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Abstract – The southern region of South America is arid and semi-arid, with an east–west gradient of
precipitation. Most of its aquatic ecosystems are temporary lakes, with large variations in level and salinity.
Although some ecological aspects of these lakes have been studied, the information on the relations between
zooplankton and water chemistry, predation, effects of human activities, and the trophic status is scarce and
scattered. The objective of this study was to determine the zooplanktonic composition, density, and biomass
and their relationships with environmental variables in lakes of different phytogeographic regions of this
region (Argentinian central pampa), subjected to different anthropic influences. Samples were taken from
ten lakes with a salinity gradient between 0.38 and 115.5 g∙L�1. The chemical composition revealed a
distinction between sodic-bicarbonated and sodic-chlorinated lakes. We recorded 19 crustaceans and 30
rotifers and found inverse relationships between the richness and density and salinity and concentrations of
most ions. Bicarbonated lakes were subsaline and characterized by greater richness and density, caused by
rotifers. The most frequent species were Brachionus caudatus and Keratella tropica, and the crustaceans
Bosmina huaronensis and Microcyclops anceps. The sodic-chlorinated lakes had lower richness and
densities, and with distinguishable hyposaline and mesosaline populations with a predominance of
neotropical endemic crustaceans, such asMoina eugeniae and Boeckella poopoensis, and hypersaline lakes
with a predominance of Artemia permisilis. The biomass did not differ, but lakes with introduced fish fauna
(subsaline and hyposaline) had smaller zooplankton, indicating the importance of the top down-effect in the
zooplankton community structure.

Keywords: zooplankton / Argentinian central pampa / Daphnia menucoensis / Boeckella poopoensis / Artemia
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1 Introduction

The composition and density of zooplankton of the
epicontinental aquatic ecosystems are controlled by biotic and
abiotic variables (D’Ambrosio et al., 2016). Among the biotic
factors, two prominent ones are the availability of food
resources and predation (Khan et al., 2003; Chang et al., 2004;
Boveri and Quirós, 2007; Manca et al., 2008), and among the
abiotic factors, the key factors include the size of the lake beds,
environmental heterogeneity, temperature, pH (Hobæk et al.,
2002; Hall and Burns, 2003), land use in the basins (Dodson
et al., 2007), and salinity (Hammer, 1986; Williams, 1998;
Ivanova and Kazantseva, 2006; D’Ambrosio et al., 2016). In
particular, an increase in salinity increases the environmental
ding author:
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stress (Herbst, 2001), and an inverse relationship exists
between salinity and zooplankton richness and density
(Hammer, 1986; Green, 1993; Greenwald and Hurlbert,
1993; Williams, 1998; Derry et al., 2003a; Hall and Burns,
2003; Nielsen et al., 2003; Ivanova and Kazantseva, 2006).
However, the relationship between the presence and abun-
dance of certain species and the ionic composition of water is
not yet well described (Derry et al., 2003b). This is because,
unlike seawater, which has a relatively constant salinity and a
predominance of NaCl, the amounts of the major ions and their
proportions can vary among continental aquatic ecosystems
(Kalff, 2002; Zalizniak et al., 2006).

These chemical variations led to the determination by Bos
et al. (1996) that calcium and magnesium are key to the
incidence of Artemia franciscana Kellogg, 1906, Moina
hutchinsoni Brehm, 1937, Daphnia pulex Leydig, 1860,
Ceriodaphnia laticauda P.E. Müller, 1867, and Simocephalus
sp. Conversely, Derry et al. (2003b) verified the dominance of
the rotifer Brachionus plicatilis O.F. Müller, 1786 and the
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Table 1. Denomination, geographic location, and main morphometric parameters of the lakes of the semi-arid southern South America
(Argentinian central pampa) studied during 2007.

Geographic location Maximum length (m) Maximum width (m) Area (ha) Maximum depth (m)

1. Chadilauquen (Cha) 64° 190O 35° 240S 6391 2739 893.2 2.2

2. Estancia Pey-Ma (EPM) 64° 150O 35° 260S 1326 682 62.8 2.1
3. La Arocena (LAr) 63° 420O, 35° 400S 1446 512 48.5 3.2
4. Estancia San José (ESJ) 63° 550O 36° 210S 2628 1923 288.5 2.47
5. Don Tomás (DT) 64° 190O 36° 370S 1745 1167 148.3 2.3
6. Bajo de Giuliani (BG) 64° 150O 36° 410S 7600 2543 1171.3 2.8
7. Ojo agua Padre Buodo (OaPB) 64° 170O 37° 140S 411 165 4.6 2.23
8. Utracán (Ut) 64° 360O 37° 170S 2333 649 96.6 2.2
9. El Carancho (EC) 65° 030O 37° 270S 1670 842 85.1 1.6
10. La Amarga (LAm) 66° 070O 38° 130S 15 428 9688 11109 12
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copepod Cletocamptus in waters dominated by Cl�, whereas
Sarma et al. (2006) reported the prevalence of the copepods
Leptodiaptomus sicilis Forbes, 1882 and Diaptomus neva-
densis (Light, 1938) in waters dominated by SO4

2� and
CO3

2�. However, information on the relationships between
some aspects of the epicontinental zooplankton (diversity,
density and biomass) and the ionic composition of water in
southern South America (Argentina) remains relatively scarce,
largely because total salinity has been considered only
generally, without discriminating its components (José De
Paggi and Paggi, 1998; Modenutti et al., 1998; Locascio de
Mitrovich et al., 2005; Echaniz et al., 2006, 2008, 2009, 2012;
Vignatti et al., 2007, 2013; Battauz et al., 2013; D’Ambrosio
et al., 2016). An additional complication is the frequent
presence of endemic neotropical elements, particularly among
cladocerans and copepods (Paggi, 1998; Menu-Marque et al.,
2000; Adamowicz et al., 2004; Boxshall and Defaye, 2008;
Forró et al., 2008), and little information exists that explains
their patterns of temporal or biogeographic distribution.

The central region of southern South America is semi-arid,
with a precipitation gradient ranging from about 800mm∙yr�1

to the east to about 300mm∙yr�1 to the west (Casagrande et al.,
2006). This gradient results in marked phytogeographical
differences (Cabrera, 1976) and, therefore, differences in the
human activities that develop along it. The territory has
numerous lakes, generally located in arheic basins, and these
lakes, given the semi-arid nature of the region, are temporary
and show large variations in level and salinity. To date, some
limnological aspects of these lakes, including their zooplank-
ton, have been studied (Echaniz et al., 2006, 2008, 2009, 2012,
2015; Vignatti et al., 2007, 2012, 2013, 2016; Echaniz and
Vignatti, 2010, 2011, 2013; Del Ponti et al., 2015); however,
these studies did not consider the relationships between
geographic location, anthropic influences, and the character-
istics of the zooplankton community. The information is also
fragmented and dispersed, and particularly scarce in terms of
the relationships of the chemical composition of water,
predation, the effects of human activities, and the trophic state
of the lakes to the composition and density of zooplankton.
This lack of basic information may hinder comparisons that
enable, among other aspects, the determination of the effects of
climatic change or the elevation of salinity, which are both
particularly important phenomena in the southern South
America arid diagonal (D’Ambrosio et al., 2016).
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The objectives of the present work were therefore to
determine the main limnological parameters and the taxonom-
ic composition, richness, density, and biomass of zooplankton
in lakes located in the southern South America; to establish
relationships between these features and to test the following
hypotheses: (i) the ionic composition of the lake water
influences the taxonomic composition of zooplankton; (ii) the
zooplankton richness is related to salinity, the size of the lakes,
and environmental heterogeneity; and (iii) the relative
abundance of the different taxonomic groups is also controlled
by biotic interactions, especially predation.

