Quaternary International 245 (2011) 6273

Contents lists available at ScienceDirect

Quaternary International

journal homepage: www.elsevier.com/locate/quaint

The relationship between emergence of mound builders in SE Uruguay
and climate change inferred from opal phytolith records

Roberto Bracco?, Laura del Puerto b, Hugo Inda €, Daniel Panario d, Carola Castifieira©,
Felipe Garcia-Rodriguez **

2 Laboratorio Datacién "C, Cdtedra de Radioquimica, Facultad de Quimica, Universidad de la Repiiblica and Museo Nacional de Antropologia (M.E.C.), Montevideo, Uruguay
b Museo Nacional de Antropologia (MEC), Montevideo, Uruguay

“Grupo de Investigacién en Ecologia, Conservacién y Rehabilitacién de Sistemas Acudticos Continentales, Universidad de la Repiiblica, Montevideo, Uruguay

dUNCIEP, Instituto de Ecologia y Ciencias Ambientales, Facultad de Ciencias, Universidad de la Repiiblica, Montevideo, Uruguay

€ Division Mineralogia y Petrologia, Facultad de Ciencias Naturales and Museo, Universidad Nacional de La Plata, La Plata, Argentina

fSeccin Oceanologia, Maestria en Ciencias Ambientales, Instituto de Ecologia y Ciencias Ambientales, Facultad de Ciencias, Universidad de la Repiiblica,

Igua 4225 Montevideo, Uruguay

ARTICLE INFO ABSTRACT

Article history:
Available online 10 June 2010

The strong correspondence between the spatial arrangement of archaeological sites and wetland
environments is one of the main axes of the Merin Lagoon basin archaeology. Without implying
a deterministic simplification from the epistemological point of view, the cultural and environmental
history of the region hold evidence suggesting a more complex scenario, where cultural responses to
climate change were not so mechanical or direct as previously argued. The relationship between pale-
oclimate and prehistoric mound builders development between 7.0 and 0.6 ka '*C BP was studied in SE
Uruguay. Paleoclimatic data were inferred from the phytolith record of three lagoon sediment cores. Four
paleoclimatic periods were identified according to temperature/humidity changes. The first period, dated
at 7.0—4.5 ka '*C BP, was characterized by a warm/humid climate. Between 4.5 and 3.5 ka 'C BP, the
onset of a cool/dry climate was inferred. A hiatus between 3.5 and 2.6 ka C BP was identified. In the
third period, 2.5-1.2 ka C BP, similar climate conditions to those of the present were inferred. Finally,
the period 1.2 and 0.6 ka *C BP, was characterized by warmer and wetter conditions than those of the
present. According to these data, it was determined that mounds were first observed during the
transition from warm/humid to cool/dry conditions, but the complexity of the mounds increased after
the full establishment of cool/dry conditions. With the inception of warm/humid conditions, an increased
number of mounds was observed in the plains located close to the Merin Lagoon littoral. The mounds
showed lower density and height than those recorded for the cool/dry period. This behavioral modifi-
cation in mound construction was explained because of the paleoenvironmental change.

© 2010 Elsevier Ltd and INQUA. All rights reserved.

1. Introduction

The culture—environment relationship is one of the principal
interpretative/explicative aspects of Merin Lagoon prehistory. The
main reason is the spatial arrangement of the characteristic
regional archaeological sites in relation with environmental units of
the area. The Merin Lagoon basin was, from 5.5 to 0.2 ka C BP, the
site of the largest pre-Columbian anthropogenic landscape modi-
fication in the marginal Atlantic Ocean areas of the South American
plains. Thousands of mounds were progressively built close to
permanent or temporal wetlands (Bracco et al.,, 2000a; Bracco,
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2006). The sites are composed of either isolated or clustered
mounds, with relative height up to 7 m. Their bases were circular/
elliptical, with a mean diameter of 30—40m (Fig. 1). The
geographical distribution of mounds extends further to the north,
reaching the Los Patos Lagoon basin, and to the south, reaching the
Castillos Lagoon (Copé, 1991; Bracco et al., 2000a, 2008a; Fig. 2).
The mounds are located mainly on lowlands, following wetlands
and water courses. They can also be found in the steep rocky hills
(“sierras”) and the gentler hills (“lomadas”).

Based upon the first records from the Negra Lagoon, comprising
a lapse in mound building development, the occurrence of two
main climate periods was proposed: (a) prior to 2.0ka “C BP
(colder and drier conditions), and (b) after 2.0 ka C BP, charac-
terized by warmer and more humid conditions (Bracco et al.,
2005a). The relationship between this climate sequence and the
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Fig. 1. Puntas de San Luis Mound site, Paso Barranca — India Muerta region.

cultural development indicated that mounds were built during
periods of reduced humidity and spatially restricted to less inun-
dated areas. In this sense, it was also observed that the age of
mounds in the southern section of the Merin Lagoon corresponded
with the two climate periods mentioned above. Thus, a colonization
sequence was suggested in agreement with the inferred climate
periods. The lowest plains closer to the Merin Lagoon became the
location of mounds only after Holocene sea level became lower
(Bracco and Ures, 1998) together with an increase in moisture levels
that led to the onset of freshwater wetlands. However, the above
interpretation on the relationship between culture and climate was
inferred using a single sediment core. Bracco et al. (in press) took
new sediment cores in Blanca, Negra and Rocha Lagoon, and
presented preliminary Holocene climate data, which were related
to the regional cultural changes. This paper presents new and more
detailed evidence on the relationship between prehistoric mound
builders and climate change from the Merin Lagoon basin, inferred
from opal phytolith records of sediment cores which encompass
a chronological record from 7.0 ka 'C BP.

2. Materials and methods
2.1. Study area

The Merin Lagoon basin is located between 31°—34° S and
52°—54° W in the easternmost part of the South American plains
(Fig. 2). The basin extends across 54,000 km?, of which 24,000 km?
belong to Brazil and 30,000 km? to Uruguay. In Uruguay, its western
boundary is the Santa Lucia River basin, and the southern boundary
is the Cuchilla de la Angostura, a narrow strand parallel to the
Atlantic Ocean coast. A series of coastal lagoons is located along the
ocean littoral fringe. The Rocha, Garzon and José Ignacio lagoons
are directly connected with the ocean; the Castillos Lagoon is
connected with the Atlantic Ocean through Valizas Creek; and the
Negra Lagoon is currently separated from the Atlantic Ocean. Thus,
the Negra Lagoon is the only water body located in the inner plains
that drains towards the Merin Lagoon. From the western boundary
of the basin to the Merin Lagoon, the region shows a smooth slope
gradient composed of rocky hills and gentler valleys where the
crystalline basement is located.

The wide Eastern Plain is situated to the east. It is composed of
sedimentary deposits of the Merin Lagoon. In this plain, there are
important flat extensions whose current elevation is slightly higher
than the present mean sea level. Therefore, they exhibit low
drainage rates, leading to extensive flooded areas where several
wide streams, marshes, and wetlands are present.

The Merin Lagoon basin is located in a temperate/subtropical
zone. The proximity to the ocean leads to moderate thermal
amplitudes (daily, seasonally and annually) and high relative
humidity levels (PROBIDES, 1999; IBERSIS, 2001). The mean annual
temperature for the last 50 years at the Treinta y Tres Meteoro-
logical Station is 17 °C (Fig. 3), whereas mean total rainfall is about
1100 mmy~' (Caffera and Berbery, 2006).
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Fig. 2. Merin Lagoon Basin location (dashed line) and the littoral lagoons of Uruguay.
A—J: areas of mound sites.
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Fig. 3. Mean monthly precipitation and temperature. Data obtained from Treinta y
Tres meteorological station.

The study area belongs, in phytogeographical terms, to the
“Southern Campos” according to the regional classification proposed
by Soriano (1991), or to the Pampa Province according to Cabrera and
Willink (1973), Morrone (2001, 2006) for the “Rio de la Plata
Grasslands”, or more specifically to the Uruguayense District
(Cabrera, 1971,1976; Cabrera and Willink, 1973) characterized by the
dominance of wet grasslands. The high percentage of herbaceous
species is reflected in the physiognomic configuration of the main
vegetation type, referred as “campos”, “prairies”, “steppes”, “sabana”
or “grasslands” (Grela, 2004). It is composed by heterogeneous
herbaceous communities where perennial short, middle and tall
grasses are the most conspicuous traits. Some seasonal productivity
is noted, caused mainly by temperature and rainfall regimens
(Rosengurtt, 1944; del Puerto, 1969; Sganga, 1994; Panario and
Bidegain, 1997). Coexistence of both winter and summer cycle
species is explained by the location of Uruguay, with warmer
climates below 30° S latitude and temperate/cold climates above

Table 1

35° S latitude (Rosengurtt, 1979). Other herbaceous, shrub and tree
dominated vegetation formations are also present in the Merin
Lagoon basin. A detailed description of such units is presented in
Table 1. Considering the southern part of the basin as a whole, several
environmental units were defined according with geomorphologic,
edaphic, biological and perceptual criteria (PROBIDES, 1999) (Fig. 4).

