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iations. 1. Introduction

The transformation and ecological management of the environment have been a
constant throughout the process of human population of the South American lowlands. Dif-
- ferent types of earthen architecture are evident with regional and local particularities, from
the Amazon region to the Southern Atlantic. Residential and funeral mounds [1-3], enclo-
sures demarcated by excavated ditches [3,4], canals and rectilinear earthworks (ramparts,
ridges, raised fields) for cultivating low areas susceptible to flooding [5-8] and structures
such as dikes and tanks for fish breeding and fishing [9,10] are some of the indigenous con-
structions which bear witness to social processes of landscape transformation in timescales
of medium to long-term duration.
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The emergence and development of these architectures have been considered as indicators
of occupation processes with extremely heterogeneous sociopolitical trajectories [1,2,4,11-13].
Different types of earthen constructions appear in the flood plains of the Orinoco [14], associated
with the main watercourses and deltas of the Amazon River [1,2,12], on the coast of the
Guayanas [8], on the Moxos Plains in Bolivia [15,16], in the deltas of the Parana River and
Uruguay River [17], in the wetlands of the upper Paraguay River [18,19] and in the basins of the
coastal lagoons of the south of Brazil [20,21], as well as the east and northeast of Uruguay [22-25].
The observation of these transformations has given rise to the recognition of monumental
landscapes [26], managed landscapes [27] and domesticated landscapes [4].

The magnitude and geographical scale of South American earthworks are key argu-
ments in debates on environmental modifications, social complexity and regional historical
and demographic processes. However, there is still a paucity of studies focusing on dis-
tributional and locational analyses of these structures. In Mesoamerican, European and
North American contexts these approaches are in the process of development [28-30],
but the logistical difficulties of working in lowlands and the costs of mapping techniques
have allowed for an approach on a site scale and of geographically limited archaeological
phenomena. The growing availability of geospatial information on regional scales (aerial
images, digital models, LIDAR, among others) has made it possible to revert this panorama
and make progress in the intensive localization of earthworks, particularly in the Amazon
region [31-33]. Several of these studies have made it possible to establish eco-archaeological
regions, combining the analysis of the distribution of earthworks and their association
with ecological environments [33]. The documentation and distributional analysis of round
mound villages has made it possible to glimpse possible regional hierarchical patterns [32].
Along the same lines, the modeling of the distribution of archaeological sites together
with environmental and topographical variables has shown how interfluves and lesser
tributaries of the Amazon sustained high densities of population [31].

In spite of these advances, extensive zones of the South American lowlands with
earthworks continue to present vacuums of archaeological information for establishing
regional models of settlement, among them the regions of the Chaco, Pantanal, Parana
Delta and the southern Atlantic coast. The latter region stands out for containing the
densest and earliest distribution of mounds and earthworks (ca. 5000 years cal BP) [22,24],
a phenomenon pointed out as a source of social complexity [22,25,34].

1.1. A Spatial Approach in the South Atlantic Lowlands

During the mid-Holocene, from ca. 48004500 years cal BP, the first earthen mounds ap-
peared in the lowlands of the India Muerta region in the department of Rocha, Uruguay [24,35,36].
The mound architecture spread across a wide area ca. 3500-2500 years cal BP, taking in the
northeast and southeast of Uruguay and the south of Brazil [25,37,38].

The mounds are earthen constructions with different morphologies and dimensions,
known in Uruguay and Brazil as cerritos, aterros or tesos. Their dimensions are variable
with heights ranging between 0.5 m and 7 m and diameters from 15 m to 60 m. There are
some cases of long mounds of between 100 m and 200 m on their longest axis [24,25,39-43].
Excavations have made it possible to interpret different uses and functionalities, such as
housing areas [23,44,45] and villages [24,42], funerary and ceremonial usage [22,25,41,46],
territorial and symbolic markers [25,47,48], structures for cultivation [24,49] and a combi-
nation of all of the above over the course of time [25,42,48,50].

Access to technologies for the acquisition of geolocation information has influenced
the systematic identification and analysis of mounds in different regions of Uruguay.
Initially, the availability of historical aerial photographs from the Servicio Geografico
Militar (Military Geographic Service) made it possible to locate hundreds of mounds and
to draw up the first archaeological maps [47,51,52]. The integration of these images into
geographic information systems (GIS) increased the capacity to generate georeferenced
databases of mounds across wide areas with significant vacuums of information. In general
terms, based on these surveys, two main patterns of mound aggregation were proposed: the
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nucleated pattern and the isolated pattern [23]. The nucleated pattern is mainly associated
with the wetlands and flood plains, whereas the isolated pattern is more connected with
the mid and high plains which surround the wetlands [22,23].

The spatiality of the mound phenomenon has always been a topic of interest in regional
research. On different scales, the spatial approaches have revolved around the analysis of
settlement patterns [23,51,53] the intrasite spatial organization [37,54-56], the arrangement
of mounds with different morphologies within denser complexes [22,39] and the micro-
space within the cerrito [50,57]. The results of locational analyses have shown how the
quest for prominence, the visibility between sites and the environment, and mobility in
areas prone to flooding could be decisive factors in terms of the location and distribution
of mound sites [42]. Along similar lines, recent analyses in Patos lagoon (Brazil) propose
a model of aquatic mobility which recognizes sailing as a key factor in the pattern of
settlement [21] and visibility as a mechanism of territorial control [20]. The conclusions
of these studies have been central arguments in discussing aspects such as the social
organization of the communities, sedentarism and the nature of landscape transformations.