2 Materials and methods

2.1 Study area

We studied ten water bodies located in the three
phytogeographic regions: the Pampa Plains, the Thorny
Forest, and the Monte (Cabrera, 1976), which are each
subjected to different anthropic influences (Tab. 1 and Fig. 1).

The Chadilauquen (Cha), Estancia Pey-Ma (EPM), and
Estancia San José (ESJ) lakes are in the region of the Pampa
Plains (Fig. 1). They are surrounded by fields dedicated to
agriculture, mainly cereal and soybean crops. During the study,
these lakes lacked fish fauna and aquatic vegetation.

The Ojo de agua Padre Buodo (OaPB) lies in the ecotone
between the Pampa Plains and the Thorny Forest, Utracán (Ut)
is in the center of the Thorny Forest, and El Carancho (EC) lies
in the ecotone between this region and Monte (Cabrera, 1976).
The lakes are surrounded by natural vegetation, and livestock
is raised extensively in their basins. Ojo de agua Padre Buodo
had no aquatic vegetation but contained a population of carp
(Cyprinus carpio Linnaeus, 1758). Conversely, Ut and EC had
no fish fauna but had variable coverings of the macrophyte
Ruppia cirrhosa Petagna Grande.

All these lakes are temporary, shallow (Tab. 1), fed by
rainfall and phreatic inputs (Dornes et al., 2016), and, as they
are located in arheic basins, have water losses mainly caused
by evaporation and percolation.

TheAmargaLake (LAm) is in theMonte region, surrounded
by natural vegetation with a predominance of “jarillas” (Larrea
sp.). This lake differs from the previousones in that it is part of an
exorheic basin, currently inactive, due to the construction of
reservoirs in all the tributary rivers in the provinces of Mendoza
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Fig. 1. Geographic locations of the ten lakes of the semi-arid southern South America (Argentinian central pampa) studied during 2007. 1: Cha;
2: EPM; 3: LAr; 4: ESJ; 5: DT; 6: BG; 7: OaPB; 8: Ut; 9: EC; 10: LAm. A: Phytogeographic region of the Monte; B: Thorny Forest; C: Pampa
Plains.
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and San Juan, northwest of the study area. Thismeans that water
only enters when the surplus of nival precipitation in the Andes
forces an opening of the damfloodgates. In the past, the lakewas
permanent and had relatively low salinity but, at present, it is
semi-permanent and its salinity is usually high. The region’s
reduced rainfall, which is around 350mm∙yr�1 (Casagrande
et al., 2006), limits human activity to goat rearing.

The lakes La Arocena (LAr), Don Tomás (DT), and Bajo
de Giuliani (BG) are located in the Pampa plains (Fig. 1), but
they differ from the previously mentioned ones because they
receive storm drains from the biggest cities of the region. In
addition, BG receives all of the sewage from a city with a
population of about 100 000 inhabitants. This means that, at
present, all three lakes are permanent. All three have fish fauna,
with a predominance of silversides (Odonthestes bonariensis
Valenciennes, 1835).
2.2 Field and laboratory work

Sampling was carried out in the summer (January), autumn
(April), winter (July), and spring (October) of 2007. Summer
sampling in ECwas done in early February, as the lake had been
dryandwasfilledwith torrential rain thatoccurredonJanuary26.

In situ determinations included water transparency (Secchi
disk), pH (Corning

®

PS-15 pH meter), temperature, and
dissolved oxygen concentration (Lutron

®

DO 5510 digital
oximeter). Water samples were taken at a depth of 0.5m to
determine salinity, ion content, suspended solids, nutrients,
and phytoplankton chlorophyll-a concentrations. Samples
were kept in the dark and refrigerated until analysis.

At three sites located along the major axis of each lake,
qualitative zooplankton samples were taken by vertical and
horizontal trawls with a net 22 cm in diameter and with a
40mm mesh opening. Quantitative samples were collected
with a 10 L capacity Schindler-Patalas trap, with a net with the
same mesh opening. At each site, samples were taken at three
depths and combined into one to obtain representative samples
of the water column. Contractions and deformations were
avoided by anesthetizing the organisms with CO2 and then
fixing with 5% formalin. The samples were deposited in the
National University of La Pampa collection.
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The presence of fish was determined using trawls and traps,
and collected specimens were also anesthetized by incorpo-
ration of CO2 into water and preserved in formaldehyde. When
aquatic vegetation was present, its location and percentage of
approximate coverage were visually determined and samples
were taken for identification.

All applicable international, national, and institutional
guidelines for the care and use of animals were followed.

The total dissolved solids (TDSs) were measured by a
gravimetric method, by drying 50mL of pre-filtered water at
104 °C to a constant weight. The ionic content of the water was
determined according to standardized routines (APHA, 1992).

The content of total suspended solids (TSSs), organic
suspended solids (OSSs), and inorganic (ISSs) suspended
solids was determined by filtration through Microclar
FFG047WPH glass fiber filters that had been pre-washed
and weighed, dried at 103–105 °C, and calcined at 550–600 °C
(EPA, 1993). The total Kjeldahl nitrogen (TKN) was
determined by the Kjeldahl method. Total phosphorus (TP)
was determined spectrophotometrically following digestion
of the sample with potassium persulfate in acid medium. The
chlorophyll-a concentration (Chl-a) was estimated by
filtration through Microclar FFG047WPH glass fiber filters,
extraction with aqueous acetone, and determination by
spectrophotometry (Arar, 1997) with a Metrolab 1700
spectrophotometer.

Zooplankton density (ind.∙L�1)wasdeterminedbycounts of
micro- and macro-zooplankton (Kalff, 2002) in Sedgwick-
Rafter and Bogorov chambers, using an optical microscope at
40–100� magnification and a stereoscopic microscope at 20�,
respectively. The biomass (mg∙L�1) was determined based on at
least 30 randomly obtained specimens per species, using a Leitz
micrometric eyepiece. In the case of rotifers, the geometric
shapes method was applied (Ruttner-Kolisko, 1977), and for
crustaceans, dryweight/length regression relationswere applied
(Dumont et al., 1975; McCauley, 1984; Paggi, 1987).
2.3 Quantitative analysis

The classification system used for the lakes was the system
based on salinity proposed by Hammer (1986).
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Table 2. Mean values and standard deviations of the main parameters determined in the ten lakes of the semi-arid southern South America
during 2007.

