Llanos region, where hydrological fluctua�ons shape popula-
�on dynamics and territory use of waterbirds (Vilella and Bal-
dassarre 2010). Such findings also fit with the dynamics ob-

Figure 3. Monthly mean (±95% confidence interval) species richness and percent waterbird abundance at eight wetland sites of the Venezuelan Llanos region, from April 
2022 to March 2023.

Figure 4. Monthly percent contribu�on of boreal migrants to species richness and abundance of waterbirds at eight wetland sites at Llanos region, Venezuela, from April 
2022 to March 2023.
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served in other American tropical wetlands (Lorenzón et al. 
2019). During the dry season, wetlands become cri�cal refuges 
for waterbirds as vast areas across the floodplain dry out, con-
centra�ng bird popula�ons in remaining water bodies. Con-
versely, the wet season facilitates dispersal of waterbirds 
throughout newly inundated areas (Chacón 2007). These find-
ings underscore the importance of keeping permanent wetland 
sites within the region to support waterbirds through the en�re 
annual cycle, par�cularly during the dry season, when resources 
are scarce and concentrated at specific permanent water-bodies 
(Lorenzón et al. 2019). Alterna�vely, it may be that during the 
wet season the water level increases, reducing available shore-
line for waterbird species that tend to rest and feed in this hab-
itat.

Mul�variate analysis also highlighted notable differences 
among the surveyed wetlands. In par�cular, the assembly of wa-
terbirds detected in Ganadería lagoon was structurally dis�nct, 
primarily due to the presence of migratory waders. This suggests 
that certain lagoons serve specialized roles within the larger eco-

system, suppor�ng specific guilds of waterbirds. Iden�fying 
such func�onal hotspots is of key importance for targeted con-
serva�on policies, ensuring that habitat management focuses 
on diverse species-specific ecological requirements given that 
these wetlands do not seem to be interchangeable.

Migratory birds comprised up to 12–20% of species rich-
ness, although their contribu�on in terms of abundance was 
modest, with less than 5% of all bird counts corresponding to 
boreal migrants, except in September (12% migrants). From a 
flyway perspec�ve, the contribu�on of boreal migrants to spe-
cies richness and abundance raises the importance of the 
Llanos region for conserva�on of American waterbirds. Pro-
tec�ng these wetlands helps to contribute to regional biod-
iversity as well as to broaden conserva�on efforts under an um-
brella of interna�onal agreements (Sainz-Borgo et al. 2023). 
Given the vulnerability of the Llanos region to clima�c change 
(García Montero 2022) and increasing agricultural pressure 
(Huber et al. 2006), our findings advocate for measures to safe-
guard these permanent wetlands. This includes integra�on of 

Figure 5. Hierarchical clustering ordina�on plot of eight surveyed wetlands based on a quan�ta�ve similarity analysis (UPGMA method using Morisita index). Site codes: 
11 – Laguna 11, 25 – Laguna 25, CO – Cocos, GA – Ganadería, MO – Monos, PO – Polvosito, SA – Samancito, TO – Topochal.

Figure 6. Correspondence Analysis to detect structural traits separa�ng wetlands (orange open circles) associated with waterbird abundance. Species codes are shown 
for those situated at extremes of the PC1 and PC2 axes that generate the observed structural differences. dvi: Dendrocygna. viduata; �l: Tringa flavipes; tme: Tringa 
melanoleuca; cco: Cochlearius cochlearius; ssi: Syrigma sibilatrix; tso: Tringa solitaria; ama: Ac��s macularius; ppi: Pilherodius pileatus; cfu: Calidris fuscicollis; cmi: 
Calidris minu�lla. 
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wetlands conserva�on into agro-forestry management and the 
establishment of buffer zones around lagoons to minimize hab-
itat degrada�on.

