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ABSTRACT

Most of the mesosaline lakes in the semiarid central Pampas have a high
anthropogenic influence. The aim was to determine the variation in limnological and
zooplankton parameters of a mesosaline lake with little human impact, the West Lake of the
Parque Luro Reserve during a year. Monthly samples were taken between 2014 and 2015.
The mean depth and salinity were 0.66 m and 29.33 g/L, respectively. The transparency was
total; the light reached the bottom and favored the growth of the macrophyte Ruppia
cirrhosa. Two cladocerans, three copepods, and eight rotifers were registered. Among
crustaceans, autochthonous halophilic species were found (Daphnia menucoensis and
Boeckella poopoensis). Zooplankton density was 20 to 100 times lower than that of other
Pampean lakes, probably due to the presence of the macrophyte, which distinguishes this

lake from others in the region.
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RESUMEN

La mayoria de los lagos mesosalinos en la Pampa central semiarida sufren alta
influencia antropica. El objetivo fue determinar la variacién de los parametros limnoldgicos y
del zooplancton de un lago mesosalino con poco impacto humano, el lago Oeste de la
Reserva Parque Luro a lo largo de un afio. Se tomaron muestras mensuales (2014 - 2015).
La profundidad y salinidad media fueron 0,66 m y 29.33 g/L. La transparencia fue total, la luz
llegé al fondo y favorecié el crecimiento de la macréfita Ruppia cirrhosa. Se registraron dos
cladéceros, tres copépodos y ocho rotiferos. Entre los crustaceos se hallaron especies
haléfilas autdctonas (Daphnia menucoensis y Boeckella poopoensis). La densidad del
zooplancton fue 20 a 100 veces menor que la de otros lagos pampeanos parecidos,
probablemente debido a la presencia de la macrdfita, lo que es un rasgo que distingue a este

lago de otros de la region.

Palabras clave: Lago salino, Reserva, crustaceos, Ruppia cirrhosa, Argentina.

INTRODUCTION

The dry Pampas region is located in the center of the arid and semiarid diagonal that
crosses Argentina in a north-south direction (Ruggiero & Ezcurra 2003; D’Ambrosio et al.
2016). The central Pampa has a precipitation gradient ranging from about 800 mm/yr to the
east to about 300 mm/yr to the west (Casagrande et al. 2006), which determines marked
phytogeographical differences (Cabrera 1976) and therefore differences in the human

activities that develop along that gradient.

The region contains many lakes, most of which are shallow and temporary. The
majority of them are saline, since they have total dissolved solids concentrations greater than
3 g/L (Hammer 1986). These lakes can remain dry for variable periods, from a few months to
several years. Most of them are located in arheic basins, fed by precipitation and
groundwater inputs; as a result, their filling and drying are strongly related to the short-term
precipitation-drought cycles determined by El Nifio and La Nifa events (Viglizzo 2010). The
loss of water by evaporation and the abrupt inflow from rainfall mean that these lakes suffer
pronounced changes in the water level during their hydroperiods, which produces marked
fluctuations in salinity (Echaniz et al. 2006; Vignatti et al. 2012a; 2017).

During hydroperiods, the temporary lakes are inhabited by organisms that developed
adaptations allowing them to withstand dry phases, which usually involve dormant or

diapause structures (Bruno et al. 2001; Bayly 2001; Wallace et al. 2005), such as the
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production of resting eggs (Fryer 1996; Mura & Brecciaroli 2003; Alekseev & Ravera 2004;
Schréder 2005), the burial of quiescence individuals in sediments (Hairston & Bohonak 1998;

Santer & Hansen 2006), or coming from other lakes (Incagnone et al. 2015).