Cha EPM LAr ESJ DT

Temperature (°C) 17.18 ± 7.18 17.00 ± 7.35 17.58 ± 7.43 17.15 ± 8.76 16.95 ± 9.00
Transparency (m) 0.81 ± 0.38 0.16 ± 0.11 0.42 ± 0.38 0.74 ± 0.28 0.14 ± 0.04
Dissolved oxygen (mg∙L�1) 8.20 ± 0.86 5.88 ± 3.03 10.18 ± 1.02 8.80 ± 1.82 9.38 ± 1.21
TDSs (g∙L�1) 25.27 ± 1.50 36.71 ± 7.99 0.38 ± 0.08 30.77 ± 3.24 0.95 ± 0.23
pH 9.37 ± 0.08 9.44 ± 0.16 7.55 ± 0.31 9.43 ± 0.10 8.29 ± 0.63
CO3

2� (mg∙L�1) 2370.50 ± 271.12 1188.00 ± 1798.23 0.00 1890.00 ± 186.55 0.00
HCO3

� (mg∙L�1) 1597.50 ± 1202.95 3647.50 ± 2650.83 326.00 ± 357.52 956.25 ± 535.47 433.00 ± 259.22
Cl� (mg∙L�1) 5941.75 ± 2018.17 8641.50 ± 1901.90 35.68 ± 7.83 10 395.00 ± 3969.94 156.98 ± 50.91
SO4

2� (mg∙L�1) 3645.00 ± 294.56 3975.00 ± 910.59 88.50 ± 134.76 4150.00 ± 1260.95 266.25 ± 212.66
Ca2þ (mg∙L�1) 226.50 ± 59.13 276.70 ± 58.18 37.26 ± 11.72 528.00 ± 117.26 52.60 ± 11.15
Mg2þ (mg∙L�1) 82.35 ± 21.21 100.73 ± 21.16 13.58 ± 4.26 191.88 ± 42.44 19.18 ± 4.06
Kþ (mg∙L�1) 208.50 ± 39.37 327.00 ± 126.16 1.90 ± 0.42 207.00 ± 75.45 5.68 ± 4.22
Naþ (mg∙L�1) 6663.25 ± 2150.02 8708.25 ± 1887.11 69.93 ± 71.39 9055.25 ± 2450.78 305.75 ± 147.06
TKN (mg∙L�1) 19.69 ± 8.46 34.69 ± 6.22 10.78 ± 7.86 22.50 ± 3.42 9.85 ± 1.79
TP (mg∙L�1) 5.44 ± 4.56 14.82 ± 9.76 4.54 ± 1.64 5.94 ± 0.63 4.38 ± 0.89
Chlorophyll-a (mg∙m�3) 1.83 ± 1.56 14.05 ± 7.81 53.63 ± 44.98 5.48 ± 6.83 145.72 ± 58.39
TSSs (mg∙L�1) 38.56 ± 44.81 85.53 ± 69.81 32.30 ± 27.68 23.00 ± 14.54 65.91 ± 17.28
OSSs (mg∙L�1) 9.80 ± 8.21 33.15 ± 22.42 27.50 ± 25.48 11.65 ± 9.79 59.92 ± 14.01
ISS (mg∙L�1) 28.83 ± 41.70 52.38 ± 48.48 4.80 ± 3.39 11.36 ± 11.10 5.96 ± 6.16

BG OaPB Ut EC LAm

Temperature (°C) 17.43 ± 9.09 16.60 ± 10.43 16.73 ± 7.97 15.33 ± 7.13 14.58 ± 7.99
Transparency (m) 0.16 ± 0.05 0.10 ± 0.01 1.05 ± 0.39 1.31 ± 0.42 1.54 ± 0.15
Dissolved oxygen (mg∙L�1) 14.13 ± 3.61 11.50 ± 5.59 10.13 ± 2.61 9.58 ± 0.69 8.83 ± 1.23
TDSs (g∙L�1) 10.60 ± 0.67 0.51 ± 0.02 33.17 ± 2.55 11.60 ± 4.28 115.51 ± 19.02
pH 9.14 ± 0.05 8.51 ± 0.70 9.58 ± 0.10 9.50 ± 0.07 7.82 ± 0.53
CO3

2� (mg∙L�1) 0.00 0.00 2260.00 ± 1438.98 0.00 0.00
HCO3

� (mg∙L�1) 1175.00 ± 170.78 162.25 ± 86.28 2525.00 ± 2693.22 928.50 ± 695.42 482.25 ± 89.82
Cl� (mg∙L�1) 3866.75 ± 990.31 53.55 ± 54.51 7853.00 ± 3738.24 4297.00 ± 2048.91 52 022.75 ± 6605.32
SO4

2� (mg∙L�1) 1570.00 ± 349.67 124.75 ± 123.36 5350.00 ± 1173.31 1540.00 ± 731.57 12 500.00 ± 14 346.66
Ca2þ (mg∙L�1) 413.75 ± 81.60 69.25 ± 21.38 345.88 ± 63.92 296.75 ± 95.19 4956.00 ± 1157.37
Mg2þ (mg∙L�1) 150.50 ± 29.69 23.98 ± 9.23 126.13 ± 23.49 108.08 ± 34.75 1803.75 ± 422.03
Kþ (mg∙L�1) 102.75 ± 15.00 2.15 ± 0.47 313.75 ± 202.60 129.50 ± 71.45 1020.25 ± 580.11
Naþ (mg∙L�1) 2915.00 ± 518.05 68.09 ± 37.50 9087.75 ± 1559.95 3574.75 ± 1825.39 30 212.63 ± 2726.21
TKN (mg∙L�1) 19.69 ± 3.25 12.66 ± 1.80 15.94 ± 5.83 7.97 ± 3.55 25.32 ± 12.29
TP (mg∙L�1) 7.35 ± 2.07 4.07 ± 0.36 9.22 ± 5.64 6.10 ± 2.00 4.38 ± 1.61
Chlorophyll-a (mg∙m�3) 204.02 ± 27.45 187.15 ± 62.14 1.43 ± 1.39 1.07 ± 1.67 1.65 ± 1.16
TSSs (mg∙L�1) 127.98 ± 53.10 101.10 ± 29.33 8.80 ± 4.33 4.63 ± 1.91 10.82 ± 6.20
OSSs (mg∙L�1) 92.58 ± 21.00 94.92 ± 26.62 4.46 ± 1.59 2.85 ± 0.88 3.88 ± 2.01
ISS (mg∙L�1) 35.16 ± 40.04 6.18 ± 5.02 4.34 ± 3.52 1.78 ± 1.07 6.94 ± 5.44
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The relationships between environmental factors and
zooplankton attributes were determined by calculating Spear-
man’s correlation coefficients, and the physical, chemical, and
biological differences were determined using the Kruskal–
Wallis nonparametric analysis of variance (Sokal and Rohlf,
1995; Zar, 1996).

The groupings of lakes according to their environmental
variables were made by performing Gower cluster analysis,
and species associations were determined by cluster analysis
based on the presence–absence Jaccard index.
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The relationship between the abundance of the different
taxa and their frequency of occurrence was analyzed using
the nonparametric graphic test of Olmstead and Tukey
(Sokal and Rohlf, 1995). Principal components analysis
(PCA) was also performed, following a logarithmic
transformation of the data (Pérez, 2004), including
environmental variables and zooplankton richness, density,
and biomass.

