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ABSTRACT

The Pampean region is a crucial area to obtainitsengaleoclimatic lacustrine
archives due to the presence of shallow environsngnt territory non impacted by
humans until the last centuries. In this study, yevide a paleoecological
reconstruction for the last ca. 700 years based amultiproxy lacustrine record from
Laguna Blanca Grande, in Olavarria (Buenos AiragieAtina). Our inferences, which
were based on sedimentary properties, diatom, c&ada and ostracod assemblages,
offered interesting information about hydroclimatiariability and nutrient increase.
Changes in relative abundances on diatoms, spaltyfion Aulacoseira granulata and
Aulacoseira granulata var. angustissma and fragilariods, were used to infer shifts in
nutrient conditions. The remainder proxies togethdicated small lake level changes.
Reconstructed hydroclimatic conditions in Lagunari8 Grande are consistent with
previous paleoecological inferences indicating miduphase around ca. AD 1450 and
progressive drier conditions ca. AD 1530-1900. Aofl gate construction and an
increase of nutrients in the lake revealed a highenan pressure due to population
increase and land-use changes during the lastrgeurther studies on taxonomy and
autecology of microcrustaceans are needed to efédgtunlock the information

contained in biological proxies from Sudamericacords.

Keywords: nutrient enrichment, hydroclimatic reconstructidake level changes,

diatoms, cladocerans, ostracods.

1. Introduction

The Pampean plains are fertile and vast lowlands dbver more than 750,000
km?, which include some regions in Argentina, Uruguayd the southernmost states of
Brazil (Politis, 2008; Viglizzo et al., 2001; Zaeat2003). The interannual rainfall
variability in this region is related to the seaface temperature over the western South
Atlantic, the intensity and position of the Souttiafstic Convergence Zone (SACZ) and
the South American summer monsoon (SASM) (Barroal.et2000; Garreaud et al.,
2009), which explains the migration of moisture aptcecipitation patterns in
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subtropical plains producing rainy conditions dgrthe austral summer. In addition to
the intrannual variability, the region is stronghfluenced by interannual phenomena
such as the El Nifio Southern Oscillation (ENSO).aA®sult of these different modes
of climatic variability, the Pampean lakes havevehamportant lakes level changes
during the Holocene, as demonstrated in LagunaG@haguita (Cuiia-Rodriguez, 2018;
Coianiz et al., 2014; Piovano et al., 2014; 20@®M4£ 2002), Lagunas Encadenadas del
Oeste de Buenos Aires (Cordoba, 2012; 2014), Lakeull Ruca (Stutz et al., 2010),
Lake Lonkoy (Stutz et al., 2012), Lake La Barramcd@Blastani et al., 2019), Lake
Adela (Dangavs and Mormeneo, 2012), Laguna del Bdbtangavs and Pierrard,
2013), Lake La Brava (Irurzun et al., 2014; Laprataal., 2014) and Lake Melincué
(Guerra et al., 2015; 2017) (Fig. 1). Despite tkistence of some paleohydrological
reconstructions, multiproxy inferences in the semthPampas (classification according
to Iriondo, 1994) are still needed to provide addil information on the timing and
relationship of local hydrovariability with largeae climatic events (Guerra et al.,
2017; Luning et al., 2019). Moreover, understanding interaction of past climatic
changes with limnological features is also crutiaface future challenges such as the
synergic effect of climate warming and eutrophimaton local/endemic biodiversity
(Kopprio et al., 2010). This is particularly meagiul when taking into account the
socioeconomical implications and ecosystem servidethese lakes, considering that
they play an important role as reservoirs of endetbdiversity, flood control,

recreation, tourism and climate change mitigatioraf et al., 2017).

In this study we used a lacustrine record basediiatoms, cladocerans and
ostracods from Laguna Blanca Grande (Buenos Aikggentina) to provide new
paleoecological information from southern Pampagy.(R) and also to help to
understand the temporal-spatial features of hydro& changes and the role of human
activities in the last centuries. We hyphotesizat tthis sequence may contain a
relatively good signal of past natural conditionsl @limate variability since this region
was not highly impacted by humans for a longtimeciimentary and historical sources
(e.g., Djenderedjian, 2012; Mayo, 2000; Pedrotta et2411,2) indicated that only sparse
native populations inhabit La Pampa until the ehdhe 19th century. Migration and
farming conversion did not take place until the ibeong of the 20th century.
Hydroclimatic variability as well as the recent hammimpact might have been recorded

in our sediment record.
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2. Site Description

The Argentinian Pampean region comprises an extemsain (~500,000 kA) covering
the center-east of the country. The geologicalirgetis characterized by loess-like
deposits covered by Quaternary aeolian sedimeot®pased of massive to poorly
stratified sandy silt, partially reworked by fluviattion and with common carbonate
accumulations of unknown origin ( Muhs, 2013; Ruéial., 2019; Zarate, 2003; Zarate
and Tripaldi, 2012). The climate of southern Pampsssubtropical semiarid,
characterized by mean annual temperature of 146G, mean values of 2°C in the
coldest months (June-July) and 29°C in the warrffaggust). Mean annual rainfall is
about 901 mm (mean values 1988-2010, National Mekegical Service from the
Olavarria meteorological station). The geomorphplof this region -low slope and
absence of geographical features- allows the dpuaot of wetlands and shallow lakes
in the most depressed areas of the plain. Mostefakes are small (< 500 ha), shallow
(~ 4 m), eutrophic and polymictic (i.e., withoutetimal stratification) (Geraldi et al.,
2011; Laprida, 2008; Quirés and Drago, 1999).

