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ABSTRACT

A range of studies have reported that urban ponds can support substantial
numbers of species despite being near human habitats. Therefore, it is
important to know the species that are found in urban ponds, as well as to
identify the environmental variables that influence the communities and
the differences between sites in terms of species composition. In the present
study, four samplings were carried out during a one-year period, collected in
the months of November 2020 (autumn), January (winter), April (spring)
and July (summer) of 2021 in six urban ponds found in recreational parks
in the city of Aguascalientes, Mexico. Taxonomic studies revealed the
presence of 61 zooplankton species of which Rotifera represented 40
species, Cladocera with 16 species and Copepoda five species. The study
yielded nine new records for the state, six species belonging to Rotifera
1) Collotheca ornata, 2) Lecane arcula, 3) Lecane decipiens, 4) Lophocharis
salpina, S) Lepadella ehrenbergii, 6) Proalides tentaculatus, and three species
of Cladocera 7) Leydigia cf. striata, 8) Sida crystallina, and 9) Simocephalus
mixtus. Canonical correspondence analysis (CCA) was applied to elucidate
the relationship between environmental variables: temperature, pH, total
dissolved solids, dissolved oxygen, conductivity, nitrate, phosphate chloride
and total hardness and observed genera. CCA suggested chloride, phosphate,
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and total hardness to be the major factors in structuring the zooplankton community. Alpha diversity (o)

and beta diversity () between localities were analyzed, determining that the species composition is different

between the sampling sites.
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INTRODUCTION

Arange of studies have reported that urban ponds
can support substantial numbers of species despite
being near human habitats and recent research has
shown that they can contribute to the conservation
of species at the regionallevel. These waterbodies act
as “steppingstones” that facilitate the movement of
some species through the landscape (Hassall, 2014).

Within the city there are recreational parks with
artificial ponds that are man-made ecosystems and
are one of the landscape features that contribute
significantly to increasing the quality oflife in urban
centers, providing recreational and educational
activities and even mitigating the urban climate
(Martinez and Jduregui, 2000). They also serve as
a refuge for species in the face of the loss of natural
environments (Taborda et al., 2017).

Urban ponds often demonstrate different
environmental characteristics when compared to
non-urban (seminatural/agricultural) ponds; as they
commonly have concrete margins, a synthetic base,
reduced vegetation cover, and lower connectivity to
other waterbodies (Hill et al., 2016). These freshwater
reservoirs can support a variety of plant and animal
species, including zooplankton: heterotrophic and
weak-swimming aquatic organismslivingin all types
of waterbodies including fresh, coastal, and marine
(Abdullah etal., 2018). Rotifers and microcrustaceans
(cladocerans and copepods) are the most common
animalsinlentic freshwater ecosystems and constitute
the majority of the metazoan zooplankton community
(Espinosa et al.,, 2021) due to their ubiquity and
abundance (Segers, 2008).

Studies on zooplankton in freshwater bodies have
been well documented in Mexico and have led to the
discovery of fourteen species new to science from
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these three taxonomic groups. However, there is still
a lot of waterbodies that have not been analyzed in
Aguascalientes, as is the case of these urban ponds,
and opens the probability of increasing the number
of new species records or even species new to science
(Silva-Briano et al., 2015).

This article presents the first study on Rotifera,
Cladocera, and Copepoda found in urban ponds in
the city of Aguascalientes, Mexico. The goals of this
contribution are to a) elaborate a species list of the
three main freshwater zooplankton groups, b) expand
the number of species recorded, c) determine the
environmental variables and their relationship with
the observed species, and d) describe the differences
between sites in terms of species composition.

MATERIALS AND METHODS

Study area

The study was performed in the following
recreational parks in the central Mexican city of
Aguascalientes by assigning two sampling stations
for larger urban ponds: 1) Rodolfo Landeros (RL-
S1: station 1; RL-S2: station 2) (21°51’6.84”N
102°17°15.80”W); 2) Isla San Marcos (ISM-S1:
station 1; ISM-S2: station 2) (21°51'43.05”N
102°19°16.16”0); 3) Cedazo (CE-S1: station 1; CE-
S2: station 2) (21°52’03.63”N 102°15°29.77”W);
and one station for smaller urban ponds: 4) Miguel
Hidalgo (21°52'47.09”N 102°16’59.65"W); S) Pulgas
Pandas (PP) (21°54’S1.61”N 102°18°0.02”W); and
6) Universidad Autonoma de Aguascalientes (UAA)
(21°54'42.15”N 102°18’57.54"W) (Fig. 1). Alllocalities
are associated with water treatment plants except for
Miguel Hidalgo (MH) which depends on rainfalland
Rodolfo Landeros station 1 (RL-S1) that maintains
water levels using well water.
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Figure 1. Study area. Aguascalientes State, Mexico.