We used Infostat (Di Rienzo et al., 2010) and PAST
(Hammer et al., 2001) software.
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Fig. 2. Gower clustering of the ten lakes of the semi-arid southern
South America, based on their chemical and physical parameters
determined during 2007.
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3 Results

3.1 Environmental parameters

The water temperature did not differ (Tab. 2) and followed
a similar seasonal pattern in all water bodies. Both the
maximum and the minimum temperatures (close to 29 and
4 °C, respectively) were registered in OaPB.

The salinity differed (H= 37.61; p< 0.0001) (Tab. 2),
covering a wide range between a minimum of 0.32 and a
maximum of 136.72 g∙L�1 registered during the autumn in LAr
and LAm, respectively. The EC showed a mean of around
11 g∙L�1, but this increased from 5.7 g∙L�1 immediately after
filling (February) to 15.1 g∙L�1 (October).

The pH also differed (H= 31.45; p= 0.0003), and was
greater than 9 in Cha, EPM, ESJ, BG, Ut, and EC, whereas in
the other four lakes it did not exceed 8.5 (Tab. 2).

The concentrations of dissolved oxygen did not show any
seasonal pattern and exceeded 7.0mg∙L�1 (Tab. 2), with the
exception of EPM, where smaller concentrations were
registered (especially during the spring, when it decrease to
2.4mg∙L�1).

Among cations, Naþwas predominant in nine lakes, where
it exceeded 80% of the total cations (Tab. 2). Its concentration
differed (H= 36.15; p< 0.0001) and fluctuated from a
minimum of 24.5mg∙L�1 in LAr (autumn) to a maximum
of 32 950.0mg∙L�1 in LAm (autumn). The Ca2þ concentration
also differed (H= 35.55; p< 0.0001), but Ca2þ only repre-
sented a high percentage of the cations (30.4%) in LAr (Tab.
2). The concentrations of Mg2þ and Kþ also differed
(H= 35.36; p= 0.0001, and H= 34.15; p= 0.0001, respective-
ly) but these cations had low percentages in all lakes (Tab. 2).

Among the anions, Cl� concentrations differed (H= 34.78;
p= 0.0001), ranging from 16.6mg∙L�1 measured in OaPB to as
much as 59 953.0mg∙L�1 recorded in LAm, both in winter
(Tab. 2). It was the dominant anion in the highest-salinity
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lakes, while HCO3
� dominated in the lower-salinity ones and

represented 72.4% and 50.6% of the total of the anions,
respectively, in LAr and DT (Tab. 2). SO4

2� followed in order
of importance in most lakes, and concentrations close to 30%
were registered in DT, OaPB, and Ut (Tab. 2). Variable
concentrations of CO3

2� were only registered in the four
mesosaline lakes and were undetectable in the rest (Tab. 2).

The TSS concentrations differed (H= 29.01; p= 0.0006).
OSSs were more abundant in LAr, DT, BG, and OaPB, where
they exceeded 70% of the total (Tab. 2), while ISSs were more
abundant in Cha, EPM, and LAm, where they exceeded 60%.
In Ut, EC, and ESJ, both fractions were registered in relatively
similar proportions (Tab. 2).

The concentration of nutrients was high in the water of all
the lakes. TP concentration did not differ (H= 12.53;
p= 0.1851), but that of TKN did differ (H= 26.27;
p= 0.0018). The highest means of TP and TKN (close to 15
and 35mg∙L�1, respectively) were registered in EPM, whereas
the minimum TP concentration was found in OaPB and the
minimum TKN concentration occurred in EC (Tab. 2).

The water transparency differed (H= 33.53; p= 0.0001)
and fluctuated over a wide range. It was reduced, almost
always lower than 0.2m, in EPM, DT, BG, and OaPB, and
higher, although variable, in Cha, ESJ, Ut, EC, and LAm (Tab.
2). The water transparency and OSSs (rs =�0.91; p< 0.0001)
showed a correlation, although the reduced transparency in
EPM was due to a large amount of ISSs (rs =�0.79;
p< 0.0001).

The concentrations of phytoplankton chlorophyll-a dif-
fered (H= 33.33; p = 0.0001). In DT, OaPB, and BG, the
concentrations were higher than 140mg∙m�3, while in Cha,
LAr, ESJ, Ut, EC, and LAm, they never exceeded 55mg∙m�3

(Tab. 2). The lakes registering the highest concentrations of
chlorophyll-a had a lower water transparency (rs =�0.89;
p= 0.0006), except for EPM. Chlorophyll-a and OSSs
concentrations also showed a correlation (rs = 0.92; p
< 0.0001), whereas no correlations were noted with TP and
TKN concentrations.

The environmental variables allowed the distinguishing of
three groups of lakes: the first, comprising only LAm, had high
concentrations of TDSs, ions, and nutrients, but a high water
transparency; the second was a set of intermediate-salinity
lakes, with the majority having relatively clear waters (ESJ,
Cha, Ut, and EC) (EPM was also incorporated into this group,
given its common chemical characteristics and despite its low
transparency caused by ISSs); and the third group, comprising
lakes of lower salinity (LAr, DT, OaPB, and BG), had low
transparency water due to high amounts of chlorophyll-a and
OSSs (Fig. 2).
3.2 Zooplankton

The zooplankton richness was relatively high, since 49 taxa
(19 crustaceans and 30 rotifers) were registered (Tab. 3). The
richness and the concentration of TDSs were correlated
(rs =�0.88; p< 0.0001), so that lakes with salinities of less
than 1.2 g∙L�1 (LAr, OaPB, and DT) contained between 19 and
25 taxa; those with salinities between 10 and 33 g∙L�1 (Cha,
ESJ, BG, Ut, and EC) contained 5–17 taxa; and those with
salinity higher than 36 g∙L�1 (EPM and LAm) contained only 2
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Table 3. Taxa registered during 2007 in ten lakes of the central semi-arid southern South America.

Cha EPM LAr ESJ DT BG OaPB Ut EC LAm

Cladocerans
Ceriodaphnia dubia Richard, 1895 X
Daphnia menucoensis Paggi, 1996 X X X X
Daphnia spinulata Birabén, 1917 X X
Moina eugeniae Olivier, 1954 X X X X X
Moina macrocopa (Straus, 1820) X
Moina micrura Kurz, 1874 X X X
Moina wierzejskii Richard, 1895 X
Bosmina huaronensis Delachaux, 1918 X X X
Leydigia louisi Jenkin, 1934 X X
Alona sp. X X
Diaphanosoma birgei Korinek, 1981 X X

Copepods
Microcyclops anceps (Richard, 1897) X X X X
Metacyclops mendocinus (Wierzejski, 1892) X X X
Acanthocyclops robustus (G.O. Sars, 1863) X X X
Boeckella gracilis (Daday, 1902) X X X X
Boeckella poopoensis Marsh, 1906 X X X X X X X
Notodiaptomus incompositus (Brian, 1925) X
Cletocamptus deitersi (Richard, 1897) X X X X X X

