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Simple Summary: The Mexican duck is considered an endangered species by Mexican law due to
its population dynamics and the destruction of the wetlands in which it occurs. This duck inhabits
the Central Mexican Plateau, where the aquatic ecosystems show a significant deterioration as a
consequence of pollution and the inadequate use of the resources of the region. However, there
is scarce or zero information regarding the plant characteristics and the type of wetland that the
Mexican duck inhabits. Therefore, a series of wetlands were selected, taking into account the presence
of Mexican duck populations, in which adjacent and aquatic vegetation were analyzed in relation
to the duck’s population density. The vegetation was characterized by a structure composed, for
the most part, of graminean and shrub species and the presence of aquatic vegetation; collected
data showed that a population occupied mainly artificial wetlands in the studied area, which was
found to be the main factor underlying the selection of wetlands by the Mexican duck in the Plateau
of Zacatecas.

Abstract: The Mexican duck (Anas diazi) is an endemic species that has been categorized as threatened
because of its practice of living in small populations and because of the condition of the wetlands in
which it occurs. Therefore, the preference for wetlands by the species is influenced by the adjacent
vegetation composition found in the Mexican Central Plateau in the state of Zacatecas. The inclination
of the duck towards the wetlands in relation to the aquatic and adjacent vegetation structure was
evaluated in the studied area. Seven wetlands were selected and distinguished by the presence of
a population of the species. Vegetation was analyzed in three strata—tree layer, shrub layer and
herb layer—and the population of the Mexican duck was calculated through direct counting in each
wetland. The results determined a significantly larger number of individuals in artificial wetlands
than in lakes. The wetlands’ adjacent vegetation is constituted by graminean and shrub species,
with an aquatic vegetation cover. The non-parametric Mann–Whitney U test showed a significant
difference between the counts of ducks and the physical structure of wetlands in the examined area.
The data obtained indicate that the Mexican Duck occurs mainly in artificial wetlands with mainly
graminean vegetation and aquatic plant cover; similar characteristics to those previously described
for dabbling ducks.
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1. Introduction

The Mexican duck is a non-migratory endemic species included in the group of
dabbling ducks. This species spreads in lakes and marrows in the central plateaus within
the Central Mexican Plateau, running to the north along the eastern base of the Sierra
Madre Occidental and the basin of the Rio Grande up to the state of Chihuahua in Mexico
and the southern part of the states of Arizona, New Mexico, and Texas in the United
States. It also runs to the south, starting in the Trans-Mexican Volcanic Belt in the states
of Mexico, Tlaxcala, and Puebla, throughout the central plateau in Zacatecas, Guanajuato,
and Michoacán [1,2]. The Mexican duck was considered as a species in the 1957 American
Ornithologists Union Check-list (5th Edition) until it was removed and included as a
subspecies of the mallard (Anas plathyrhynchos), being identified with the scientific name
Anas plathyrhynchos diazi in 1983 (American Ornithologists Union Check-list, 6th Edition).
This process led to a controversy regarding the taxonomy of the species until 2020, when
the American Ornithologists Society (AOS) finally defined it as Anas diazi species [3–11].
Due to its occurrence in small populations and the destruction of its habitat, the Mexican
duck was protected by the U.S. Endangered Species Act as an endangered species in 1967,
from which it was later removed by the United States Fish and Wildlife Service in 1978 as
a result of its classification as a subspecies of the mallard. This removal stopped it from
being considered a vulnerable species. The previous situation led to a lack of information
on the Mexican duck as a species, which precluded the development of an evaluation of
conservation; on the other hand, some studies demonstrate that the species shows a certain
ability to adapt to agricultural habitats and that this characteristic could provide stability to
its populations [12]; however, insufficient evidence has been provided for the Mexican duck
to be considered as an endangered species [13,14]. Nonetheless, some authors maintain that
this species presents a decreasing tendency in its populations since it is affected mainly by
the destruction of its habitat resulting from anthropogenic activities such as hydric resource
deviation for agriculture and the destruction of nesting zones and eggs provoked by the
trampling of livestock or agricultural machinery [4,15–17]. Therefore, they suggest that
it should be considered as endangered, and this situation has been taken into account in
Mexican legislation, which defines it as an endangered species [18].