Sampling

Four samplings were carried out in a one-year
period in the months of November 2020 (autumn),
January (winter), April (spring), and July (summer)
of 2021, in order to include the four seasons of the
year. Samples were taken using a Wisconsin-type
plankton net with a 54-micron mesh opening in the
littoral and limnetic zones and were mixed into a
single sample of 125 ml for each site. Water samples
were taken for physicochemical analysis with a 1L
plastic bottle. Temperature, pH, conductivity, total
dissolved solids were measured in situ through a
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multiparameter Yellow Spring Instruments Model 556
MPS probe and dissolved oxygen was measured witha
DO 6+ Dissolved Oxygen/Temp. Nitrate, phosphates,
chloride and total hardness were measured with a YSI
9100 Photometer Water Test, using Palintest reagent:
nitrate (nitrate) 0-20 mg/I N, phosphate (PO,) 0-4
mg/1#1 and #2, chloride (chloridol) 0-500 000 mg/1
NaCl, total hardness 0-500 mg/1 CaCo, (calcicol
No.1 and No.2). The water samples were protected
from sunlight and kept cold until they were analyzed
in the laboratory. This data was used to confirm the
annual variations in the environmental parameters.

3
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Specimens

The biological material was preserved in 4%
formaldehyde solution. The photographs were taken
with a NIKON ECLIPSE compound microscope
equipped with a Sight DS-L3 digital camera and
scanning electron microscopy images were taken
with a JEOL LVS5900. Specimens were identified with
specialized taxonomic keys: Koste (1978), Segers
(1995), Suarez-Morales et al. (1996), Silva-Briano
and Sudrez-Morales (1998), Nogrady and Segers
(2002), Elias-Gutiérrez et al., (2008a), Mercado-Salas
and Suarez-Morales (2011), Reid (2015), Wallace
etal. (2016), Sarma and Nandini (2017), and Rogers
etal. (2020). Dissections for taxonomic identification
were made using a Nikon SMZ18 stereoscope and a
tungsten dissection needle.

Zooplankton abundance

A Bogorov chamber was used to quantify
zooplankton abundance (Fonticiellaand Monteagudo,
2008). A total of three, one-milliliter, aliquots were
taken for each sample and the average of the observed
organisms was reported. Subsequently, the necessary
calculations were made to obtain the number of
organisms per cubic meter (org./m3).

Canonical Correspondence Analysis (CCA)

The CCA analysis was performed using version
4.03 of PAST. All measured environmental variables
and observed species were applied. For the analysis
the species were organized into their corresponding
genera. CCA provides an analysis of the influence
of environmental factors on the dynamics of the
zooplankton communities.

Diversity Analysis

Alpha diversity (a) was analyzed using richness and
application of non-parametric Chao2 and Jack2 indices
to estimate the maximum number of zooplankton
species richness for each locality. Chao2 considers
the species observed in exactly one and two sampling
units, while Jack2 takes into account the species
present in two sampling units. Spatial beta diversity
was calculated with Sérensen qualitative indices (SI),
tirst obtaining the similarity coefficient and then
subtracting 1 to obtain the dissimilarity between
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samples. SI = 2¢/ a + b. Where a is the number of
species present at site A, b is the number of species
present at site B, and cis the number of species present
atboth sites Aand B. ESTIMATES 7.5 program was
used to apply the analysis.

RESULTS

The measurements of the environmental variables
are shown in Tab. 1. The highest temperature value
was recorded at UAA in April (spring) with 23.9 °C
(20.1 £4.0), the lowest at PP in January (winter) with
13.2°C (17.1 £3.5). The pH ranged from 7.3 (CE-S1)
t0 9.8 (MH). The highest dissolved oxygen averages
were obtained in RL-S1 and ISM-S1 with 13.1 and
13.0 mg/I respectively. Conductivity ranged from
0.171 (RL-S1) to 1.2 (ISM-S1, S2) mS/cm. Total
dissolved solids exhibited values of 1.2 g/1for ISM-S1
and ISM-S2 in April (spring) and 0.114 g /1for RL-S1
inJuly (summer). Nitrates ranged from undetectable
levels to 0.4 (mg/1 N). Phosphate concentrations
showed high variation (from 0.1 to 4 mg/1PO,), and
the same occurred with total hardness (from 10 to
407 mg/1 CaCO,). The lowest and highest chloride
concentration was obtained in ISM-SI ranging
between 0 and 280 mg/1 Cl.