Rotifers
Brachionus plicatilis Müller, 1786 X X X X X X
Brachionus ibericus Ciros-Perez, Gómez and Serra, 2001 X
Brachionus angularis Gosse, 1851 X X X X X
Brachionus havanaensis Rousselet, 1913 X X X
Brachionus calyciflorus (Pallas, 1766) X
Brachionus dimidiatus Bryce, 1931 X X X
Brachionus caudatus Barrois and Daday, 1894 X X
Brachionus pterodinoides Rousselet, 1913 X X X
Lepadella acuminata (Ehrenberg, 1834) X X X
Lepadella patella (Müller, 1773) X
Hexarthra fennica (Levander, 1892) X X X X X
Hexarthra intermedia (Wiszniewski, 1929) X X
Polyarthra dolichoptera Idelson, 1925 X X X X
Anuraeopsis fissa (Gosse, 1851) X X
Asplanchna sp. X
Keratella cochlearis (Gosse, 1851) X X X
Keratella tropica (Apstein, 1907) X X X
Colurella sp. (1) X
Colurella sp. (2) X
Colurella adriatica (Ehrenberg, 1831) X
Trichocerca elongata (Gosse, 1886) X
Lecane sp. (1) X
Lecane sp. (2) X X
Lecane sp. (3) X
Lecane bulla (Gosse, 1851) X
Lecane lunaris (Ehrenberg, 1832) X
Pompholix complanata Gosse, 1851 X X X
Synchaeta sp. X
Notholca sp. X
Bdelloideo no id. X

Anostracans
Artemia persimilis Piccinelli and Prosdocimi, 1968 X

Richness 6 3 24 5 25 12 19 6 17 2
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Fig. 3. Clustering analysis based on the presence–absence Jaccard index of the most representative zooplankton species recorded in the ten lakes
of the semi-arid southern South America during 2007.
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or 3 taxa. We also found correlation between richness and
transparency (rs =�0.40; p= 0.0112) and richness and
chlorophyll-a (rs = 0.46; p= 0.0028), since the highest number
of taxa was found in the LAr, OaPB, and DT lakes.

ThegeneraMoina,Boeckella, andBrachionuspredominated
among the cladocerans, copepods, and rotifers, respectively. The
species registered in most of the lakes were Boeckella
poopoensis Marsh, 1906 (seven lakes), Cletocamptus deitersi
(Richard, 1897) andB. plicatilis (six lakes), andMoina eugeniae
Olivier, 1954 and Hexarthra fennica (Levander, 1892) (five
lakes). Conversely, some taxa were found in a single
environment, as in the case of the anostracan Artemia persimilis
Piccinelli and Prosdocimi, 1968 or some rotifers of the Lecane,
Trichocerca, Notholca, and Synchaeta genera (Tab. 3).

Three groups of species were determined (Fig. 3): the first
group was found in the lakes with the highest salinity and
consisted only of the anostracan A. persimilis; the second
group was found in lakes of intermediate salinity and featured
most frequently the crustaceans M. eugeniae and B.
poopoensis and the rotifers B. plicatilis and H. fennica; and
the third group, found in the environments with lower salinity,
consisted especially of the cladocerans B. huaronensis, Moina
micruraKurz, 1874, andDaphnia spinulataBirabén, 1917, the
copepod Boeckella gracilis (Daday, 1902), and the rotifers
Brachionus caudatus Barrois and Daday, 1894, B. angularis
Gosse, 1851, B. havanaensis Rousselet, 1913, Keratella
tropica (Apstein, 1907), and K. cochlearis (Gosse, 1851).

The zooplankton densities of the lakes differed (H= 26.24;
p= 0.0019) and ranged from 1.64 ind.∙L�1 in LAm to
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20 743 ind.∙L�1 in LAr (Fig. 4). The relatively high mean
density (1328.55 ind.∙L�1 ± 2351.17) found in EC was due to
the high density found during the summer, immediately after
filling; this subsequently diminished.

Correlations were found between total density and salinity
(rs =�0.62; p< 0.0001), water transparency (rs =�0.67; p
< 0.0001), and chlorophyll-a concentration (rs = 0.66; p
< 0.0001). Although most lakes had their maximum peaks of
abundance in the summer, no seasonal pattern of variation was
detected.

The density of rotifers differed (H= 27.83; p= 0.0010) and
showed a negative influence of salinity (rs =�0.74; p< 0.0001),
as rotiferswere dominant in the subsaline lakes (LAr,OaPB, and
BG), where they reached mean abundances of 19 726.08 ind.
∙L�1 (±4303.62), 2150.33 ind.∙L�1 (±2143.38), and1233.92 ind.
∙L�1 (±2303.38), respectively (Fig. 4).

The density of crustaceans also differed (H= 19.91;
p= 0.0185) and was negatively affected by salinity (rs =�0.41;
p= 0.0081). Don Tomas reached a mean density of 2499.9 ind.
∙L�1, more than double that of LAr and EC, the lakes that
followed in descending order. The density of crustaceans also
correlated with the water transparency (rs =�0.56; p= 0.0002)
and chlorophyll-a concentration (rs = 0.51; p= 0.0009). With
the exception of LAm, where the anostracans prevailed and
represented almost 96% of the zooplankton, the copepods
predominated in all lakes, while the cladocerans were not
dominant in any of the lakes sampled (Fig. 4).

Among rotifers, B. plicatilis was the most frequent species
(Fig. 5), despite not having high densities in any lake (except
f 16



Fig. 4. Comparison of total mean zooplankton density (bars) in the ten lakes during 2007 and the relative contribution of each taxonomic group
(circles). The Y axis is in logarithmic scale and the bars indicate the standard deviations.
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for EPM, where it exceeded 65% of the total). It was followed
by H. fennica, which was very frequent in the lakes of higher
salinities, in which it did not reach high densities (except in
EC, where it represented 48.05% of the total mean abundance).
Conversely, K. cochlearis, although relatively infrequent, was
characterized by high abundances, such as in LAr, where it
reached 65 386.67 ind.∙L�1 in winter and accounted for 85% of
the zooplankton community throughout the year. K. tropica
also reached relatively high densities, since it reached
4326 ind.∙L�1 in autumn in OaPB, exceeding 50% of the
total abundance. The rest of the rotifers were characterized by
their reduced frequencies, since they were generally found in a
single water body at a low density (Fig. 5).

Among crustaceans, the most frequent and abundant
species was the copepod B. poopoensis (Fig. 5), present in the
highest-salinity lakes, such as EPM and ESJ, where it reached
high mean annual densities of 617.14 ind.∙L�1 (±362.57) and
202.63 ind.∙L�1 (±158.5), respectively, and accounted for more
than 45% of the total zooplankton community density.
Cletocamptus deitersi was the next species in the order of
frequencies, since it was recorded in six lakes, although always
in low densities. Moina eugeniae was the most frequent
cladoceran and reached mean annual densities that fluctuated
between 6.59 ind.∙L�1 (±11.62) in EPM and 197.75 ind.∙L�1

(±191.97) in ESJ; in those lakes, it exceeded 48% of the mean
total abundance. Conversely, M. anceps (Richard, 1897) was
the crustacean that reached the greatest density, such as in DT,
where it reached a mean of 1124.1 ind.∙L�1 (±1568.1) and
represented 61% of the total density. It was followed by
Bosmina huaronensis Delachaux, 1918, which had spring
peaks of 1080.67 ind.∙L�1 and 771 ind.∙L�1 in LAr and DT,
respectively. The other taxa presented low frequencies and
abundances, with some registered in only a single lake (Fig. 5).