Studies have described some of the population tendencies in Mexico. Pérez-Arteaga [13]
states that during the period 1960 to 2000, 16% of the total population of the Mexican duck
was found in the mountainous region of northern Mexico, whereas 84% of the population
was found in the central mountainous region. From 2001 on, these numbers changed to
31% and 69% of the population, respectively. Currently, there is not enough information to
determine its population tendency, so it is suggested that it keep its endangered species
status while further information is generated [13,14].

The Mexican wetlands are part of the natural environment of different Nearctic species
of aquatic migratory and resident birds, which guarantees the preservation of a high per-
centage of their populations [5,19–22]. Their biological diversity is associated with their
biota and their geographical location within the Mexican territory [3,23]. The abundance of
aquatic birds is determined by a range of factors like hydrological state, the heterogeneity
of the area, size, and vegetation structure [17,24]. Dabbling ducks are associated with
habitats that possess high and extensive shrubs, which are part of their nesting zones.
Because of this, they are recognized as suitable habitat zones for different species of ducks.
Duck population is related to factors such as grass size, weed amount, and the structure
of different mammalian predator communities [25,26]. The complexity of the vegetation
structure has been directly associated with the richness of duck species [27,28] as it pro-
motes a variety of invertebrates which form part of the diet of aquatic birds [29,30]. The
habitat selection process of dabbling ducks is behavioral since they prefer areas that fulfill
the requirements of providing resources with viable characteristics and also offer shelter
for the ducks against predators [31–33]. Ringelman [34] and Kleyheeg [35] remark that
a 50:50 proportion between open water and emergent vegetation in the wetlands is fre-
quently selected by aquatic birds. In addition, Laskowski [36] maintains that the structural
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diversity of the habitat constitutes a relevant factor for dabbling ducks, pointing out that a
simple vegetation cover is not enough for their survival, which leads to their heterogeneity.
Williams [37] describes a change in the distribution of Mexican duck populations according
to two main seasons in the Mexican Plateau: the dry season (May to June) and the rainy
season, which suggests that this change is due to a change in the availability of resources
for the species.

The habitat of the Mexican duck requires three basic elements: open waters with dense
vegetation cover on the shores, wetlands with medium depth, and an adjacent slope that
allows young individuals to move into the vegetation cover for protection [38,39]. This
species inhabits lakes and shallow water vessels, choosing a wetland with a presence of
bulrush (Typha sp.) [40,41], areas with Mesquite trees (Prosopis sp.), graminean, and riparian
zones or lowlands [38]. The Central Mexican Plateau includes five physiographic regions:
Sierra Madre Occidental, Central, Sierra Madre Oriental, the Bajío Zone, and the Trans-
Mexican Volcanic Belt [40]; the first three areas compose what is considered the Northern
Plateau located in the Mexican state of Zacatecas. This region includes permanent and
stationary marshes that belong to closed marshes or endorheic wetlands that have been
substantially altered or destroyed by anthropogenic activities, for example, agriculture,
overgrazing, and pollution generated by surrounding communities [42,43]. In general,
these areas do not present riparian vegetation, and they have turbid waters along with a
constant presence of livestock [6,44].

The Mexican duck is affected by the destruction of its habitat due to the deviation of
water resources employed in the watering of regional crops; this is partially compensated
by artificial wetlands [40], indicating that habitat loss is one of the main problems. Climate
change is another factor that alters the habitat of the species [45]; the alterations in rainfall
and runoff are fundamental in determining the composition of the species and the produc-
tivity of the ecosystems, where the existence of wetlands depends on water availability.
By the same token, extended periods of drought cause wetlands to dry, decreasing their
capacity of retention and water storage [46].

The information obtained in studies about the habitat of dabbling ducks, including the
Mexican duck, points towards two important factors: the composition of wetlands-adjacent
vegetation (both aquatic and riparian) and the physical structure of the wetlands; for this
reason, it is hypothesized that these factors could influence the presence and population
density of the Mexican duck in the plateau of Zacatecas. The objective of the present study
is to characterize the type of wetlands where this species occurs, as well as the structure of
their adjacent vegetation in the Plateau region.