Atotal of 61 species were found (Tab. 2). Rotifera
was the most abundant taxon with 40 species belonging
to 18 genera and 13 families, followed by Cladocera
with 16 species belonging to 11 genera and S families,
and Copepoda with 5 species, 3 belonging to the order
Calanoida with 1 family and 3 genera and the other
two corresponding to the order Cyclopoida with 1
family and 2 genera.

Rotifera species represented the 66% of total
organisms found, Cladocera 26% and Copepoda 8%.
The most representative genus of Rotifera was Lecane
with 10 species, for Cladocera it was Daphnia and
Ceriodaphnia with three species, and for Copepoda
each species came from a different genus. This research
revealed nine new records for Aguascalientes (Fig. 2)
with six species belonging to Rotifera: Collotheca
ornata, Lecane arcula, Lecane decipiens, Lepadella
ehrenbergii, Proalides tentaculatus, Lophocharis salpina,
and three species to Cladocera: Leydigia cf. striata,
Sida crystallina, and Simocephalus mixtus.
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Table 1. Measurement of environmental variables. Average, + standard deviation. Minimums and maximums in parentheses. RL
(Rodolfo Landeros), ISM (Isla San Marcos), CE (Cedazo), MH (Miguel Hidalgo), PP (Pulgas Pandas), UAA (Universidad Autonoma
de Aguascalientes). S1= station 1, S2= station 2.

RL ISM CE

MH PP UAA
S1 S2 S1 S2 S1 S2

Temperature 214+19 217+ 1.7 17.9+£2.9 182 +2.7 20.1+2.9 20.7+3.9 19.7£29 17.1£3.5 20.1£4.0

(°C) (189-23.7) (194-23.7) (13.7-20.6) (21.3-14.8) (159-22.6) (149-23.5) (16-23.1) (132-214) (14.5-24)
- 85+0.4 83+0.6 85+0.5 8.7+0.6 87+0.9 8.6+0.5 82+0.6 9.5+03 7.8+0.8
P (8.0-9.1) (7.6-9.2) (7.8-9.0) (79-92) (7.6-9.8) (7.8-9.1) (7.3-8.7) (8.7-9.6) (6.6-8.4)
Dissolved
Oxveen 13.1+3.4 114+3.1 13.0+5.7 12344 7.0+ 6.0 6355 10.5£3.7 1076 6.7£27
(r:;'fl) (74-146) (69-143) (3.0-163) (61-166) (33-166) (42-163) (58-141) (2-151)  (33-97)
Conductivity ~ 0.27%0.1 0.49 £0.3 1.44£0.2 1.46£0.2 0.53£02 0.51£02 0.74+0.2 0.84+0.2 0.76 £0.2
(mS/cm) (0.17-0.36) (0.28-0.88) (1.2-1.6) (12-16)  (03-050) (021-0.72) (0.49-0.87) (0.57-1.04) (0.39-0.92)
Total
Dissolved 0.19£0.1 0.34+02 1.08 £ 0.2 1.06 £ 0.1 0.39£0.1 0.37+£02 0.57£0.1 0.65+0.2 0.5+0.2
1ssolve (0.11-026) (020-0.59) (086-12) (091-12) (021-056) (0.14-0.52) (033-071) (039-0.77) (0.27-0.62)
Solids (g/1)
Nitrate 0.01+0.01  002£001  0.02+001  0.01+0.01 0.1£0.2 0.1£0.1 0.01+0.01 02+0.2 0.4+0.1
(mg/IN) (0-0.02)  (0.01-002) (0-0.03) (0-0.03) (0-0.3) (0-02)  (0.01-0.03) (0.1-04) (0.3-0.5)
Phosphate 0.16+0.2 0.6+1 0.1£0.1 02+0.1 1917 1.7+14 09+ 1.1 1.8+15 1.8+1.1
(mg/1PO,) (0.1-0.4) (0.1-2.1) (0.1-0.3) (0.1-04) (0.3-3.9) (04-3.5) (0.2-2.6) (0.7-4) (1-3.5)
Chloride 105 £94.5 87+103.3 95+ 125.7 80+ 101.3 39422 45+17.8 32+ 10 73+£26.4 102 + 108
(mg/1Cl) (12.7-232) (140-240)  (0-280) (15-230)  (36-41.3)  (31-713) (23-43) (50-110) (31-263)
;Z:‘gness 101+822  150+101.8 179+ 195 164 + 185 110+ 48.4 113425 68+25 73+ 41 98+55
(mg/1 CaCO,) (27.6-175)  (40.6-263) (153-403)  (20-407) (79-182)  (87-144) (41-98) (10 -100) (26 - 160)

Table 2. Zooplankton species list. Shows the observed species in the recreational parks. RL (Rodolfo Landeros), ISM (Isla San
Marcos), CE (Cedazo), MH (Miguel Hidalgo), PP (Pulgas Pandas), UAA (Universidad Autonoma de Aguascalientes). S1= station
1, S2= station 2. x= present. * new records for the state.