Positive correlations were found between the density of
some rotifers, such as B. plicatilis, and H. fennica, and the
concentration of some ions, such as SO4

2� and CO3
2�, while

negative correlations were noted for others, including B.
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dimidiatus Bryce, 1931, B. angularis, K. tropica, and K.
cochlearis and the concentrations of Cl�, SO4

2�, Naþ, Kþ,
Ca2þ and Mg2þ (Tab. 4). In the case of crustaceans, positive
correlations were found between the concentration of Cl�,
SO4

2�, Naþ, Kþ, Ca2þ, and Mg2þ and the densities of M.
eugeniae, B. poopoensis, and A. persimilis, whereas the
correlations were negative in the case of other species, such as
B. huaronensis, M. anceps, and Metacyclops mendocinus
(Wierzejski, 1892) (Tab. 4).

The zooplankton mean biomass was slightly higher for the
lakes with greater salinity, but the differences were not
significant. This parameter ranged from a minimum of
956.32mg∙L�1 (±327.53) in Ut to a maximum of
50 678.18mg∙L�1 (±86 818.13) in LAm (Fig. 6), and neither
showed a pattern of seasonal variation. No correlations were
found between zooplanktonic biomass and the main morpho-
metric parameters of lakes, such as surface andmaximumdepth.

The rotifers contributed the highest biomass in LAr only,
due to the predominance of K. cochlearis (Fig. 6). In the rest of
the lakes, the greatest biomass was provided by the
crustaceans. In LAm, almost all biomass was provided by
the anostracan A. persimilis, while in EC, the cladocerans
exceeded 85% of the total, due in particular toD. menucoensis.
In the other lakes, copepods contributed the highest biomass
(Fig. 6), with B. poopoensis in the highest-salinity lakes and
the cyclopoids M. anceps and M. mendocinus in those with a
lower concentration of salts.

The first two components of the PCA explained 68.9% of
the total variance (Fig. 7). The test showed the influence of
environmental stress on the structuring of the zooplankton
community. Component 1, which was positively correlated
with chlorophyll-a and OSS concentrations and negatively
with salinity, showed that the favorable environmental
conditions � represented by a greater food supply due to
the high phytoplankton concentrations and lower osmotic
stress due to the low salinity � favored a greater specific
richness and total zooplankton density. However, these
f 16



Table 4. Spearman’s correlation coefficients between the density of the main zooplankton species and the water ions of the ten lakes. Values in
bold are significant.

Cl� SO4
2� CO3

2� HCO3
� Naþ Kþ Ca2þ Mg2þ

Artemia persimilis
rs 0.52 0.46 �0.23 �0.08 0.52 0.50 0.52 0.52
p 0.0006 0.0032 0.1625 0.6212 0.0006 0.0011 0.0006 0.0006

Moina eugeniae
rs 0.38 0.56 0.80 0.34 0.45 0.42 0.32 0.32
p 0.0163 0.0002 <0.0001 0.0323 0.0040 0.0068 0.0461 0.0461

Daphnia menucoensis
rs 0.13 �0.01 0.08 0.33 0.08 0.001 0.08 0.08
p 0.4392 0.9403 0.6370 0.0408 0.6110 0.9941 0.6078 0.6078

Bosmina huaronensis
rs �0.57 �0.62 �0.34 �0.29 �0.55 �0.56 �0.63 �0.61
p 0.0001 <0.0001 0.0343 0.0819 0.0002 0.0002 <0.0001 <0.0001

Boeckella poopoensis
rs 0.56 0.56 0.62 0.49 0.55 0.53 0.39 0.39
p 0.0002 0.0002 <0.0001 0.0014 0.0002 0.0004 0.0119 0.0119

Microcyclops anceps
rs �0.64 �0.68 �0.46 �0.37 �0.67 �0.67 �0.68 �0.66
p <0.0001 <0.0001 0.0030 0.0188 <0.0001 <0.0001 <0.0001 <0.0001

Metacyclops mendocinus
rs �0.38 �0.34 �0.36 �0.12 �0.39 �0.35 0.01 �0.01
p 0.0160 0.0315 0.0222 0.4774 0.0125 0.0268 0.9549 0.9199

Brachionus plicatilis
rs 0.28 0.43 0.57 0.40 0.34 0.38 0.05 0.06
p 0.0832 0.0052 0.0001 0.0113 0.0300 0.0153 0.7590 0.7290

B. dimidiatus
rs �0.44 �0.43 �0.28 �0.21 �0.45 �0.38 �0.33 �0.32
p 0.0043 0.0061 0.0768 0.1930 0.0033 0.0161 0.0363 0.0435

B. angularis
rs �0.61 �0.60 �0.41 �0.27 �0.57 �0.55 �0.47 �0.45
p <0.0001 <0.0001 0.0086 0.0922 0.0001 0.0003 0.0022 0.0037

Keratella tropica
rs �0.48 �0.49 �0.28 �0.32 �0.47 �0.47 �0.46 �0.45
p 0.0017 0.0013 0.0768 0.0414 0.0021 0.0020 0.0030 0.0034

K. cochlearis
rs �0.47 �0.52 �0.31 �0.22 �0.48 �0.50 �0.48 �0.46
p 0.0022 0.0006 0.0518 0.1708 0.0016 0.0011 0.0017 0.0025

Hexarthra fennica
rs 0.18 0.38 0.58 0.31 0.24 0.21 0.24 0.24
p 0.2789 0.0168 0.0001 0.0492 0.1314 0.1938 0.1401 0.1401
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conditions had no major influence on the biomass of the
community since, in general, the higher densities recorded in
lakes of lower salinity were due to the predominance of small
zooplankton. Conversely, the PCA also indicated that other
environmental factors, such as water temperature or the
availability of dissolved oxygen, not have influence on
zooplankton in the studied lakes.

Zooplankton sizes were variable and differed (H= 27.33;
p= 0.0012) (Fig. 8). The mean zooplankton length was
positively correlated with the total solids concentration
(rs = 0.74; p< 0.0001) and negatively with chlorophyll-a
(rs =�0.70; p< 0.0001), but the zooplankton of the lakes
that contained fish fauna were smaller, ranging from 334.6mm
(±73.0) in LAr to 569.4mm (±354.6) in BG. In lakes where the
presence of fish was not verified, the zooplankton sizes were
larger, ranging from 690.1mm (±100.3) in EPM to 2615.8mm
(±1803.5) in LAm (Fig. 7).