Laguna Blanca Grande (Fig. 1; 36°29'12, 99"S,58@%,91"W) is located
between Olavarria and San Carlos de Bolivar, Bu&ies Province, Argentina. It is
an almost round lake with a 450 ha basin, an aeedagth of 80 cm and a maximum of
180 cm. It receives water from the Brandsen Creelg permanent regime, and from
three temporary watercourses. Water flows fromlake into the Arroyo Las Flores,
where there is a sluicegate to regulate the |dWet gate was probably built around the
1950s in a context of water management actionsndrbagunas Encadenadas del Oeste
to prevent the impacts of floods and droughts enrdgion (Monachesi and Albaladejo,
1997).

Lake shows alkaline waters (pH= 8.7) and totalogién values ca. 81.3 mg/l
(Hassan, 2011). Conductivity is ca. 0.6 mS/cm aadimess is ca. 227 mg/l (Hassan et
al., 2011). The order of major ion concentratioH{SO;. >> SQ? > CI and N4 >>
Mg™ > K" > Ca" (Colautti and Remes-Lenicov, 2003). Modern diat@semblage is
composed oAulacoseira granulata, Saurosira longirostris, Cyclotella menenghiniana,

Hippodonta hungarica, Pseudostaurosira brevistriata (Hassan et al., 2011; Hassan and
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De Francesco, 2018). Zooplankton is composed of rtitiers Keratella tropica,
Notholca sp.,Asplanchna girodi andPolyarthra vulgaris, the cladoceranBosmina sp.
andMacrotix laticornis and the copepoblotodiaptumus incompositus. This is the main
source of food of the Argentinian silversid®dpntesthes bonariensis), which also
inhabits this lake (Colautti and Remes-Lenicov, 200 oday, recreational fishing and
tourism are some of the main activities around lgke. However, at regional scale,
Olavarria has a diversified economy with importamntribution of agriculture,

stockbreeding and industry related to mining ati&si(Olavarria, 2010).

3. Materialsand methods

3.1. Coring, sampling and chronology

Sediment cores were recovered with a Livingstasiopi corer from the deepest
part of the lake (0.6 m) in December 2013. Two lelrand overlapping cores (LBG-A
and LBG-B) were taken from the lake at a distarfcg m from one anotheiCore LBG-

A was 77 cm in length while core LBG-B was 102.5 amlength. Core LBG-A
extended from the mud-water interface to a depth7oém. After the correlation of the
cores, it was decided not to analyze the uppérgiahe core LBG-B, from the mud-
water interface to 37.5cm, and perform the anslgsly from 37.5 cm to the bottom of
the core (65 cm length). This strategy ensuredvanlap of ca. 40 cm between the two
cores. Sediment cores were wrapped in plastic placed in PVC tubes and stored in a
cool room at 4°C until further processing. Corecdpsion was carried out following
the methodology described in Schnurrenberger et ab3pand the Munsell color chart
(Munsell Colour Company, 1975). The stratigraphaumn was build using the
lithological patterns suggested by the US Geolddgitavey (2006). Color and main
physical properties such as composition, structorejegree of humification were the
initial basis to establish a correlation betweemhbeoores. Then, the correlation was
confirmed by analytical measurements and biologicakies. Based on this correlation,
four bulk sediment samples along the whole lendgtithe composite record were
selected for AMS“C analysis at the CHRONO Center laboratory at Qedéniversity
Belfast, UK. Radiocarbon dates were calibratedgi¢sive ShCall3 database (Hogg et
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al., 2013) and the 95.4% distribution (2s probapilnterval) was considered to build
the age-depth model.

As one of the samples did not accomplish the grleadf superposition, an age-
depth Bayesian statistic model was built using ahige samples. The age-depth model
was built using the package Bacon (Blaauw and @mj2011) in R 3.4.2 softwar@®
Development Core Team, 2019). The curve was adjustth a Gaussian model and
included the starting condition that the surfaces wé8 as a + 0 cal. years BP. Using
these settings, over 7,000 iterations were rungusinMarkov chain Monte Carlo
(MCMC) method to estimate the unknown parametersth@ age-depth model.
Although carbonate accumulations of variable molgpdn and genesis are common in
the loess sequences (Muhs, 2007), Fontana (20@fyeshthat reservoir effect was
negligible in a Pampean shallow lake in the sama&oggcal setting. Therefore, no
correction for reservoir effect was applied in thedel.