2. Materials and Methods
2.1. Study Area

The Plateau of Zacatecas is part of the geographical area known as Tierras Altas del Cen-
tro de México (Central Mexican Highlands), which is identified as a high plateau between
mountains, with arid and semi-arid weather conditions. There are no rivers of impor-
tance in this biogeographical province [43,47]. Wetlands in this region include permanent
and stationary marshes that belong to closed basins, as well as endorheic wetlands that
present considerable deterioration via the substantial alteration and destruction provoked
by changes in soil use and the overexploitation of resources at the human hand [14,42].
Tavizón [48] notes that in the state of Zacatecas, Mexican ducks can be found in lakes,
marshes, and artificial water reservoirs all the year, in which they become acquainted
with migratory species, such as the snow goose (Chen caerulescens) and the greater white-
fronted goose (Anser albifrons). Seven wetlands were selected based on the abundance
of the Mexican duck population in the area; they were classified typologically using the
aquatic system to which they belong as a basis according to the method described by
Cervantes [23] and RAMSAR [49]. Following the established typological classification, two
types were recognized: lake and artificial pond (Table 1). The selected points were located
in the major corridor of migratory aquatic birds in the State, which covers a strip of 8400
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km2 (840,000 ha), using hydrological regions, basins, subbasins, and aquifers to delimit it
(Figure 1).

Table 1. Typology and geographical location of the study wetlands in the Plateau of Zacatecas.

Wetlands Type Characteristics Wetland Study Municipality Size (ha) Coordinates

Lakes

Of any origin;
unstable, they depend on

the rainfall regime;
depth less than 8 m;

presence of organic matter,
with turbidity

Chilitas Zacatecas 39.58 22◦39′59.92′′ N
102◦40′00.32′′ W

Bañuelos Guadalupe 33.98 22◦39′03.70′′ N
102◦30′33.05′′ W

La Zacatecana Guadalupe 62.55 22◦39′59.92′′ N
102◦40′00.32′′ W

Artificial ponds

Temporary or permanent;
they store water for various

activities (agriculture,
livestock, etc.)

Matanuzka Ojocaliente 0.389 22◦28′43.55′′ N
102◦15′36.26′′ W

El Maguey Zacatecas 3.711 22◦48′05.28′′ N
102◦43′09.68′′ W

El Manantial Luis Moya 0.654 22◦27′42.96′′ N
102◦11′47.42′′ W

Las Mangas Guadalupe 6.12 22◦42′42.76′′ N
102◦31′37.21′′ W

Reference: Cervantes [23].
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The so-called wetlands of La Zacatecana, Bañuelos, and Chilitas, defined as lakes, are
under the legal status of common land or ejido, which is the greatest factor underpinning
environmental issues in Mexico [50]. There exist neighboring human settlements around
these wetlands. These settlements provoke water pollution in each of the lakes as a result of
anthropogenic activities that take place within these areas, particularly livestock (bovines
and goats), agriculture (with inefficient watering systems), mining (heavy metal waste in
the wetland of La Zacatecana), and hunting (exclusively in the wetland of Chilitas). As a
result, their adjacent areas display a highly eroded soil caused by the loss of vegetation
cover and wind action. The vegetation was characterized by the predominant presence of
halophytic vegetation, shrubs, and natural grassland.

The wetlands of El Maguey, El Manantial, Matanuzka, and Las Mangas were classified
as artificial ponds; these are artificial wetlands whose main use is agriculture, with the
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exception of the pond known as El Manantial, which was created for the purpose of
conservation, and Las Mangas, the main purpose of which was to serve as a water trough
for livestock. The artificial ponds of El Maguey and El Manantial are used as water troughs
only during the dry season. They mainly present a vegetation structure of natural grassland
and emergent aquatic vegetation.

Areas adjacent to the wetlands were vegetation with mesquite (Prosopis sp.), prickly
pear cactus (Opuntia sp.), huisache (Acacia farnesiana), and native natural pasture. Only the
wetland of Las Mangas was characterized by the presence of natural grassland.

