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Abstract

Temporal and spatial variation of waterbirds at Sayula Lagoon, Jalisco, Mexico: a five—year
winter season study. Wetlands in central Mexico are important habitats for assemblages of
migratory and resident birds. To study variation in richness and abundance of waterbirds,
we conducted monthly observations in 30 permanent plots throughout the Sayula Lagoon,
Jalisco, Mexico, during the winter season (from October to March) from 2004-2007 and
from 2009-2011. Seventy—three species were recorded; 39 species were winter visitors,
and eight species are included in some risk category. The best represented families were:
Anatidae, Scolopacidae and Ardeidae. Spatula clypeata and Anser caerulescens were the
most abundant species. We found variation in richness between zones (only two were
similar), but not between the seasons (only WS4 was different) or months (only November
was different). Sayula lagoon is a highly dynamic ecosystem influenced by migration and
the water inputs occurring during the rainy season.

Data published in GBIF (Doi: 10.15470/cuwqgi)
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Resumen

Variacion temporal y espacial de las aves acuaticas de la laguna de Sayula, Jalisco, México:
estudio de cinco temporadas invernales. Los humedales del centro de México son habitats
importantes para ensambles de aves tanto migratorias como residentes. A fin de estudiar la
variacion en cuanto a riqueza y abundancia de las aves acuaticas, se realizaron observaciones
mensuales en 30 parcelas permanentes de toda la laguna de Sayula, Jalisco, México, durante
las temporadas invernales (de octubre a marzo) de los afios 2004 a 2007 y 2009 a 2011.
Se registraron 73 especies. Un total de 39 especies son visitantes invernales y ocho estan
incluidas en alguna categoria de riesgo. Las familias mejor representadas fueron: Anatidae,
Scolopacidae y Ardeidae. Spatula clypeata y Anser caerulescens fueron las especies mas
abundantes. Se observo variacion de la riqueza entre zonas (sélo dos fueron similares), pero
no entre estaciones (solo WS4 fue diferente) ni entre meses (solo el mes de noviembre fue
diferente). La laguna de Sayula es un ecosistema muy dinamico influido por la migracion y
el aporte de agua durante la temporada de lluvias.

© [2018] Copyright belongs to the authors, who license the journal Arxius de Miscel-lania Zoologica to publish the
paper under a Creative Commons Attribution 3.0 License, which permits its distribution, and reproduction
in any medium, provided the original authors and source, the journal Arxius de Miscel-lania Zoologica, are cited.
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Resum

Variacié temporal i espacial dels ocells aquatics de la llacuna de Sayula, Jalisco, Mexic:
estudi de cinc temporades hivernals. Els aiguamolls del centre de Meéexic sén habitats
importants tant per a ensambles d’ocells migratoris com residents. Per tal d’estudiar la
variacié quant a riquesa i abundancia dels ocells aquatics es van portar a terme observa-
cions mensuals en 30 parcel-les permanents de tota la llacuna de Sayula, Jalisco, Méxic,
durant les temporades hivernals (d’octubre a marg) dels anys 2004 a 2007 i 2009 a 2011.
S’hi van registrar 73 espécies. Un total de 39 espécies son visitants invernals i vuit estan
incloses en alguna categoria de risc. Les families més ben representades van ser: Anatidae,
Scolopacidae i Ardeidae. Spatula clypeata i Anser caerulescens van ser les espécies meés
abundants. Es va observar una variacié de la riquesa entre zones (només dues van ser
similars), perd no entre estacions (només WS4 va ser diferent) ni entre mesos (només el
mes de novembre va ser diferent). La llacuna de Sayula és un ecosistema molt dinamic
influit per la migracio i I'aportacié d’aigua durant la temporada de pluges.
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Introduction

Wetlands are one of the most valuable and threatened types of ecosystems at a global
level, and they are among the most endangered ecosystems as a consequence of human
activity (Sebastian—Gonzalez et al., 2013). In the Mediterranean area, for example, the
surface area of wetlands has decreased by 80—90% in the last decades (Finlayson et al.,
1992). This decrease has led to wetland protection at an international level, and waterbirds
are used as indicator species (Ramsar Regional Center—East Asia, 2017).