Studies have been carried out on the dynamics of several saline lakes in the region to
compare the physical and chemical conditions recorded at different periods and shows the
predominance of CI- and Na*, low total zooplankton density and the predominance of
crustaceans, especially endemic Neotropical species as Boeckella poopoensis Marsh, 1906,
Moina eugeniae Olivier, 1954, and Daphnia menucoensis Paggi, 1996 (Echaniz & Vignatti
2011; 2013; Echaniz et al. 2006; 2008; 2009; 2012; 2013a, b; Vignatti et al. 2007; 2012 a,
b). In some studied lakes, a significant coverage of the macrophyte Ruppia cirrhosa
(Petagna, Grande), a rhizomatous, submerged herbaceous species, characteristic of saline
environments (Obrador et al. 2007) and capable of tolerating temporary water fluctuations
and large changes in temperature and salinity (Menéndez et al. 2003) was observed. In these
lakes, water transparency was higher and phytoplankton chlorophyll-a concentrations were
lower than in other lakes of similar salinity where the macrophyte was not registered
(Echaniz et al. 2015; 2016).

Most of the studied ecosystems are subjected to strong anthropic influence because
they are located in fields dedicated to farming. The existence of a temporary saline lake in a
protected area (Parque Luro Provincial Reserve), where the current anthropogenic influence is
relatively low, provides the opportunity to make comparisons with the most impacted lakes
previously studied and to assess the magnitude of human influence. Several aspects of the
ecology of the terrestrial flora and fauna of the reserve have been studied (Cano 1980;
Maceda et al. 2001; Sosa et al. 2010; Gonzalez-Roglich et al. 2012; Zandén-Martinez et al.
2016), and most of this information has been applied in its management (Subsecretaria de
Ecologia 2004). However, it is not the case for its aquatic ecosystems, on which only some
hydrological information exists. Therefore, obtaining information on the limnological and
biological variables of this lake can be useful for government agencies responsible for the
management of the reserve. The objective of this work was to determine the main physical-
chemical and zooplankton parameters of a shallow, temporary, and saline lake environment

located in a protected area during a year.

MATERIALS AND METHODS

Study area: West Lake (36° 55’ S, 64° 16" W) (Fig. 1) is located in the Parque Luro
Provincial Reserve. The reserve was created by the government of the province of La Pampa

in 1967 to preserve a sector of 7,600 hectares of “caldén” (Prosopis caldenia Burkart) native

263



Sustainability, Agri, Food and Environmental Research, (ISSN: 0719-3726), 7(3), 2019: 261-280

DOI: http://dx.doi.org/10.7770/safer-VONO-art1656

forest. It is crossed from east to west by an extensive valley that contains a notable lake near
the western limit of the reserve. As with most lakes located in the transverse valleys of the
region, West Lake is located in an arheic basin, it is shallow, temporary, and fed mainly by
rainfall (Cano 1980). The main water losses are due to evaporation during dry periods. In
years before this study, the lake dried out completely (Echaniz & Vignatti pers. obs.). Its
temporality and high salinity have prevented the development of fish fauna. During the study

period, it was completely covered by the macrophyte Ruppia cirrhosa.

0.5 km

RN 35
100 km

Figure 1. Geographic location of Parque Luro West Lake. RN 35: National route n° 35.

Field and laboratory work: Monthly samples of water and zooplankton were collected
between October 2014 and September 2015, at two sites located along the main axis of the
lake. In situ water temperature and dissolved oxygen concentration (Lutron® OD 5510
oximeter), water transparency (Secchi disk), and pH (Corning® PS 15 digital pHmeter) were

determined, and water samples were taken and refrigerated until laboratory analysis.

At each site, two quantitative 20 L samples of zooplankton were taken and filtered
through a 0.04 mm mesh net. Due to the presence of aquatic vegetation, they were obtained
with a 10 L pail. A qualitative sample was also taken, with a similar net. All samples were

anesthetized with CO2 and kept refrigerated until fixation with 4% formalin.