Steep rocky hills (“Sierras™) comprise the highest terrains in the
basin (200—500 m asl), and also the steepest slopes corresponding
to the northwest, west and south boundaries between the Merin
Lagoon basin and the Negro River basin, the Santa Lucia River basin
and the Atlantic Ocean basin. Other elevations are also found inside
the plains, i.e., the San Miguel and Los Ajos hill systems. The
substrate is composed of crystalline, metamorphic and extrusive
rocks to a lesser extent. The hydrology of the basin is controlled by
this topography. The main rivers, such as Yaguar6n, Cebollati,
Tacuari, and Olimar, run eastward from hills. In the upper reaches,
rivers exhibit gorges covered by riparian forest, which also extends
to the surrounding hilly landscape. Summer grasslands and latifo-
lian forestry (“Monte Serrano”) communities are the most
conspicuous vegetation units.

The Hills, Gentle Hills and Valleys (“Colinas, lomadas y valles™) unit
is a transition between steep rocky hills and high plains. It is char-
acterized by a strongly to smoothly undulated landscape, with deep
and moderately deep fertile soils. Dominant vegetation is grasslands
with scattered shrubby patches. Valleys are linked to the steepest
landscapes and related to hydrology in their genesis. Grasslands and
forest patches develop over deep to moderately deep fertile soils.

The High plains (“Planicies altas™) are flat terrains located above
lowlands close to lagoons and water courses. Their topographic
position prevents flooding, so they were originally characterized as
grassland vegetation.

Palm groves (“Palmares”) are present in the middle and high
plains, as flat or gently undulated terrains, only exceptionally
reached by floods. The matrix is composed by palm groves of butia
(Butia capitata Cham. Becc.), with densities reaching 480 individ-
uals/ha in some locations (surroundings of Castillos city). The
current extent of this formation is probably relict. The age structure
of palm populations indicates virtually no regeneration, with the

Main vegetation forms in SE Uruguay. Sources: del Puerto (2009), PROBIDES (1999), Alonso (1997).

Community Habitat Typical species
Herbaceous Summer prairies Hills with well-drained superficial soils Axonopus compresus, Paspalum notatum, P. dilatatum, Setaria geniculata
Winter prairies Valleys and hills with deep soils Bromus aulecticus, Carex spp., Medicago lupina
Psamophyllus prairies Sandy soils in coastal zones Andropogon arenarius, Aristida pallens, Schyzachirium microstachyum
Wet prairies Flat and poorly drained soils, waterlogged Axonopus compresus, A. affinis, Chloris bahiensis, Cortaderia sellona, Distichlis
during the winter months spicata, Echinochloa helodes, Eragrostis lugens, Erianthus angustifolius,
Eryngium pandanifolium, E. decaisneanum, Luziola peruviana, Panicum prionitis,
Paspalidium paludivagum, Paspalum modestum, P. notatum, P. quadrifarium,
P. vaginatum, Salicornia ambigua, Sporobolus poiretti, Stenotaphrum secundatum.
Wetlands Low floodplains, which remain covered Canna glauca, Erythrina cristagalli, Juncus acutus, Phyllanthus sellowianus, Scirpus
with shallow water most of the year. californicus, S. giganteus, Sebastiania schottiana, Spartina densiflora, Thalia
geniculata, Thypha dominguensis, Zizaniopsis bonariensis
Hydrophytic Permanently flooded areas (swamps and Floating: Eichornia azurea, Pistia stratiotes, Pontederia cordata, P. rotundifolia,
lacustrine littoral) Salvinia auriculata. Submerged: Myriophyllum brasiliensis. Emergent: Scirpus
giganteus, Typha dominguensis
Psamophyllus pioneers Mobile dunes Panicum racemosum, Hydrocotyle bonariensis, Senecio crassiflorus, Androtrichum
trigynum, Ischaemum urvilleanum, Calystegia soldanella
Woody Highland shrublands Hills Colletia paradoxa, Dodonaea viscosa, Berberis laurina, Schinus longifolius, Celtis

Psamophyllus shrublands  Coastal hills, in sandy incipient soils
Highland forest Hills
Riparian forest Margin of rivers and water streams

Palm forest
Psamophyllus forest

Middle plains
Oceanic and lacustrine coast

iguanaea, Maytenus ilicifolius, lodina rhombifolia, Opuntia arechavaletae, Cereus
uruguayanus

Cereus uruguayanus, Colletia paradoxa, Opuntia arechavaletae, Schinus engleri
Celtis tala, Lithraea brasiliensis, Rapanea parvifolia, R. ferruginea, Scutia buxifolia,
Allophyllus edulis, Erythrina cristagalli, Pouteria salicifolia, Salix humboldtiana,
Sapium montevidensis, Syagrus romanzoffiana,

Butia capitata

Cereus uruguayanus, Colletia paradoxa, Daphnosis racemosa, Lithraea brasiliensis,
Opuntia arechavaletae, Rapanea laetevirens, Schinus engleri, Scutia buxifolia.
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Fig. 4. Main vegetation forms in SE Uruguay and mounds sites. The investigated sites are indicated: 1) Los Ajos, 2) Potrerillo, 3) Los Indios, 4) Isla Larga, 5) Puntas de San Luis (PSL),
6) Craneo Marcado and 7) Estancia La Pedrera. Dashed lines indicate the Holocene transgression boundary.

entire population composed of older class individuals. Cattle/sheep
grazing is thought to be the main cause of lack of regeneration, as
cows feed on plantules (PROBIDES, 1999).

Wetlands (“Bafiados”) are characterized by a permanent to
seasonal flooding regime. Within this unit it is possible to distin-
guish lower plains linked to the middle and lower section of rivers/
streams and lagoon plains surrounding Merin, Negra and the coastal
lagoon system. Characteristic swampy vegetation is present, with
riparian forest developing as strands following the main rivers.

The Atlantic littoral (“Litoral atldntico”) is dominated by beaches
and dune fields whose continuity is interrupted by rocky outcrops

that extend to the sea, creating points, capes and islands. The
geologic substrates act as hard points that exert control over beach
geometry (Panario and Gutiérrez, 2006). Besides the littoral, the
inner lands are flat to gently undulated plains that were generated
by marine transgressions during the late Pleistocene. Main
vegetation types are sandy grasslands with shrubby patches.

2.2. Cultural record

The archaeological record of mound builders is mainly composed
of lithic and bone artifacts, pottery, faunal remains, and human
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burials. Polished lithics are also found in mounds (i.e. millstones and
manos, nut breakers) but their contribution to the total lithic
material is not significant (Bracco, 2006; Bracco et al., 2008a).

The pottery is either simple or with coarse/fine sand as
tempering material and less frequently with milled mollusc valves
(Capdepont, 2001; Capdepont et al., 2002). The dominant form of
pots is mainly globular, vertical straight walls or plain bowls.
Decorated pottery is seldom observed and consists of simple
geometrical dotted forms (Bracco et al., 2008a). Two Guarani
funerary urns were also found in the Sierra de San Miguel mound
(Cabrera, 2000). Brazilian researchers assigned the pottery recov-
ered from the mound to the Vieira and Guarani Tradition (vide
infra) (Brochado, 1969, 1974; Schmitz and Basile Becker, 1970;
Schmitz, 1976). The most common bone artifacts are polls and
hallmarks made of the metapodium of Ozotocerus bezoarticus. The
human burials are very diverse. Primary burials of adult males are
the most frequent (65%). The secondary and multiple burials are
also dominated by male individuals. Females and children only
account for 35% and 14% respectively. Elements interpreted as
funeral offerings were only observed in 22% of the burials. These are
mainly polished or picked stone artifacts, mollusc shells, and bone
instruments such as seal fangs or fox jaws (Cabrera, 1999; Bracco,
2006; Bracco et al., 2008a).

The opal phytolith record indicates an early adoption of crops
(corn, squash, beans) by ca. 3.0ka 'C BP. Variability in the
frequencies of the opal phytolith indicators of domestic species
have been used to infer changes in the intensity of crop practices
(del Puerto and Inda, 2005, 2009). The lack of evidence related to
containers, low frequency of mills and the isotopic data (3 3¢ of the
organic and mineral fraction of the human bones) indicate a low
incidence of corn in the diet (Bracco et al, 2000a, 2008a). The
regional ethno-historical sources indicate the presence of hunter-
—gatherer groups (Cabrera, 2000). This evidence, together with the
archaeofaunal and archaeobotanical record, indicate that mound
builder groups focused their economy on the wild vegetation and
animal sources from the wetlands of the Merin Lagoon basin
(Bracco et al., 2000a, 2008a; Bracco, 2006).

2.3. Archaeological history of the Merin Lagoon basin mounds

In the archaeological history of the Merin Lagoon basin, the role
of mounds has been controversial. It has been proposed that
mounds were erected as platforms against floods, burial structures
and/or rituals as territorial markers (see Bracco et al., 2008a,b) or
multifunctional structures for agricultural purposes (Baeza and
Panario, 1999).

The first scientific citation about mounds in Uruguay dates at the
end of the 19th Century (Arechavaleta, 1892; Figueira, 1892). Other
researchers also focused their work on the sites during the first half
of the 20th Century and generated the main interpretations of
mound builders archaeology. The main topics were the cultural
complexity of mound builders, the link between this kind of site
and the wetlands, and the relationship between archaeological
sites and early ethnographic groups that inhabited the area (Bracco,
2006).