3.2. Analytical and biological methods

Volumetric subsamples of 1 émwere taken at 5 cm intervals for organic matter,
granulometry and biological analysis (diatoms, otstans and ostracods). For
granulometric analysis, samples were dispersedsitilleld water after organic matter
and carbonates were dissolved witsOpland HCI, respectively, and analyzed by laser
diffraction (Mastersizer Malvern, 2000). The saesplwith granulometry > 250 pm
were sieved. Results were integrated into the GFSAAT V 4.0 program (Blott and
Pye, 2001). The granulometric analysis was perfdrna¢ the Marine Geology
Laboratory at the Instituto Argentino de Oceandgrafrgentina. Organic matter was
determined by weight loss on ignition (LOI) at 53D for four hours. Subsequently, the
CO,mass evolved from carbonate was determined by £O@5@°C for two hours, and
the carbonate content was calculated by multiplyiregweight loss by 1.36 (Heiri and
Lotter, 2001). LOI analysis was carried out at@entro de Investigaciones en Ciencias
de la Tierra (CICTERRA - CONICET - UNC).

For diatom and chrysophyte cyst analysis, sampleie wreated with sodium
pyrophosphate (N&,0;) to deflocculate the sediment and to remove thgsclThen,
15 mL of HCI (35%) were added to wet samples toawsrcarbonates. Finally, samples
were heated to a water bath for 2 hours witdHo remove organic matter (Metzeltin

6
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and Garcia-Rodriguez, 2003). They were washed distiiiled water successively until
reaching a neutral pH in between the three treasnmentioned above. Once cleaned,
permanent slides were made using an Entellan®ag®fe Index: 1.54) mounting
medium. At least 400 diatoms valves per sample wdemntified in an optical
microscope at 1250x magnifications with oil immersi Relative abundances of taxa
(included chrysophyte cysts) were calculated byiditng the number of valves and
cysts from each species by the total count on sldb/sample. These analyses were
carried out at the Geoscience laboratory from CURIEha, Uruguay. Diatom species
were identified using the appropriate keys (Frefigu41; Gomez and Bauer, 2000;
Hasle and Syvertsen, 1997; Krammer and Lange-Bértd991a, 1991b, 1988, 1986;
Metzeltin et al., 2005; Metzeltin and Garcia-Rodédg, 2003; Theriot et al., 1992).
Ecological information on diatom taxa preferencess wextracted from Denys (1991);
Theriot et al. (1992), Van Dam et al. (1994), Géraaed Bauer (2000a), Kociolek and
Spaulding (2003), Ruhland et al. (2003). Hassat. €2009) and Solak et al. (2012).

For cladoceran analysis, 1 tnof sample was heated and stirred in 10%
potassium hydroxide (KOH) for 30 min. Then, the iseht samples were sieved
through a 40um mesh, following the procedure described by Szsfska and
Sarmaja-Korjonen (2007). The sieve residue wasulrdéransferred to a beaker. One
tablet ofLycopodium spores was placed on a watch glass and a few dfd3% HCI
were added to dissolve the tablet. Afterward, tiateon was poured off into the beaker
and mixed well. Then, the sample was transferremlartest tube and centrifuged for 10
min at 3500 rpm. After centrifugation, the waterswiscarded, and a small quantity of
ethanol was added and mixed. A slide was placed ot plate and liquefied glycerol
jelly with some safranine drops were added. Thefewadrops of sample with ethanol
was added and spread over the coverslip area.l\i@atoverslip was placed on the
slide and pressed gently. Samples were identifirettua LOMO/LUMAN fluorescence
microscope at 20-100x magnification. Cladoceranntifieations and ecological
characteristics were obtained from the literatunesouth American cladocerans and
from Lépez-Blanco and Sinev, (2016), Paggi (1998995) and Smirnov (1971). This

analysis was performed at the Escuela Politécnamddal, Ecuador.

Sample preparation for ostracod analysis was chaug using the methodology
proposed by Holmes (2001) and Danielopol et al0220Samples were washed and

sieved through a 63m mesh. The freeze-cooling technique was used darpke

7
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disintegration in fine-grained sediment, by addsuglium hexametaphosphate before
freezing. Then, samples were dried at room tempexdbr 12 hours, and the valves
were picked out with a fine brush on a Nikon steoepe (SMZ645) at 50x
magnification. Identifications were based on taxoiwkeys and specialized diagnosis
(D’Ambrosio et al., 2015; Laprida, 2006; Ramoén-Marcet al., 2014). Absolute
abundances were calculated from the number of adiites of each species in 10 mL
of sample. Additionally, charophyte oogonia, fisbmiains, gastropods and testate
amoebae were also identified. Ostracod analysis vasied out at the GIBPC

laboratory from Universidad Pedagdgica y Tecnolégie Colombia.