Salinity was determined by the gravimetric method with drying at 104 °C, the
concentration of chlorophyll-a (Chl-a) by extraction with aqueous acetone and
spectrophotometry (APHA 1992; Arar 1997), and the content of suspended solids by water
filtering through glass-fiber filters (Microclar FFG0O47WPH), drying at 103-105 °C until
constant weight, and subsequent calcining at 550 °C (EPA 1993). The ionic content of the
water was determined according to standardized routines: Na* (selective ion electrode); K*

(determination of the intensity of the turbidity by the combination of potassium with sodium
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tetraphenylborate); Ca?* (EDTA digital titulometric method or, for very low calcium levels,
spectrophotometric method); Mg?* (digital titrimetric method or, for very low magnesium
levels, spectrophotometric method); Cl- (argentometric method [digital titration with silver
nitrate solution in the presence of potassium chromate] or, when the concentration was very
low, the spectrophotometric method); SO04%° (spectrophotometric determination of the
intensity of the turbidity formed during the reaction of the sulfate with barium); and HCO"3
and CO3? (alkalinity method of phenolphthalein and digital titration) (APHA 1992).

The macro- and microzooplankton (Kalff 2002) were counted under compound and
stereoscopic microscopes, in Bogorov and Sedgwick-Rafter chambers, respectively. To
determine the biomass, 30 specimens of each species were measured with a 10X Arcano
micrometric eyepiece; formulas that relate the total length to the dry weight were used for
crustaceans (Dumont et al. 1975; McCauley 1984) and the relationship with geometric
shapes for rotifers (Ruttner Kolisko 1977).

Data analysis: The lake was characterized using the salinity classification system
proposed by Hammer (1986). The relationships between the different environmental factors
and the zooplankton attributes were analyzed using Spearman’s nonparametric correlation
coefficients, after confirming the lack of normality of the data (Sokal & Rohlf 1995; Zar 1996)
and principal component analysis (PCA) was performed (Pérez 2004). The nonparametric
Olmstead and Tukey graphic test (Sokal & Rohlf 1995) was applied to analyze the
relationship between the density and the frequency of appearance of the different taxa. This
allowed us to distinguish four categories: frequent and abundant (dominant species, quadrant
I); abundant and infrequent (occasional species, quadrant II); infrequent and scarce (rare
species, quadrant III) and frequent but scarce (common species, quadrant IV) (D’Ambrosio
et al. 2016).

We used Past (Hammer et al. 2001) and Infostat (Di Rienzo et al. 2010) software.

RESULTS

Environmental parameters: In the water ionic composition, CI- (13,844.2 mg/L)
followed by SO4% (4500 mg/L) predominated among anions and Na* (8483.5 mg/L) and Ca?*
(1590.8 mg/L) among cations. The amounts of Mg?* and K* were lower than the other
cations (578.9 and 105.1 mg/L respectively). The M/D ratio (monovalent/bivalent cations)
was 3.96, indicating the strong predominance of Na*+ + K * over Ca?* + Mg?*. The total water
hardness was 3,973 mg/L. Due to the strong predominance of Cl- in the anions, the total
alkalinity (COsH- + COs3%") was relatively reduced (212.2 mg/L). The pH remained relatively

constant during the analyzed period, with a mean value of 9.12 (£ 0.35).
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The average lake depth was 0.66 m. It fluctuated between a maximum of 1.1 m in
October 2014 and a minimum of 0.4 m in March 2015 (Fig. 2 A). The mean salinity was
29.33 £ 10.71 g/L and varied widely; the minimum value was recorded in October (13.6 g/L)
and the maximum was found in March and September (44.2 g/L and 43.6 g/L, respectively)
(Fig. 2 A). Significant correlation between both variables (rs = -0.89; p < 0.0001) was found.

The water temperature followed a seasonal pattern (Fig. 2 B) and ranged from a
minimum of 7.7 °C in June to a maximum of 24.1 °C in October. The mean concentration of
dissolved oxygen was 9.31 mg/L £ 0.98 and also showed a seasonal pattern, ranging from a
minimum of 7.9 mg/L in October to a maximum of 11.2 mg/L in June (Fig. 2 B). There was a

significant correlation between both variables (rs = -0.92; p < 0.0001).