In the 1960s, Brazilian researchers began surveys and diggings
at Rio Grande do Sul. Concomitant work also started in the east of
Uruguay with participation of non-professional stakeholders
(Santos, 1965; Prieto et al., 1970; Copé, 1991). The aim of this
research was to reconstruct the cultural history of the area by
means of seriation techniques (Schmitz, 1967, 1973, 1976; Schmitz
and Basile Becker, 1967, 1970; Schmitz and Brochado, 1981).
Conclusions derived from recovered material led to the proposition
of two cultural components involved in mound building behavior.
The first, or early component, was assigned to the Umba tradition,

with stone artifacts made from both percussion and polishing
techniques, including triangular shaped and peduncle less spear
like projectile points (Copé, 1991). The second or later component
was defined by the presence of pottery, assigned to the Vieira
tradition (Brochado, 1969, pp. 12). Within the Vieira tradition,
several phases were distinguished. The older one is the Torotama
phase (0—500 AD) characterized by rough finishing and incomplete
burning (“primitive”) small pots, with thick walls and sandy
inclusions. In the basin of de los Patos Lagoon, the Torotama phase
is followed by the early Vieira phase (500—800 AD), the middle
Vieira phase (900—1200 AD), and the late Vieira phase (1200—1300
AD). Along the sequence, shallow and wider recipients with thin
walls and coarse inclusions gradually evolved to taller, bigger and
more uniformly made pots (Schmitz, 1976). The cultural sequence
derived from pottery ends with Guarani pottery (Schmitz and
Brochado, 1981; Schmitz et al., 1991).

Brazilian researchers interpreted mounds as domestic sites for
hunter—fisher—gatherer groups. The location of such camps was
linked to greater environmental resources, but the elevation from
surrounding fields was interpreted as a need to avoid periodic
floods. According with this reasoning, Schorr (1975) proposed that
mound clusters were not only evidence of ancient villages, but also
that size differences between sites could be interpreted in terms of
social hierarchy. The Brazilian archaeologist also linked mound
sites with historical native groups, particularly the Minuanes, also
known as Guenoas (Basile Becker, 1984).

In the second half of the 1980s, systematic archaeological
research began at the Uruguayan portion of the basin, in the San
Miguel wetland area. Three mound sites (two mounds each) were
excavated, one located on the hills, and two at the edges of
wetlands (Curbelo et al, 1990; Femenias et al., 1991). Because
artifacts were also recovered from surrounding areas, it was
proposed that human occupation was spatially wider than the
mound itself, the latter being a structure inside a site. Burial find-
ings at the San Miguel diggings, together with those revealed by
early references, were responsible for the functional interpretation
of mounds as funeral structures (Femenias et al., 1991). Despite the
fact that the archaeological records showed no conspicuous
evidences of cultural complexity, such a social trait was implicit in
the funeral interpretation of mounds (Bracco et al., 2008a).
Wetland-rich environments with available resources, where an
extractive subsistence strategy with horticulture was implemented,
characterized the inferred framework through which socio-cultural
development was achieved (Lépez and Bracco, 1992, 1994). Opal
phytolith analyses carried out at mound sites revealed the presence
of domesticated plants, thus indicating the presence of horticulture
(del Puerto and Campos, 1999). Nevertheless, isotopic analyses on
human bones suggest that such resources were not important in
terms of dietary contribution (Bracco et al., 2000b).

Since the 1990s, research has extended to India Muerta, Los Ajos
(Bracco, 1993; Iriarte et al., 2004), Negra Lagoon, Potrerillo site and
Los Indios (L6pez, 2000; Lopez and Pintos, 2001), San Miguel hills,
[sla Larga site (Cabrera, 2000), Puntas de San Luis (Bracco et al.,
2000c), Tacuari, PR14D01 site (Cabrera Pérez and Marozzi, 2001),
Castillos Lagoon, Crineo Marcado site (Pintos, 1999; Pintos and
Capdepont, 2001), and lately to the Atlantic littoral, Estancia La
Pedrera site (Lopez et al., 2009) (Fig. 4). At this time, morphologic
similarities between Merin basin mounds and other areas of the
Americas (Mississippi valley, Maraj6 island, coast of Perq, plains of
Colombia and central Chili), supported the interpretation of some
researchers that mounds in the Merin area implied an early
formative social development (Andrade and Lopez, 1998; Pintos,
1999; Bracco et al., 20004, 2008b; Iriarte et al., 2004; Bracco, 2006).

Instead of observing a well defined pattern in the regional
archaeological record, results from different areas strongly
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suggested a high regional variability in site chronology, and in site
location/structure, including number, height, arrangement, pres-
ence/absence of human burials and even artifacts in surrounding
areas. Recovered artifacts did not respond to any expected pattern
or to “complexity”. Although human burials were not present at all
sites, and even domestic structures were not conclusively identi-
fied, the funeral function of mounds was nevertheless maintained
until the end of the millennium. Mounds were depicted as sacred-
ritual oriented spaces and differentiated from profane daily life
spaces (Lopez and Gianotti, 1997; Iriarte et al., 2004; cf. Bracco et al.,
2008a,b). At the beginning of the millennia, the lack of evidence of
elaborated technologies, exchange, storage and social hierarchies,
together with a review of mound building techniques, led to a deep
questioning of former interpretations (Bracco, 2006; Bracco et al.,
2008a). Since the onset of systematic archaeology, inferred from
stratigraphic analysis, it was proposed that mounds were built
through different stages (Prieto et al., 1970; Bracco et al., 2000a;
Lépez, 2000). Radiocarbon age validation from samples of organic
matter contained in the mound matrix, by comparison with dated
materials from the same levels, together with mechanical sediment
samplers, has allowed, since 1998, generation of a comprehensive
systematic radiocarbon date database, including non-excavated
mounds. Chronological data indicated that mounds were not built
in a single event or in a reduced multistage cycle, but they were,
instead, erected through centuries or millennia, as a consequence of
a progressive process (Bracco and Ures, 1999; Bracco, 2006; Bracco
et al., 2008a). According to these results, mounds could not be
interpreted as the partial or final product of a process that was, in
turn, designed and executed by one or a few generations. In
contrast, evidence suggests that mounds should be rather inter-
preted as the result of trans-generational recurrent behavior.

Extended radiocarbon series for different areas not only
provided evidence of the mechanisms and periods of construction,
but also about the spatial and chronological range of each site, thus
yielding a scale shift which is necessary to link environmental
evolution and cultural history of mound builders. The cornerstone
was a consequence of the increased number of radiocarbon ages
obtained for several sites, extending the chronological frame from
2.5 to 0.2 ka "C BP to around 5.0 ka #C BP, and the spatial and
chronological variability observed at each site and between sites. In
addition, the generation of paleoclimatic models inferred from
paleolimnological research (Bracco et al., 2005a; del Puerto et al.,
2006; Inda et al., 2006) also contributed to better understanding
of the cultural history of mound builders.

2.4. Sediment records of lagoons as indicators of humidity and
temperature

Paleolimnological investigations on coastal lagoons were
initiated in 2000 by a multidisciplinary group. Sediment cores were
retrieved from the Negra, Blanca, Rocha, Castillos, Sauce and Diario
Lagoon (Fig. 2), and multiproxy analyses (i.e. diatoms, opal phyto-
liths, pollen, molluscs, sediments, geochemistry, thin sections),
together with radiocarbon dating, were performed (Garcia
Rodriguez et al, 2001, 2002, 2009; Garcia Rodriguez, 2002;
Garcia Rodriguez and Witkowski, 2003; Blasi et al., 2005; Bracco
et al., 2005a,b, 2008b; del Puerto et al., 2006; Inda et al., 2006).
Only three stratigraphic units of the sediment cores retrieved from
Blanca, Negra and Rocha Lagoon showed high enough resolution
records, and therefore they are the basis of the paleoclinatic
reconstruction presented here (Table 2). The record corresponds to
lithological units dominated by fine sediments with enough
chronological information to assume fairly continuous sedimenta-
tion within the resolution thresholds of the radiocarbon technique
(core LBL1 unit VI, core LNB3 unit II, core LRO12, Figs. 5 and 6).

These three lithological units encompass a sediment record dated
at 7.0—0.6 "C ka BP, with a hiatus between 3.5 and 2.6 ¢ ka BP.

Present paleoclimatic reconstructions were mainly based upon
opal phytolith analysis, an approach successfully explored to
reconstruct past environmental conditions of grassland ecosystems
around the world (Fredlund and Tieszen, 1994, 1997; Fisher et al.,
1995; Alexandre et al., 1997, 1999; Scott, 2002; Boyd, 2005; Zucol
et al., 2005). Phytoliths are bio-mineral particles originated from
the total or partial silicification of plant cells or inter-cellular spaces
(Mulholland and Rapp, 1992). Because they are made of silica, their
preservation is possible long after the decay of the parental plant.
Such tremendous preservation potential, together with differential
production from several plants, allows opal phytoliths as high
resolution microfossils to be used to infer past vegetation changes.