Recreational Parks

Zooplankton Group RL ISM CE

MH PP UAA
S1 S2 S1 S2 S1 S2

ROTIFERA

Class Eurotatoria
Subclass Monogononta
Order Collothecacea
Family Collothecidae

Collotheca ornata* Ehrenberg, 1830 X X

Order Flosculariaceae
Family Hexarthridae

Hexarthra mira Hudson, 1871 X
Family Trochosphaeridae
Filinia cornuta Weisse, 1848 X X
F. longiseta Ehrenberg, 1834 X X
Family Testudinellidae
Testudinella patina Hermann, 1783 X

Order Ploima

Family Asplanchnidae

Asplanchna sieboldii Leydig, 1854 X X

Nauplius, 33: €20250528 (2025) 5
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Table 2. Cont.

Recreational Parks

Zooplankton Group RL ISM CE

MH PP UAA
S1 S2 S1 S2 S1 S2

Family Lepadellidae

Lepadella ehrenbergii* Perty, 1850 X

L. ovalis Miiller, 1786 X X

L. patella Miiller, 1773 X X X
Family Mytilinidae

Lophocharis salpina® Ehrenberg, 1834

Mytilina mucronata Miiller, 1773 X
Family Lecanidae

Lecane arcula* Harring, 1914

L. bulla Gosse, 1851 X X X

x

L. closterocerca Schmarda, 1856

X X X X

L. decipiens* Murray, 1913

L. furcata Murray, 1913

L. hamata Stokes, 1896

L. hornemanni Ehrenberg, 1834
L. luna Miiller, 1776

L. lunaris Ehrenberg, 1832

X X X X

L. pyriformis Daday, 1905 X
Family Ephiphanidae
Proalides tentaculatus* Beauchamp, 1907 X
Family Brachionidae
Brachionus angularis Gosse, 1851 X X X X X X
B. bidentatus Anderson, 1889
B. calyciflorus Pallas, 1766
B. caudatus Barrois and Daday, 1894
B. havanaensis Rousselet, 1911 X X X X
B. quadridentatus Hermann, 1783
B. rubens Ehrenberg, 1838 X X
B. urceolaris Miiller, 1773 X X
Plationus patulus Miiller, 1786 X
Platyias quadricornis Ehrenberg, 1832
Keratella cochlearis Gosse, 1851
Keratella cochlearis var. tecta Gosse, 1851 X X X X X
Anuraeopsis fissa Gosse, 1851
Family Trichocercidae
Trichocerca pusilla Jennings, 1903 X
Family Synchaetidae
Polyarthra dolichoptera Idelson, 1925 X X X X
P. remata Skorikov, 1896
P vulgaris Carlin, 1943 X
Family Notommatidae
Cephalodella gibba Ehrenberg, 1830 X X

CLADOCERA

Class Branchiopoda
Orden Ctenopoda
Family Sididae

Diaphanosoma birgei Korinek, 1981 X X
Sida crystallina* O.F. Miiller, 1776

Nauplius, 33: €20250528 (2025) 6
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Table 2. Cont.

Recreational Parks

Zooplankton Group RL

ISM CE

S1 S2

MH PP UAA

S1 S2 S1 S2

Orden Anomopoda
Family Daphniidae
Subgenus Ctenodaphnia

Daphnia exilis Herrick, 1895 X
Subgenus Daphnia

Daphnia parvula Fordyce, 1901 X X

D. pulex Leydig, 1860 X

Ceriodaphnia dubia Richard, 1894

C. laticaudata P.E. Miiller, 1868

C. reticulata Jurine, 1820

Simocephalus mixtus® O.F. Miiller, 1776 X
Family Moinidae

Moina macrocopa Straus, 1820, sensu lato

M. micrura Kurz, 1974 X
Family Bosminidae

Bosmina longirostris O. F. Miiller, 1776 X X
Family Chydoridae

Alona setulosa Megard, 1967 X X

x
x

Chydorus sphaericus O.F Miiller, 1776, sensu lato
Dunhevedia crassa King, 1853 X
Leydigia cf. striata* Birabén, 1939 X

COPEPODA

Orden Calanoida
Familia Diaptomidae
Subfamilia Diaptominae

Arctodiaptomus dorsalis Marsh, 1907 X X
Leptodiaptomus siciloides Lilljeborg, 1889
Mastigodiaptomus albuquerquensis Bowman, 1986 X