4 Discussion

The studied lakes covered a very wide range of salinity and
they showed a diverse anthropic influence. The predominance of
Naþ in all the studied lakes, and Cl� in seven of them, distances
them from the global generalization made by Kalff (2002), who
mentioned Ca2þ andMg2þ as the dominant cations and HCO3

�

and SO4
2� as the dominant anions in most of the world’s inland
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waters. However, the Naþ and Cl� domain is shared with many
environments of the Chaco-Pampa plain (Drago and Quirós,
1996; Fernández Cirelli and Miretzky, 2004).

The concentrations of nutrients in water were high but
comparable to those recorded in other parts of Argentina, such
as some shallow lakes in the East of Pampa Plains (Quirós
et al., 2002). The sediments of most of the studied lakes were
dominated by sand (Echaniz and Vignatti, 2013), which has a
reduced capacity for adsorbing phosphorus and nitrogen
(Kapanen, 2008). Therefore, the frequent resuspensions of
sediments caused by the wind, the contributions of wild
animals, and anthropic activities and the processes of
accumulation favored by the arheic character of the basins
(Echaniz and Vignatti, 2013) could explain the high
concentrations of nutrients found in the water of the lakes;
these were higher than those indicated by Quirós et al. (2002)
and Sosnovsky and Quirós (2006) as some of the highest
registered in the literature.

4.1 The zooplankton of the lakes of the semi-arid
Central Pampa of Argentina

The distribution of the species was relatively heteroge-
neous; indicating that, on the scale considered in this study,
the structure of the faunas does not respond to a regional
pattern.
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Fig. 5. Results of the nonparametric Olmstead and Tukey test showing the relationship between the density of the different taxa and their
frequency of occurrence. Rotifers (above) and crustaceans (below).
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The number of species showed an inverse relationship with
the concentrations of TDSs and of the majority of the ions that
comprise them. The greatest diversity was recorded in lakes
with lower salinity, while in those that exceeded 20 g∙L�1, the
number of taxa was generally less than five or six. The
importance of increasing salinity as a modulator of specific
richness was evident in EC, where the diversity was higher (10
taxa) after completion of the filling, when the salinity was close
to 6 g∙L�1, and was reduced (5–7 taxa) following the doubling
or tripling of the salinity through the redissolution of salts
accumulated in the sediments (Vignatti et al., 2012). This also
provided information about the high diversity present in the
egg bank of this lake, given the rapid recolonization by less
tolerant species and its replacement by other halophiles at a
later time (Vignatti et al., 2012).

The size of water bodies is a predictor of the number of
zooplankton species since; in general, larger lakes may have a
greater diversity of habitats, implying that theymay be occupied
Page 10
by a larger number of species (Hobæk et al., 2002; Kalff, 2002).
However, the studied lakes showed the opposite: the greater
richnesswas registered in the smaller lakes, such asLAr,DT, and
OaPB. All lakes showed little environmental heterogeneity,
since they had relatively flat bottoms with homogeneous
sediments and themajority lackedvegetation;however, the lakes
mentioned are those that presented lower salinities and therefore
lower environmental stress (Herbst, 2001).

The three subsaline lakes with a predominance of HCO3
�

were those that were associated with the greatest richness and
density, due especially to the rotifers. The zooplankton of these
lakes was characterized by the cladocerans B. huaronensis and
M. micrura, a very frequent association in shallow lakes and
reservoirs in the central region of Argentina (Paggi, 1998).
Other species were less frequent, such asDiaphanosoma birgei
Korinek, 1981, which has been registered in La Pampa in very
different environments, such as the deep and oligotrophic
reservoir Casa de Piedra (Vignatti and Echaniz, 2008). The
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Fig. 6. Comparison of total mean zooplankton biomass (bars) in the ten lakes during 2007 and relative contribution of each taxonomic group
(circles). The Y axis is in logarithmic scale and the bars indicate the standard deviations.

Fig. 7. Biplot showing the results of principal component analysis, including environmental variables and zooplankton richness, density, and
biomass.
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occurrence in plankton samples of Leydigia louisi Jenkin, 1934
could be accidental, as result of sediment resuspension, since it
inhabits the upper layer of mud (Kotov, 2009). Daphnia
spinulata was recorded on one occasion in DT, and its reduced
density and later absence could be due to the predation exerted
by the planktivorous fish (Scheffer, 1998; Quirós et al., 2002).
These lakes were also characterized by cyclopoid copepods,
Page 11
such as M. anceps and Acanthocyclops robustus (G.O. Sars,
1863), and by the sporadic presence of some calanoids, such as
Notodiaptomus incompositus (Brian, 1925) and B. gracilis, the
latter being the most widely distributed boeckellid (Menu-
Marque et al., 2000).

The largest number of rotifers was found in these subsaline
lakes, and most species had a cosmopolitan distribution, a
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Fig. 8. Mean zooplankton lengths in the ten lakes with and without fish in the semi-arid southern South America during 2007. The bars indicate
the standard deviations.
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common situation for small organisms (Segers and De Smet,
2008). Among the rotifers, the genera Brachionus and
Keratella were predominant, a feature in common with
environments of similar salinities in the province of Buenos
Aires (Ringuelet et al., 1967; Ardohain et al., 2005).
Brachionus caudatus and K. tropica were the most frequent
species and were related to the concentrations of Ca2þ, Mg2þ,
and HCO3

�. Fontaneto et al. (2006) indicated that the former is
a haloxene species, typical of environments of less than
1 g∙L�1, while K. tropica is relatively euryhaline. Brachionus
dimidiatus is an infrequent cosmopolitan species adapted to
saline waters (Pejler, 1995), although it probably has ample
tolerance, since it was also registered in the three subsaline
Pampean lakes. The two species of Keratella registered in La
Pampa are euryhaline (Fontaneto et al., 2006), widely
distributed in Argentina, and frequent in all types of
environments, such as those found in the River Samborombón
basin (Modenutti, 1998) and shallow lakes of Buenos Aires
province (Ringuelet et al., 1967) and Patagonia (Modenutti
et al., 1998). The predominance of rotifers resulted in a
somewhat smaller biomass of zooplankton than in of the rest of
the lakes studied in La Pampa, although the biomass was
similar to that recorded in similar lakes in the province of
Buenos Aires (Claps et al., 2004).

The hyposaline and mesosaline lakes with a predominance
of Cl� and Naþ showed a lower total zooplankton density than
was found in the subsaline lakes, and the macrozooplankton
was dominant, given the predominance of crustaceans. The
ensemble of species differed from that of the subsaline lakes,
indicating a replacement produced by increasing salinity and
ion concentration. The crustaceans were predominantly
endemic species of the Neotropical region and showed a
close relation with Cl�, SO4

2�, Naþ, and Kþ levels. Among
the cladocerans, M. eugeniae, a species restricted to saline
waters of the central region of Argentina (Paggi, 1998), was the
one that showed the greatest tolerance to salinity, since it was
recorded in environments with values close to 35 g∙L�1.
Daphnia menucoensis Paggi, 1996 is also a very frequent
species in saline environments of Patagonia and central
Page 12
Argentina (Paggi, 1998; Vignatti and Echaniz, 1999;
Adamowicz et al., 2004); however, its tolerance range
appeared narrower than that of M. eugeniae, since the
maximum salinity in which it was recorded was close to
30 g∙L�1 and its density was very low on this occasion.Moina
macrocopa (Straus, 1820) was found in EC; this species was
introduced and registered in Argentina relatively recently and a
recent introduction has been proposed in South America
(Paggi, 1997). The species seems to have been distributed
relatively quickly in the central part of the country, since it has
been recorded in four other shallow Pampean lakes (Vignatti
et al., 2013). The calanoid B. poopoensiswas the most frequent
and abundant crustacean. It is a halophilous species that has a
very wide geographical distribution, from the north of
Patagonia to the south of Peru (Menu-Marque et al., 2000;
Vignatti et al., 2016). It showed a preference for the Pampean
lakes containing CO3