On the other hand, Iriarte [55], via excavation work carried out in the India Muerta
region, proposes a pattern of community-based village settlement with the emergence of
processes of social complexity around 3000-2500 years BP. This pattern distinguishes lesser
mound sites and central villages with a greater aggregation of mounds, a variability of earth-
works (platforms, microreliefs and mounds), well-differentiated internal areas, the presence of
squares and areas for cultivation. Based on the comparative locational analysis of mounds in
two regions of Uruguay, Gianotti [42] recognizes different patterns interpreted as responses to
changes in the social structure of the mound-building populations, which would reflect peri-
ods of social aggregation (fusion) and disaggregation (fission). Bracco et al. [35], in a study of
the India Muerta-Paso Barrancas area, maintain, however, that the sites cannot be interpreted
as villages and that the distribution of mound sites does not present significant variations and
centralities in its regional spatiality. This research concludes, unlike the proposal of Iriarte [55],
that there is no aggregative hierarchical pattern of mounds and that the distribution is repre-
sentative of a social space with no great discontinuities [35]. These two interpretations show
two almost antagonistic views of the spatiality of the Uruguayan mounds. Key issues such
as complexity, intentionality, spatial planning, village organization and monumentalization
processes of earthworks have been stressed by several authors [25,38,42,55]. The opposing
interpretation questions these aspects, arguing that the distribution of mounds responds to
economic decisions local to the sources of resources [35,39].

In this paper, certain elements shall be addressed with regard to this debate employing
different procedures of documentation, prospection and spatial analysis of earthworks for
the region of India Muerta. New sources of information are employed which have made
it possible to obtain and extend data of mounds with greater spatial accuracy, to improve
their morphological and distributional characterization and to identify new associated ar-
chaeological structures. This documentation favors the trial of statistical and spatial analyses
with the aim of characterizing the mound sites, their location, emplacement and patterns of
distribution. The results will make it possible to reveal if there are regularities which can be
taken as emplacement strategies for mound sites and to identify patterns of settlement. This
approach assumes that the mound sites constitute fundamental architectures in the life of the
indigenous populations of the region and that, by studying them in spatial terms, it will be
possible to examine in depth the underlying logic to the social construction of the territory.

1.2. Study Area

The study area is part of the basin of Merin lagoon and encompasses the wetlands of
India Muerta. It is bordered to the north by the Cebollati River, to the south-southeast by
the mid-plains and hills of Campo Alto and the Sierra de los Ajos, and to the west by the
Sierra de Averias. The territory is characterized by the presence of low and mid-plains with
extensive grasslands, a dense network of rivers, streams, lagoons and permanent and seasonal
wetlands [24,58,59].
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The reconstruction of sea-level, climate and vegetation variations via multiproxy data
from landforms and lagoon bottom core along the Uruguayan Atlantic coast has led to the
identification of transgressive event before 7000 years '4C, with a high sea level (3-5 m
above sea level) between 6000 and 5000 years *C and a regressive event with interruptions
due to relative sea-level increase of minor magnitude circa 3200 and 1700 years '4C BP, also
marked by climatic oscillations [22,60-63]. The genesis of the India Muerta wetlands is
linked to this transgressive event through alluvial fans and plains with obstructed drainage
of the streams of India Muerta and Coronilla [64]. The mounds are associated with the
freshwater wetlands located above levels of +10-15 masl which, a priori, were not greatly
affected by the maximum sea levels during the mid-Holocene.

The combined analysis of pollen and phytoliths of a sample from the Los Ajos lagoon
(India Muerta) indicates that the mid-Holocene, between ca. 7516 and 4495 cal years BP
(ca. 6620 and 4020 14C years BP), was a period of significant climatic fluctuation marked
by a growing aridity, the maximum peak of which has been detected around 4495 cal
years BP [24,65]. The oldest dating with a precise archaeological context for this region
is 4840-4580 cal years BP [44], showing a clear coincidence between the beginning of
mound construction and this period of maximum aridity [65]. At that time, the permanent
wetlands of the area, which were probably more limited and with concentrated resources,
demonstrated favorable conditions for the aggregation of human populations [65]. This
aspect is in agreement with the record obtained for the zone of coastal lagoons, which
identifies, from ca. 4500 years BP to ca. 3000 years BP, a semiarid or markedly seasonal
climate in precipitation which led to the development of vegetation with short grasslands
and few woody elements [61]. This drier and colder period extended up to 3000-2000 years
BP, according to the records obtained in the stratigraphic profiles of certain archaeological
sites [66]. For the period after 3000 years BP, evidence from other sites suggests the
beginning of a trend towards warmer and damper conditions [55]. During this period,
there was a significant expansion of mound-building groups towards the southeastern and
northeastern areas of Uruguay, as well as towards the coastal lagoons of the south of Brazil.

Palynological analyses carried out in the zone of Los Ajos confirm that the permanent
wetlands of India Muerta had already been developed from at least ca. 2000 cal years
BP, with similar characteristics to today [24]. Following the last marine transgression of
the Holocene, the coastal wetlands below +5 masl, stabilized and acquired their current
configuration. In the basin of Merin lagoon, these wetlands were connected to tidal flats,
paleolagoons, flood plains and abandoned watercourses [64]. The mounds continued to be
inhabited and built in the region of India Muerta in those times [36].

Within the alluvial fan system and the wetlands which characterize the Estero de
India Muerta and Rincén de la Paja wetlands, areas of higher land are recognized as
mesoreliefs with regard to the lower levels of the flood plain. Many of these features are
topographically distinguished and accentuated by the location of mound sites. The local
peoples used the concept of isla (island) to denominate these mesoreliefs, which were also
visually recognizable due to the presence of trees, which were absent in the rest of the
territory. In the historical cartography of the area, it is common to find the use of the place
name isla and reference to cerritos, which have a direct association with the known mound
sites of the region (Figure 1).