Stratigraphic diagrams showing the relative abundanof each proxy were
performed using th@simpoll 4.27 software (Bennett, 2009). The broken sticideho
was applied to determine the number of significardatigraphic zones (Bennett, 1996).
Major zones were identified using the optimal dmms information content for
ostracods and the binary splitting by sums-of-sgsidor cladocerans and diatoms.
Before performing the zonation analyses, ostracid dere transformed using square
root to stabilize the variances and increase thmitance of rare species. Diatom data
were log (x+1) transformed to give less weight éonthant and/or abundant taxa. Only
the most abundant species were used for diatonysasiathose whose abundance was
greater than 2% in at least 3 samples and consglénat the percentage removed was
less than 10% of the total abundance of each safidplst and Smol, 2000).

Detrended correspondence analysis (DCA) were appie diatom data to
estimate the degree of species turnover (Hill andd@, 1980). DCA has yielded good
results for diatom analysis, allowing interpretatiof records with different temporal
scales and environmental gradienésy.( Correa-Metrio et al., 2014; Hassan et al.,
2012). The meaning of DCA axis 1 was inferred mmig ofa priori knowledge of their
distribution in modern environmental gradients (Rio et al., 2016; Hassan et al.,
2009). Then, the axis scores DCAL was plottedigtegthically to provide a simplified
picture of changes through time. DCA analysis waggomed using Vegan” package
(Oksanen et al., 2019) in software R 3.6.3 (R Dgwelent Core Team, 2020).

4. Results
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4.1. Sedimentology and physical characteristics

Physical properties and sedimentology analysis arex LBG-A and LBG-B
resulted in an overlap of ca. 40 cm. 66.5 cm ireddG-A overlapped with 27.5 cm in
core LBG-B, producing a composite sequence of 184 This composite record was
composed of dark-brownish sandy silt sediments aithncreasing proportion of sand
from top to the bottom part of the core. Elevendaand six sedimentary units were
distinguished, their colors varied from brown (18 ¥/3) to dark brown (10 YR 4/29)
(Table 1; Fig. 2). The mean values of organic mdtteoughout the first 75 cm of the
sediment core were ca. 7% with a decreasing tr@ndrtl the top. A sharp shifting was
observed ca. 75 cm (contact zone of Facies 8 andt#re the organic matter content
decreased towards the bottom of the core. Carbaoatent was low, with mean values

around 0.05% and increasing values in Unit 1.

4.2. Age-depth model

The chronological model based on tht&e radiocarbon dates (Fig. 3) yields an
average sedimentation rate (SR) of 1.47 mm/yr faguna Blanca Grande sediment
core. However, the model showed distinct sedimeamtatates depending on the age
(Fig. 3). From 99.5 to 40 cm, the SR was relativ@yher but it slowed down from 40

cm to the top of the sediment core.

4.3. Diatoms

A total of 55 diatom taxa representing 34 genereevigentified in the Laguna
Blanca Grande sediment core. The most represeattka belonged to seven genera
(Aulacoseira, Cyclotella, Thalassiosira, Nitzschia, Amphora, Staurosira, andSurirella).
Aulacoseira granulata (Ehrenberg) Simonsen andwulacoseira granulata var.
angustissima (O.Muller) Simonsen dominated the sediment recdtd).(4). Other
abundant species were algolacoseira ambigua (Grunow) SimonsenAulacoseira
muzzanensis (Meister) Krammerand Cyclotella meneghiniana (KUtzing). Zonation
analysis indicated the presence of four zones (PDAt2, DT-3 and DT-4). DT-1 zone
(99.5-72 cm) was characterized by higher relativendances oA. granulata and C.
meneghiniana. In DT-2 (72-25 cm), the percentagesfofranulata decreased although

9
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they were still high. The two upper zones (DT-3 @it-4; 24-10 cm and 9-0 cm,
respectively) were associated with a relative iaseeofA. granulata var. angustissima
in detriment of A. granulata. Besides, in the uppermost zone (DT-&aurosira
longirostris (Frenguelli) Metzeltin, Lange-Bertalot & Garcia-Rigpliez, Saurosira
construens Ehrenberg and Surirella rorata Frenguelli increased their relative

abundances.

DCA axes 1 and 2 of diatom samples were 1.52 ah@ dtandard deviations
(SD) of species turnover in length. granulata var. angustissima, S. longirostris andS.
construens had the highest scores on DCA Axis 1, while dkanulata and A.

muzzanensis and chrysophytes, were associated with the loveeses (Fig. 4).