Opal phytoliths are mainly produced in most mono-
cotyledonous and tree and shrub dicotyledonous (Bozarth, 1992,
1993). Diagnostic capabilities of phytoliths are highly variable,
allowing specific identification in some cases, but, in general,
diagnosis is restricted to the family or genera level. Despite these
limiting factors, in several cases opal phytoliths are better suited to
solve plant taxonomy than other plant microfossils are. This is the
case for grasses, highly relevant indicators in environmental
reconstructions, because their high sensibility and rapid response
to changes in surrounding environments. It is possible to determine
the photosynthetic paths, C3 and C4, of parental grasses from
silicified short cells produced in the epidermal tissue of such plants.
The photosynthetic path is directly linked to atmospheric CO, and
to climate in a broader sense (Twiss, 1992). This assertion has been
tested against isotopic analyses on sedimentary profiles (Fredlund,
1993; Fredlund and Tieszen, 1997; Baker et al.,, 2000) but also
against the occluded carbon that remains inside plant cells during
mineralization process (Smith and Anderson, 2001; Smith and
White, 2004).

Twiss (1992) proposed a classification of silicified short cells
from grasses in three main groups, corresponding to three
sub-families that are dominant in climatically different zones:

1. Pooid phytoliths are produced mainly in C3 species of the
Pooideae (Festucoidae) sub-family which proliferate in
temperate to cold regions at high latitudes or altitudes.

2. Panicoid phytoliths are produced mostly in C4 grasses of the
Panicoideae sub-family, which proliferate in tropical or
subtropical areas.

3. Chloridoid phytoliths are produced by C4 species that are
abundant in arid to semi-arid or strongly seasonal rainfall
regime climates.

From the relative abundance of each type of phytolith, Twiss
(1992) proposed two indices for paleoclimatic reconstructions.
The temperature index (TI) is defined as the amount of pooid
phytoliths (C3) divided by the total amount of pooid, panicoid (C4)
and chloridoid (C4) grasses. High index values suggest a cold
climate, while low values indicate warm temperatures.

Pooid

T = Pooid T+ Panicoid 1 Chioridoid ~ 1°°

The humidity index (HI) is defined as the percentage of
chloridoid phytoliths to the total amount of C4 grass short cells
(panicoids and chloridoids).

B Chloridoid
~ Chloridoid + Panicoid

HI 100

High index values indicate either arid conditions or rainfall
seasonality.
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Table 2

Lithological and chronological characterization of sediment cores. The units used in the present reconstruction are highlighted with “«” signs. Sources: Blasi et al. (2005),

Garcia-Rodriguez et al. (2004), Inda et al. (2006).

Water body Core Lithological Texture Dated interval (cm)
unit Chronology Dating method
Negra LNB3 1 Silty clay with roots (vegetal cover) e
11« Silty clay, organic (peat) 7578 930 + 45 yBP
118-131 1600 + 50 yBP
161-178 1980 + 40 yBP
11 Alternance of bioclastic sandy silts and thin horizontally
v stratified compact muds. Pellitic and peat like interclasts.
A%
VI
Vil 242-245 4560 + 70 yBP
Vil
IX
X 263-270 5220 +90 yBP
X1 Muds to compacted clays with laminated OM
LRO12 1« Bioclastic sandy silt 6681 4066 + 126 yBP B
215222 4410 £ 169 yBP
430438 5269 + 233 yBP
579-587 6209 + 170 yBP
639-647 7207 + 620 yBP
Blanca LBL1 1 Compact muds, dark to light grey
11
111
v Light Brown compact muds with thin stratified horizontal 30 1960 AD 210 Pb
layers 60 1890 AD
v Stratified compact light grey muds
VI « Dark grey compact muds 140145 1020 + 60 yBP e
250-255 2200 + 60 yBP
Vil Sandy to silt-sandy, bioclastic.
VI
IX 350-355 3710 £ 75 yBP
X Alternance of silty sands with compact muds.
X1
Xl
Xl
XV Sandy silt 536545 7310+ 230 yBP
yr c BP Because of the negligible transport of phytoliths, lagoon bottom
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Fig. 5. Correlation between depth and 'C chronology of different stratigraphic units
for Rocha and Negra Lagoon. From the regression straight lines defined by the dated
intervals, the chronology of the phytolith record was calculated for different depths.

cores are excellent archives of information to reconstruct vegeta-
tion changes at local or micro-regional scales. Phytolith input to
lakes and lagoons comes mostly from their own watersheds. Water
courses and surface runoff after rains are responsible for phytolith
transport to the water bodies. Nevertheless, the input from several
sources could vary through time, depending primarily on climate
conditions and plant cover changes (Piperno, 1988).

Opal phytoliths, because their silica nature and overwhelming
production in several plants, means that they were preserved in
large amounts and as such were incorporated to lacustrine
sedimentary record. As well, they are resistant and abundant.
Identification of parental plants is taxonomically and ecologically
relevant and straightforward. As long as photosynthetic (C3 versus
C4) growing habits (tall or short grasses) or even different habitats
(swamps, prairies, forests) could be distinguished, information
is available in terms of paleoclimatic and palaeoenvironmental
trends on grasslands ecosystems such as occur in southeastern
Uruguay.

The subfossil record interpretation from lacustrine cores is
sustained in comparative analyses from both plant and surface
sediment samples (del Puerto et al., 2006, 2008; del Puerto, 2009).
Such studies focused on grass phytolith characterization, from a set
of 70 native and introduced species (del Puerto, 2009). Climate
sensitivity of grass phytoliths was tested with surface sediment
samples from cattle exclusion distributed along a climate gradient
(del Puerto, 2009).
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Fig. 6. Normalized ((X — X;)/STD) humidity and temperature indices, core stratigraphy and **C chronology from Negra, Blanca and Rocha Lagoon.

3. Paleoclimatic results

The characteristics of the selected lithological units (core LBL1
unit VI, core LNB3 unit II, core LR012, Figs. 5 and 6) indicate a fairly
uninterrupted sediment record. For the sediment cores of both
Negra and Rocha lagoons, the age of each sediment interval was
calculated based upon the ™C dates, which show that deposition
was fairly uninterrupted, as indicated by the equations listed
below:

y = 0.091x — 14.25
2 = 09787, n =3

and

y = 0.220x — 792.9
2 -09788, n=>5

respectively (Fig. 5).

For the sediment core of Blanca Lagoon, where only two radio-
carbon dates are presently available, the age of the sediments was
calculated according to the linear function defined by two points:

y = 0.094x + 45.68

In order to minimize the expression of short term signals, the
mobile mean every three consecutive values was plotted. Four
climate zones were inferred (Fig. 6). In zone 1, 7.0—-4.5 *C kaBP,
a warmer and wetter climate than the present was inferred from
the sediment record of core LRO12. In zone 11, 4.5—3.5 C ka BP, the
inference about moisture and climate was also made from the
sediment record of core LRO12. Cooler and drier climate was
inferred than in the former zone. The record shows a hiatus
between 3.5 and 2.6 'C kaBP. The other climate zones were
inferred from the sediment record of both Negra and Blanca
lagoons. In zone 11, 2.5—1.2 1€ ka BP, climate conditions similar to
the present were observed (i.e., warmer and wetter). In zone IV,
1.2—0.6 Y ka BP, climate was characterized by warmer and wetter
conditions than those of zone III.

4. Discussion
4.1. Paleoclimate
The warmest and most humid period was inferred after 2.0 #C

ka BP. This period had only been registered in the sediment record
of Negra Lagoon (Bracco et al, 2005a). However, after further
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sampling (cores LNB3 and LBL1), a much better resolution was
obtained (see Fig. 6). Between 1.2 and 0.6 ¢ ka BP, there are two
peaks of extreme humid and warm events. The second peak fits
chronologically into the “Warm Period” (Broecker, 2001; Roberts,
2009), whose occurrence has been already pointed out by Iriondo
and Garcia (1993) and Prevosti et al. (2004) in this region.

The record has a hiatus between 3.5 and 2.6 C kaBP. This
hiatus had already been observed in the first sediment core
retrieved from the Negra Lagoon (Bracco et al., 2005a) as well as in
other sediment cores of SE Uruguay (del Puerto, 2009). Even though
this hiatus represents a loss of information, it might imply a change
in sedimentary deposition conditions.

The trend of climate indices of the Rocha Lagoon between 4.5
and 3.5 '%C ka BP indicates the onset of colder and drier conditions
than those observed for 7.0—5.3 C ka BP. Between 5.3 and 4.5 ™C
ka BP, there was a transition from warmer and wetter to colder and
drier conditions. The overall results presented here are consistent
with other paleoclimatic reconstructions (Bracco et al., 2005a;
Garcia-Rodriguez et al.,, 2009) and the synthesis presented by
Mancini et al. (2005), and they are partially consistent with other
regional studies (Iriondo and Garcia, 1993; Prieto, 1996, 2000;
Iriondo, 1999; Panario and Gutiérrez, 1999; Tonni et al., 1999;
Zarate et al., 2000; Prieto et al.,, 2004; Quattrocchio et al., 2008;
Piovano et al, 2009, in Argentina; Behling, 1995, 2002, 2007;
Melo et al., 2003; Moro et al., 2004, in Brazil).