Orden Cyclopoida
Familia Cyclopidae
Subfamilia Cyclopinae

Acanthocyclops robustus Sars, 1863 X X
Subfamilia Eucyclopinae

Macrocyclops albidus Jurine, 1820 X

For the canonical correspondence analysis (CCA)
(Fig. 3) the firstand second axis explained 54 and 44%
of observed data variability, respectively. In the tri-plot
the chloride, phosphate, and total hardness vectors had
the maximum length and exhibited a significant effect
on how the different genera are ordered. Brachionus is
the only rotifer genus located near the center, where
it did not show any particular relationship with
any environmental variable. Most of the genera are
concentrated in the temperature, dissolved oxygen,
chloride, total hardness, and pH vectors. CCA also

Nauplius, 33: €20250528 (2025)

revealed a strong negative correlation of total hardness
with axis 1. Collotheca, Polyarthra, Daphnia, Moina,
Leptodiaptomus, and Acathocyclops are negatively
correlated with axis 1, which clearly defines the role
of total hardness in their abundance and distribution.
Platyias, Trichocerca, Filinia, Keratella, Anuraeopsis, and
Proalides are the genera that are negatively associated
with total hardness, and where chloride concentrations
were lower and positively related to phosphate, nitrate,

and total dissolved solids.
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Figure 2. New records for Aguascalientes. Collotheca ornata (A, extended corona) and (B, contracted corona), Lecane arcula (C),
Lecane decipiens (D), Lepadella ehrenbergii (E, F), Lophocharis salpina (G), Proalides tentaculatus (H), Leydigia cf. striata (I), Sida
crystallina (J), Simocephalus mixtus (K, L). Photographs: Adabache-Ortiz, A and Retes-Pruneda, A.E.
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Figure 3.Canonical Correspondence Analysis (CCA) of environmental variables and zooplankton genera observed in all samples sites.
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RL-S1, UAA, and RL-S2 presented the highest
values of species richness (Tab. 3) with 28,22,and 21
species respectively; CE-S1 and PP recorded the lowest
values, both with 11 species each. Non-parametric
estimators showed estimated richness values above
the observed richness, except for Jack2 in MH. The
species accumulation curve (Fig. 4) indicates that RL-
§2,ISM-S2,and CE-S1 seem to reach their asymptotic

stability of the accumulation curve; but this is not the
case for the other locations.

Spatial diversity analyses indicate that the specific
composition between localities is different (Tab. 4).
MH and RL-S2 reached a dissimilarity index of 89%.
CE-S1 and CE-S2 had the lowest dissimilarity index
of 0.04%, with the only difference between these
two stations being the copepod Mastigodiaptomus
albuquerquensis (CE-S2).

Table 3. Alpha diversity (a). Observed and expected species richness with two nonparametric estimators Chao 2 and Jack 2. RL-S1
(Rodolfo Landeros, station 1), RL-S2 (Rodolfo Landeros, station 2), ISM-S1 (Isla San Marcos, station 1), ISM-S2 (Isla San Marcos,
station 2), CE-S1 (Cedazo, station 1), CE-S2 (Cedazo, station 2), MH (Miguel Hidalgo), PP (Pulgas Pandas), UAA (Universidad

Autonoma de Aguascalientes).

Locations Observed species richness Expected species richness
Total Chao2 Jack2

RL-S1 28 34 38
RL-S2 21 49 36
ISM-S1 18 26 27
ISM-S2 14 20 21
CE-S1 11 17 16
CE-S2 12 24 20
MH 15 1S 14
PP 11 15 15
UAA 22 26 28

Figure 4. Species accumulation curve of the samples collected at study sites. RL-S1 (Rodolfo Landeros, station 1), RL-S2 (Rodolfo
Landeros, station 2), ISM-S1 (Isla San Marcos, station 1), ISM-S2 (Isla San Marcos, station 2), CE-S1 (Cedazo, station 1), CE-S2
(Cedazo, station 2), MH (Miguel Hidalgo), PP (Pulgas Pandas), UAA (Universidad Autonoma de Aguascalientes).

Nauplius, 33: €20250528 (2025)
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Table 4. Spatial beta diversity (B). Dissimilarity values (1-SI) between sites. The value 1 means that the species of both sites are
completely different and the value 0 when both sites are identical in species composition. RL-S1 (Rodolfo Landeros, station 1),
RL-S2 (Rodolfo Landeros, station 2), ISM-S1 (Isla San Marcos, station 1), ISM-S2 (Isla San Marcos, station 2), CE-S1 (Cedazo,
station 1), CE-S2 (Cedazo, station 2), MH (Miguel Hidalgo), PP (Pulgas Pandas), UAA (Universidad Autonoma de Aguascalientes).