2�, which coincides with the predilection
of other calanoids for waters where this ion is present (Derry
et al., 2003b). This tolerant species was recorded in clear,
turbid organic (BG) and inorganic turbid (EPM) environments
and did not show the effects of fish predation, since the sizes
recorded in lakes with or without fish fauna did not present
significant differences (Vignatti et al., 2016). In these lakes, the
harpacticoid C. deitersi was also very frequent, especially in
lakes with high concentrations of Ca2þ and Mg2þ, and its
preference for environments dominated by Cl� coincided with
that reported by Derry et al. (2003b) for Canadian lakes.
Although it is considered a species of benthic habitat (Rocha-
Olivares et al., 2001), its frequent presence in the zooplankton
of the Pampean lakes could be due to the frequent disturbance
produced by the wind, which would take the specimens up into
the water column.

The richness of rotifers found in these environments was
lower than that of the group of previous lakes, probably due to
the limitation imposed by salinity, as field studies show that the
number of species of rotifers decreases when salinity exceeds
2 g∙L�1 (Green and Mengestou, 1991). Brachionus plicatilis
and H. fennica dominated; both have a cosmopolitan
distribution (Pejler, 1995) and are said to be strictly haline
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(i.e., not registered in environments of less than 1 g∙L�1)
(Fontaneto et al., 2006). In La Pampa, they were related to the
presence of Cl� and CO3

2� in the water. It did not reach high
densities, but B. plicatilis was the most frequent rotifer in
hypo-mesosaline lakes, and its presence is a shared feature
with similar Canadian water bodies (Derry et al., 2003a). Note,
however, that a comparative analysis of mitochondrial DNA,
15 species are grouped under the name that constitutes the B.
plicatilis species complex (Mills et al., 2016).

Hexarthra fennica belongs to a genus of halophilic species
(Pejler, 1995), such as Hexarthra jenkinae (De Beauchamp
1932), that is dominant in saline lakes in Africa (Green, 1993)
and North America (Jellison et al., 2001).Hexarthra fennica is
found very frequently in Argentine saline waters (Modenutti,
1998) and has already been recorded in the semi-arid central
pampa, sometimes as dominant, in lakes with salinities up to
40 g∙L�1 and a dominance of Cl� (Echaniz et al., 2006). The
presence of Brachionus ibericus Ciros-Perez, Gómez and
Serra, 2001 in BG is of interest, as this haline species
(Fontaneto et al., 2006), which adapts to lower salinity than B.
plicatilis (Ciros-Pérez et al., 2001), had been cited for the first
time on the American continent, based on the records of two
intermediate mesosaline lakes with a dominance of Cl� and
Naþ in the semi-arid central pampa (Echaniz et al., 2006).
Thus, B. ibericus, B. plicatilis, and B. rotundiformis are the
three species of the B. plicatilis complex (Mills et al., 2016),
registered currently in the center of Argentina (Ferrando and
Claps, 2016). The biomass of these lakes was dominated by B.
poopoensis, which accounted for 50% of the total, with the
exception of EC, where D. menucoensis exceeded 75% of the
total.

In LAm, a hypersaline lake with a dominance of Cl� and
Naþ, the osmotic stress means it can only be inhabited by a few
tolerant species (Herbst, 2001). Only A. permisilis was
recorded, accompanied on a single occasion by B. poopoensis.
Artemia persimilis is a Neotropical endemic species and the
only one of the genus that has been registered in the semi-arid
central pampa. Artemia persimilis was the only species of the
genus cited for the Argentine territory (Cohen, 1998), although
A. franciscana, a species from North America, was
subsequently registered in lakes of the north of the country,
perhaps due to an anthropic introduction due to its economic
value (Amat et al., 2004; Vikas et al., 2012) or to passive entry
with migrations of birds from the northern hemisphere (Muñoz
et al., 2013). One current debate is that distribution of A.
persimilis could be diminishing due to the higher phenotypic
plasticity attributed to its cogeneric species (Clegg and
Gajardo, 2009; Vikas et al., 2012), although a possible
limitation to the progression of A. franciscana to the south
would be its lower tolerance to low temperatures (Browne and
Wanigasekera, 2000; Amat et al., 2004; Vignatti et al., 2014);
this could be modified in the case of temperature increases due
to climate change (Dokulil, 2016).

The finding of B. poopoensis in this lake, on only one
occasion and with an extremely reduced abundance, is
interesting since this species had been recorded in Chile,
Argentina, and Bolivia in salinities close to 90 g∙L�1 (Bayly,
1993; De los Ríos, 2005; Locascio de Mitrovich et al., 2005).
However, in the Argentinian central pampa, it showed a greater
range of tolerance to salinity, since it was recorded at salinities
of between 9 g∙L�1 and more than 110 g∙L�1.
Page 13
4.2 The effect of predation by fish on zooplankton in
the lakes of the semi-arid southern region of South
America

The presence of predatory fish in some lakes enabled
verification of the importance of the zooplankton in the
determination of some characteristics of the lakes; especially
the phytoplankton chlorophyll-a concentrations and water
transparency.

The zooplankton found in the subsaline lakes (LAr, DT,
and OaPB) and the hyposaline BG were smaller due to the
predominance of rotifers and small crustaceans. This is a
common situation in aquatic ecosystems, where relatively low
salinity and permanence allow the development of fish fauna
that may include zooplankton predators as silversides (Quirós
et al., 2002; Reissig et al., 2006; Boveri and Quirós, 2007) and
carps (Khan et al., 2003; Tátrai et al., 2003). The lakes
mentioned can be classified as turbid (Scheffer, 1998), given
their transparency of less than 0.5m, due to a great
development of phytoplankton, which highlights the impor-
tance of predation in the structuring of the zooplankton
community, and consequently of the conditions of the lake
(Scheffer, 1998; Hobæk et al., 2002).

The zooplankton of the rest of the lakes was of greater size
because its temporary nature and its high salinity create
difficulties for the existence of fish populations, and
consequently zooplankton grazing. This made the water
transparency more than 0.7m, with low concentrations of
chlorophyll-a and suspended solids. The presence of D.
menucoensis, one of the few halophilic species of the genus, in
these lakes is worth noting (Echaniz et al., 2006). As with other
species ofDaphnia, its relatively large size and its high feeding
rate (Muylaert et al., 2006) decrease phytoplankton amounts
and increase water transparency. This highlights the impor-
tance of the zooplankton community in determining the
characteristics of saline lakes that lack or have low densities of
zooplanktivorous fish.
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