4.4, Cladocera

A total of six Cladocera taxa were identified inguaa Blanca Grande (Fig. 5);
Bosmina Baird, 1846, which usually prefers pelagic envinemts and five littoral taxa
Chydorus sphaericus-group,Leydigia sp.Kurz, 1875, smalllona sp.,Alona cf. affinis
(Leydig, 1860) andPleuroxus Baird, 1843 (Fig. 5)Bosmina was the dominant taxa
throughout the sediment core with relative valugs7@ - 90%. In the CL-1 zone (99.5 -
75 cm),Bosmina showed its maximum relative abundances. CL-2 (%s+h) zone was
marked by higher relative abundancesGCbiydorus sphaericus-group, which together
with the benthicLeydigia had a more continuous presence throughout the zone.
However, both groups of cladocerans showed sewhi@hges along the whole zone,
especially around 32 cm, whe@hydorus increased at the expenseBgfsmina. CL-3
(10 - 0 cm)wascharacterized by higher valuesBdsmina and decreasing values of the

benthic species.

45, Ostracods

Four species of ostracods were recorded in thena@lanca Grande sediment
record (Fig. 6)Limnocythere cusminskyae Ramdn-Mercau, 2014 yprideis salebrosa
Bold, 1963, Heterocypris incongruens Ramdohr, 1808 andlyocypris ramirez
Cusminsky and Whatley, 1996. The number of indigldyper sample never exceeds
400 and the maximum abundance was 40 ind /mL @id-imnocythere cusminskyae

andH. incongruens were the main taxa of the assembldgecusminskyae dominated

10
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over 90% of the assemblages and represented 85@&tlividuals throughout the core.
In fact, six out of the 23 samples contained moaosic populations ofL.
cusminskyae, which were dominated by femaldbyocypris ramirezi was only found in
two samples, while only juvenile valves froth salebrosa were found in five depths.
The preservation of the valves throughout the cam@sequence was heterogeneous,
with both well preserved and broken specimens.

OST-1 (104 -75 cm) was characterized by the presearicgastropods, fish
scales, charophytek, cusminskyae (< 25 ind/mL) H. incongruens and juveniles from
C. salebrosa). In OST-2 (75 - 63 cm) and OST-4 (51 - 39 cmjraxds were absent.
The top of OST-3 (63-51cm) was mainly composed udicwdated shells ofL.
cusminskyae (< 40 ind/mL) with some valves éf. incongruens. In OST-5 (39 - 7 cm),
gastropod remains, fish scales and testate amoatraerecorded, while ostracods were
again abundant (< 30 ind/mL)imnocythere cusminskyae was the dominant species,
representing 85% of the assemblage, followedHoyincongruens (13%), whilel.
ramirezi andC. salebrosa represented the remaining 2%. In OST-6 (7 - O ostyacods
were less abundant than in the previous zone. §pdgimens of. cusminskyae with
ruptured and disarticulated valves together wiltiate amoebae and fish remains were

recovered (Fig. 6).

5. Discussion

The biological assemblage in Laguna Blanca Grasdgpical of shallow, eutrophic
and alkaline freshwater systems from the Pampegiorre(Hassan, 2011; Laprida,
2006; Paggi, 1998b; Plastani et al., 2019; Smd5)LBiological proxies coupled with
sediment properties' changes suggested a shitttitents and hydroclimatic conditions
during the last centuries. Diatom assemblage wakadaoy high relative abundances
of A. granulata, which is replaced by the varietygustissma in the upper part of the
record. Given the different ecological preferenadsthese varieties for nutrient
conditions (Bicudo et al.,, 2016; Kilham and KilhaiQ75; Stoermer et al., 1985;
Turkia, 1999), this is interpreted as changes aphic state. Bicudo et al. (2016) and
Turkia and Lepisto (1999) found th#& granulata has a lower weighted average
optimum for nitrogen and phosphorous than the tsamegustissma. Moreover, the

increase ofA. granulata var. angustissima in our sequence also occurs together with an
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increase ofC. meneghiniana, which is favored by high organic and turbid watesth
limited light penetration (Hassan, 2013). Theserr&@d changes in nutrient conditions
are further evidenced by the DCA axis 1, whicheet#d the turnover oA. granulata
by the varietyangustissima in the upper part of the record and showed negatbores
dominating before 1750 AD (Fig. 6). This inferreldange in nutrient availability was
not followed by an increase in organic matter, la®as) in Figure 2. In many lakes, a
large fraction of organic matter is decomposed urdaditions high concentrations of
oxygen and resuspension of sediments generatedity (Meyers and Ishiwatari,
1995). These conditions are more frequent in pattimilakes, like Pampean lakes,
where the entire water column is mixed over ther y@aeven daily. Mixing would
produce an oxic environment at the bottom, increashe rates of decomposition of
organic matter by microorganisms in the upper p#rthe record. Furthermore, the
nutrient increase might have triggered the obsesbafdl in species composition but not
a biovolume increase, as also noted in other patdogical studies (e.g. Lépez-Blanco
et al., 2011).