These assumptions are proposed as the basis of the GIS-based analysis of the present
study with the intention of examining the processes of construction and transformation
of the landscape in the India Muerta region. On the one hand, the regional scale of the
distribution, characterization and location of earthworks is presented, paying particular
attention to the patterns of aggregation along with morphometrical and locational variables.
On the other hand, the detailed emplacement is examined via the concept of “insularity”
as a significant factor in itself. In this way, central aspects, such as topographical promi-
nence, visibility and the dry/flood zone relationship are systematically and comparatively
analyzed as possible factors influencing the location of the mound sites. The results are
presented and discussed in the light of the different proposals put forward for the region.
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Figure 1. Concept of isla (island) and cerritos (mounds) in cartography and the landscape. (a) Section
of the measurement plan of the Estero del Medio zone from 1916 (MTOP 106713): Islas Grandes, Isla
de la Perra, Isla Redonda, Islas Mellizas, Cinco Islas and Cerrito. (b) Section of the measurement plan
of the Cafiada Grande and San Luis zone from 1831 (MTOP 106428): Isla Negra, Isla Redonda, Isla
del Molle, Isla de las Texeras. (c) Group of mounds, Los Huesos in the Rincén de la Paja wetland.
(d) Group of mounds, Los Ajos in the mid-plain close to the Sierra de los Ajos.

2. Materials and Methods

The methodology proposed contemplates two main stages. The initial phase addresses
the geospatial location and documentation of mound sites in order to generate a georefer-
enced database. This database integrates quantitative and qualitative parameters which
enable dynamic interaction with geostatistical procedures. The second stage consists of
processing and systematically analyzing the geospatial variables linked to the emplacement,
distribution and aggregation of the mound sites.

2.1. Remote Sensing

The starting point was a registry of mound sites from previous studies of around
300 cerritos. These were generally grouped together, with a few cases in isolation [23,66].
In addition, systematized locations of published maps were taken into consideration, which,
although the location was relative, enabled some mounds to be recognized [35,39,52]. With the
information obtained, a stage aimed at the remote detection of mound sites via digital images
and models of the study area was proposed. Historical aerial photographs (scale 1:20,000)
from the Servicio Geogrifico Militar (Military Geographical Service, Montevideo, Uruguay)
from 1966 were used, along with different digital information by photogrammetric cover-
age of Infraestructura de Datos Espaciales de Uruguay (Infrastructure of Spatial Data, IDEUY,
Montevideo, Uruguay): orthoimages (natural color and infrared) with a resolution of 0.32 m,
digitals terrain models (DTM) with a spatial resolution of 2.5 m and vectorial thematic map-
ping generated by images corrected by aerotriangulation with Inpho Match-T software and
improved point cloud after cleaning the digital surface model with DT_Master software. Via
the use of different visualization algorithms applied to the DTMs [67], topographical features
of the terrain were highlighted, facilitating the detection of mounds.
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2.2. Geospatial Data and Fieldwork

The located sites were integrated into a project using the QGIS 3.8.1 software, along
with data from associated case histories, archaeological excavations and chronologies, etc.
(Figure 2). This process made it possible to document a total of 321 new archaeological
structures. Based on these results, an intensive and targeted archaeological prospection was
designed to contrast the locations of the mound sites detected in the field, extend the docu-
mentation with morphometric and geographical variables and to locate new structures.

[, “

MY o i AT A

C | Code Toponym Register Number | Elevation i i PERIMETER | DISTURBANCE | CAUSE | WOODED | X Y;
L0181203Q01 | Calle ancha / India Muerta | 6952 16 60 |60 2 2862 | 192 Low Natural |Yes 779,864.13  6,275,177.69|

L0181203Q04 | Calle ancha / India Muerta | 6952 16 40 |35 2 1141 | 122 Low Natural |yes 780,070.82  |6,275,077.70|
LO181203Q05 | Calle ancha / India Muerta | 6952 16 22 |14 0.5 259 |61 Low Natural |No [780,055.06 |6,275,042.77|
L0181203Q03 | Calle ancha / India Muerta | 6952 17 1 f10 |25 [9 |36 Low Natural [No [780,094.14 |6,275,034.23|
L0181203Q02 | Calle ancha / India Muerta | 6952 17 55 |46 25 2087 | 165 Low Natural |Yes 780,095.73  |6,275,001.38]

Figure 2. Documentation of mound structures. (a) Identified in aerial photographs from 1966 (SGM
1:20,000). (b) Field record of the central point and polygon. (c) Some of the variables recorded in the
field and inputted into the GIS.

The survey was complemented by the creation of detailed topographies with a total
station in a selection of mound sites (Garcia Richi, La Tapera and Isla de los Talitas). At
the same time, aerial photogrammetric surveys were carried out of two of the largest
mound sites (Los Ajos and Malabrigo sites, with 90 and 71 earthworks respectively). These
data made it possible to identify and analyze with greater resolution morphometrical
attributes (heights, areas, volumes, gradients and orientations, among others) necessary
for characterizing formal and construction features of the earthworks, and to recognize
geoforms associated with the mound sites (micro-reliefs, platforms, squares, lagoons,
channels, embankments and connecting spaces; Figure 3).

2.3. Spatial Analysis

The aim of this phase was to understand the distribution and emplacement of the
mounds via the interpretation of relevant parameters which characterize the landscape. For
this purpose, spatial analysis using QGIS and ArcGIS environments was employed. The
analysis aimed at evaluating whether the location of the mounds was random or whether it
reproduces one or more patterns in the study area. More specifically, different aspects were
evaluated via two analytical designs. The first (see Section 3.3., Distributional analysis)
analyses the possible groupings of the mounds and their characteristics in the regions in
hierarchical terms, analyzing continuities and discontinuities in their distribution. The
second (see Section 3.4. Insularity analysis), taking the results of the first design as a starting
point, explores the location of the mounds in relation to their perception as islands, studying
whether there is a correlation between the location of the mounds and the prominence
variables (visual and topographical) and flooding in the region. The results of both analyses
are aimed at discussing possible patterns of mound emplacement and location, evaluating
the different population dynamics which may have arisen over such a long period of time.
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Figure 3. Geospatial record of earthworks in the field. (a,b) Orthoimage with GPS polygons of the
different earthworks and DTM created via topography with total station of the La Tapera ensemble
of mounds. (c,d) Orthoimage with GPS polygons of different earthworks and DTM created via drone
photogrammetry of the Los Ajos mound site.