Wetlands play a critical role in climate change, biodiversity, hydrology, and human health.
In climate change, wetlands influence both global and local/regional climate by supplying
water to the atmosphere through potential evapotranspiration and by taking up carbon
dioxide and emitting methane. From a biodiversity aspect, although freshwater wetlands
cover only 1% of the earth’s surface, they are home to nearly 40 % of the world's species.
Hydrologically, wetlands replenish groundwater, regulate water movement, and purify water,
providing these important parts of the hydrologic cycle. Regarding human health, wetlands
provide the traditional medicines on which 80% of the world's population depends for
primary health care (Hu et al., 2017). Wetlands inside Mexico are important habitats for a
variety of aquatic and terrestrial wintering and migrating birds (Barragan et al., 2002), and
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they are also reproduction sites for many resident species (Alcantara and Escalante, 2005).
Despite the ecological, economic, and social importance of wetlands, studies focusing on
the species inhabiting Mexico are scarce (Ramirez—Bastida et al., 2008) and mainly focused
on descriptions of one—year seasonal dynamics (Enciso and Paracuellos, 1997). Some
studies carried out in inland wetlands of Mexico report 36 species (Fonseca et al., 2012)
and 30 species (Berumen et al., 2017), in Tlaxcala and Puebla respectively, but Cuevas and
IAiguez—Davalos (2017) report a total of 100 species for Jocotepec in Chapala, Lake Jalisco.
All these studies have recognized temporal variation according to the seasonality through
the year. Assessments of inter—annual changes in Mexican intercontinental wetland sites,
however, are still lacking. We found only two papers about waterbirds in Sayula Lagoon.
Munguia et al. (2005) documented variation in substrate composition within the Laguna
de Sayula, and changes in waterfowl diversity and habitat use during the dry season, and
Barba and Martinez (2008) recorded the behavior of snow geese during their winter visit.
Moreover, in spite of the importance of this wetland as a waterbird refuge, the published
study about temporal and spatial changes in richness, abundance, and species composition
in the different habitats (Munguia et al., 2005) was performed only over one winter season
and only 12 species were recorded. Studies over a longer period are therefore needed to
document whether there is any variation in pattern. Avian assemblages, provide additional
information on wetland function because birds use a variety of habitats and feed at a va-
riety of trophic levels. Furthermore, many avian taxa are dependent on specific wetlands
for survival or reproduction (Reeder and Wulker, 2017). Such information is important
for decision—making on conservation and management. The aim of this research was to
evaluate how waterbird assemblages change at the Sayula Lagoon in terms of species
composition and richness—abundance. The study was performed over five winter seasons
and in various zones of the lagoon.

Methods
Study area

Sayula Lagoon is located in the state of Jalisco in west central Mexico. It has been declared
a Ramsar site and a priority site as it is an important migratory waterbird habitat (DUMAC,
2006). It is a non—permanent wetland that is part of a closed basin in the south of Jalisco
state, Mexico (19°54'24",20°10'32"N and —103°27'39", — 103° 36'40" W) (fig. 1). The lagoon
has an area of 16,800 ha and an average altitude of 1,350 m a.s.l. It has four vegetation
types (Macias—Rodriguez, 2004), which in order of importance are halophytic vegetation,
thorn forest, aquatic and sub—aquatic vegetation, and tropical dry forest. The weather is dry
and corresponds to the semiarid subtype (Garcia, 1973). Mean annual temperature ranges
from 18 to 22°C. The rainy season takes place during the summer with an annual average
precipitation of 681.5 mm (Medina and Hernandez, 1993). Even though the area presents
only four or five rainy months (from June to September, occasionally October), the water
generally remains in the center of the basin until March, forming the Sayula Lagoon. It is
an ideal landscape to study aquatic avifauna.

Field surveys

Waterbird surveys were conducted monthly over five winters, from October to March 2004—2007
and from October to March 2009—2011, as the migratory species are present in the study area
in these months. Thirty (1 ha) permanent plots were randomly stratified using a numbered grid
for each zone type. Each plot was located at a minimum distance of 500 m from each other
in order to avoid double counts of the same individuals, following Ojasti and Dallmeier (2000).
Plots were delimited with red and yellow sticks to allow their rapid location. Observations were
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Fig. 1. Geographical location of Sayula Lagoon, Jalisco, Mexico. Numbers in the map
indicate plot numbers. Coordinates are UTM, Q13N.

Fig. 1. Localizacion geografica de la laguna de Sayula, Jalisco, México. Los numeros
que figuran en el mapa corresponden a cada una de las parcelas. Las coordenadas
son UTM, Q13N.

made in the eight hours after sunrise. We recorded all the bird species seen and total abundan-
ce was also recorded. The block method (Howes and Bakewell, 1989) was used to estimate
numbers whenever large flocks (> 300 birds) were present. The seasonal status of species was
contrasted with those published in Howell and Webb (2001). The category of species risk was
assigned using the Mexican Law (NOM-059-SEMARNAT-2010) (SEMARNAT, 2010 ) and the
IUCN Red List of Threatened Species. The on—line taxonomic Check-list of North American
birds (AOU, 2015) as well as Sibley Guide to Birds (Sibley, 2001) were used.

All plots were classified as one of the five zones according to Colwell and Taft (2000), with modi-
fications as follows: deep zone (DEEZ > 100 cm), aquatic zone (AQUZ > 20 y < 100 cm), shallow
zone (SHAZ < 20 cm), muddy zone (MUDZ, zone with wet soil and some small waterlogging)
and sandy zone (SANZ, zone with dry soil). This classification was possible because during the
observation period (October—March) in each study year, the water level remained the same. We
recorded the area or areas in which each individual bird was observed (Amparan—Salido, 2000).