However, the remaining biological and sedimentalagproxies did not register
a distinct change in the nutrient state, but they nmdicate small oscillations in lake
levels. The interpretation of cladoceran assembBldges limitations derived from the
restricted knowledge of taxonomical and autecolagitaracteristics in this part of the
world. The assemblages showed the dominandBosthina sp., which generally has
pelagic preferences. Regarding nutrient availahiBosmina has eurioic preferences
since it has been recorded both in oligotrophicp@aBlanco et al., 2020, 2011) and
eutrophic environments (George, 1974; Lotter et1#198; Solis et al., 2018). The main
components of the cladoceran littoral-benthic comityumight have been favored
either under lower lake levels and/or under anease in the trophic condition€.
sphaericus and Alona are ubiquitous taxa with a great capacity for n@ation, they
can benefit from both nutrient enrichment and sivadlr conditions (Alonso, 1996;
Smirnov, 1971). However, when plotting planktonerthonic ratio from cladoceran
assemblages and comparing with ostracods, seditogittal data and other regional
reconstructions, all together were concordant wgitiall changes in hydrovariability
(Fig. 7). Ostracods show a response to conductalignges and thus, to small lake
level changes. Four zones (OST-1, 3, 5 and 6) wleseacterized by the dominance of
L. cusminskyae, which is highly tolerant to alkaline conditionsdaoligohaline waters
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(Laprida, 2006; Marquez et al., 2016) and suggehigaer solute concentration at
shallower levels. These biozones were intercalaedST-2 and OST-4, where the

absence of ostracods may indicate unstable condifar ostracod colonization.

At the bottom of the sediment core (99.5 - 72 cen; AD 1335-147p (DT-1;
CL-1; OST-1), less eutrophic conditions are inférbey higher values of.granulata.
The sediment here was composed of dark brown seadsse silt (Unit 1), poor in
organic matter. The highest proportion of sandtioacin this unit, as well as the
highest sedimentation rate, suggest importantdluaput that might have increased the
lake level. The dark brown color associated witlv larganic matter content indicates
relatively strong reducing conditions and a depamsitin a perennial lacustrine
environment (Wu and Li, 2004). The highest sediratoh rate calculated from the
age-depth model in this section (Fig. 3) and thghéi values ofBosmina and A.
granulata, which was also related to high river flow condiso(H6tzel and Croome,
1996; Nogueira, 2000; Wang et al., 2009), are asmpatible with considerable
sediment input due to the high water inflow in LaguBlanca Grande. Higher lake level
reconstructed in the lower LIA (ca. AD 1270-134f)Laguna Blanca Grande agrees
well with the idea of a more humid phase inferrezhf Botuverd Cave (Bernal et al.,
2016; Fig. 7) and with more humid conditions durittge preceding period, the
Medieval Climatic Anomaly (ca. AD 900-1300) (Cioteal999; Iriondo and Krdhling,
1995). At the regional scale, this inference isamwdant with the high-level stands
described in Lagunas Encadenadas del Oeste (Laptida., 2009), Laguna Mar
Chiquita (Coianiz et al., 2014; Piovano et al., 208nd Lake Melincué (Guerra et al.,
2015) (Fig. 7).

From ca. 72 — 9 cm (ca. AD 1472-1930) (DT-2) desireg proportions ofA.
granulata in favor of A.granulata var. angustissma indicated variable conditions in
terms of nutrient enrichment. Documentary sourb@svsthat indigenous societies were
already present in the Pampean region 1000 year@Magzanti, 2003). However, most
of the native inhabitants were small and nomadaugs of hunter-gatherers and the
population situated southern to Rio Salado was seayce until the eighteenth century
(Aldazabal, 2002). In AD 1828, historical documesitaated the military fort of Blanca
Grande during the “Previous Seasons to the Deserg@est” very close to the lake for
a very short time (Crivelli, 2013). Before Lagunkaica is already mentioned in some
historical documents from AD 1770-1790 (Floury-Dagd013), but there is historical
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and documentary evidence of the presence of spatee population whose main
activity was stockbreeding (Pedrotta et al., 20IR)is period of variable nutrient
enrichment was probably combined with small lakesleoscillations with a tendency
towards shallower conditions at the end of thisquerLaminated dark brown silty fine
sand (Unit 2) that changes to black sandy silt lgidfioturbated with higher organic
matter content (Unit 3) suggests a deposition bgpsension in a low energy
environment, which is concordant with the absenfcestracods (OST-4, OST-2) and
with higher Bosmina abundances at relatively higher levels. The deerdaa sand
content indicates limited fluvial input in compamswith the previous period, which is
supported by a lower SD in the chronological mdéed. 3). The fine clastic lamination
could respond to variations in the water and sedirmputs into the lake. In Unit 5, the
sediment was composed of dark brown sandy coaltseith iron mottles indicating
intermittent oxidized conditions, which suggestattthey were mainly deposited on a
very shallow lake with high mixed conditions or f@onary subaerial exposure.
Ostracods also showed the highest total values andore continuous presence,
supporting the idea of decreasing lake levels.driqular, L. cusminskyae dominated
the assemblage, which, together withincrongruens, might also indicate oscillations
in lake levels and subsequent conductivity varregigKihn et al., 2017; Laprida and
Valero-Garces, 2009; Marquez et al., 2016). Lakell8uctuations with a progressive
reduction of level from 1340 AD to 1900 AD are d&sed to drier conditions and
frequent extreme events registered in the Pampegiorr during the LIA (Cdrdoba,
2012; Cordoba et al., 2014; Guerra et al., 2017rida et al., 2009; Piovano et al.,
2009).