The fluctuation in temperature during the spring–summer period goes from 27 to
12 ◦C, and during the period of fall–winter, temperatures vary from 21 to 3 ◦C, with freezes
during December and January. The average annual rainfall ranges from 300 to 600 mm
during the months of May to October and from 25 to 50 mm in the period from November
to April [44,51]. In the period 2004 to 2005, during the dry period (January to May), there
was a rainfall average of 12.65 mm in the municipalities of Guadalupe and Zacatecas;
while in the municipalities of Luis Moya and Ojocaliente, the rainfall average was 4.8 mm.
During the rainy season (June to September), the average was 93.62 mm and 71.05 mm,
respectively [52].

2.2. Characterization of the Vegetation in the Studied Wetlands

In order to determine the size of the wetlands and the type of adjacent vegetation, an
analysis of geographical information was carried out using digitized maps of the region,
which were made with ArcView 9.1 software. To characterize the adjacent vegetation of
each wetland quantitatively, an analysis was carried out during the period June 2004 to
May 2005 in three different strata: tree strata (>2 m height); shrub strata (0.7 m to 2 m
width); and herb strata (<0.7 m height). Transects were established, directed to the four
cardinal points in each wetland, with a length of 50 m and intervals of 5, 25, and 50 m each,
starting on the shore of the wetland. In each interval of the wetlands, different quadrants
were positioned. For the tree strata, a 10 × 10 m quadrant was placed, resulting in a
total surface of 1200 m2; for the shrub strata, a 4 × 4 m quadrant was placed, resulting
in a total surface of 192 m2; finally, for the herb layer, a 1 × 1 m quadrant was placed,
resulting in a total surface of 12 m2 [44,53,54]. Within the quadrants corresponding to the
tree and shrub strata, species, individuals by species, density, and cover were registered.
Subsequently, relative density (RD = the density of a given species in relation to the total
density of all species), relative frequency (RF = the frequency of a given species in relation
to the total frequency of all species), relative cover (RC = the cover of a particular species
or life form as a percentage of total plant cover for all species), and the importance value
index of each species (IVI = (RD + RF + RC)/3) were calculated [44,55]. The latter value
offers a global estimation that quantifies the importance of individual species in the plant
community [55,56]. Aquatic vegetation was characterized through linear transects of 6 m
in length out in the river bank, which were oriented towards the cardinal points. In each of
them, 1 × 1 (12 m2) quadrants were established in intervals of 2, 4, and 6 m to determine
the aquatic vegetation cover of emerging, submerged, and floating species [44,57].

2.3. Population Counting of the Mexican Duck

To determine the population size of the Mexican duck, four censuses were conducted
in each wetland, which were established in two key periods for the study region, namely,
the dry season, i.e., February to March (count 1) and April to May (count 2), and the rainy
season, i.e., June to July (count 3) and September to October (count 4), so each wetland
was realized twice for each period. The population size of the Mexican duck (number of
individuals per unit area of water surface) in the study area was determined by counting
the number of ducks present in each wetland, considering the size, in hectares, of each
one. For wetlands larger than 10 hectares identified as lakes (La Zacatecana, Chilitas, and
Bañuelos), the Hayne method was used, in which at least two observers equipped with
Swift 15 × 60 mm BCF Vanguard Binoculars-847 binoculars participated; the counts were
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carried out from the shore of the wetlands along transects of variable length (150 + 50 m),
and the total number of individuals observed was counted. For wetlands smaller than
five hectares (El Maguey, El Manantial, Matanuzka, and Las Mangas), direct counts were
performed, and the total number of ducks present was obtained; the choice of counting
method was based on the size of the wetland analyzed [21,44,58–60]. These direct counts
were performed in periods of 3 h each in the morning (from 7 to 10 h) and/or in the
afternoon (from 16 to 19 h). The results are described as the total number of individuals
present during each count. Finally, the abundance of the Mexican duck in each wetland
is described as the population density (number of individuals/hectare) of each wetland,
which was estimated by averaging the total number of counts made in each wetland.