Data analysis

Temporal changes were analyzed by comparing seasons and months, and spatial changes
were analyzed by comparing the zones in the study area. We also studied attributes of
community structure. Richness (S), was estimated through species accumulation curves
using EstimateS v, 9.1.0, (Colwell, 2009). Using abundance (numbers of individuals) data
and the same software, rarefaction curves were performed to compare richness between
zones, months and sampled seasons. In the latter analysis, we compared the richness mean
values and their 84 % confidence intervals at p = 0.05 (MacGregor—Fors and Payton, 2013).
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Species relative abundance was estimated according to the following categories: abundant
(90-100%), common (65-89 %), moderately common (31-64 %), uncommon (10-30 %),
and rare (1-9%). These percentages were obtained for each species as the number of
individuals of a species divided by the total number of individuals considering all species and
multiplying by 100 (Pettingill, 1969). Relative frequency was estimated to determine species
representativeness over time and the following categories were assigned: very frequent
(0.76—-1), frequent (0.51-0.75), moderately frequent (0.26-0.50), and sporadic (0-0.25).
This estimate refers only to the number of plots containing a given species divided by the
total number of plots, which is not redundant with abundance because it does not refer to
individuals (Krebs, 1985). In order to ensure non-redundant data, a fixed time period was
assigned (10 minutes) for observation and the distance between plots was longer than 500 m.

An abundance data matrix —estimated with the Bray—Curtis’ index using the 4th root data
transformation to reduce the contribution of abundant species— was implemented to perform
the following analyses using PRIMER 6 (Clarke and Gorley, 2005). A nonmetric multidimen-
sional scaling (NMDS) complemented with hierarchical cluster analysis (Bray—Curtis' index
using average group linkage methods, Clarke and Warwick, 2001) was implemented to
compare species composition between zones, months, and seasons. To assess significant
differences between groups of samples, a one—way non—parametric similarity analysis was
performed (ANOSIM) using 10,000 permutations (Clarke and Gorley, 2005). We also used a
one—way similarity percentage method (SIMPER) to identify the most representative species
in each zone and to determine the percentage of similarity between zones. Species were
selected considering those contributing with 90 % of the observed similarity in this study.

Functional groups for species in the lagoon were determined according to Escofet et al.
(1988) and Terres (1991) on the basis of their foraging strategy (shorebirds, ducks, small
grebes, jacanas and large wading birds) and dietary strategy (herbivore, piscivore). Our
categories are coarse, but match the generality of the ecological questions we addressed.

Results

Sayula Lagoon is an important part of the migratory corridor for waterfowl. It also harbors
resident populations of some species with risk categories, such as the Mexican Duck (A.
platyrhynchos diazi), which is an endangered and an endemic species. Wintering and mi-
gratory species significantly increased abundance and richness at the Sayula Lagoon from
October to March. At this time of the year, these organisms represented 66 % of richness
and 81% of abundance with respect to resident species. Migrants and wintering species
were mainly composed of waterfowl (76 %) and shorebirds (24 %).

General abundance and richness patterns

According to ACE, the estimated richness was 87.43 in comparison with 72 observed
species, representing a sampling efficiency of 82.35%. We estimated that 15 species are
yet to be recorded (fig. 2).

We identified seventy—three species over the five winter seasons (WS1, WS2, WS3, WS4
and WS5), belonging to seven orders and 13 families. Waterbird richness and diversity va-
ried in time and space (fig. 3). WS1 was the richest and had the highest abundance value.

According to the zones, SHAZ (< 20 cm) was the richest but AQUZ (> 20 y < 100 cm), had
the highest abundance value (fig. 4); this finding is supported by rarefaction analysis (fig. 5A).

Rarefaction analysis showed significant differences in richness between seasons;
WS4 (37 species) and WS1 (46 species), WS2 (49 species); WS3 (42 species) and WS5
(43 species) significantly differed from WS2 (fig. 5B). The rarefaction analysis suggested
that October (43 species), November (54), and March (48) differed significantly from each
other. December (45), January (47), February (45) and March (48) did not differ significantly
in either richness (fig. 5C) or diversity.
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Fig. 2. Observed species accumulation curves (Sobs) and expected curves using
ACE estimator.
Fig. 2. Curvas de acumulacién de especies observadas (Sobs) y previstas segtn el
estimador ACE.

30,000 -0
z 25,000—#& 60
9 20,000 502
8 \ ‘a0 %
§ 15,000 \ 408 N
2 10,000 305 s
g \ 20K
5,000 ]
10

WS1 WS2 WS3 WS4 Ws5 O
Seasons

Fig. 3 Variation in abundance and richness of waterbirds over five winter seasons at
Sayula Lagoon, Mexico.