Nutrient enrichment is inferred in the upper pdrthe sediment record (from 9
cm; AD 1925) by higher relative abundances of thatodns A.granulata var.
angustissima and by the establishment &flongirostris andS. construens (Dixit et al.,
1992). Hassan et al. (2014) also interpreted & &bih Aulacoseira spp. by fragilariod
taxa as a nutrient increase caused by the develdpofientensive farming activities.
The Pampean Region experienced large scale deftoessince the end of the 19th
century due to agriculture and railroad construstizvhich favored soil degradation
(Dussart et al., 2011; Melo, 2004). Locally, cokisifrom Russia and Germany were

established in Olavarria from AD 1878 within a oa#l strategy to inhabit the
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Pampean region. Intensification of the farming\atiéis to obtain wheat, potatoes, corn
and vegetables transformed the original landsc@pdrftta et al., 2012).

In the uppermost part of the sequence (7.5cm; foam 1940), higher and
relatively steady values of lake level with episodé high energy are inferred. The
sedimentary properties of Unit 6 and by the presesfcdisarticulated ostracod valves
indicated events of higher mechanical disturbartdewever, this inference in our
record did not agree with regional reconstructiomhich .recognized changes in
hydrovariability. A regional increase of precipitat in AD 1940 was detected in
instrumental records (Garreaud, 2009; Guerra et28l17; Pasquini et al., 2006).
Similar hydroclimatic tendencies were also recogdiin different paleolimnological
records from the Pampean plain (Cordoba et al.426bntana, 2005; Laprida and
Valero-Garcés, 2009; Piovano et al., 2009; Stutd.e014). However, at a local scale,
intensive periods of flooding and droughts in thestern part of the Buenos Aires
province led to agriculture losses and hydrologeatks (Monachesi and Albaladejo,
1997). The sluice gate construction in the 1950ghimhave effectively controlled lake
levels in Laguna Blanca Grande and might be thgiroof Unit 6 and the disarticulated

valves of ostracods.

Although our paleoecological reconstruction agreesll with previous
inferences, historical documents and instrumentgtonds, the timing of the
reconstruction in the upper part of the recordnfrthe last*’C date to the top of the
core) should be considered with caution becausadleecontrol points here are sparse.
A higher number of independeHiC tie points or &°%Pb-*'Cs chronology in the upper
part of the sediment would provide a more accucatenology for the recent human

impact.

6. Conclusions

Overall and despite the low resolution of this seshtary record, our paper
contributes to increasing the spatial resolutiorth@ Pampean plain in terms of both
humidity and nutrient enrichment, as well as toamsthnd the role and trends of natural
variability versus anthropogenic impact in the leestituries. Human activities started in
this region around ca. AD 1800 with the officialfaation of the first towns (Pedrotta
et al., 2012) but anthropogenic impacts were nadesx until the twentieth century,

15



477
478
479
480
481
482
483
484
485
486
487

488

489

490

491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508

when agricultural expansion (Monachesi and Albgadel997) led to nutrient
enrichment and the establishment of a new diatosemablage dominated b

granulata var. angustissima and by fragilariod taxa. Thempriods of hydrological
variability, notably the humid phase (ca. AD 14%0) progressive drier conditions
mirror previous reconstructions in the region. Reécalterations of the hydrological
cycle (ca. AD 1950) are consistent with furtherhaopogenic impacts in Laguna
Blanca Grande, already shown by the nutrient enréit. High-resolution studies
would improve our understanding of complex climagiatterns operating in this zone.
However, further studies on taxonomy and autecolegy needed to refine the
paleoecological interpretations based on biologicakies and to effectively unlock the

information contained in its sediment records.
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Tablel. Lithological description and facies charactei@abf the composite core LBG
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847