2.4. Statistical Analysis

In order to determine if there is a significant difference between the number of present
individuals of Mexican duck species, the dry and rainy seasons in the region, and the vege-
tation characteristics in the studied ponds and lakes, the non-parametric Mann–Whitney U
test was applied for independent samples; on the other hand, a correspondence analysis
was performed to determine the similarity of the vegetation characteristics among the
analyzed wetlands. All the statistical tests were conducted with SPSS Ver. 29.0 software.
Correspondence analysis is a statistical technique used to explore the relationships between
categorical variables in a dataset. It helps to visualize and understand how different cate-
gories of one variable are associated with categories of another variable. By plotting the
data on a graph, correspondence analysis makes it easier to see these relationships and
identify significant associations, which can be useful for decision-making in fields like
marketing, ecology, and social sciences [11].

3. Results
3.1. Characterization of the Adjacent Vegetation

The analyzed wetlands presented a vegetation composition constituted by 71.4% of
thorn scrub, 100% of natural grassland, 57.1% of prickly pear cactus, and, in general,
60% of adjacent agricultural areas. For those typified as lakes, the tree layer displayed
an absolute density of 0.25 (relative density: 6.48). The identified species were Huisache
(Acacia sp.), Mesquite (Prosopis sp.), pepper tree (Schinus sp.), and screwbean mesquite
(Prosopis pubescens). The species that presented the widest cover area was huisache, with
an index of 47.1%. For the artificial ponds, the data showed an absolute density index of
0.36 (relative density: 10.26). Mesquite was the species that occurred the most frequently
(29.29%), but poplars (Populus sp.) and willows (Salix sp.) were also identified; in this case,
mesquite was the species that provided the highest cover (39.94). The artificial pond known
as El Manantial showed 61.5% of the total of the identified tree species.

The shrub layer in the lakes showed an absolute density index of 4.81 (18.67 of relative
density), and it was constituted by 60.5% of occurrence frequency of Catclaw acacia (Acacia
greggii) and 23.4% of prickly pear cactus (Opuntia sp.), respectively. Other species were also
identified with less frequency, including lemon Dalea (Dalea capitata), maguey (Agave sp.),
and mule fat (Baccharis salicifolia), with 1.23% of frequency each. The shrub species that
occurred the most frequently was Acacia greggi (47.62%), while the species that showed
the highest cover was Opuntia sp., with a value of 54.02%. In the artificial ponds, the
identified species were Acacia sp. and Opuntia sp. In the artificial pond known as El Maguey,
neither arboreal nor shrub species were identified within the sampling points. In the Las
Mangas artificial pond, neither density nor cover were identified in the tree and shrub strata;
its vegetation structure was only constituted by natural grassland. Regarding the herb
strata, graminean were the predominant species in all the wetlands, except for the lake of
Chilitas, in which herbaceous plants were predominant (58.87%). The results are displayed
in Table 2.
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Table 2. Quantitative characterization of the tree and shrub species identified in the analyzed lakes
within the area of study.