Fig. 3 Variacion de abundancia y riqueza de aves acuaticas en la laguna de Sayula,
México.

The cluster analysis and NMDS revealed two groups of zones, supporting rarefaction
results: AQUZ and SHAZ (with the highest abundance) were the most similar and formed
a group with MUDZ. The other zones (SANZ and DEEZ) formed another group with the
lowest similarity; they were also the zones with the lowest abundance (fig. 6A). According
to seasons, the analysis formed two groups: 1) WS2 and WS4 with the highest similarity,
and the lowest richness and abundance values; and 2) all the remaining seasons. Among
these, WS1 and WS5 had the highest richness and abundance values (fig. 6B). With respect
to months, this analysis showed that January and December, the months with the highest
abundance values, were the most similar, whereas March was the most different month with
the lowest abundance (fig. 6C). The ANOSIM estimated a global R = 0.016 (P = 0.001) for
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Fig. 4. Variation in abundance and richness of waterbirds in five zones (Deep DEEZ, Aquatic
Zone AQUZ, Shallow SHAZ, Muddy MUDZ, Sandy SANZ) at Sayula Lagoon, Mexico.
Fig. 4. Variacion de abundancia y riqueza de especies en las cinco zonas (Deep DEEZ,
Aquatic Zone AQUZ, Shallow SHAZ, Muddy MUDZ, Sandy SANZ) de la laguna de
Sayula, México.

the monthly scale; in spite of the low value of the separation between groups, differences
between October—February and November—March were recorded. This result is consistent
with those from the NMDS, and the cluster analysis. For winter seasons, the global R-value
was also low (0.041, P = 0.001), but significant differences among WS1-WS2, WS1-WS4,
WS2-WS3 and WS3-WS4 were distinguished.

A total of 39 species were winter visitors, 24 were resident, six were occasional mi-
grants, three were transitory migrants, and one was a summer resident. The most highly
represented family was Anatidae with 18 species, followed by Scolopacidae with 15 spe-
cies, and Ardeidae with 10 species. Eight species under some risk category according to
NOM-059-SEMARNAT-2010 (SEMARNAT, 2010) were recorded; three of these are clas-
sified as endangered (Mexican duck Anas platyrhynchos diazi, American bittern Botaurus
lentiginosus, and snowy plover Charadrius nivosus). Five were classified as under special
protection (least bittern Ixobrychus exilis, least grebe Tachybaptus dominicus, wood stork
Mycteria americana, king rail Rallus elegans and virginia rail R. limicola). The Mexican duck
(Anas platyrynchos diazi) is the only endemic species of waterbirds at Sayula Lagoon. The
snowy plover (Charadrius nivosus) and king rail (Rallus elegans) are included at the IUCN
Red List as Near Threatened and the remaining species are in the Least Concern category
(see the dataset published at GBIF).

In terms of relative frequency, 13 species were very frequent, 15 were frequent, 13 were
moderately frequent, and 32 consisted of sporadic records. Most species were sporadic
(43 %); this class included rails, gulls, waterfowl, and grebes. Frequent species (21 %) mainly
included herons, grebes, terns, and shorebirds. Moderately frequent species (18 %) included
some herons and other resident water birds and medium—sized shorebirds, mainly migrant.
Finally, highly frequent species (18 %) were mainly migrant and resident waterfowl and some
medium sized shorebirds. From the recorded species, two were categorized as abundant,
10 were common, 12 were moderately common, 13 were non—common, and 36 were rare
(see sppendix 1).
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Fig. 5. Comparacion de la riqueza total por zonas (A), estaciones (B) y meses (C)

mediante las curvas de rarefaccion segtn el numero de especimenes.
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Fig. 6. Resultados del analisis de conglomerados (izquierda) y NMD (derecha) por
zonas (A), estaciones (B) y meses (C).

Five functional groups were established. Those that were best represented were shorebirds
(foraging strategy) (35 %). This group also had the highest richness. The second group inclu-
ded ducks, small grebes, and jacanas (foraging strategy) (25 %). The third group consisted
of large wading birds (19.5 %) (foraging strategy), while piscivores (dietary strategy) (11 %),
and herbivores (dietary strategy) (9.5 %) made up the fourth and fifth groups, respectively.