4.2. Relationships between culture and climate

The new paleoclimatic data are very consistent with those
published by Bracco et al. (2005a,b) but they also encompass
a wider temporal frame with a higher resolution. Therefore, it is
possible to interpret with better detail the relationships between

climate and prehistoric cultures. Taking into account that the
oldest mounds are those of India Muerta-Paso Barranca, dated at
5.5 '4C kaBP (Bracco, 2006), it is possible to confirm that this
original cultural behavior was installed once warmer and wetter
climate conditions ended. Furthermore, if the temporal extent of
this period is inferred from the India Muerta-Paso Barranca
mounds, for which three radiocarbon dates corroborate
a constant growth (n = 19), the initial and final chronology of the
mound building period can be assigned to this paleoclimatic
record. It may also be observed that, in the transition to the onset
of colder/drier conditions (ca 5.5—4.5/4.5—3.7 'C ka BP), there is
an increase in the number of mounds (Fig. 7). After 3.0 *C kaBP,
the series of India Muerta-Paso Barranca shows that the number
of erected mounds dramatically decreased. However, the hiatus in
the paleoclimatic record between 3.5 and 2.6 ¢ kaBP does not
allow further relationship of cultural behavior to climate. After
the onset of warmer and more humid conditions observed by 2.6
M ka BP, a decrease in the number of mounds was recorded.
Concurrently, as already pointed out for the archaeological
chronologies of the southern section of the Merin Lagoon basin
(see Figs. 7 and 8), an expansion of mound builders towards the
littoral plains of the lagoon would have taken place. This behav-
ioral change, totally or partially concomitant to climate change,
seemed to be accompanied by a modification in the structure of
archaeological sites. When comparing site density, mound height
and chronology of mound erection in India Muerta-Paso Barranca
to those of plains more closely located to the lagoon, it is possible
to notice that the plains exhibit less density, less mounds per site,
lower mound height and shorter erection time and a more recent
chronology (see Bracco and Lopez, 1987a,b; Cabrera, 2000; Bracco
et al., 2008a). It has also been observed that radiocarbon ages of
the Atlantic coastal sites without mounds indicate that, after 3.0
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Fig. 7. Left: normalized humidity and temperature indices from Rocha Lagoon. Right: number of mounds built within the India Muerta-Paso Barranca region.
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4C ka BP, there was an increase in the number of occupations
(Fig. 8).

5. Conclusions

The improvement in resolution of the regional paleoclimatic
data supports the proposed paradox for environmental and
cultural history of the mound builders (Bracco et al., 2005a).
Mounds that are related to wetlands were erected under envi-
ronmental conditions restricted, at least, to transitionally or
permanently waterlogged areas. After an increase in humidity
together with an associated increase in wetland area, the coercive
pressure on the base of the mounds would have decreased
(Bracco, 2006). The radiocarbon dates in different zones of the
southern section of the Merin Lagoon basin indicate that the
mound builders expanded towards the coast of the lagoon, when
more humid and warmer conditions developed. The difference
between the coast of the lagoons and the India Muerta-Paso
Barranca zone, in terms of density of sites and mounds, would
indicate that the expansion was accompanied by a higher disper-
sion following the model of permanent growth, and lower recur-
rence in behavior that had a negative effect on the elevation of the
mounds. The absence of significant changes in the archaeological
record indicates that redundancy was kept during the entire
mound lifetime. However, the set of radiocarbon dates of mound
burials (n = 10) during 2.0—0.2 C ka BP would suggest a possible
change in those practices that were linked to mounds for this late
period.

From these data it may be suggested that dispersal towards the
lagoon plains was accompanied by a decrease in coercive forces, at
different scales, leading to a spatial widening, but also to lesser
redundancy and span of occupations. Since this process took place
during an increase in both temperature and humidity, cultural
development was positively related to climate. The response seems
to be equivalent to that inferred for the emergence of these sites,
but with opposite signals. During periods of decreased temperature
and moisture, an intensive colonization pattern of wetlands was
inferred together with an increase in spatial redundancy and
behavioral recurrence. Under non-restrictive conditions, the
opposite pattern was observed. The chronology of coastal sites
would indicate that both the expansion of mound builders and

some changes in site structure, were almost parallel to the onset of
warmer and more humid conditions.

Acknowledgments

PEDECIBA, DAAD, SNI-ANII, CSIC, Facultad de Ciencias (UDELAR),
Facultad de Quimica, Museo de Antropologia (MEC) are thanked for
financial and institutional support. Special thanks to Jorge Rabassa
and two anonymous reviewers for critically reading this manu-
script. The National Institute of Meteorology provided us with
temperature and rainfall data. This paper is dedicated to the loving
memory of Elena Latorre Castifieira (1938—2010).

References

Alexandre, A., Meunier, ].D., Lézine, A.M., Vicens, A., Schwartz, D., 1997. Phytoliths:
indicators of grassland dynamics during the late Holocene in intertropical
Africa. Palacogeography, Palaeoclimatology, Palaeoecology 136, 213—229.

Alexandre, A., Meunier, |.D., Mariotti, A., Soubies, F.,, 1999. Late Holocene phytolith
and carbon-isotope record from a Latosol at Salitre, South-Central Brazil.
Quaternary Research 51, 187—-194.

Alonso, E., 1997. Plantas Acuadticas de los Humedales del Este. PROBIDES, Rocha-
Uruguay, 238 pp.

Andrade, T, Lépez, ]., 1998. La emergencia de la complejidad entre los cazadores
recolectores de la costa atlintica meridional sudamericana. Boletin de
Antropologia Americana 17, 18 and 19, 128—137. México, D.F.

Arechavaleta, J., 1892. Viaje a San Luis. In: Figueira, J.H. (Ed.), El Uruguay en la
Exposicién Histérica Americana de Madrid. Dornaleche y Reyes, Montevideo,
pp. 65—91. Memoria.

Baeza, ]., Panario, D., 1999. La horticultura indigena en las estructuras monticulares.
In: Actas de las Primeras Jornadas sobre Cenozoico en Uruguay. Montevideo
Sociedad Uruguaya de Geologia and INGEPA—UNCIEP, Facultad de Ciencias.

Baker, R.C., Fredlund, G.G., Mandel, R.D., Bettis Ill, E.A., 2000. Holocene environ-
ments of the central Great Plains: multi-proxy evidence from alluvial
sequences, southeastern Nebraska. Quaternary International 67, 75—88.

Basile Becker, 1., 1984. El indio y la colonizacién. Charrias y Minuanes. Sio Leopoldo.
Instituto Anchetano de Pesquisas, Brasil.

Behling, H., 1995. Late Quaternary environmental history from 5 new sites in the
Brazilian tropics. Abstracts, 14th INQUA Congress. Berlin, pp. 25.

Behling, H., 2002. South and Southeast Brazilian grasslands during Late Quaternary
times: a synthesis. Palacogeography, Palaeoclimatology, Palacoecology 177,19—-27.

Behling, H., 2007. Late Quaternary vegetation, fire and climate dynamics of Serra do
Aracatuba in the Atlantic coastal mountains of Parand State, southern Brazil.
Vegetation, History and Archaeobotany 16, 77—85. Springer, Berlin, Heidelberg.

Blasi, A., Castifieira, C., del Puerto, L., Inda, H., Bracco, R., Garcia-Redriguez, F, 2005.
Sedimentacién Holocena en Los Banados de Santa Teresa y el Registro
Arqueoldgico, Planicie Costera del Departamento de Rocha, Uruguay. In:
Cabaleri, N., Cingolani, CA., Linares, E., Lopez de Luchi, M.C,, Ostera, H.E.,
Panarello, H.O. (Eds.), Actas del XV Congreso Geoldgico Argentino, CD-ROM.
Article 486, 8 pp.



72 R. Bracco et al. / Quaternary International 245 (2011) 6273

Boyd, M., 2005. Phytoliths as paleoenvironmental indicators in a dune field on the
northern Great Plains. Journal of Arid Environments 61 (3), 357—-375.

Bozarth, S.R., 1992. Classification of opal phytoliths formed in selected dicotyledons
native to the Great Plains. In: Rapp Jr, G., Mulholland, S.C. (Eds.), Phytolith
Systematics. Emerging Issues. Advances in Archaeology and Museum Science,
vol. 1, pp. 193-214.

Bozarth, S.R., 1993. Biosilicate assemblages of boreal forests and Aspen Parklands.
In: Pearsall, D., Piperno, D. (Eds.), Current Research in Phytoliths Analysis:
Applications in Archaeology and Paleoecology. Masca Research Papers in
Science and Archaeology, vol. 10, pp. 95-105.

Bracco, R., 1993. El sitio de los Ajos. Informe PROBIDES. Available at PROBIDES.
Rocha, Uruguay.

Bracco, R., 2006. Monticulos de la cuenca de la Laguna Merin: tiempo, espacio y
sociedad. Latin American Antiquity 17 (4), 511-540.

Bracco, R., Lapez, ., 1987a. Rescate arqueoldgico en la cuenca de la laguna Merin.
Informe de la etapa de prospeccion. In: Primeras Jornadas de Ciencias Antro-
polégicas en el Uruguay. Ministerio de Educacion y Cultura, Montevideo,
pp- 33-50.

Bracco, R., Lopez, ]., 1987b. Prospeccion arqueoldgica y andlisis de fotos aéreas. In:
Primeras Jornadas de Ciencias Antropoldgicas en el Uruguay. Ministerio de
Educacién y Cultura, Montevideo, pp. 51-56.