RL-S1 RL-S2 ISM-S1 ISM-S2 CE-S1 CE-S2 MH PP UAA

RL-S1

RL-S2 043

ISM-S1 0.57 0.65

ISM-S2 0.53 0.55 0.19

CE-S1 0.84 0.63 0.86 0.84

CE-S2 0.85 0.58 0.87 0.85 0.04

MH 0.77 0.89 0.76 0.73 0.77 0.78

PP 0.80 075 0.80 0.76 0.46 0.48 0.62

UAA 0.60 0.72 0.60 0.62 0.76 0.77 0.46 0.58
DISCUSSION Conde-Porcuna et al., 2002). The correlation of the

Localities presented different values in
environmental variables between sites and during
the seasons of the year (Tab. 1). The temperature
values observed during the study are around the
range established as optimal for the reproduction
and growth of zooplankton, which ranges from 15
°C to 20 °C, similarly, pH values are in the range of
6.0 to 9.0 units; appropriate values for the biological
activity of ecosystems (Gémez-Marquez etal., 2022).

Dissolved oxygen plays an important role in
biological processes in aquatic environments (Jose
et al., 2015). Macrophyte communities (e.g., Elodea)
and chlorophytes (e.g., Spirogyra) were observed
in RL-S1 and ISM-S1 respectively, as well as high
concentrations of dissolved oxygen (Tab. 1). This
could be the product of the presence of sedimentary
material that, when decomposed, generates CO,
used by phytoplankton and aquatic plants for their
photosynthesis (Villalba ef al., 2018). The average
values of total hardness fluctuate from 68 to 179 mg /
1CaCO, (Tab. 1), and this indicates soft to moderately
hard waters in all sites and is an adequate range for
aquatic organisms (Wetzel, 2001).

Nutrient concentrations were low during the
study (Tab. 1). The highest phosphate concentration
was 1.9 mg/1 PO, (CE-S1) and nitrate 0.4 mg/I N
(UAA). Nevertheless, species of the three zooplankton
groups under study were observed in all sites (Tab. 2).
Similar results have been reported in previous studies
(Morales-Baquero and Conde-Porcuna, 2000;
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zooplankton with nitrate and phosphate may not
necessarily be a direct relationship of the zooplankton
utilizing the nutrients, but could be attributed to
the dependence of the phytoplankton (which serves
as food for the zooplankton) on these nutrients
(Mustapha, 2009).

Chloride is one of the most important environ-
mental variables in the study with wide concentration
ranges betweenssites, from undetectable levels to 280
mg/1 Cl observed in ISM-S1. Previous studies have
obtained different results on the effect of chlorides on
zooplankton. Greco et al. (2021) mention that zoo-
plankton groups showed different levels of response
to chloride concentrations: copepods exhibited a
significant decline, followed by cladocerans, and
then lastly rotifers. Petranka and Francis (2013)
found a weak effect of chlorides on copepods and
Sinclair and Arnott (2018) reported a decrease in
copepod communities by 250 mg/1 Cl, while rotifers
and cladocerans were not affected. In other studies,
cladocerans show a higher sensitivity (Van-Meter
et al., 2011; Stoler et al., 2017b).

The studyyielded nine new species records for the
city of Aguascalientes belonging to the Rotifera and
Cladocera (Fig. 2), increasing the number of recorded
species from 96 to 102 and from 46 to 49 species,
respectively. No new records were identified for the
Copepoda; thus, thelist remains at 33 species currently
reported. Urban ponds can support zooplankton
species and contribute to finding new species records
and expanding the list of species (Hill et al., 2016).
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It is therefore, important to consider them in
zooplankton research.

The number of Rotifera species was higher than the
species found for Cladocera and Copepoda (Tab. 2);
and this has been previously documented in several
works (Shen et al. 2021; Mustapha, 2009; Gémez
et al. 2013). This is probably due to their small size,
as well as life cycle traits, feeding mechanisms and
metabolism (Sampaio et al., 2002).

A high diversity of Cladocera can be found in the
littoral zone of freshwater ponds, as well asin smalland
temporary water bodies (Forrd et al., 2008). Species
from the genera Alona, Ceriodaphnia, Chydorus,
and Leydigia (Tab. 2) were found in the littoral zone
associated with macrophytes (e.g., Elodeain RL-S1).
Macrophytes play animportant role in the structuring
of the ecosystem in freshwater shallow lakes and
floodplains, and the space within macrophyte
communities is known to provide favorable and
protected habitats for zooplankton communities.
Usually, they can be easily detected by predators,
due to their continuous movement, particularly the
hopping motion exhibited by cladoceran species (Choi
etal.,, 2014), but macrophyte communities can shelter
them. The genera Sida, Diaphanosoma, Simocephalus,
and Daphnia were associated with the sites where
phosphate, nitrate, conductivity, and total dissolved
solids values were lowest (Tab. 1, Fig. 3). Mustapha
(2009) stated that larger species, such as in the family
Daphniidae, are usually associated with better water
quality, and this is due to the control they exert over
phytoplankton. Alarge bodied size enables grazing on
large quantities and diverse forms of phytoplankton.