The temporal pa�ern we observed in the contribu�on of mi-
gratory species corresponded with the main phenological peri-
ods of boreal migrant species in South America (Greenberg and 
Marra 2005). A�er the boreal breeding season, migrant species 
started to appear in Venezuela by June, progressively increasing 
up to September, when we detected peak richness and abund-
ance of migrants. However, we detected a decreasing contribu-
�on of migrant species from October onwards, sugges�ng that 
the bulk of migrants passed over the region, but did not remain 
to over-winter in this area. The second more modest peak from 
May to August may be due to spring migrants moving North. This 
more modest contribu�on as compared to September may re-
flect winter mortality or the use of alterna�ve migratory routes 
in spring (Newton 2007). It appears, therefore, that the Llanos 
region func�ons mainly as a stopover area for boreal migrants 
that spend the winter in areas further south, such as Brazil, Ur-
uguay, Argen�na or Chile. 

While we provide valuable baseline data on the annual cycle 
of waterbird assemblages in the Venezuelan Llanos, future re-
search is needed to deepen our understanding of the func�on 
and conserva�on importance of Los Llanos for waterbirds. Fur-
ther research could expand the temporal coverage to evaluate 
inter-annual varia�ons driven by clima�c events (Brabata et al. 
2019). Studies could also evaluate the ecological role of abund-
ant or less abundant species and their contribu�on to ecosystem 
func�oning or from a conserva�on standpoint. Finally, studies 
need to assess the impact of agroforestry ac�vi�es on wetland 
health and bird popula�ons (Shuford et al. 2019, Elosegi et al. 
2020, Wang et al. 2021).

In conclusion, our study underscores the ecological import-
ance of permanent wetlands in the Venezuelan Llanos, demon-
stra�ng their role in suppor�ng diverse waterbird assemblages 
across seasons. By iden�fying the key pa�erns of richness, 
abundance, β-diversity and structural differen�a�on among la-
goons, we lay the groundwork for informed conserva�on 
policies that could be adopted locally. The con�nued monitoring 
and protec�on of these wetland sites are impera�ve for sustain-
ing the waterbird diversity of the region and its contribu�on to 
global ecological networks.

ACKNOWLEDGEMENTS 

We thank the board of administrators of Desarrollos Forestales 
San Carlos II, S.A. (DEFORSA), who allowed us to conduct this re-
search in their managed areas, and especially Mr. J. Leite de 
Souza (former Vice-President of DEFORSA) for providing the lo-
gis�cal support for the field work and for always suppor�ng sci-
en�fic research at the farm. Thanks also to M. Pérez and R. Ville-
gas for their help with transporta�on during the field work. Two 
anonymous referees provided valuable comments that helped 
us to improve an earlier version of this work.

REFERENCES

Aarif KM, SB Muzaffar, S Babu, PK Prasadan (2014) Shorebird assemblages 
respond to anthropogenic stress by altering habitat use in a wetland in 
India. Biodiversity and Conserva�on 23: 727–740. h�ps://doi.org/
10.1007/s10531-014-0630-9

Amano T, T Székely, H Wauchope, B Sandel, S Nagy, T Mundkur, T Langen-
doen, et al. (2019) Responses of global waterbird popula�ons to cli-
mate change vary with la�tude. Nature Climate Change 10: 959–964. 
h�ps://doi.org/10.1038/s41558-020-0872-3

Baselga A (2012) The rela�onship between species replacement, dissimilar-
ity derived from nestedness, and nestedness. Global Ecology and Bio-
geography 21: 1223–1232. h�ps://doi.org/10.1111/j.1466-8238.201 
1.00756.x

Baselga A, CDL Orme (2012) betapart: an R package for the study of beta 
diversity. Methods in Ecology and Evolu�on 3: 808–812. h�ps://doi.
org/10.1111/j.2041-210X.2012.00224.x

Bates D, M Maechler, B Bolker, S Walker (2014). lme4: Linear mixed-effects 
models using Eigen and S4. R package version 1.1-7. Available at 
h�ps://cran.r-project.org/web/packages/lme4/index.html [Accessed 
10 October 2025].

Bellamy DJ (1993) Wetlands in danger. Mitchell Beazley World Conserva-
�on Atlas Series. Interna�onal Union for the Conserva�on of Nature, 
London, UK.

Bildstein KL, GT Bancro�, PJ Dugan, DH Gordon, RM Erwin, E Nol, LX Payne, 
SE Senner (1991) Approaches to the conserva�on of coastal wetlands 
in the western hemisphere. Wilson Bulle�n 103: 218–254.