848
849
. SEDIMENTARY
Facies DEPTH (cm) DESCRIPTION
UNITS
. Massive, very fine sandy coarse silt, dark browlorcsaturated in
Facies 1 0-7 o ) )
water, rich in organic matter, abundant plant maemains.
Unit 6
) Very fine sandy very coarse silt, brown color, withssive
Facies 2 7-11 ) ) ) )
structure. It has diffuse planar contact with theerlying unit..
) Massive, very fine sandy coarse silt, dark browith iwvon mottles, )
Facies 3 11-25.5 o . \ . Unit 5
It has indistinct contact with the underlying unit
. Very fine sandy very coarse silt, dark grayish i@alor, with
Facies 4 25.5-26
massive structure. It has indistinct contact wlita tinderlying unit
. very fine sandy coarse silt, dark brown color, withssive .
Facies 5 26-31.5 % ) ) Unit 4
structure. It has indistinct contact with the uglag unit
) Very fine sandy very coarse silt, brown color, withssive
Facies 6 31.5-52 D . .
structure. It has indistinct contact with the utglag unit
Very fine sandy very coarse silt, black color, whigh
Facies 7 52-67.5 bioturbation. It has a diffuse planar contact wité overlaying Unit 3
unit.
Very coarse-silty fine sand, lightly laminated, ttwihin light
brown sandy (1-2 mm) laminae interbeed in dark-oighed, ve
Facies 8 67.5-75.0 ¥ ) mrg . i Unit 2
dark brown color. It has a planar sharp contadt tie overlaying
unit.
Very fine sandy very coarse silt. Presence of remtains, and
Facies 9 75.0-81.5 light bioturbation, very dark brown color. It haplanar sharp
contact with the overlaying unit.
. Very fine sandy very coarse silt with a higher pmdjon of silt .
Facies Unit 1
10 81.5-93 than the overlying unit, brown-black color. It reaplanar sharp
contact with the overlaying unit.
) Very fine sandy very coarse silt, black color.dsta diffuse planar
Facies 11 93-104 . . .
contact with the overlaying unit
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853
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Figure captions

Figure 1. Location map of the study site. A) Lomatof the study site in South
America, showing the location of the main paleolotogical studies in the region: 1)
La Brava (Irurzun et al. 2014); 2) Lakes Nahuel &and 3) Lonkoy (Stutz et al., 2010,
2012); 4) Lake La Barrancosa (Plastani et al. 2038)agunas Encadenadas del Oeste
(Cérdoba et al. 2012); 6) Lake Adela (Dangavs & Meneo, 2012); 7) Laguna del
Monte (Dangavs & Pierrad (2013); 8) Lake Melinc@guérra et al. 2015) and 9)
Laguna Mar Chiquita B) Photograph of the lake arjdS@tellite image of the lake

showing the inlets and outlets.

Figure 2. Correlation and physical properties @ ttaguna Blanca Grande sediment
cores. From left to right: cross-correlation betwdeBG-A and LBG-B, dark red
rectangles show the depth of radiocarbon sampledimentary facies; lithology;
lithological description; granulometry; organic meat (LOI), carbonate content and

sedimentary units of the resulting composite cdB&L

Figure 3. Chronological model for Laguna Blanca @& sequence based on three
AMS YC dates. The upper panel shows a table with thegadon dates on Laguna
Blanca Grande analyzed at 14CHRONO Centre for Gémthe Environment, and
Chronology School of Geography, Archaeology, anthdétecology at the Queen’s
University Belfast (UBA code). Calibrated dates whd in the table were obtained in
OxCal applying the ShCall3 calibration curve. Mialedated: bulk sediment. The
sample not used in the model is indicated in redhé bottom panel, the Bayesian age
model showing the calibrateC dates (transparent blue) and the age-depth model
(darker greys indicate more likely calendar age®ygstippled lines show 95%
confidence intervals; red curve shows single ‘bestidel based on the weighted mean

age for each depth) (Blaauw and Christen, 2011).

Figure 4. In the upper panel, the relative abundasfadiatom species and Crysophyte
cysts in LBG sediment core. Diatom zones (DT1-4) laased on the indicated cluster
constrained analysis. In the bottom panel, a DGAnation of (black circles), showing

presenting the ecological space occupied by sanj@dsliamonds).
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Figure 5. Relative abundance of the cladoceranisaguna Blanca Grande sediment

core. Cladocera zones (CL1-3) are based on theatatl cluster constrained analysis

Figure 6. Absolute abundance of ostracods in Lagslaaca Grande sediment core.
*Only juveniles were recorded. Zonation was defineding optimal division

information content after applying a square-roahgformation on the data set.

Figure 7. Comparison of proxies from the LagunanBéaGrande sequence and selected
local and regional palaeoclimate reconstructionSauth America and the Pampean
region. In the upper panel regional and Pampeaonstaictions. In the lower panel
compilation of the biological and sedimentologicadroxies together with
historical/documentary data of anthropogenic at#igiin Laguna Blanca Grande. From
upper to lower part of this panelBosmina sp. (%), ostracod biozones, sedimentary
units, sedimentation rate, loadings from diatom D&#s 1, paleoecological inferences
about hydroclimatic variability/nutrient enrichmerdnd historical data of land

occupation and uses.
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HIGHLIGHTS

e Lakes in the Pampean region contain important archives of past environments.
¢ Sediment properties and biological proxies were analysed in a 700-years record.
¢ Lakes level changes mirror past hydroclimatic variability.

¢ Anthropogenic activities induced a nutrient increase in the last century.
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