2.3.1. Distributional Analysis

The analysis of hierarchical clusters is particularly useful in exploring the spatial
distribution of the mound sites and their spatial associations on different levels, employing
the hclust algorithm of Rstudio [68]. The objective is to identify groupings (ensembles of
mounds) with more similarities than the objects (mounds) of other clusters and to represent
this in a graphic way via a dendrogram. As proposed by Carlson [69], there are three
decisions to be taken in accordance with the nature of our data and the research objectives:
the selection of variables to be grouped (X and Y coordinates), how to calculate the distance
(Euclidian) and how to combine the observations into clusters (complete method). These
methodological criteria have been successfully employed in other regions with similar
problems [70]. In our case, work was carried out on a regional level, analyzing the first
three cutoffs discarded from the dendrogram so as to select from among them the optimal
number of clusters for comparative regional analyses. The selection of the cutoff arose
in accordance with the correspondence with the traditionally recognized environmental
units and ecosystems of mound sites: low plains with flooding, mid-plains and hills. In
turn, the degree of grouping of the observations was evaluated via the nearest neighbor
analysis (NNA) test [71,72]. The visualization of the groupings was carried out using the
Kernel method, which calculates the density of points via the density of the entities around
them [70,73,74]. The NNA and kernel analyses focused on being able to determine whether
the mound structures were grouped together or if they were distributed randomly. The
recognized groupings could be linked to both environmental and intentional aspects of
social construction and differential use of the landscape by these indigenous groups.

2.3.2. Insularity Analysis

Evaluating the structure of the landscape is feasible via a series of variables to contrast
the degree to which the emplacement of the cerritos is differential in accordance with
the concept of insularity. An island is a piece of land surrounded by water, a dry and
prominent zone from the topographical and perceptive point of view. This definition
is used to evaluate a terrain according to the following variables: flood risk (column of
accumulated water), topographical prominence (relative altitude) and visibility (visual
perception of the terrain). The analyses were carried out using the ArcGIS 10.4 software,
based on the digital modeling of the variables with the DTM and the IDEUY data. The
variables have been statistically defined, detailing the study of their distribution. Thus, the
distribution of each variable has been analyzed, comparing the locations of the cerritos in
the study area.
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The analysis of flood risk describes the size of the water column which would form in
each cell of the terrain if the same amount of water were constantly poured into it. After this
size, the water would overflow into other zones of the terrain which would consequently
end up overflowing. The analysis was implemented using hydrological tools of the GIS
software, which, based on the DTM, make it possible to calculate the zones in which water
would accumulate. For this purpose, the spatial analyst extension and the sink and fill tools
were used to analyze the catch basins, calculating the water column based on the altimetric
difference between the filling of the catch basin and the DTM.

The analysis of topographical prominence describes the relative altitude of the position
of the mounds with regard to their environment in a variable radius of distance. This type
of analysis has been used in archaeology for different contexts and archaeological manifesta-
tions [75]. In Uruguay, similar analyses carried out to characterize the emplacement of mounds
in the fluvial plains of Tacuaremb¢ and the highlands of Potrero Grande demonstrated how
the cerritos are located in places with a certain degree of natural prominence in relation to
their immediate surroundings [42]. In this case, the relative altitude of the position of each
mound was compared with points distributed in a regular mesh each 200 m, resulting in
some 10,000 points distributed throughout the study area. From among the different forms
that can be used to calculate the relative altitude, a calculation was employed which weighs
the altitude against the mean of the surrounding area and makes it possible to compare the
relative altitude in any location, independently of the altitude of the terrain [76] (pp. 23-24).

Visibility analyses have been widely used in archaeology, particularly since the develop-
ment of GIS in the field of landscape archaeology [77] (pp. 1-28). In this case, the visibility
analysis (visual perception of the terrain) seeks to characterize the visual prominence of the
whole area, comparing locations with mounds and those without. Prominence is defined as
the size of the area from which each location is visible from others. That is to say, one position
will be more prominent if it is visible from a greater area. Therefore, our analysis is based
on visibility calculations more than on visibility [78] (pp. 265-292). These representations
have been defined by Loots [79] in GIS software as reflective viewshed. The calculations were
implemented with the viewshed tool, adding up the altitude in each pixel and the height
of a person (1.7 m) from which each calculation was carried out and limited with different
distances in relation to the possibilities of perception potentially permitted by each one [80].
The calculations were made for all of the terrain cells and their representation can be taken to
be a total viewshed [81-83] defined as an index with values between 0 (pixels not visible from
any other pixel) and 1 (pixels seen from all of the pixels). For both the visibility and relative
altitude analyses different scripts were programmed in Arc GIS 10.4., which automates the
calculations and were executed over many hours of computation in order to obtain the values
from the thousands of pixels of which the DTM of the study area consists.

3. Results
3.1. Remote Sensing

The use of aerial images and digital models made it possible to document 666 mounds in
an area of 386 km? (2.6 mounds per km?), with maximum densities in Colina Damonte site,
where 59 mounds were concentrated in 0.2 km?. The IDEUY DTM facilitated the identification
of mounds and associated archaeological structures, artificial canals, present-day paths and
topographical features linked to productive use, among others. In spite of the good resolution
of the DTM, the majority of the mounds are not represented topographically. One possible
explanation for this is that, due to the lack of knowledge of these archaeological entities, some
mounds may have been eliminated in the photogrammetric processing due to the use of
algorithms for the extraction of land elevations which would treat them as outliers (Figure 4),
errors in elevation which do not correspond with the reality of the terrain. These absences are
clear in the hillshade of Figure 4d, made from 16 directions and displayed as RGB. We have
used different visualization techniques in addition to the previous one, such as slope gradient
(SG), sky-view factor (SVF) or local relief model (LRM). The application of these techniques
was done with the Relief Visualization Toolbox (RVT 2.2.1) [84,85]
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Figure 4. Documentation process of mounds and associated archaeological features using
three different sources of information: hillshade calculated from multiple directions. (a,d), Historical
aerial photographs (b,e), and present-day orthoimages (c,d). Location of a mound site composed
of two mounds (a—c). In the DTM, a single mound appears (a); in the aerial photograph (b) and
orthoimage (c) two mounds are identified. Group of mounds and associated anthropic canals (d—f):
the mounds identified in the aerial photograph and orthoimage (e,f) are not represented in the
hillshade (d). Furthermore, the presence of canals and depressed areas in the terrain around the
mounds and groups should be noted (a,d).