Discussion

Movement in animal populations can take place over shorter time scales than seasons but
most often occurs between seasons over the year. Understanding these movement patterns
is therefore essential if we are to understand the connection between local and regional
dynamics (Wells et al., 2013).
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This study investigated the variation in space and time of water bird assemblages over
five winter seasons at Sayula Lagoon, an important site for various functional groups of
aquatic birds, both migratory and resident, even when it is an intermittent wetland. Despite
evident disturbance activities in the area, especially changes in land use, retention and
deviation of natural water runoff, and pollution by discharges from municipal wastes (Ato-
yac City Council, 2010), this site is an important wetland for waterbirds, as shown by the
many migratory and resident species recorded there (73), comparable to the 74 species
in La Vega Baja del Segura (Alicante's web of natural and artificial wetlands) reported by
Sebastian—Gonzalez et al. (2013) and the 79 species reported by Cintra et al. (2007). In
contrast with the latter authors, however, we found most of the species were winter visitors
and only 34 were exclusively waterbirds. Some studies in inland wetlands of Mexico report
half the number of species we recorded (36 species in Fonseca et al., 2012, and 30 species
in Berumen et al., 2017, in Tlaxcala and Puebla respectively), however, in both studies, the
sampling effort was less than ours, so this result could be related to it rather than the intrinsic
richness of the area). Cuevas & lfiiguez—Davalos (2017), in contrast, report 100 species
for Jocotepec, in Chapala Lake Jalisco, but only 35 were waterbirds. All these studies have
reported temporal variation according to the season of the year.

Water levels within zones vary throughout the year. At the Sayula Lagoon, while the area
covered by water averages 9,000 ha in the rainy season (July to October), the lagoon is
almost completely dry during the rest of the year (Red Mocaf, 2005). This dryness promotes
the formation of wide sandy zones with salty soils and some water portions at the center
and southern portions of the lagoon. In these areas, halophytic, aquatic, and sub aquatic
vegetation types are mixed; these findings are supported by Munguia et al. (2005), who
documented variation in substrate composition within the Laguna de Sayula, and changes
in waterfowl diversity and habitat use during the dry season. Wetlands with thorn scrub
are also present in smaller proportions. Therefore, due to this environmental heterogeneity,
which is originated by complex water level dynamics, the water bird community has a high
species richness value (73), representing 53 % of the recorded water bird species in Jalisco
(Palomera—Garcia et al., 2007), excluding pelagic species. The highest S in this study was
recorded in November 2004 in AQUZ, and the highest abundance corresponded to October
of the same year in SHAZ; according to the information provided by CONAGUA-Jalisco
(unpublished data), 2004 was the wettest in the study period. The most abundant species
in the entire study were Northern shoveler (Spatula clypeata) (32% of the total abundan-
ce), snow goose (Anser caerulescens) (14.5%) and long-billed dowitcher (Limnodromus
scolopaceus) (6 %). In contrast, in other wetlands in Jalisco State, Laguna de Zapotlan has
47 species (Michel-Parra et al., 2005), Estero La Manzanilla has 45 species (Hernandez,
2000), Chamela region has 83 species (Arizmendi et al., 2002), Lago de Chapala has 39
species (Lopez—Velazquez, 2011), and Estero El Salado has 60 species (Molina et al.,
2012). In another state wetland, Valsequillo Reservoir in Puebla, which is a Ramsar site,
30 species were observed (Berumen et al., 2017). Sayula contains the highest reported
species richness to date but this could be due to the sampling effort (five winter seasons
in the current study vs. one—year sampling period in the other areas). If we consider a
one—year sampling, richness seems to be similar to that in other wetlands. The species
richness recorded throughout the current study contrasts with that reported by Delgadillo
(1995), who found a richness of 62 species at the same study site. In comparison with
the list of species reported by Delgadillo, 55 species are the same, and we did not record
seven species: Aythya valisineria, winter migrant; Nomonyx dominicus, resident at west
Pacific and Gulf Coast; Calidris melanotos, transient; Leucophaeus pipixcan, transient; La-
rus californicus, winter migrant; Larus argentatus, winter migrant; and Sternula antillarum,
summer migrant Northern coast of Mexico. Also in the declaratory document as a Ramsar
site, 58 species are listed, three of which were not recorded in the current study (Aythya
valisineria, Calidris melanotos and Rissa tridactyla, winter migrant only at North Baja Ca-
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lifornia) (Ramsar, 2003). These missing species could be resident species or species that
are present at some times of the year but not in winter, meaning that the period with the
highest richness of water birds at the study site is winter.

In comparison with distribution maps published by Howell and Webb (2001), seven of the
73 species we recorded are not expected to occur in the Sayula Lagoon. Moreover, there
are also differences in the seasonal status (see appendix 1). According to our results, the
sampling effort was sufficient to record most species in the study area. Therefore, ours is
a representative sampling effort according to the ACE estimator, which allowed us to make
inferences regarding bird responses to the zoning in the study site, and to temporal varia-
tions, which demonstrates the importance of recording for more than a year, in opposition
to the consideration by Berumen et al. (2017), who recognized that a one—year sampling
might not be sufficient to determine species’ number and abundance because species’
number varies year to year, especially in some families.