Bracco, R., Ures, C., 1998. Las Variaciones del Nivel del Mar y el Desarrollo de
las Culturas Prehistéricas del Uruguay. Revista do Museu de Arqueologia e
Etnologia 8, 109—115. Universidade de Sao Paulo, Brasil.

Bracco, R, Ures, C, 1999. Ritmos y Dindmica Constructiva de las Estructuras
Monticulares. Sector Sur de la Cuenca de la Laguna Merin. Uruguay. In: Lépez, ].M.,
Sanz, M. (Eds.), Arqueologia y Bioantropologia de las Tierras Bajas. Universidad
de la Repiblica, Facultad de Humanidades y Ciencias de la Educacion, Uruguay,
pp. 13-33.

Bracco, R, Cabrera, L., Lépez, ). M., 2000a. La Prehistoria de las Tierras Bajas de la Cuenca
delaLaguna Merin. In: Durdn, A, Bracco, R. (Eds.), Arqueologia de las Tierras Bajas.
Ministerio de Educacién y Cultura, Montevideo, Uruguay, pp. 13—38.

Bracco, R, Fregeiro, MLL, Panarello, H., Odino, R., Souto, B., 2000b. Dieta, Modos de
Produccién de Alimentos y Complejidad. In: Duran, A. Bracco, R. (Eds.),
Arqueologia de las Tierras Bajas. Ministerio de Educacién y Cultura, Uruguay,
pp. 227-248.

Bracco, R, Montafa, J.R., Bossi, |, Panarello, H., Ures, C., 2000c. Evolucién del
Humedal y Ocupaciones Humanas en el Sector Sur de la Cuenca de la Laguna
Merin. In: Durdn, A., Bracco, R. (Eds.), Arqueologia de las Tierras Bajas. Minis-
terio de Educacion y Cultura, Uruguay, pp. 99-116.

Bracco, R., del Puerto, L. Inda, H., Castifieira, C., 2005a. Middle-late Holocene
cultural and environmental dynamics in the east of Uruguay. Quaternary
International 132, 37-45.

Bracco, R, Inda, H., del Puerto, L., Castifieira, C., Sprechmann, P, Garcia-Rodriguez, F.,
2005b. Links between Holocene sea level variation, trophic development and
climate change in Negra Lagoon, southern Uruguay. Journal of Paleolimnology
33, 253-263.

Bracco, R, del Puerto, L., Inda, H., 2008a. Prehistoria y Arqueologia de la Cuenca de
la Laguna Merin. In: Loponte, D., Acosta, A. (Eds.), Entre la tierra y el agua:
arqueologia de humedales de Sudamérica. Asociacién Amigos del Instituto de
Antropologia y Pensamiento Latinoamericano (AINA), Buenos Aires, pp. 1-59.

Bracco, R, del Puerto, L, Inda, H., Garcia-Rodriguez, F, 2008b. Un aporte critico
a partir de “comentarios sobre monticulos de la cuenca de la Laguna Merin:
tiempo, espacio y sociedad”. Latin American Antiquity 19 (3), 325—331.

Bracco, R, del Puerto, L., Castifieira, C., Garcia Rodriguez, F., Panario, D, Inda, H.
Cambios Ambientales y Arqueologia en el Actual Territorio del Uruguay. Revista
de Cazadores Recolectores del Cono Sur, in press.

Brochado, J.P., 1969. Histérico das pesquisas arqueoldgicas do estado do RS. Revista
lheringia. Serie Antropologias, n° 1. Porto Alegre. Museo Rio-Grandense de
Ciencias Naurdis, Brasil.

Brochado, ].P., 1974. Pesquisas arqueoldgicas no Escudo Cristalino do Rio Grande do
Sul (Serra do Sudeste). In: Programa Nacional de Pesquisas Arqueoldgicas.
Resultados Preliminares do Quinto Ano (1969—1970). Pub. Avulsas n°26, Museo
Paranaense E. Goeldi. Belen, Brasil.

Broecker, W., 2001. Was the Medieval warm period global? Science 291, 1497—1499.

Cabrera, AL, 1971. Fitogeografia de la Repiiblica Argentina. Boletin de la Sociedad
Argentina de Botdnica 14 (1-2), 1-42.

Cabrera, A.L, 1976. Regiones fitogeograficas argentinas. In: Kugler, W.E. (Ed.),
Enciclopedia Argentina de Agricultura y Jardineria 1l. ACME, Buenos Aires,
pp- 1-85.

Cabrera, L., 1999. Funebria y sociedad entre los “constructores de cerritos” del este
uruguayo. In: Lopez, J.M., Sanz, M. (Eds.), Arqueologia y Bioantropologia de las
Tierras Bajas. Universidad de la Repiiblica, Facultad de Humanidades y Ciencias
de la Educacién, Uruguay, pp. 63—80.

Cabrera, L., 2000. Los Niveles de Desarrollo Sociocultural Alcanzados por los Grupos
Constructores del Este Uruguayo. In: Duran, A., Bracco, R. (Eds.), Arqueologia de
las Tierras Bajas. Ministerio de Educacién y Cultura, Uruguay, pp. 169—183.

Cabrera, AL, Willink, A., 1973. Biogeografia de América Latina. Secretaria General
de la Organizacién de los Estados Americanos, Programa Regional de Desarrollo
Cientifico y Tecnoldgico, Departamento de Asuntos Cientificos, Washington D.C.
(Monografia No. 13. Serie de Biologia).

Cabrera Pérez, L., Marozzi, 0., 2001. Sitio PR14D01, Rio Tacuari, Dpto. De Treinta y
Tres. In: Arqueologia uruguaya hacia el fin del milenio. IX Congreso Nacional de
Arqueologia, 1999. Colonia del Sacramento, Tomo 1. Graficos del Sur, Mon-
tevideo, pp. 55-68.

Caffera, RM,, Berbery, E.H., 2006. Climatologia de la Cuenca del Plata. In: Barros, V.,
Clarke, R., Dias, P.S. (Eds.), El Cambio climdtico en la Cuenca del Plata. CIMA/
CONICET, Buenos Aires, pp. 19—38. cap. Il

Capdepont, 1., 2001. Andlisis ceramico en la regién Este del uruguay. In: Arqueologia
uruguaya hacia el fin del milenio, Tomo Il. Graficos del Sur, Montevideo,
pp. 377-386.

Capdepont, L, del Puerto, L., Inda, H., 2002. Caracterizacién tecnoldgica y funcional
del material cerdmico de la cuenca de la Laguna de Castillos. In: Mazzini, D.,
Ber6n, M., Oliva, F. (Eds.), Del Mar a los Salitrales. Diez mil Afios de Historia
Pampeana en el Umbral del Tercer Milenio. UNMDP, Argentina, pp. 41—64.

Copé, M.S., 1991. A ocupacdo pré-colonial do sul e sudeste do Rio Grande do Sul. In:
Arqueologia y Pré-Historia do Rio Grande do Sul. Mercado Alberto, Porto Alegre,
Brasil, pp. 191-218.

Curbelo, C., Cabrera, L., Fusco, N., Martinez, E., Bracco, R, Femenias, ]., Lépez, ]. M., 1990.
Sitio Ch2DO01, drea de San Miguel, departamento de Rocha, R.O. del Uruguay.
Estructura de sitio y zonas de actividad. Revista do CEPA 17 (20), 333—344.

del Puerto, L., 2009. Reconstruccion Paleoclimdtica y Paleoambiental para el
Pleistoceno Tardio/Holoceno en el Sudeste del Uruguay: aporte del analisis de
silicofitolitos. Tesis de Maestria, PEDECIBA-Biologia-Ecologia, Facultad de
Ciencias, Universidad de la Repiiblica, Uruguay.

del Puerto, L., Campos, S., 1999. Silicofitolitos: un abordaje alternativo de la prob-
lematica arqueobotanica del Este de Uruguay. In: Aschero, C.A., Korstanje, M.A.,
Vuoto, P.M. (Eds.), Los tres reinos: practicas de recoleccién en el Cono Sur de
Ameérica. Ediciones Magna Publicaciones, Tucuman, RA., pp. 141-150.

del Puerto, L., Inda, H., 2005. Silicofitolitos: Aplicaciones para la Reconstruccién de
los Sistemas de Subsistencia Prehistéricos. Anales de Arqueologia y Etnologia
59-60, 207—-227. FFyL., UNC, Mendoza.

del Puerto, L., Inda, H., 2009. Estratégias de Subsistencia y Dindmica Ambiental:
Andlisis de silicofitolitos en sitios arqueoldgicos de la cuenca de Laguna de
Castillos, Rocha, Repiiblica Oriental del Uruguay. In: Zucol, A.E, Osterrieth, M.,
Brea, M. (Eds.), Fitolitos: estado actual de su conocimiento en América del Sur.
Universidad Nacional de Mar del Plata, Argentina, pp. 221-236.

del Puerto, L, Garcia-Rodriguez, F., Inda, H., Bracco, R., Castifieira, C., Adams, ].B.,
2006. Paleolimnological evidence of Holocene climate changes in Lake Blanca,
southern Uruguay. Journal of Paleolimnology 36, 151-163.

del Puerto, L., Inda, H., Garcia-Rodriguez, F, 2008. Reconstruccién Paleoambiental
para el Holoceno medio y tardio en la cuenca de la Laguna Negra: el aporte de
los indicadores biosiliceos. In: Korstanje, A., Babot, P. (Eds.), Matices Inter-
disciplinarios en Estudios Fitoliticos y de Otros Microfésiles. BAR International
Series, Ed. 1, pp. 119—129.

del Puerto, O., 1969. Hierbas del Uruguay. In: Cuadernos de Nuestra Tierra 19.
Nuestra Tierra, Montevideo, Uruguay.