3.2. Geospatial Data and Fieldwork

Of the total of 666 mounds geolocated via remote sensing, 421 were observed with their
location in the field and data were extended aimed at the documentation of morphometrical,
conservation and emplacement (among others) variables (Figures 5 and 6).

770,000

A

6,270,000

| 6.260,000

i NWMJI i

770 NI B A S 780,000 2 4 km
//(F\/\ L S
~4 J\ [ Study Area —— Hydrography
) V, 7 * Mounds georeferenced in the field Contour lines (masl)
\ \ :-7 © Mounds identified by GIS Wetlands
— L

Figure 5. Map of the location of mounds in the macro-region of India Muerta via remote sensing and
archaeological prospection in the field. Coordinates WSG84/UTM zone 215 and UTM zone 22S. Masl
abbreviation corresponds to meters above sea level.
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Figure 6. Results of the distributional analysis of mounds (a). Dendrogram resulting from the hclust
algorithm, complete method in Rstudio. The possible cutoffs are shown for the scale of work by
the dotted line, while the continuous black line shows the selected cutoff. (b) Spatial distribution
of clusters resulting from the selected cutoff of the dendrogram. DEM abbreviation correspond to
Digital Elevation Model. (c) Kernel model of the Campo Alto cluster, (d) kernel model of the Sierra
de los Ajos cluster, (e) kernel model of the India Muerta wetlands cluster. The numbers indicate
some of the most representative mound sites: (1) Isla de los Talitas, (2) Jaula del Tigre, (3) Mal Abrigo,
(4) Garcia Ricci, (5) Campo Alto, (6) Cabrera B, (7) Cerro Alto, (8) El Solitario, (9) Los Ajos, (10) Colina
Damonte, (11) La Viuda, (12) La Tapera, (13) Los Huesos, (14) Maria.

On a morphometrical level, the mounds present average sizes of 37 m in length
(SD =15.1), 29.9 m in width (SD = 11) and 1.5 m in height (SD = 1.1; Table 1). In the case
of elongated mounds, some (n = 5) were recorded with a longitudinal axis longer than
80 m. These mounds may be constructions of the platform type, probably with different
functions, or complex forms resulting from superposition, the union of several structures
or from remodeling, as has been documented in the mound sites of other regions [50].
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Table 1. Basic statistics of the metric attributes of the mounds.
Length (m) Width (m) Height (m)

Min. 9 6 0.4

1st Quartile 25 21 0.7

Median 34 27 1.2

Mean 36 30 1.5

3rd Quartile 43 35 2.0

Max. 150 83 7.0

3.3. Distributional Analysis

In the dendrogram resulting from the distributional analyses of the hierarchical cluster
(Figure 6a) three cutoffs are clearly visible on a regional scale, between 15 and 20 km, which
group the mounds into two, three and four large clusters, respectively. The distribution
of mounds and their links with the geomorphological and environmental variability of
the region is well-represented in the second cutoff from the dendrogram (at 17 km), which
results in three large clusters (Figure 6b). In these clusters, the groupings subdivide,
identified as smaller groups which present different patterns of grouping (Figure 6¢c—e).

The results show three large areas of mound distribution associated with different
environmental units. The first area is associated with the lowlands and wetlands known
as the India Muerta wetlands; the second is related with the mid-plains/hills known as
Campo Alto and the headwater of the San Luis stream, which is the limit of the study area
coinciding with the watershed; the third area is the line of hills and highlands which define
the Sierra de Los Ajos.

The results of the nearest neighbor analysis show clear patterns of grouping through-
out the whole area. The Campo Alto and Sierra de Los Ajos areas (Figure 6) are those
which show the highest levels of grouping and density of mounds per km?. On the other
hand, the India Muerta wetlands area presents clearly grouped patterns but shows a lower
density of mounds per km? (Table 2). In addition to the density shown in each cluster,
inside of these, much higher densities are registered, and the large sets of the Sierra de los
Ajos cluster stand out (Ajos = 79 mounds in 0.4 km?, Mal Abrigo = 71 mounds in 0.5 km?,
Colina Damonte = 59 mounds in 0.2 km?).

Table 2. Results of the nearest neighbor analysis for each local cluster.R abbreviation in the table
represent the nearest neighbor ratio.

Density of
Mean Distance Expected Distance R Area Mounds/km?
(Convex Hull)
Campo Alto 86.367 231.54 0.373 190 4.6
Sierra de los Ajos 87.534 224.14 0.390 50 5
India Muerta wetlands 165.82 361.21 0.459 120 19

The mound sites are situated at different levels of the terrain, even inside each mound
site with significant differences. The cerritos of the India Muerta wetlands present low
variability in terms of emplacement and are located at an average level of 17 masl, which
does not correspond with the lower altitudes of the lowlands. Campo Alto is an area with
average levels of 19 masl with a greater variability than the previous area. The cluster
corresponding to the Sierra de los Ajos presents the highest levels, with an average of
26 masl and a greater variability in emplacement. In these analyses, it is also worthy of
note that, for the whole area, no mounds are recorded below 12 masl (Figure 7).