Species records according to zone provides information related to their habitat pre-
ferences. Waterbirds have morphological adaptations for feeding (Cody, 1985). These
are limited according to the water depth, and each species has its own foraging depth
preference (Elphick and Oring, 2003). There are discrepancies about the optimal foraging
depth; whereas some authors state that 25 cm is optimal (Paillisson and Marion, 2002),
others suggest that between 13 and 35 cm is best, depending on the species. Colwell and
Taft (2000), stated that numbers of waterbirds, ducks and shorebirds increase in shallow
wetlands, while numbers of swimming species increase in deep wetlands. This relationship
between foraging and water depth is consistent with results obtained in our study, where we
recorded that the richness and abundance of species was inversely related to water depth,
supporting findings by Robertson and Massenbauer (2005) and Holm and Clausen (2006).
In our study, the highest richness was recorded at MUDZ, SHAZ and in part of the AQUZ.
These zones contained all kinds of species groups, such as swimming birds (waterfowl,
grebes, cormorants), wading birds (herons, storks, rails) and shorebirds, in concordance
with observations of Hamza et al. (2015). In waters deeper than 100 cm (DEEZ), richness
decreased drastically, and only some swimming bird species (waterfowl, grebes, gulls, terns
and pelicans) were recorded.

The high values of richness and diversity between the shallow and water zones are
probably due to their spatial proximity and similar environmental characteristics. Most spe-
cies in this zone belong to the functional group of ducks, but shorebirds and large wading
birds are represented in smaller proportions. Ducks used muddy zones as resting sites, but
not for feeding. This zone provides resources mainly for shorebirds, herbivores and large
wading birds, which use the site for feeding. Plots dominated with halophytic vegetation
provide habitat for snow geese and shorebirds when the cover is less. Furthermore, in the
deep zone, waterfowl and other species such as swimming and diving birds (grebes, gulls,
terns and pelicans) are the dominant species and in the sandy zone waders, shorebirds
and herbivores such as geese were recorded. Our results show that the maintenance of
a high environmental diversity is important when the management aim is to promote high
species diversity and to provide resources for all species groups simultaneously.

In the Sayula Lagoon, November was the richest month due to the arrival of migrant
species and because some sites remained flooded, thus promoting the presence of water
bird species. In contrast, December was the month with the highest abundance due to the
arrival of more migrant individuals. Among seasons, we also detected important fluctuations,
which is consistent with reports by Blake and Loiselle (2016), who stated that long—term
estimations with waterfowl over 49 and 14 years respectively, have demonstrated temporal
variations with cycles of periods of decreases in numbers followed by periods of recovery in
abundance. These cycles may be related to changes in reproductive habitat and to continental
climatic patterns, among other factors. In our study, the first season was the richest and
the one with the highest abundance. This coincides with the highest precipitation recorded
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throughout the study (CONAGUA-Jalisco, unpublished data). Our results suggest that the
complex water dynamics in the Sayula Lagoon have allowed the existence of a variety of
habitats, promoting the co—existence of many different water bird species in the lagoon. Not
only the abundant species, but also rare species contribute to the water bird community
structure within the lagoon. Future trends for these assemblages may vary in response to
climate change. On the other hand, water control through either flooding of wetlands such as
the Sayula Lagoon or channelization could provide a strategy to manage bird assemblages
in years of moderate or excessive rain. Therefore, future research should elucidate more
specific data about the controlling effect that water impinges on aquatic bird assemblages.

Our results show that the environmental heterogeneity at the Sayula Lagoon provides
feeding and resting sites for many water bird species, mainly migrants, which is consistent
with Hamza et al. (2015). Future studies must evaluate the effects of other variables, such
as vegetation and nutrients and determine to what extent changes in bird populations are
related to limnological changes (Green and Figuerola, 2003) or with the intensity of human
presence at the site. To ensure sustainability and to promote the existence of a greater
diversity, it is necessary to define sites for conservation and maintenance of habitats through
the analysis of the richest sites, and identify habitats in which it is necessary to establish
ecological restoration activities in order to provide a variety of environments and depths for
all species that use the wetland.
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Appendix 1. Bird species recorded at the Sayula Lagoon. Seasonal status (R, resident; WV, winter visitor; TM, transitory migrant; OM, occasional migrant; SR, summer resident; RP, with resident populations; No R, not recorded; ?, unknown status). N, number of individuals; M-S, month and season in which
maximum abundance was recorded. S, season with the maximum cumulative abundance (between brackets); month(s) and zone(s) in which species were recorded. Relative abundance (RA: A, abundant; C, common; Mc, moderately common; Nc, non—common; R, rare). Relative frequency (RF: Vf, Very

frequent; F, frequent; Mf, moderately frequent; S, sporadic). Data published in GBIF (doi: 10.15470/cuwqgi).