Brabata G, C Ba�s�, R Carmona, CA Sánchez-Caballero (2019) Bird popula-
�on declines in the Chametla wetland (Southern Gulf of California): 
Evidence of stress at the assemblage level. Israel Journal of Ecology 
and Evolu�on 65: 119–129. h�p://dx.doi.org/10.1163/22244662-
20191051

Chacón EJ (2007) Ecological and spa�al modeling. Mapping ecosystems, 
landscape changes, and plant species distribu�on in Llanos del 
Orinoco, Venezuela. PhD Thesis. Wageningen University, The Nether-
lands.

Elosegi A, C Cabido, A Larrañaga, J Arizaga (2020) Efectos ambientales de 
las plantaciones de eucaliptos en Euskadi y la península ibérica. Muni-
be Ciencias Naturales 68: 111–136.

Galán de Mera A, E Linares Perea (2008) Datos sobre la vegetación de los 
humedales de América del Sur. De las sabanas bolivianas a los Llanos 
del Orinoco (Venezuela). Acta Botanica Malacitana 33: 271–288.

García Montero P (2022) El cambio climá�co: posibles impactos en la agri-
cultura en el contexto de América La�na y Venezuela. Revista Agroa-
limentaria 28: 167–189. h�ps://doi.org/10.22004/ag.econ.338827

Green AJ, J Elmberg (2014) Ecosystem services provided by waterbirds. Bi-
ological Reviews 89: 105–122. h�ps://doi.org/10.1111/brv.12045

Green AJ, M El Hamzaoui, MA El Agbani, J Franchimont (2002) The conser-
va�on status of Moroccan wetlands with par�cular reference to wa-
terbirds and to changes since 1978. Biological Conserva�on 104: 71–
82. h�ps://doi.org/10.1016/S0006-3207(01)00155-0

Greenberg R, PP Marra (2005) Birds of two worlds. The ecology and evolu-
�on of migra�on. Johns Hopkins University Press, USA.

Hammer Ø, DAT Harper, PD Ryan (2001) PAST: Palaeontological Sta�s�cs 
so�ware package for educa�on and data analysis. Palaentologia Elec-
tronica 4: 4.

Huber O, R Duno de Stefano, GA Aymard, R Riina (2006) Flora and vegeta-
�on of the Venezuelan Llanos: A review. Pp. 95–120 in Pennington RT, 
JA Ra�er (eds). Neotropical savannas and seasonally dry forests: plant 
diversity, biogeography and conserva�on. CRC Press, Boca Ratón, 
USA.

Leite De Souza J, O Encinas, W De Oliveira Campos, JY Bas�das, D Pegore� 
Leite De Souza, HJ Pegore� Leite De Souza (2014) El uso integral y 
múl�ple de los bosques no es una utopía. Revista Forestal Venezuela 
58: 7–42.

Lorenzón RE, AH Beltzer, PF Olguín, EJ León, LV Sovrano, CE Antoniazzi, AL 
Ronchi-Virgolini (2019) Temporal varia�on of bird assemblages in dy-
namic fluvial wetlands: seasonality and influence of water level and 
habitat availability. Revista de Biología Tropical 67: 1131–1145. h�p-
s://doi.org/10.15517/rbt.v67i6.36734

Magurran AE, BJ McGill (2011) Biological Diversity. Fron�ers in measure-
ment and assessment. Oxford University Press, Oxford, UK.

Marchowski D, P Stańczak, M Jasiński, S Guentzel (2025) A long-term mon-
itoring dataset of non-breeding waterbirds at Lake Miedwie, Poland 
(2002–2025). Biodiversity Data Journal 13: e160615. h�ps://doi.org/
10.3897/BDJ.13.e160615

Mar�nez-Curci NS, JP Isacch, JL Fernández, F Bogel, J Ruiz, JG Navedo 
(2025) Role of wetlands in the Pampas of Argen�na in global shore-
bird conserva�on. Conserva�on Biology 39: e70104. h�ps://doi.org/
10.1111/cobi.70104



13

ORNITOLOGÍA NEOTROPICAL (2026) 37: 6–13
McFadden TN, AG Herrera, JG Navedo (2017) Waterbird responses to regu-

lar passage of a birdwatching tour boat: Implica�ons for wetland man-
agement. Journal for Nature Conserva�on 40: 42–48. h�ps://doi.org/
10.1016/j.jnc.2017.09.004

Newton I (2007) The migra�on ecology of birds. Academic Press. London, 
UK.