The average phytoplankton Chl-a concentration was 1.85 mg/m?3 = 3.28. A minimum
value of 0.11 mg/m3 was recorded in May and a maximum of 11.75 mg/m?3 in September
(Fig. 2 C). The water transparency was total throughout all the samplings carried out (Fig. 2
C), coinciding with the depth of the lake. No correlation was found between Chl-a and water

transparency.

The average concentration of total suspended solids was 12.06 £ 17.07 mg/L and
presented two peaks, one in February (47.91 mg/L) and another in August (48.37 mg/L); the
lower values were recorded in October (0.87 mg/L) and December (1.21 mg/L) (Fig. 2 D).
Considering both fractions separately, suspended solids of inorganic origin (ISS)
predominated and had an average concentration of 8.34 mg/L (£ 13.27), and organic
suspended solids (OSS) had a mean concentration of 3.71 mg/L (£ 4.12). ISS predominated
in eight occasions and 0SS in four (Fig. 2 D). A correlation was found between the
concentrations of both fractions (rs = 0.68, p = 0.0245) but not between those of Chl-a and
OssS.

Zooplankton: Thirteen taxa were recorded: two cladocerans, three copepods, and
eight rotifers (Table 1). A correlation was found between rotifers richness and total richness
(rs = 0.81, p = 0.0014). The highest richness (five or more taxa), especially due to rotifers,

was registered in the months of highest temperature (December to March) (Fig. 3 A).

The most frequent and abundant species was Boeckella poopoensis, present
throughout the studied period (Table 1). It was followed by Cletocamptus deitersi (Richard,
1897) and Daphnia menucoensis Paggi, 1996, registered in 83% and 50% of the sampling
occasions, respectively (Table 1 and Fig. 4 A). The remaining crustaceans, Leberis davidi
(Richard, 1895) and Metacyclops mendocinus (Wierzejski, 1892), can be considered
occasional species, given that they were rarely recorded and with low densities (Table 1 and

Fig. 4 A). No correlations were found between the number of cladoceran’s and copepod’s
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species of and environmental parameters, although the PCA showed some positive influence

of salinity on the richness of the latter species (Fig. 4 B).
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Figure 2. Monthly variation of: A: maximum depth and salinity; B: water temperature

and dissolved oxygen concentration; C: water transparency and phytoplankton chlorophyll-a

concentration and D: suspended organic solids (OSS) and inorganic suspended solids (ISS) of
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10

Number of faxa
o
I

glljt

H

O N D

H Cladocerans

J

FMAMJ J A S

OCopepods O Rotifers

Figure 3. Monthly variation of: A:

O
d o O | |0
OoOF |19 R A 1RO

AMJJAS

H Cladocerans O Copepods O Rotifers

richness by zooplankton taxonomic group and B:

density (bars, expressed in individuals per liter) and biomass (circles, expressed as a

percentage of total biomass) of zooplankton, by taxonomic group, in West Lake.

267



Sustainability, Agri, Food and Environmental Research, (ISSN: 0719-3726), 7(3), 2019: 261-280
DOI: http://dx.doi.org/10.7770/safer-VONO-art1656

4.00
B
A Rot. rich.
Rot. d ‘ Temperature
10.00 | of. flens- Total richness
B. poopoensis 2.001"
C. adriatica . .
o~ .
= 1.00 | C. deitersi 0SS
= L. pateltq H. fennica _
E . S B. piicarilis N ISS 7
;n L. dav.in'i - P X A :' Cop. rich. Clad. dens. Transparency
2 010 D. menncoensis o 0,00 t “Max. depth
: Lecane 2@ f endocinus : ) Total density Max. dep
_%- :Lemur 1 E Salinity Chl-a
g 0.01 -|Bdelloideo Cop. tlens,/
e K. tropica Total biomass Clad. rich.
0.00 — . ‘ ‘ . -2.00 4 pH
0 20 40 60 80 100 Oxygen
Frequency (%)
-4.00
-4.00 -2.00 0.00 2.00 4.00

PC 1 (28.8%)
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Table 1. Zooplankton taxa and months of occurrence in the West Lake of
Parque Luro Provincial Reserve.