Common Name Scientific Name Lakes Artificial Ponds

Tree Strata RD% RF% RC% IVI% RD% RF% RC% IVI%

Huisache Acacia sp. 45.3 ±
20.85

53.3 ±
17.64

47.1 ±
40.74

48.6 ±
26.05

31.2 ±
44.19

27.2 ±
38.56

18.6 ±
26.36

25.7 ±
36.37

Mesquite Prosopis sp. 26.8 ±
27.83

24.4 ±
21.43

27.4 ±
28.25

26.2 ±
25.38

4.5 ±
2.37

10.1 ±
1.42

39.9 ±
54.0

18.2 ±
17.67

Screwbean
mesquite Prosopis pubescens 11.1 ±

19.24
11.1 ±
19.24

3.5 ±
6.07

8.5 ±
14.85 - - - -

Pepper tree Shinus molle 16.6 ±
28.87

11.1 ±
19.25

21.9 ±
38.01

16.5 ±
28.71

25.6 ±
7.91

29.2 ±
9.99

32.7 ±
39.90

29.2 ±
19.27

Fremont
cottonwood Populus fremonti - - - - 20.7 ±

1.41
11.1 ±
15.71

2.3 ±
3.30

7.9 ±
11.23

Willow Salix sp. - - - - 56.3 ±
3:53

22.2 ±
31.42

6.3 ±
8.96

18.9 ±
26.73

Shrub strata

Catclaw acacia Acacia greggii 51.7 ±
19.38

47.6 ±
19.05

35.9 ±
31.13

41.4 ±
18.18 50 ± 3.53 8.3 ±

11.78
2.7 ±
3.89

12.0 ±
17.01

Prickly pear Opuntia sp. 38.7 ±
26.06

34.9 ±
21.47

54.0 ±
42.58

46.2 ±
31.04

25 ±
35.35

41.6 ±
58.92

47.2 ±
66.81

37.9 ±
53.69

Agave Agave sp. 2.56 ±
4.44

4.76 ±
8.25

2.51 ±
4.35

3.28 ±
5.68 - - - -

Lemon dalea Dalea capitata 4.02 ±
6.97

7.93 ±
13.75

3.91 ±
6.78

5.2 ±
9.17 - - - -

Mule fat Baccharis salicifolia 0.57 ±
0.99

1.58 ±
2.75

0.34 ±
0.6

0.83 ±
1.45 - - - -

Candelilla Euphorbia
antisyphilitica

1.7 ±
2.98

1.5 ±
2.75

1.9 ±
3.41

1.7 ±
3.05 - - - -

Gobernadora Larrea sp. 0.57 ±
0.99

1.58 ±
2.75

1.2 ±
2.19

1.14 ±
1.98 - - - -

RD = relative density; RF = relative frequency; RC = relative cover; IVI = importance value index. Note: blank
spaces in the table mark the absence of the species.

When comparing the vegetation in the analyzed wetland, the collected data on the tree
strata showed a significant difference in density (z = 2.725, p < 0.05) and cover (z = 3.077,
p < 0.05) of arboreal species among all the analyzed wetlands. There was no significant
difference between the shrub and herb strata in the shrub strata.

3.2. Aquatic Vegetation Cover

The emergent aquatic vegetation cover was confirmed by common cattail (Typha sp.),
rush (Juncus sp.), and cordgrasses (Spartina sp.), which were identified in the superficial
ponds of Matanuzka and El Manantial and in the Bañuelos lake. The species of bentgrass
(Agrostis sp.) and beard grass (Polypogon sp.) were registered in the artificial ponds of El
Maguey and Las Mangas and in the lakes of La Zacatecana and Chilitas. The major percentage
of emergent cover was seen in the artificial ponds (47.8% in Matanuzka and 33.9% in El
Manantial); in El Maguey, the cover percentage was low (1.6%). Both floating and submerged
aquatic vegetation covers varied in the lake category; the highest percentages were found
in La Zacatecana lake (33.75% and 80%, respectively). The non-parametric statistical test did
not expose a significant difference between the type of wetland analyzed.

3.3. Mexican Duck Population

The Mexican duck population in the studied wetlands displayed a total of 3319 indi-
viduals. Its distribution regarding the type of wetland was registered as follows: in the
lakes, it was a total of 828 ducks; whereas in the artificial ponds, it was a total of 2491 ducks
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on average. According to the data obtained from the conducted counts, the Mexican duck
occurred the most in the artificial ponds during said counts (484, 698, 767, and 542 in counts
1, 2, 3, and 4, respectively) compared to the ones registered in the lakes, which showed a
lower number of individuals during the same counts (164, 457, 52, and 155 individuals,
respectively). In the artificial pond of Las Mangas, the presence of populations was only
observed during census 1 and 2 (123 and 260 individuals each); during census 3 and 4, no
individuals were observed in the wetland (Table 3). Statistically, a significant difference
between the population size of the Mexican duck in each wetland was identified (ANOVA:
F6,21 = 2.416, p < 0.05). These results confirm the observation of a larger population of
Mexican ducks occurring in artificial ponds rather than in lakes. The non-parametric
Mann–Whitney U test showed that there is a significant difference between the number
of individuals present in the wetlands classified as ponds than in the ones classified as
lakes (z = −2.185, p < 0.05). When comparing the number of counted ducks and the dry
and rainy season for each type of wetland (pond or lake), it was observed that there is
a difference in the number of ducks counted in the lakes during the dry season of the
study period; however, the non-parametric Mann–Whitney U test showed that there is no
significant difference between the number of individuals present in the wetlands during
each analyzed season and the type of wetland (lakes, z = −1.444, p < 0.05 and artificial
ponds z = 1.314, p < 0.05).