In the lowest areas of the terrain (India Muerta wetlands cluster), not only are the
highest cerritos found, but also the greatest variability in the heights of the mounds.
Fifty percent of the mounds are between 1.0 and 3.3 m in height and 25% of the mounds
are higher than 3.3 m (Figure 7b). The remaining 25% correspond to mounds of up to 1.0 m.
The groups corresponding to Sierra de los Ajos and Campo Alto generally present heights
lower than 2 m (Figures 7b and 8).
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Figure 7. Comparative boxplots among the regional clusters. (a) Emplacement level of the mounds;
(b) height distribution of the mounds.
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Figure 8. Maps with the spatial configuration discriminated by mound heights in different sites of
the study area. (a) Isla de los Talitas and Jaula del Tigre (India Muerta wetlands cluster), (b) Mal
Abrigo (Sierra de los Ajos cluster), (c) Colina Damonte (Sierra de los Ajos cluster), (d) Garcia Ricci
(India Muerta wetlands cluster), (e) Cabrera B (Campo Alto cluster), (f) Cerro Alto C (Campo Alto
cluster), (g) El Solitario (Campo Alto cluster), (h) Los Ajos (Sierra de Los Ajos cluster), (i) La Tapera,
Los Huesos and La Viuda (India Muerta wetlands cluster).
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3.4. Insularity Analysis

An initial approach to the characterization of the emplacement of the mounds in the
study area demonstrates a trend towards the situation of mounds in areas of an insular
nature, with a low risk of flooding and slight prominence from the topographical and
perceptive point of view.

The result of the flood-risk analysis made it possible to verify that the India Muerta
region has many areas which are potentially floodable with maximum levels of water
accumulation of 2.7 m. More than 21% of the areas of the terrain are made up of depressed
zones with a point of runoff situated at a lower level. However, only 7% of the cerritos are
located in these areas (Figure 9). The emplacement of the mounds in areas of an insular
nature extends beyond their figurative sense. The paleo-environmental studies confirm
that much of the terrain was made up of wetlands and flood plains and the existence of
water management structures associated with these types of constructions is recognized in
the research. The calculation of flood risk takes into account the riverbeds and presents
the plains of the study area with wide flooded areas (Figure 9). Attention is not paid to the
canalization of large-scale cultivation which would imply a variation of the water pulses
and drainage, particularly within these systems of wetlands with imperfect drainage, in
which the presence of bodies of water is a constant over time.

water column
met

ers
High :2.78764

Areas without flood risk Areas with flood risk
‘ W % in terrain 78.89192608 21.10807392
‘ » % in mounds 92.64011235 7.359887655

Figure 9. (a) Flood risk of the study area and location of the cerritos. The water column indicates
the measurement, in meters, at which it would be possible to fill each point of the terrain until it
overflows into a catch basin. (b) Graph of the comparative flood risk between the zone with the
cerritos and the general terrain.

The prominence analysis takes a radius of 100 m as a reference for each point and the
results show a clear trend of the prominence of the cerrito in this environment. If the ranges
of prominence are distributed, more than 50% of the cerritos are in the maximum range
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of prominence, whereas only 10% of the random points are within this range. More than
65% of the mounds are more prominent than 80% of the random points. If the prominence
of the cerritos is compared with the different radii of distance (variation of the size of the
environment), the results show that as the radius increases (100, 200, 300, 1000 m), so does the
prominence (Figure 10). The densest location of mounds in the Sierra de los Ajos corresponds
with the most prominent geographical feature in the region, although the election of the most
prominent areas within this environment is shown for the emplacement of the mounds.

a Relative altitude (R = 100 m). Comparative distribution b Relative altitude (r = variable). Distribution of mounds
of mounds according to the variable
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Figure 10. Topographical prominence (relative altitude analysis).

The results of the visibility calculation show how the cerritos are points of visual
reference in the landscape if they are compared with other locations in the area without
cerritos. More than 35% of the cerritos are visible from 75% of India Muerta, whereas
only 6% of the locations of the zone fulfil this condition. If the distance is reduced to the
detection threshold of a human being (2092 m), the prominence of the cerritos is still above
other locations in the area (Figure 11).

Visual prominence distribution (r = 2095). Comparison of Visual prominence distribution (= o). Comparison of
mounds in the study area mounds in the study area

35
» 30
15 25
e B B i B % terrain ™ i % terrain
TR | S
‘Hhhiih ahahtnund
0“59“ 194 & s

Figure 11. The total viewshed index indicates, for each point of the terrain, the number of points from
which it is possible to see the first. The index acquires a value of 1 when it is possible to see a point
from all of the points of the terrain, and a value of 0 when it can be seen from none of them. (a) From
the environment of 2095 m. (b) From any point of the study area. (c) Graph of visual prominence
distribution (r = o). (d) Graph of visual prominence distribution (r = 2095).
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The calculation shows that the trend is not only to elevate these constructions, but also
to make them visible via the election of a prominent area over the environment. The areas
of visibility indicate, on the other hand, that the cerritos are also points from which it is
possible to have an outstanding visual control of the area. The measurements prove a clear
trend towards choosing places with visual prominence for the construction of mounds,
independently of the scale of analysis, the complexity of the construction phenomenon or
other possible factors not analyzed here.

4. Discussion and Conclusions

The systematic application of documentation, prospection and analytical procedures
has made it possible to significantly increase the number of known mounds in an area of
great archaeological relevance known as being the original geographical focal point of this
phenomenon. The availability of new data with a higher resolution extended our capacity
of detection, even in sites with prior relative mapping, as is the case of Los Ajos, Colina da
Monte and Mal Abrigo [35,55], and made it possible to update relevant data in order to
propose future spatial analyses on other scales. For the first time in this region, structures
such as ponds and small canals were identified within some mound sites, introducing new
question marks around the organization, activities and management of the space inhabited
by mound-building societies. Archaeological records from the northeast of Uruguay
show that these types of structures have formed part of indigenous technologies for the
management of floodable ecosystems. In the Pago Lindo site (department of Tacuarembod),
lagoons and canals recorded within mound sites functioned contemporaneously with the
use and construction of mounds between 3000 and 1000 years BP [50,86]. These features
are also present in other mound sites in the valley of the Caraguata River [87]. The use and
management of these lagoons would have made a reservoir available inside the village for
various uses such as the irrigation of crops or even to use as a trap for the breeding of fish
at certain times of the year. Several of these uses have been reported in different lowland
contexts in South America [7,88] related, among other aspects, to the generation of nearby
fishing sites, and are part of a socioeconomic specialization of marshy environments [10]
like water reserves and as drainage control structures in times of flooding [5,16].