O N D J F M A M J J A S

Cladocerans

Daphnia menucoensis Paggi, 1996 —

Leberis davidi (Richard, 1895) —

Copepods

Boeckella poopoensis Marsh, 1906

Cletocamptius deitersi (Richard, 1897) —
Metacyclops mendocinus (Wierzejski, 1892) — — —

Rotifers

Lecane 1 —

Lecane 2 —

Lepadella patella (Miiller, 1786) ——

Hexarthra fennica (Levander, 1892) I —

Keratella tropica (Apstein, 1907) —

Brachionus plicatilis Miiller, 1786 — —
—

Bdelloideo no id.

The frequency of rotifers in the samples was low (Table 1 and Fig. 4 A). The most

frequent species, although not very abundant, were Hexarthra fennica (Levander, 1892),

Brachionus plicatilis Miller, 1786, and Colurella adriatica (Ehrenberg, 1831), which were
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found in 33% of the sampling occasions, followed by Lepadella patella (Miller, 1773), which
was in 25% of the samples (Table 1 and Fig. 4 A). The rest of the rotifers can be considered
rare species, because they were only found once or twice (Table 1 and Fig. 4 A). Although no
correlation was found between the rotifer richness and water temperature, the PCA showed a
certain influence of this parameter on the number of rotifer species (Fig. 4 B), since, as

indicated, these organisms were recorded at the end of spring and summer (Fig 3 A).

The total density and biomass were 15.00 ind./L £ 17.92 and 40.08 pg/L £ 52.70
respectively and showed a strong peak in late summer-early autumn (April) (Fig. 3 B). No

correlations were found between either biological parameter and the environmental variables.

Throughout the study, the highest density and biomass was contributed by the
copepods, which, with averages of 12.66 ind./L (£ 17.42) and 37.69 ug/L (£ 52.24),
represented 98% of the density and 94% of the total biomass of the zooplankton community,
respectively (Fig. 3 B). Thus, correlations between the density and biomass of this group and
the total density (rs = 0.76, p = 0.0115) and total biomass (rs = 0.85, p = 0.005) were

found. The PCA also indicated the positive influence of salinity on both parameters (Fig. 4 B).

Copepods were the dominant organisms in winter and spring, when they greatly
exceeded 90% of the community “s density (Fig. 3 B). Among this group, the species with the
highest contribution to mean density and biomass were Boeckella poopoensis and
Cletocamptus deitersi, which reached average densities of 3.02 (* 3.69) and 2.03 (£ 4.23)
ind./L and biomasses of 28.47 (+ 40.96) and 3.92 (* 6.97) ug/L, respectively. The density
and biomass of B. poopoensis showed a minimum in January (0.12 ind./L and 0.001 pg/L)
and a maximum in April (13.04 ind./L and 143.3 pg/L), while C. deitersi reached its
maximum density and biomass in February (11.66 ind./L and 17.52 ug/L).

Cladocerans reached a mean density of 0.27 ind./L (£ 0.46) and a mean biomass of
2.39 pg/L (£ 3.78), with a small peak in December (Fig. 3 B). PCA showed the negative
influence exerted by salinity on the density of this group (Fig. 4 B). Among cladocerans,
Daphnia menucoensis contributed to the highest density and biomass. Its mean density and
biomass were 0.14 ind./L (£ 0.25) and 2.39 ug/L (£ 3.78), respectively. Correlations were
found between D. menucoensis density and water transparency (rs = 0.59, p = 0.0448) and
0SS concentration (rs = 0.59, p = 0.0448).