The new species record for the study area,
Simocephalus mixtus (Fig. 2K, L), was collected in
RL-S1 and has been previously recorded in Mexico
(Elias-Gutiérrez et al., 2008a) in southeastern
and central Mexico (Elias-Gutiérrez et al., 2001).
The general morphologies of Simocephalus vetulus,
S. vetuloides, and S. mixtus are very similar. But
Orlova-Bienkowskaja (2001) indicated that the
distribution of S. vetulus was limited to northern
Africa and Europe, while S. vetuloides had a limited
distribution in eastern Siberia and Simocephalus mixtus
is a cosmopolitan species distributed in Asia, Eastern
Europe, North Africa, and North America (Young
etal, 2012).
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Arctodiaptomus dorsalis, Leptodiaptomus siciloides,
and Mastigodiaptomus albuquerquensis (Tab. 2)
correspond to the three Calanoida species observed,
belonging to the family Diaptomidae, and were found
at sites where dissolved oxygen and total hardness
presented higher values during the study (RL-S1, RL-
S$2,1SM-S1,ISM-S2,and CE-S2) (Tab. 1). The family
Diaptomidae has successfully managed to colonize
many freshwater environments (Elias-Gutiérrez et al.,
2008a). Acanthocyclopsand Macrocyclops are the genera
observed from the Cyclopoida. Acanthocyclops robustus
was found in all localities. This species inhabits the
plankton of lakes, marshes, and small waterbodies.
Basically, it is found in all kinds of freshwaters. Low
crustacean diversity is a common feature of small
reservoirs, therefore, the presence of two or more
copepod species in the plankton of reservoirs is the
most frequent situation (Marcé et al., 2005).

Lecane decipiens (Fig. 2D), one of the new records
for Rotifera, can be easily mistaken with the common
L. hamata and L. serrata, but it differs from the first
by the lateral margin of the dorsal plate, which does
not reach the head aperture, and from the second by
its lorica without any ornamentation (Azémar et al.,
2007). Lecane arcula, another new record (Fig. 2C), is
very similar to other species but is distinguished from
L. aculeata by its relatively shorter lorica and
anterolateral spines. Lecane decipiens has been
confused with L. verecunda but is characterized by the
antero-lateral spines being separated from the ventral
plate and by the shape of its foot pseudosegment
(Segers, 1995).

Canonic Correspondence Analysis (CCA)
(Fig. 3) suggested chloride, phosphate, and total
hardness to be the major factors in structuring the
zooplankton community. Chlorides are present
in all water sources, including drinking water. As
with many other elements, the amount of chlorides
present in the natural environment is highly affected
by wastewater discharges (Raffo and Ruiz, 2014).
All the ponds analyzed use water from wastewater
treatment plants (except for RL-S1 and MH) and
this may have contributed to chlorides being the most
influential vector in zooplankton communities. Most
Cladocera and Copepoda genera, and some Rotifera,
are positively correlated to chlorides (Fig. 3); and
previous studies have revealed the diverse effects of
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chlorides on zooplankton species (Greco etal., 2021;
Lind et al., 2018; Stoler et al., 2017a).

Most genera belonging to Cladoceraand Copepoda
were observed inlocations with lowlevels of phosphate,
conductivity, nitrate, and total dissolved solids and the
Rotiferagenera Keratella, Proalides, Filinia, Anuraeopsis,
Trichocerca, and Platyias were distributed in the area
with the highest concentration of nutrients (Fig. 3).
Total hardnessis caused by the presence of calcium and
magnesium salts, and it isimportant for zooplankton
due to the fact that they are required by Cladocera
and Copepoda for mineralization of the exoskeleton
during molting (Graciano et al., 2022). A deficiency of
mineral salts causes a soft exoskeleton, making these
microcrustaceans vulnerable to mechanical damage
and predation.

Some Cladocera genera (Simocephalus, Diaph-
anosoma, Sida) are located in the opposite direc-
tion to the phosphate, nitrate, conductivity and
total dissolved solids vectors and some species,
belonging to the family Brachionidae (Brachionus,
Keratella, Anuraeopsis, Platyias) are positioned in
the opposite direction of the phosphate, nitrate,
conductivity, and total dissolved solids vectors, ac-
cording to the CCA analysis (Fig. 3). Montagud
et al. (2019) mention that the species belonging to
the Cladocera taxonomic group are associated with
good ecological quality. Conversely, genera belong-
ing to the Rotifera, like the genera Hexarthra and
Keratella, are in the part of the axis that indicates low
ecological quality.