The spatial analyses carried out reflect patterns of location and distribution which
make it possible to characterize the structure and composition of the archaeological land-
scape of mounds. The results reveal that the mounds are not distributed randomly, but
rather present groupings on a different scale with patterns of differential spatial organi-
zation. The mounds are grouped in sets with variable densities (min = 4 and max = 90
mounds) identifying small sites and large and complex sites, as well as isolated cerritos in
intermediate enclaves. On a regional scale, these groupings correspond to three large zones
with particular characteristics, linked to different topographical and environmental units.

The lowland zone (India Muerta wetlands) presents the emplacements at the lowest
altitudes and records the highest mounds with the largest dimensions. The groupings
characterized are small (4 mounds), medium (10 mounds) and, to a lesser extent, isolated
mounds are recorded. The general distributions in the India Muerta wetlands cluster
exhibit a linear/curvilinear pattern which accompany the courses of the rivers and are
coherent with what is recorded in other areas, such as the alluvial plains of the San Luis, San
Miguel [22], Yaguari and Caraguata rivers [89]. The construction of the first mounds, during
the maximum peaks of aridity (according to contextualized dates ca. cal 4900-4700 years BP.)
of the mid-Holocene, is associated with the alluvial plains. At that time, the watercourses
and wetlands would be more active and limited as areas with concentrated resources to
which the mounds were linked [65]. In spite of the later changes to a warmer and wetter
climate (ca. 3000-2500 years BP), several of the early mound sites continued to be occupied,
new structures were built and an expansion of the construction of mounds took place
towards the higher areas (hills and mountains) and closer to the Atlantic coast [42,55,60].
The marine transgression that began ca 7000 years BP generated the obstruction of drainages
(due to a change in slope) and the development of large areas of wetlands. Even when



Land 2022, 11, 441

16 of 21

the sea began to fall and climate deterioration began, these areas maintained more stable
wetlands with areas of concentration of resources. In addition, low-lying wetlands did
not exist or were brackish. Only when the streams and rivers such as Cebollati and San
Luis (3000-2700 years BP) were notched, the high marshes would have lost part of their
extension (or permanence, or both), but at the same time the low-level marshes began to
develop [60,90].

The second distribution zone, the Campo Alto cluster, coincides with the medium
hills which physiographically constitute the foothills of the Sierra de los Ajos and act as
the dividing line between the two great wetlands of India Muerta and San Miguel. This
cluster, along with that of the Sierra de los Ajos, is the most stable area at lowest risk of
flooding due to its topographical altitude. Both areas present mound sites with a more
complex spatial organization. They have the greatest density of mounds, with complex
and recurrent spatial arrangements exhibiting alignments, enclosures of mounds and the
existence of negative archaeological structures (ponds and canals). These large groups of
mounds are located on the western slope of the sierra, with broad visibility over the India
Muerta wetlands and the mound sites of the low plain. This aspect makes it possible to
suggest a closer relationship between the mound sites of the three zones than with those
of other regions, for example, those located towards the eastern side of the sierra. If the
chronologies obtained to date in the region are taken into consideration, it can be seen that
there are contemporaneities between several mounds sites, as well as between mounds
within the same group [24,35,36,39].

Unlike Campo Alto, as well as having large groups, the Sierra de los Ajos cluster
has a distribution of isolated cerritos strategically located at higher levels. These mounds,
although they present the lowest heights, are visual points of reference in the landscape
due to their location in prominent areas and can be seen at a distance silhouetted against
the horizon of the sierra. This pattern of emplacement, which is present in other mountain
chains in the region, has been interpreted as part of a strategy of visibilization and territorial
articulation [42,53].

The results of the insularity analysis demonstrated that the conjunction of variables
such as prominence, choice of areas with low risk of flooding and visibility-visibilization
are characteristics which make it possible to understand the emplacement of the mound
sites in the region, particularly in the low flood plain. The majority of mounds were built
in naturally raised areas within the lowlands and at prominent points in the hills. In
almost all cases, these areas correspond to points with a low risk of flooding. This natural
feature is emphasized with the construction of the mounds, highlighting the configuration
of mesoreliefs of greater prominence, currently recognized as islands. It is worthy of
note how, in the India Muerta wetlands cluster, the highest mounds add a factor which
emphasizes the visibility and visibilization of the emplacement. The mound site, taken to
be an anthropogenic mesorelief, reduces the flood risk even more, increases conditions of
visibility over the terrain and can clearly be identified at a distance.

Our research shows that the distribution, emplacement and spatial organization of the
mound sites in the India Muerta region are in line with a complex and integrated system
of regional settlement [55]. This system is structured around small mound sites, large
and complex mound sites and isolated mounds, results which encourage in-depth spatial
analyses on an intermediate scale in order to make it possible to characterize ranges of
grouping of the mounds. The large mound sites were interpreted as nucleated villages
which functioned as spaces for communal aggregation from ca. 3000 years BP onwards. Itis
in this period that a generalized use of ceramics begins to be observed and the consolidation
of a mixed economy that integrates horticulture (Zea mays L., Cucurbita sp. and Phaseolus sp.).
There is also a specialization in the use of space, intense construction activity, formalization
of spaces, complex architecture and greater social stratification related to demographic
growth and greater territoriality. It is also in this period that some mounds begin to be used
as cemeteries [25,42,52]. The small mound sites situated in the wetlands form small villages,
whereas the isolated mounds are strategically located on high peaks and abras (hills) which
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leads to an interpretative hypothesis of their function as “lighthouses” or indicators making
relevant geographical points visible for the organization and articulation of the territory.
Both patterns of aggregation (small and large mound sites) could be interpreted as part
of a logic of seasonal residential mobility between dry and rainy seasons, and/or as part
of fission—fusion social processes of indigenous groups for specific events of communal
aggregation (ceremonies, events of the annual or seasonal cycle, alliances, among others),
as has been proposed for other zones [42]. In this regard, the sierra, noted for these complex
mound sites and isolated mounds, functions as a liminal space and/or a border which
geographically defines the wetlands with all of their resources, while also proving to be a
territory of communication and social congregation. The spatial complexity recognized
in these patterns and their characteristics reaffirm the origin and development of a model
of community-based village settlement, identified for the region of India Muerta around
3000-2500 years BP [52,55,65]. On the other hand, from a long-term perspective, these
patterns are the result of territorial reaffirmation processes and of recurring residential
occupation in the same spaces, a factor which has also been identified in other South
American regions [21,23,56,89]. In the immediate future, it is necessary to develop new
excavation projects aimed at generating new contextual information that will confirm or
refute these interpretations.