Apéndice 1. Especies de aves registradas en la laguna de Sayula. Grupos estacionales (R, residente; WV, visitante invernal, TM, migrante transitorio; OM, migrante ocasional; SR, residente estival; RP, con poblaciones residentes; No R, no registrado; ?, grupo desconocido). N, numero de individuos. M-S, mes y
estacion en que se registré la maxima abundancia. S, estacién con la maxima abundancia acumulativa (entre paréntesis); mes/es y zona/s en los que las especies fueron registradas. Abundancia relativa (RA: A, abundante; C, comun; Mc, moderadamente comun; Nc, no comun; R, raro). Frecuencia relativa (RF:
Vf, muy frecuente; F, frecuente; Mf, moderadamente frecuente; S, esporadico). Datos publicados en GBIF (doi: 10.15470/cuwqgi).

Seasonal status Max. Abundance Seasonality Zone where species was recorded
Order Family Scientific name Common name Ho well and webb  This paper N M-S S Fall-winter DEEZ AQUZz SHAZ MUDZ SANZ RA RF
Anseriformes Anatidae Dendrocygna autumnalis Black-bellied whistling—duck No R R 50 Nov-04 1 (134) Oct—Mar + Mc Mf
Dendrocygna bicolor Fulvous whistling—duck R R 23 Oct-05 5(31) Oct-Mar + Mc Mf
Anser albifrons Greater white—fronted Goose No R oM 10 Oct-02 2 (10) Oct,Jan + R S
Anser caerulescens Snow goose wv wv 1,700 Jan-03 5 (3747) Oct—Mar + + + A Vf
Anser rossii Ross's goose ? wv 2 Jan-01 1(2) Jan + R S
Branta canadensis Canada goose No R oM 1 Mar-02 2 (1) Mar + R S
Mareca strepera Gadwall wv wv 40 Nov-02 2 (41) Nov—Feb + + Nc S
Mareca americana American wigeon wv wv 35 Jan-01 1(83) Nov-Apr + + + Nc F
Anas platyrynchos diazi Mexican duck R R 437 Nov-04 5(1,143) Oct—Mar + + + + + C Vf
Spatula discors Blue—winged teal wv WV/RP 469 Oct-03 1 (1034) Oct—Mar + + + + + C Vf
Spatula cyanoptera Cinnamon teal R WV/RP 397 Feb-05 5 (788) Oct-Mar + + + + C \%j
Spatula clypeata Northern shoveler wv WV/RP 5,747 Oct-01 1 (9453) Oct—Mar + + + + + A \%j
Anas acuta Northern pintail wv wv 1,850 Dec—4 4 (2107) Oct—Mar + + + + C Vf
Anas crecca Green—-winged teal wv WV/RP 594 Feb—-05 5 (931) Sep-Jun + + + + + Mc Vf
Aythya collaris Ring—necked duck wv wv 8 Dec—4 4 (8) Oct—Feb + R S
Aythya affinis Lesser scaup wv wv 18 Jan-3 3(32) Nov—Feb + + R S
Bucephala albeola Bufflehead wv wWv 1 Nov-01 1(1) Nov + R S
Oxyura jamaicensis Ruddy duck R R 193 Jan-5 5 (558) Oct—Mar + + + C Vf
Podicipediformes  Podicipedidae Tachybaptus dominicus Least grebe R R 3 Feb-05 5(11) Oct—Mar + + R F
Podilymbus podiceps Pied—billed grebe R R 3 Oct, Dec-01 1,5 (6) Oct-Mar + + Nc S
Podiceps nigricollis Eared grebe wv wv 2 Nov—01 1 (3) Nov-Dec + + R S
Aechmophorus clarkii Clark's grebe R R 7 Jan-05 5(12) Oct—Mar + R S
Ciconiformes Ciconiidae Mycteria americana Wood stork OM Y 41 Nov-01 1 (80) Oct—Mar + + + + Nc F
Suliformes Sulidae Sula leucogaster Brown booby No R oM 1 Mar-03 3 (1) Jan + R S
Phalacrocoracidae Phalacrocorax brasilianus Neotropic cormorant R R 1 Jan-5 5(1) Jan + R S
Pelecaniformes Pelecanidae Pelecanus erythrorhynchos ~ American white pelican wv Y 105 Mar-01 1 (222) Oct-Mar + + + + Mc F
Pelecanus occidentalis Brown pelican No R oM 1 Dec-01 1(1) Mar R S
Ardidae Botaurus lentiginosus American bittern wv WV 1 Nov-01 1(3) Nov-Jan + R S
Ixobrychus exilis Least bittern R R 1 Oct-01 1(1) Mar + R S
Ardea herodias Great blue heron wv R 5 Nov—01 1(16) Oct—Mar + + + Mc F
Ardea alba Great egret R R 79 Mar-05 5 (185) Oct—Mar + + + + Mc Vf