The rotifers reached a mean density of 2.08 £ 4.19 ind./L, and their contribution to
the biomass was insignificant (Fig. 3 B). The PCA also showed the positive influence of water
temperature on the density of this group (Fig. 4 B), since they were only abundant in
summer, especially in January, when they accounted for 77.5% of the total density (Fig. 3

B). Among the rotifers, the species that reached the highest density was Colurella adriatica,
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which had a maximum peak of 9.30 ind./L in February. Despite being among the most
frequent rotifers, H. fennica and B. plicatilis showed extremely reduced densities and both

reached their maximum densities (3.2 and 3.1 ind./L, respectively) in February.

DISCUSSION

Between 2009 and 2013, West Lake of Parque Luro was completely dry (Echaniz &
Vignatti pers. obs.). After its filling and during the study, it showed a marked decrease in
level that meant that, by the end of summer, in March 2015, the depth was almost one third
of the initial level. After a small increase in early autumn, a period of high historical
precipitation (Cano 1980), depth remained relatively stable until the end of the study. During
the first three months (October to December), West Lake behaved like a hyposaline lake, but
it changed to the mesosaline category (Hammer 1998) in January 2015, where it remained
until the end of the study (September). These large variations in level and extent, which
mainly affect changes in the concentration of total dissolved solids, are a common situation in
lakes in the region (Vignatti et al. 2012 a; b; 2017; Del Ponti et al. 2015; Echaniz et al. 2013
a; b; 2016). This trend has been observed in the El Carancho and El Destino lakes, which
went from respective salinities of 39.9 and 21.9 g/L in February 2001 to 12.1 and 9.34 g/L in
November of the same year. Similarly, in another Pampean temporary lake, La Laura, salinity

changes from 40 g/L in February 2001 to 9.2 g/L just one month later (Echaniz et al. 2006).

The chemical composition of the water, with the predominance of Na* among the
cations and CI- among the anions, is a feature of West Lake that resembles most of the
shallow lakes studied in the semiarid central Pampa (Echaniz & Vignatti 2017), and indicates
that the mechanisms that control the water chemistry of West Lake involve evaporation and
crystallization, typical processes in arid or semiarid regions, with higher evapotranspiration
rates than precipitation (Gibbs 1970, Wetzel 2001, Kalff 2002). This situation is shared with
many of the environments of the Chaco Pampa plains (Drago & Quirds 1996).

The concentrations of suspended solids were very small, much lower than those found
in other lakes in the region (Echaniz et al. 2015; 2016), what can be attributed to the
presence of Ruppia cirrhosa. The low concentration of ISS could be because the plant reduced
sediment resuspension from the bottom due to the wind (Borell Lovstedt & Bengtsson 2008;
Markensten & Pierson 2003), similar to what was recorded in Utracan, where the plant was
also registered and ISS were very reduced (Echaniz et al. 2015). On the other hand, low
concentrations of OSS, not related to phytoplankton Chl-a concentration, could indicate a
poor phytoplankton development and would suggest that OSS was mainly related to particles

detached from the plants or periphythic biofilm.
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The transparency of the water of West Lake was always high, so that the light reached
the bottom in all the occasions in which the water was sampled, which would have favored
the development of the dense cover of R. cirrhosa. This is a characteristic that West Lake
shares with other semiarid central Pampa saline lakes that are especially influenced by cattle
breeding, such as Utracan (Echaniz et al. 2015) and El Carancho (Vignatti et al. 2012b).
However, this characteristic distinguishes West Lake from shallow lakes in the northern
region (Chadilauqguen, Estancia Pey-Ma, and San José), where cereal, oilseed, and soybean
crops predominate (Echaniz & Vignatti 2011; Echaniz et al. 2013 a, b; 2016). The existence
of R. cirrhosa in the Pampean lakes with relatively low anthropic influence could have favored
the high water transparency in two ways. First, as it is a species rooted in the bottom, where
it produces rhizomes, it would have fixed the sediments, avoiding their resuspension by the
wind. Second, there could be both an allelopathic effect due to the release of substances by
R. cirrhosa and a limitation of the amount of light, with a consequent limitation on the growth
of algal populations in phytoplankton (Dembowska 2015). This would also explain the
reduced concentration of Chl-a, although these are mechanisms that, at present, have not

been studied in these lakes.