Femenias, J., Lopez, |., Martinez, E., Fusco, N., Cabrerg, L., Curbelo, C,, Bracco, R., 1991.
Tipos de enterramiento en estructuras monticulares en la cuenca de la laguna
Merin. Revista do CEPA 19, 139-155. Santa Cruz do Sul, Brasil.

Figueira, J.H., 1892. Los primitivos habitantes del Uruguay. In: El Uruguay en la
exposicion Histérico Americana de Madrid. Memoria. Imprenta Artistica de
Dornaleche y Reyes, Montevideo, Uruguay, pp. 121-221.

Fisher, R.F,, Bourn, C.N., Fisher, W.E,, 1995. Opal phytolith as an indicator of floristics
of prehistoric grasslands. Geoderma 68, 243—255.

Fredlund, G., 1993. Paleoenvironmental interpretations of stable carbon, hydrogen,
and oxygen isotopes from opal phytoliths, Eustis Ash Pit, Nebraska. In:
Pearsall, D., Piperno, D. (Eds.), Current Research in Phytoliths Analysis: Appli-
cations in Archaeology and Paleoecology. Masca Research Papers in Science and
Archaeology, vol. 10, pp. 37—46.

Fredlund, G.G., Tieszen, L.T., 1994. Modern phytolith assemblages from the North
American great plains. Journal of Biogeography 21, 312—335.

Fredlund, G.G., Tieszen, L.L., 1997. Phytolith and carbon isotope evidence for late
quaternary vegetation and climate change in the Southern Black Hills, South
Dakota. Quaternary Research 47, 206—217.

Garcia Rodriguez, F., 2002. Estudio paleolimnolégico de lagunas de Rocha, Castillos
y Blanca, sudeste del Uruguay. Tesis de Doctorado en Biologia, opcion Ecologia,
PEDECIBA, Facultad de Ciencias, Universidad de la Repiblica, Uruguay.

Garcia Rodriguez, F, Witkowski, A., 2003. Inferring sea level variations from relative
percentages of Pseudopodosira kosugii in Rocha lagoon, SE Uruguay. Diatom
Research 18, 49-59.

Garcia-Rodriguez, F, Metzeltin, D., Sprechmann, P., Trettin, R., Stams, G,
Beltran-Morales, LF, 2004. Upper Pleistocene and Holocene paleosalinity and
trophic state changes in relation to sea level variation in Rocha Lagoon,
southern Uruguay. Journal of Paleolimnology 32, 117—-134.

Garcia Rodriguez, F., del Puerto, L., Castifieira, C., Inda, H., Bracco, R., Sprechmann, P,
Scharf, B., 2001. Preliminary paleolimnological study of Rocha Lagoon, SE
Uruguay. Limnologica 31, 221-228.

Garcia Rodriguez, F, Mazzeo, N., Sprechmann, M., Metzeltin, D., Sosa, F,
Treutler, H.C., Renom, M., Scharf, B., Gaucher, C., 2002. Paleolimnological
assessment of human impacts in Lake Blanca, SE Uruguay. Journal of Paleo-
limnology 28, 457—468.

Garcia Rodriguez, F, Piovano, E., del Puerto, L., Inda, H. Stutz, S., Bracco, R,
Panario, D., Cordoba, F, Sylvestre, ., Ariztegui, D., 2009. South American lake
paleo-records across the Pampean Region. PAGES News 17 (3), 115-117.

Grela, L, 2004. Geografia floristica de las especies arbéreas de Uruguay: propuesta
para la delimitaciénn de dendrofloras. Tesis de Maestria en Ciencias Bioldgicas,
Opcion Botdnica, UdelaR, Montevideo.

IBERSIS, 2001. Regulacién hidrica de los bafiados de Rocha. EVARSA, Montevideo,
Uruguay. Informe mecanografiado.



R. Bracco et al. / Quaternary International 245 (2011) 62—73 73

Inda, H, Garcia-Rodriguez, F., del Puerto, L., Acevedo, V., Metzeltin, D., Castifieira, C.,
Bracco, R, Adams, J., 2006. Relationships between trophic state, paleosalinity
and climate changes during the first Holocene marine transgression in Rocha
Lagoon, southern Uruguay. Journal of Paleolimnology 35, 699—713.

Iriarte, J., 2006. Vegetation and climate change since 14,810 ¢ yr B.P. in south-
eastern Uruguay and implications for the rise of early Formative societies.
Quaternary Research 65, 20—32.

Iriarte, ]., Holst, L, Marozzi, O., Listopad, C., Alonso, E., Rinderknecht, A., Montaila, J.,
2004. Evidence for cultivar adoption and emerging complexity during the
mid-Holocene in the La Plata Basin. Nature 432, 561-562.

Iriondo, M., 1999. Climate changes in the South American plains: record of
a continent-scale oscillation. Quaternary International 57—58, 93—112.

Iriondo, M., Garcia, N., 1993. Climate variation in the Argentine plains during the
last 18,000 years. Palaeogeography, Palaeoclimatology, Palaeoecology 101,
209-220.

Ldpez, .M., 2000. Trabajos en Tierra y Complejidad Cultural en las Tierras Bajas del
Rincan de los Indios. In: Duran, A., Bracco, R. (Eds.), Arqueologia de las Tierras
Bajas. Ministerio de Educacién y Cultura, Uruguay, pp. 271-285.

Lopez, ]., Bracco, R., 1992. Relacién hombre — medio ambiente en las poblaciones
prehistéricas de la zona este del Uruguay. In: Ortiz Troncoso, O.R., Van der
Hammen, T. (Eds.), Archaeology and Environment in Latin América. Universiteit
van Amsterdam, pp. 259-282.

Lopez, ]., Bracco, R., 1994. Cazadores-recolectores de la cuenca de la laguna Merin:
aproximaciones teoricas y modelos arqueoldgicos. In: Lanata, ].L., Borrero, LA.
(Eds.), Arqueologia de Cazadores-Recolectores. Limites, Casos y Aperturas,
Arqueologia Contemporanea. Edicion Especial, Buenos Aires, pp. 51-64.

Lopez, ]., Gianotti, C., 1997. Construccién de espacios ceremoniales piiblicos entre
los pobladores prehistéricos de las tierras bajas de Uruguay: el estudio de la
organizacion espacial en la localidad arqueolégica Rincon de los Indios. Revista
de Arqueologia 11, 87—105.

Lopez, ]., Pintos, S., 2001. El paisaje arqueolégico en la laguna Negra. En: Arqueo-
logia Uruguaya Hacia el Fin del Milenio. In: Actas del IX Congreso Nacional de
Arqueologia, Colonia del Sacramento, R.O.U. Grificos del Sur, Montevideo,
Uruguay, pp. 175-185.

Lopez, .M., Guasque, A., Moreno, F, 2009. Arqueologia de los “cerritos costeros” en
el sitio Estancia La pedrera 2008. In: Beovide, L., Erchini, C., Figueiro, G. (Eds.), La
Arqueologia como Profesion: los primeros 30 aifios. XI Congreso Nacional de
Arqueologia Uruguaya. Asociacion Uruguaya de Arqueologia, Montevideo,
Uruguay, pp. 202—217. Digital Publication.

Mancini, M., Paez, M.M., Prieto, AR, Stutz, S., Tonello, M., Vilanova, 1, 2005.
Mid-Holocene climate variability reconstruction from pollen records
(32°—-52°S, Argentina). Quaternary International 132, 47—59.

Melo, M.S., Giannini, P.C.F, Pessenda, L.C., Brandt Neto, M., 2003. Holocene paleo-
climatic reconstruction based on the Lagoa Dourada deposits, southern Brazil.
Geologica Acta 1 (3), 289—302. Barcelona, Espaiia.

Moro, R, Bicudo, C, de Melo, M, Schmitt, ]J., 2004. Paleoclimate of the late
Pleistocene and Holocene at Lagoa Dourada, Parand State, southern Brazil.
Quaternary International 114, 87—99.

Morrone, ].J., 2001. Biogeografia de América Latina y el Caribe. In: Manuales y Tesis
S.E.A. (Sociedad Entomolégica Aragonesa), vol. 3 Available online at: http://
www.seaentomologia.org/Publicaciones/ManualesTesis/ManualesTesis3/
manualestesis3.htm Zaragoza (accessed 29.01.09).

Morrone, ].J., 2006. Biogeographic areas and transition zones of Latin America and
the Caribbean Islands based on panbiogeographic and cladistic analyses of the
entomofauna. Annual Review of Entomology 51, 467-494.