Table 3. Mexican duck population size by study wetland. The total number of individuals counted in
each census (months) and the population density are shown.

Wetlands Type Total Number of Ducks Population Density/ha

Lakes Feb–Mar Apr–May Jun–Jul Sep–Oct
La Zacatecana 82 418 0 140 2.55/ha

Bañuelos 22 7 2 15 0.34/ha
Chilitas 60 32 50 0 0.90/ha
Ponds

Las Mangas 123 0 0 260 15.64/ha
El Maguey 182 322 361 116 66.08/ha
Matanuzka 139 56 215 308 461.43/ha

El Manantial 40 60 191 118 156.34/ha

The correspondence analysis showed that there is a significant association or corre-
spondence (p = 0.0529) between the number of counted Mexican ducks and the type of
wetland (artificial ponds or lakes), showing a tendency of a higher number of ducks in
ponds than in lakes (Figure 2).
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The adjacent vegetation of the wetlands is characterized mainly by the presence of
graminean, with an apparent difference in the cover of arboreal species between the type
of wetland analyzed in the present study (mainly observed in lakes); on the other hand,
regarding the analysis of data of vegetation structure, the Mann–Whitney U test did not
show a significant difference (p < 0.05); these factors influence the population density of the
Mexican duck in the area of study.

4. Discussion

It was found that there is a higher population density in artificial ponds than in lakes,
which was also shown in the correspondence test, and this indicates the existence of an
association between the number of counted ducks and the type of wetland (artificial pond),
so the hypothesis is accepted regarding the physical structure of the wetlands; it is an
important factor that has an influence on the population density of the Mexican duck in the
studied area. In the data analysis of the counted ducks per type of reservoir and season
(rainy and dry), a slight increase in ducks in lakes was observed during the dry season;
however, when conducting the statistical analysis of these data, it was found that there is
no significant difference in the usage of lakes by ducks during this period. These results
could suggest that other environmental factors interfere in the selection of lakes by the
Mexican duck.

The number of Mexican ducks was significantly larger in the artificial ponds than in
the lakes; these data revealed that despite the availability of the water supply and space in
lakes, the species showed an evident preference for artificial ponds. The latter corroborates
the predilection for shallow water bodies by the Mexican duck species, as previously
described by Leopold [15], Nudds [28], Swepston [38], and Mercado [44]. These authors
establish that shallow wetlands display a wider vegetation diversity due to their physical
constitution and their transition from gradients of meadow to steppe, being consistent with
the present description of results. In Las Mangas artificial ponds, during the wet season
(census 1 and 2), the presence of the Mexican duck was observed; however, during the dry
season (census 3 and 4) the presence of the species was not observed as a consequence of
the presence of livestock. Medina [20], Braun [61], and Riojas-López [62] mention that the
agricultural artificial ponds are chosen by the Mexican duck because these ducks seek to
avoid a deteriorated habitat. Likewise, these wetlands maintain restricted access to livestock
(bovine and equine), which represents a benefit for the growth and conservation of the
wetland’s adjacent vegetation [20,27,44], as well as ensuring less disruption. Ringelman [34]
defines livestock activities as a factor that deteriorates the habitat of aquatic species as they
cause erosion and sediment accumulation in water bodies, resulting in severe damage to
the riparian habitats. Also, due to their agricultural purpose, the artificial ponds are close to
crop areas, which could become a possible shelter for this and other grassland and wetland
bird species [61] since they provide water and food during dry periods. These periods are
an important limiting factor in the dynamics of dabbling ducks populations [63].