The water had high concentrations of dissolved oxygen, even in the months of higher
temperatures when the water’s capacity to dissolve gases is lower (Wetzel 2001; Kalff 2002).
The same was observed in Utracan, the lake with coverage of R. cirrhosa (Echaniz et al.
2015) (Table 2) which would allow to affirm that oxygen would come from the plants’
photosynthesis, since the low concentrations of Chl-a that were registered in both lakes

indicate a poor phytoplankton development.

The zooplankton of subsaline ecosystems in the semiarid central Pampa that do not
exceed 2 g/L can have more than 20 taxa of crustaceans and rotifers (Echaniz et al. 2008;
2012; Echaniz & Vignatti 2017). In the hypo- and mesosaline lakes, where salinity is a
relevant factor in the structuring of the community (Herbst 2001; Ivanova & Kazantseva
2006), richness is lower (Echaniz & Vignatti 2011; Echaniz et al. 2013a, b; 2016; Vignatti
2011; Vignatti et al. 2007; 2012b) (Table 2). This last situation was verified in West Lake and
an association typical of the pampean mesosaline lakes was found, characterized by such
autochthonous halophilic crustaceans as Daphnia menucoensis and Boeckella poopoensis.
Both are very common species in saline ecosystems of northern Patagonia and the center of
the country, although B. poopoensis has a much wider geographical distribution, from the
north of the Patagonian plateau to the south of Peru (Menu-Marque et al. 2000). The record
of D. menucoensis in salinities close to 43 g/L is relevant, since it was previously believed

that its tolerance range was not so broad.
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Table 2. Comparison of physical, chemical, and biological parameters (averages =+

standard deviation) of mesosaline lakes studied in the province of La Pampa. The density and

biomass are the average of the entire zooplankton community. The specific richness indicates

the total number of zooplankton species registered in the five lakes.

Utracan (2007)*

Chadilauguen

Estancia Pey-Ma

Estancia San José

Parque Luro

(2007)** (2006)*** (2006)**** Oeste
Water temperature (°C) 16.08 +£ 7.18 16.58 £ 7.05 17.78 £ 6.91 17.23 £ 7.24 13.60 £ 5.02
Transparency (m) 1.15 £ 0.29 0.76 £ 0.26 0.17 £ 0.06 0.45 £ 0.19 0.55 +£ 0.56
Salinity (g/L) 32.90 £ 2.70 26.16 £ 2.13 25.34 £ 6.15 22.22 £5.24 34.75 £ 10.25
pH 9.58 £ 0.13 9.40 + 0.13 9.01 £ 0.17 9.13 £ 0.19 9.23 £ 0.34
Dissolved oxygen (mg/L) 10.07 £+ 2.07 8.46 £ 1.10 6.29 + 2.68 8.95 + 2.22 9.83 £ 9.97
Chlorophyll-a (mg/m3) 1.22 £ 0.92 1.73 £ 1.25 30.79 £ 27.01 20.16 £ 27.45 2.30 + 3.14
ISS (mg/L) 4,30 £ 3.77 18.27 £ 24.23 38.03 £ 21.07 15.99 + 19.22 11.72 £ 12.70
0SS (mg/L) 5.00 £ 1.89 6.72 £ 4,95 37.52 £ 17.27 17.96 £ 10.72 4.84 + 3.94
Max. depth (m) 2.00 £ 0.15 2.12 £ 0.09 1.28 £ 0.20 2.71 £ 0.30 0.55 £ 0.20
Rooted vegetation Yes No No No Yes
Cereals, oilseeds, Cereals, oilseeds, Cereals, oilseeds,
Activity dominant in the basin Cattle breeding and soybeans and soybeans and soybeans None
crops crops crops

3023.47 £ 1532.11 =
Zooplankton density (ind./L) 416.48 + 379.58 201.41 £ 77.52 15.01 £ 17.92

4772.42 1747.59

6614.06 * 4659.08 =
Zooplankton biomass (ug/L ) 1728.00 £ 957.92 1621.91 + 739.01 40.08 £ 52.70

4336.94 3417.30
Richness 6 6 6 8 13

*Echaniz et al. 2015; ** Echaniz et al. 2016; *** Echaniz et al. 2013a; **** Echaniz et al.