Mulholland, S., Rapp Jr, G., 1992. Phytolith systematics: an introduction. In:
Rapp Jr., G., Mulholland, S. (Eds.), Phytolith Systematics. Emerging Issues.
Advances in Archaeological and Museum Science, vol. 1, pp. 1-14. Olfield y
Alverson 2003.

Panario, D., Bidegain, M., 1997. Potential effects of climate change on the evolution
of grasslands in Uruguay. Climate Research 9 (1-2), 37-40.

Panario, D., Gutiérrez, 0., 1999. The continental Uruguayan cenozoic: an overview.
Quaternary International 62 (1), 75—84.

Panario, D., Gutiérrez, 0., 2006. Dinamica y fuentes de sedimentos de las playas
uruguayas. In: Menafra, R., Rodriguez, L., Scarabino, F, Conde, D. (Eds.), Bases
para la conservacion y el manejo de la costa uruguaya. Vida Silvestre Uruguay,
Montevideo, pp. 21-34.

Pintos, S., 1999. Tamulos, caciques y otras historias. Cazadores recolectores
complejos en la Cuenca de la Laguna de Castillos, Uruguay. Complutum 10,
213—-226. Espaiia.

Pintos, S., Capdepont, 1., 2001. Arqueologia en la cuenca de la Laguna de Castillos.
Available online at:. In: Apuntes sobre complejidad cultural en sociedades caza-
doras recolectoras del Este de Uruguay. Arqueoweb 3(2) octubre 2002 http://
www.ucm.es/info/arqueoweb/numero3_2/articulo3_2Chtm (accessed 16.12.09).

Piovano, E.L, Ariztegui, D., Cérdoba, F, Coccale, M., Sylvestre, F., 2009. Hydrological
variability in South America below the Tropico f Capricorno (Pampas and
Patagonia, Argentina) during the last 13.0 ka. In: Vimeux, F, Sylvestre, F,
Khodri, M. (Eds.), Past climate variability from the Last Glacial Maximum to the
Holocene in South America and Surrounding regions. Springer-Developments
in Paleoenvironmental Research Series (DPER), pp. 323351

Piperno, D., 1988. Phytoliths Analysis: an Archeological and Geological Perspective.
Academic Press, New York, 280 pp.

Prevosti, FJ, Bonomo, M. Tonni, EP, 2004. La distribucién de Chrysocyon
brachyurus (Illiger, 1811) (mammalia: carnivora: canidae) durante el Holoceno
en la Argentina: implicancias paleoambientales. Mastozoologia Neotropical 11
(1), 27-43.

Prieto, A.R., 1996. Late Quaternary vegetational and Climate change in the Pampa
Grassland of Argentina. Quaternary Research 54, 73—88.

Prieto, A.R., 2000. Vegetational history of the Late glacial-Holocene transition in
the grasslands of Eastern Argentina. Palaecogeography, Palaeoclimatology,
Palaeoecology 157 (3—4), 167—188.

Prieto, AR, Blasi, A., De Francesco, C., Fernandez, C., 2004. Environmental history
since 11,000 14C yr B.P. of the northeastern Pampas, Argentina, from alluvial
sequences of the Lujdn River. Quaternary Research 62, 146-161.

Prieto, 0., Alvarez, A., Arbenois, G., De Los Santos, ].A., Veside, A., Schmitz, P.L, Basile
Becker, ., Naue, G., 1970. Informe Preliminar Sobre Investigaciones Arqueo-
l6gicas en el Departamento de Treinta y Tres, R.0. Uruguay. Instituto Anchietano
de Pesquisas, R.S. Brasil. Publ. Avulsas N° 1.

PROBIDES, 1999. Plan Director: Reserva de la Bidsfera Bafiados del Este. PROBIDES
(Programa de Conservacién de la Biodiversidad y Desarrollo Sustentable de los
Humedales del Este), Montevideo, Uruguay.

Quattrocchio, M.E., Borromei, A.M., Deschamps, C.M., Grill, 5.C,, Zavala, C.A., 2008.
Landscape evolution and climate changes in the Late Pleistocene—Holocene,
southern Pampa (Argentina): evidence from palynology, mammals and
sedimentology. Quaternary International 181, 123—138.

Roberts, N., 2009. Holocene climates. In: Gornitz, V. (Ed.), Encyclopedia of
Paleoclimatology and Ancient Environments. Springer, pp. 438—441.

Rosengurtt, B., 1944. Estudios sobre Praderas Naturales del Uruguay. Apartado de
Agros. In: 4% Contribucién: Las formaciones campestres y herbdceas del
Uruguay. Talleres Grdificos Castro y Cia, Montevideo.

Rosengurtt, B., 1979. Tablas de comportamiento de las especies de plantas de
campos naturales en el Uruguay. Facultad de Agronomia, Direccién General de
Extensién Universitaria, Divisién Publicaciones y Ediciones, Montevideo.

Santos, 0., 1965. Primer mapa arqueolégico del departamento de Rivera. Centro
Arqueologia Rivera 1, 11-21. Rivera, Uruguay.

Schmitz, P.L, 1967. Arqueologia no Rio Grande do Sul. Pesquisas, Antropologia n® 16.
Sao Leopoldo, Brasil.

Schmitz, P, 1973. Cronologia de las culturas del sudeste de Rio Grande do Sul. In:
Primer Congreso Nacional de Arqueologia, Segundo Encuentro de Arqueologia
del Litoral. Museo Municipal de Historia Natural, Fray Bentos, Rico Negro,
Uruguay, pp. 105-117.

Schmitz, P.I, 1976. Sitios de Pesca Lacustre em Rio Grande, RS, Brasil. In: Tese de
livre docencia, Pontificia Universidad Catdlica Rio Grande do Sul (PUCRGS).
UNISINOS, Sio Leopoldo, Brasil.

Schmitz, P.I, Basile Becker, LI, 1967. Arqueologia no Rio Grande do Sul. Estudos
Leopoldenses 5, 47—74. Sdo Leopoldo, Brasil.

Schmitz, P, Basile Becker, LI., 1970. Aterros en dreas alagadigas no sudeste do Rio
Grande do Sul e Nordeste do Uruguay. Anais do Museo de Antropologia 3 (3),
91-123. Floriandpolis, Brasil.

Schmitz, P.I,, Brochado, ].P., 1981. Datos para una secuencia cultural del estado de Rio
Grande do Sul. Pesquisas Antropologicas 32, 131-160. Sdo Leopondo, Brasil.
Schmitz, P.I., Naue, G., Basile Becker, 1., 1991. Os aterros dos campos do sul: a Tra-
dicdo Vieira. In: Arqueologia y Pré-Historia do Rio Grande do Sul. Mercado

Aberto, Porto Alegre, Brasil, pp. 221-250.

Schorr, M.H., 1975. Abastecimento Indigena na Area Alagadica Lacustre de Rio
Grande do Sul, Brasil. Sant’Ana do Livramento. Associa¢do Santanense Pré
Encino Superior (Cuadernos 1).

Scott, L., 2002. Grassland development under glacial and interglacial conditions in
southern Africa: review of pollen, phytolith and isotope evidence. Palae-
ogeography, Palaeoclimatology, Palaeoecology 177 (1-2), 47-57.

Sganga, ].C., 1994. Caracterizacién de la vegetacion de la R.O.U. In: MGAP Boletin
Técnico N° 13: Contribucién de los Estudios Edafolégicos al Conocimiento de la
Vegetacion en la Repiiblica oriental del Uruguay, pp. 5-15.

Smith, F, Anderson, K., 2001. Characterization of organic compounds in phytoliths:
improving the resolving power of phytolith §13C as a tool for palaeoecological
reconstruction of C3 and C4 grasses. In: Meunier, ]., Colin, F. (Eds.), Phytoliths:
Applications in Earth Sciences and Human History. Balkema, pp. 317—-327.

Smith, FA., White, JW.C., 2004. Modern calibration of phytolith carbon isotope
signatures for C3/C4 paleograssland reconstruction. Palaeogeography, Palae-
oclimatology, Palacoecology 207, 277—-304.

Soriano, A., 1991. Rio de la Plata Grasslands. In: Coupland (Ed.), Natural Grasslands.
Elsevier, Amsterdam, The Netherlands, pp. 367—407.

Tonni, E.P, Cione, A.L., Figini, A.J., 1999. Predominance of arid climates indicated by
mammals in the pampas of Argentina during the Late Pleistocene and Holo-
cene. Palaeogeography, Palaeoclimatology, Palaeoecology 147, 257—-281.

Twiss, P.C,, 1992. Predicted world distribution of C3 and C4 grass phytoliths. In:
Rapp Jr., G., Mulholland, S.C. (Eds.), Phytolith Systematics. Emerging Issues.
Advances in Archaeology and Museum Science, vol. 1, pp. 113—128.

Zarate, M., Kemp, R.A., Espinosa, M., Ferrero, L, 2000. Pedosedimentary and
palaeoenvironmental significance of a Holocene alluvial sequence in the
southern Pampas, Argentina. The Holocene 10 (4), 481-488.

Zucol, AF, Brea, M., Scopel, A., 2005. First record of fossil Wood and phytolith
assemblages of the Late Pleistocene in El Palmar National Park (Argentina).
Journal of South American Earth Science 20, 33—43.