Egretta thula Snowy egret R R 144 Oct-01 1-214 Oct-Mar + + + + Nc F
Egretta caerulea Little blue heron R wv 1 Nov—Jan(1) 1 (4) Oct—Mar + + + R S
Egretta tricolor Tricolored heron wv R 8 Mar—05 5(11) Oct—Mar + + + + R Mf
Bubulcus ibis Cattle egret R R 64 Nov-01 1 (200) Oct-Mar + + + Mc F
Butorides virescens Green heron R R 1 Dec-Mar-5 5(2) Oct,Jan,Mar + + R S
Nycticorax nycticorax Black—crowned night—heron R R 6 Dec-5 5(12) Oct—Mar + + R Mf
Threskiornithidae Plegadis chihi White—faced ibis R R 310 Nov-01 1 (630) Oct—Mar + + + Mc Vf
Platalea ajaja Roseate spoonbill No R wv 26 Dec—1 1 (57) Oct—Mar + + + Nc Mf
Gruiformes Rallidae Rallus elegans King rail R R 1 Nov-01 1(1) Nov + R S
Rallus limicola Virginia rail wv wWv 1 Nov-01 1(1) Nov,Jan + + R S
Porzana carolina Sora wv wv 1 Nov-03 3(1) Nov + R S
Porphyrio martinicus Purple gallinule R R 1 Nov-01 1(1) Nov + R S
Gallinula galeata Common moorhen R R 25 Nov-01 1 (63) Oct—Mar + + + Nc Mf
Fulica americana American coot R R 704 Dec—1 1 (1949) Oct—Mar + + + + + C Vf
Charadriiforme Recurvirostridae Himantopus mexicanus Black—necked stilt R R 220 Nov-01 1 (830) Oct—Mar + + + + C Vf
Recurvirostra americana American avocet WV WV/RP 484 Nov-05 5 (1203) Oct—Mar + + + + C VFf
Charadriidae Pluvialis squatarola Black—bellied plover No R ™ 19 Nov—01 1(19) Nov + R S
Charadrius collaris Collared plover R ™ 5 Mar-05 5 (5) Mar + R S
Charadrius nivosus Snowy plover SR SR 5 Mar-05 5 (5) Dec—-Mar + + R S
Charadrius semipalmatus Semipalmated plover OoM wv 100 Nov—-05 5(101) Oct-Dec, Mar + + + Nc Mf
Charadrius vociferus Killdeer R R 57 Jan-01 1 (149) Oct—Mar + + + Mc F
Jacanidae Jacana spinosa Northern jacana R R 60 Nov-01 1(111) Oct—Mar + + + Nc F
Scolopacide Actitis macularius Spotted sandpiper wv WV 36 Oct-05 5 (49) Sep-Apr + + Mc F
Tringa solitaria Solitary sandpiper wv wWv 23 Nov-01 1(31) Nov—Jan + R Mf
Tringa melanoleuca Greater yellowlegs wv wv 17 Jan—-03 3 (20) Oct-Jan + + R S
Tringa semipalmata Willet oM wv 4 Oct-05 5 (6) Oct-Feb + R S
Tringa flavipes Lesser yellowlegs wv wWv 80 Jan—1 1 (169) Oct—Mar + Nc F
Numenius americanus Long-billed curlew wv Wwv 110 Jan—-05 5 (194) Oct—Mar + + + Nc F
Limosa fedoa Marbled godwit oM oM 1 Feb—Mar-01 5(2) Feb—Mar + R S
Arenatria interpres Ruddy turnstone OoM OoM 1 Oct-01 5(1) Oct + R S
Calidris himantopus Stilt sandpiper wv wv 3 Dec-01 1 (3) Dec—Mar + R S
Calidris bairdii Baird's sandpiper ™ WV 600 Mar-05 5 (600) Dec—-Mar + + Mc Mf
Calidris minutilla Least sandpiper wv wWv 722 Jan-01 1 (2229) Oct—Mar + + C F
Calidris mauri Western sandpiper wv wv 255 Jan-01 1 (484) Oct-Feb + + Mc Mf
Limnodromus scolopaceus  Long-billed dowitcher wv WV/RP 1,078 Nov-01 1 (2548) Oct—Mar + + + C F
Gallinago gallinago Common snipe wv wv 18 Jan-03 3 (26) Oct-Feb + + + Nc Mf
Phalaropus tricolor Wilson's phalarope OoM wv 218 Mar-01 1 (253) Oct—Mar + + + Nc F
Laridae Leucophaeus atricilla Laughing gull wv WV 1 Nov—-Mar-01 1(5) Nov—-Mar + + R S
Larus delawarensis Ring-billed gull wv wWv 5 Nov-01 1(5) Nov—Mar + + + R S
Hydroprogne caspia Caspian tern wv Wwv 32 Mar-05 5 (32) Oct—Mar + + R Mf
Chlidonias niger Black tern ™ ™ 1 Nov-03 3(1) Nov + R S
Sterna forsteri Forster's tern WV Y 1 Oct-01,02 1,2 (1) Oct + R S
Specific richness per zone 28 51 52 36 23
Total number of individuals per zone 1,998 38,031 22.55 5,615 878
Exclusive species 1 9 6 1 0
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