Richness is a direct and simple way to quantify
biodiversity, as it can estimate the total number
of species inhabiting a particular area (Alfaro and
Pizarro, 2017). CE-S1, CE-S2, and PP obtained the
lowest richness values with 11, 12, and 11 species,
respectively (Tab. 3). It is possible that the low
zooplankton diversity in these localities, compared
to other systems, is caused by human actions (Gémez
et al., 2013). For instance, the use of the aquatic
environment for recreational activities that involves
motorized boats and the shallow depth of ponds is a
factor that decreases zooplankton diversity (Keppeler
and Hardy, 2004). The analysis of observed richness, in
contrast to the expected richness with non-parametric
estimators Chao2 and Jack2 (Tab. 3) indicate that
the species richness is lower than the expected in
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alllocalities (except for MH). According to the non-
parametric methods for richness estimation, the total
number of species expected for the localities shows
that the reported species may adequately represent
the zooplankton communities, with the exception
of localities RL-S2 and CE-S2, where the observed
richness values were very low compared to those
expected with the Chao2 estimator. Several authors
have mentioned the complexity in the interpretation
of non-parametric estimators and their limitations
(Foggo et al., 2003; Fattorini, 2013). However,
these estimators are universally valid for any species
abundance distribution and more robust than
parametric estimators based on parametric models
of specific abundance (Chao and Chiu, 2016).

The species accumulation curve (Fig. 4) shows
that RL-S2, ISM-S2, and CE-S1 appear to reach an
asymptote; therefore, a higher number of samples
is needed to confirm that the curve stabilizes.
However, itis important to consider that the specific
composition of the sampling may change over time,
because the distribution intervals of the species may
widen or narrow depending on the environment.
For example, under certain conditions in a defined
time some species may appear or be detectable and
others may not (Adler and Lauenroth, 2003). On the
other hand, wandering individuals (vagrants) are
an important source of bias in sampling since they
cannot be considered strict inhabitants of the study
area (Dennis, 2001).

Beta diversity analysis (Tab. 4) indicates that
localities are different in terms of species composition
so thereisa degree of replacement of species according
to the dissimilarity index (1-SI) (Iannacone and
Alvarino, 2006). The sites with the maximum
dissimilarity are RL-S2 and MH with a value of
89% (Tab. 4) and they also present differences in
comparative temperature, conductivity, total dissolved
solids, chlorides and total hardness (Tab. 1). This
difference in species composition and environmental
variables is probably due to the fact that the RL-S2
site uses water from a water treatment plant and MH
depends on rain during the rainy season. The lowest
dissimilarity occurred between sites CE-S1 and CE-S2
(0.4%) (Tab. 4) with only one different species, the
calanoid Mastigodiaptomus albuquerquensis (Tab. 2).
Their environmental variables are very similar (Tab. 1),
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possibly due to the proximity of the stations. Similarly,
the ISM-S1 and ISM-S2 sites exhibit only 19% of
dissimilarity and no significant differences in the
values of the environmental variables. Despite the
proximity of RL-S1 and RL-S2 stations the sites
show a dissimilarity of 43% in specific composition
(Tab. 4) and also present differences in the values of
dissolved oxygen, conductivity, total dissolved solids,
chlorides, and total hardness (Tab. 1). This is probably
the result of the different sources of water for the sites:
RL-S1 obtains water from subterranean wells and
RL-S2 obtains water from the water treatment plant
located in the park.

Freshwater ecologists have traditionally focused on
large waterbodies, such as lakes, streams, and rivers,
which results in the fact that shallow lakes and ponds
(occurring far more frequently than larger lakes in
urban environments) are less studied (Downing,
2010). Recently Mimouni etal. (2015) highlighted the
high potential for endemism, especiallyin urban and
anthropogenic origin ponds. This islikely due to the
fact that the amount of environmental heterogeneity
across urban landscapes, coupled with the large
number of waterbodies in many cities should allow
for the creation of a complex mosaic of ecosystems
within which biodiversity is promoted at local and
regional scales. A solid understanding of aquatic
species in urban habitats will both advance urban
ecology and preserve biodiversity in cities.

CONCLUSION

The study of urban ponds contributes to raising
the number of species and expanding their known
distribution, playing a special role in the preservation
of species given increasing urbanization. Such studies
allow us to know the particular environmental
conditions where zooplankton develop and thrive, and
thisis essential for the understanding and conservation
of zooplankton biodiversity in urban environments.
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