The positive relationship between dabbling duck populations and agricultural ar-
eas has been widely documented [25,51,64], including with respect to the Mexican duck
species [37,38,40,44]. Scott and Reynolds [51] described an adaptive behavior of the Mexican
duck in wetlands where agricultural activities are developed, which become an important
habitat for the survival of Mexican duck populations due to the preservation of the adjacent
vegetation and the availability of food sources [40]. Nevertheless, an important parame-
ter affecting the behavior of the populations is the suffering of predation caused by the
reduction in the vegetation cover due to agriculture [25,44]. Another determinant factor
that could be affecting the small number of observed individuals in lakes is the disturbance
caused by the livestock and leisure activities that are carried out in these wetlands. The
presence of livestock in the wetlands is associated with a decrease in the adjacent vegetation
and a deterioration of the habitat caused by cattle trampling and soil compaction around
the wetland area.
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The composition of the adjacent vegetation in the studied wetlands was mainly consti-
tuted, in the tree strata, by the huisache species, shrubs, and grassland; the composition of
adjacent vegetation was constituted by shrub species, graminean, and aquatic vegetation.
These results indicated that the habitat of the Mexican duck in the Plateau of Zacatecas
is similar to what has been reported in earlier investigations [20,38,44,65]. According to
different authors [28,66,67], the density and diversity of dabbling duck species has been
correlated with the structural diversity of aquatic vegetation, as well as the abundance
of emergent vegetation. Aquatic vegetation is an important resource for dabbling duck
species since a variety of survival aspects depend on this factor, for example, nesting
zones, protection against predators, climate change, and visual isolation among fellow
ducks [31,44].

Another aspect that involves the presence of this type of vegetation is the fact that it is
part of the habitat of invertebrate communities [68,69], which are an important food source
for different species of dabbling ducks, especially during the mating season [34,44,68]. The
former was corroborated by the presence of various invertebrate species (freshwater snails
and bivalves) that are a part of the diet of the Mexican duck populations in the studied
wetlands ([44], unpublished data). In the artificial ponds and in the Bañuelos lake, the
species of emergent aquatic vegetation that were observed were common cattail (Typha sp.)
and rush (Juncus sp.), which constitute a part of the vegetation cover selected by the
Mexican duck [38,40] as it relies on dense emergent vegetation patches adjacent to nesting
areas without the occurrence of livestock in order to assure reproductive success [44,62].

With respect to the lakes, with the exception of that of Bañuelos and Las Mangas artificial
pond, the emergent cover was constituted by perennial vegetation that was abundant
during a short period of time after the rainy season (September to November) but scarce
during the dry season (February to June). This type of vegetation has been a part of the
description of the habitat of other dabbling duck species, for instance, the mottled duck
(Anas fulvigula) and the northern pintail (Anas acuta) [44,70], which inhabit areas with
perennial shrub and grassland structures [71].

This study of the Mexican duck in the Zacatecas Plateau confronts several limitations,
such as the geographic location between wetlands, which makes data collection difficult;
the insecurity that can occur in some parts of the region, which limits the development
of field work; and the modification and/or creation of wetlands characterized as ponds,
since, due to drought conditions, they can disappear or be modified or reappear during the
beginning of the rainy cycle, which can alter the movement of Mexican duck populations.

5. Conclusions

The population density of the Mexican duck is higher in ponds than in lakes, which
suggests a preference for this type of wetland, which presents an adjacent vegetation
constituted mainly by graminean species and a habitat modified by agricultural landscapes.
On the other hand, an increase in the number of counted ducks was observed during the
dry seasons of the region, even though the statistical analysis did not show a significant
difference between the rainy seasons and the type of wetland in the region, which suggests
that other factors could be contributing to the increase in ducks in lakes. In the northern
zone of Mexico, where the Mexican Plateau is located, one of the main issues is water;
in this case, the use of infrastructure such as artificial ponds for the collection of hydric
resources is a common method that has provided an important and alternative habitat for
Mexican duck populations. These data are still prevailing, despite the effects of climate
change and the poor management of hydric resources. The creation and conservation of
artificial ponds is still promoted in the region, hence the preservation of the population
of the Mexican duck in the Mexican state of Zacatecas. Mexican wetlands are as relevant
in the conservation of aquatic birds as they are in the United States and Canada, being
considered in projects for the management of aquatic birds in North America, including
the Mexican duck. Therefore, information regarding their natural history and ecology is
important for future evaluations of the conservation of the species in the distribution area.
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