2013b

A particular feature of West Lake was the low density of zooplankton compared to

other Pampean saline lakes (Table 2). B. poopoensis was between 20 and 100 times lower

than in the Utracan, Chadilauquen, Estancia Pey-Ma, and Estancia San José Lakes (Echaniz et
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al. 2013a, b; 2015; 2016) (Table 2). This could be due to the limited food availability caused
by scarce phytoplankton biomass. The phytoplankton growth can be negatively influenced by
the presence of macrophytes since a large proportion of submerged macrophytes release
allelopathic substances (Benitez & Claps 2012) or remove nutrients from the water column
(Celewicz-Goldyn & Kuczynska-Kippen 2017). In addition, there could also be an allelopathic

effect of plants on crustaceans, although this is an aspect that has not yet been studied.

The rotifers were recorded during the months of higher temperature; this is common
in this group, which usually goes through winter periods in a state of resistance (Bérzins &
Pejler 1989; Agnieszka & Wilk-Wozniak 2007). Among these, the presence of such euryhaline
species as Brachionus plicatilis and Hexarthra fennica is a feature that West Lake has in
common with other similar lakes in the semiarid central Pampa (Echaniz & Vignatti 2011;
Echaniz et al. 2013a, b; 2016; Vignatti 2011; Vignatti et al. 2007; 2012a, b), although they
are species that are not typical of the region because of their cosmopolitan distribution
(Fontaneto et al. 2006). However, the density of all rotifers was very low, even species such
as Keratella tropica (Apstein 1907), which in other Pampean lakes has reached densities of
several thousand individuals per liter, or B. plicatilis, which frequently reaches several

hundred individuals per liter.

The low density and biomass, of both crustaceans and rotifers, distinguishes West
Lake from other saline lakes studied in La Pampa (Table 2). As mentioned, this could be due
to the different effects produced by the presence of R. cirrhosa, so it is an aspect that
deserves to be studied in depth in order to better understand the functioning of this type of

lake.

As conclusion, from October to December, the West Lake of Parque Luro Reserve was
hyposaline, but after that, it changed to mesosaline (January to September). The water in
West Lake is sodium chloride. The composition dominated by Na* and CI" is similar to the
other saline lakes of the semiarid central Pampa and indicates that the control of water
chemistry predominates evaporation and crystallization processes. Water transparency was
high and the light reached the bottom throughout the study, favoring the growth of the
macrophyte Ruppia cirrhosa. This is a common feature with semiarid central Pampa lakes
whose basins host cattle breeding rather than cereal and soybean agriculture. The presence
of R. cirrhosa could have favored the increase of water transparency in two ways. As it is a
species rooted in the bottom, it could 1) avoid sediment resuspension by the wind and 2)
prevent the growth of phytoplankton algae (indicated by the low concentrations of
phytoplankton Chl-a recorded) by light limitation or an allelopathic effect (not investigated
here). The zooplankton was characterized by the presence of autochthonous halophilic
crustaceans, such as Daphnia menucoensis and Boeckella poopoensis. Unlike other semiarid

central Pampa saline lakes, in Parque Luro West Lake, the zooplankton density was low. B.
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poopoensis in particular had densities between 20 and 100 times lower than in other
pampean lakes. This may be due to the negative influence of the macrophyte, while Leberis
davidi, a rare species in the region, could have been favored by the development of R.

cirrhosa.

The low density and biomass, both of crustaceans and rotifers, distinguishes West

Lake from other mesosaline lakes studied in La Pampa.
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