Paracuellos M (1996) Dinámica anual de la comunidad de Paseriformes en 
carrizales costeros del sudeste ibérico. Doñana Acta Vertebrata 23: 
33–44.

R Core Team (2025) R: A language and environment for sta�s�cal com-
pu�ng. R Founda�on for Sta�s�cal Compu�ng, Vienna, Austria. Avail-
able at h�ps://www.R-project.org/ [Accessed 10 October 2025].

Ramo C, E Aguilera, J Figuerola, M Máñez, AJ Green (2013) Long-term popu-
la�on trends of colonial wading birds breeding in Doñana (SW Spain) 
in rela�on to environmental and anthropogenic factors. Ardeola 60: 
305–326. h�ps://doi.org/10.13157/arla.60.2.2013.305

Remsen, JV Jr, JI Areta, E Bonaccorso, S Claramunt, DF Lane, LN Naka, MB 
Robbins, et al. (2026) A classifica�on of the bird species of South Amer-
ica. Museum of Natural Science, Louisiana State University. h�p://
www.museum.lsu.edu/~Remsen/SACCBaseline.htm [Accessed 3 April 
2026].

Sainz-Borgo C, C Davila, JC Fernández-Ordóñez, J Ferrebuz, G Figueroa, L Lá-
rez, A Luy, A Marcano, M Ma�a-Pereira, M Nieves et al (2023) Censo 
Neotropical de Aves Acuá�cas en Venezuela 2022. Revista Venezolana 
de Ornitología 13: 41–50.

Shuford WD, ME Reiter, KA Sesser, CM Hickey, GH Golet (2019) The rela�ve 
importance of agricultural and wetland habitats to waterbirds in the 
Sacramento-San Joaquin River Delta of California. San Francisco Estu-
ary and Watershed Science 17: 2. h�ps://doi.org/10.15447/sfews.201

9v17iss1art2

Vilella FJ, GA Baldassarre (2010) Abundance and distribu�on of waterbirds 
in the Llanos of Venezuela. The Wilson Journal of Ornithology 122: 
102–115.

Villarán Adánez A (2000) Evolución estacional de la comunidad de aves del 
carrizal de Villamejor (España central), a par�r de datos de anilla-
miento. Oxyura 10: 137–151.

Wang X, X Li, X Ren, MV Jackson, RA Fuller, DS Melville, T Amano, Z Ma 
(2021) Effects of anthropogenic landscapes on popula�on mainte-
nance of waterbirds. Conserva�on Biology 36: e13808. h�ps://doi.or-
g/10.1111/cobi.13808

Weller MW (1999) Wetland birds. Habitat resources and conserva�on im-
plica�ons. Cambridge University Press, Cambridge, UK.

Winton RS, CJ Richardson (2017) Top-down control of methane emission 
and nitrogen cycling by waterfowl. Ecology 98: 265–277. h�ps://doi.
org/10.1002/ecy.1640

Wrona FJ, TD Prowse, JD Reist, JE Hobbie, LMJ Lévesque, WE Vincent (2006) 
Climate change effects on aqua�c biota, ecosystem structure and 
func�on. AMBIO: A Journal of the Human Environment 35: 359-369. 
h�ps://doi.org/10.1579/0044-7447(2006)35[359:CCEOAB]2.0.CO;2

Zhang S, P Zhang, Y Zou, D Li, F Li, Z Deng, J Zeng, S Wang, T Wu, Y Song, et 
al. (2025) Waterbird diversity pa�erns under varied hydrological re-
gimes in Dong�ng Lake and surrounding lakes. Ecology and Evolu�on
15: e72396. h�ps://doi.org/10.1002/ece3.72396

Zwarts L, RG Bijlsma, J van der Kamp, E Wymenga (2009) Living on the 
edge: Wetlands and birds in a changing Sahel. KNNV Publishing, Zeist, 
The Netherlands. 