The results obtained provide keys to understanding the regional particularities of
earthen architecture, its origin and development and processes of territorial construction,
while also broadening knowledge in order to be able to establish comparative analyses and
regional models of occupation of the South American lowlands.

Author Contributions: Conceptualization, N.G., C.C.-C., C.G,, PF-A., L.d.P. and F.C.-B.; method-
ology, N.G.,C.C.-C, C.G, PE-A., L.d.P. and EC.-B.; software, N.G., PE.-A. and C.C.-C.; validation,
N.G., C.C.-C., C.G., PF.-A., L.d.P. and F.C.-B.; formal analysis and data curation, N.G., C.C.-C., C.G.
and PE-A; investigation, N.G., C.C.-C,, C.G,, PE-A., Ld.P. and EC.-B; writing—original draft
preparation, N.G., C.C.-C, C.G,, PF-A. Ld.P and EC.-B; writing—review and editing, N.G., C.C.-C,,
C.G.,PE-A.,L.d.P. and FC.-B; funding acquisition, N.G., C.C.-C., C.G. and E.C.-B. All authors have
read and agreed to the published version of the manuscript.

Funding: This research was funded by Comisién Sectorial de Investigaciones Cientificas (CSIC)-
Iniciacion a la Investigacion 2018-2020, De cerritos y aldeas, paisajes construidos durante el Holoceno
medio y tardio en la region de India Muerta, Uruguay and GRUPO CSIC I+D PIARPA (2019-2023);
Agencia Nacional de Investigacion e Innovacion (ANII) Grants POS_FMV_2018_1_1007772,
FCE_3_2018_1_148503; Ministerio de Ciencia e Innovacién. Gobierno de Esparfia: Proyectos In-
tramurales de Arqueologia en el Exterior (PIAR 2018-2019). Los origenes de la antropizacion del
paisaje. Estudio de la zona de India Muerta (Uruguay). Led by Incipit (CSIC).

Data Availability Statement: Data published in this article are available with the authors, by request.

Acknowledgments: We want to thank Beatriz Orrego and Centro Cultural de Lascano for the support
provided in the field work, as well as Probides. We also want to thank the anonymous reviewers who
have contributed to improving this paper.

Conflicts of Interest: The authors declare no conflict of interest.

1.  Roosevelt, A.C. Moundbuilders of the Amazon: Geophysical Archaeology on Marajo Island Brazil; Academic Press: San Diego, CA,

USA, 1991.

2. Schaan, D. The nonagricultural chiefdoms of Marajé Island. In Handbook of South American Archaeology; Silverman, H.,
Isbell, W., Eds.; Springer: New York, NY, USA, 2008; pp. 339-357.

3. Jaimes-Betancourt, C.; Priimers, H. A la sombra de los Andes. Arquitectura monumental en los Llanos de Mojos. In La Cooperacion
Cientifica Francesa en Latinoamérica Avances Recientes en Datacion y Arqueometria en los Andes; Ghezzi, 1., Salcedo, L.E., Eds.; IFEA:
Lima, Peru, 2018; pp. 253-273. (Actes et Mémoires)

4.  Erickson, C. Amazonia: The historical ecology of a domesticated landscape. In Handbook of Southamerican Archaeology;
Silvernman, H., Isbell, W.H., Eds.; Springer: New York, NY, USA, 2008; pp. 157-183.

5. Barba, J.; Canal, E.; Garcia, E.; Jorda, E.; Mir6, M.; Past6, E.; Playa, R.; Romero, I.; Via, M.; Woynarovich, E. Moxos: Una
Limnocultura. Cultura y Medio Natural en la Amazonia Boliviana; Centro De Estudios Amazoénicos (CEAM): Barcelona, Spain, 2004.



Land 2022, 11, 441 18 of 21

o

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.
26.
27.
28.

29.

30.

31.

32.

Denevan, W.M. Cultivated Landscapes of Native America and the Andes; Oxford University Press: New York, NY, USA, 2001.
Erickson, C. Agency, causeways, canals, and the landscapes of everyday life in the Bolivian Amazon. In Landscapes of Movement;
Trails, Paths and Roads in Anthropological Perspective; Snead, J., Erickson, C., Darling, A., Eds.; University of Pennsylvannia, Museum
of Archaeology and Anthropology: Philadelphia, PA, USA, 2009.

Rostain, S. Agricultural earth works on the French Guiana Coast. In Handbook of South American Archaeology; Silverman, H.,
Isbell, W., Eds.; Springer: New York, NY, USA, 2008; pp. 217-233.

Béarez, P.; Priimers, H. Prehispanic fishing at Loma Mendoza, Llanos de Moxos, Bolivia. In The Role of Fish in Ancient Time,
Proceedings of the 13th Meeting of the ICAZ Fish Remains Working Group, Basel, Switzerland, 4-9 October 2005; Plogmann, H., Ed.;
Verlag Marie Leidorf GmbH: Rahden, Germany, 2007; pp. 3-10.

Prestes-Carneiro, G.; Béarez, P.; Shock, M.P; Priimers, H.; Betancourt, C.J. Pre-Hispanic fishing practices in interfluvial Amazonia:
Zooarchaeological evidence from managed landscapes on the Llanos de Mojos savanna. PLoS ONE 2019, 14, €0214638. [CrossRef]
[PubMed]

Balee, W.; Erickson, C. Time, Complexity, and Historical Ecology; Columbia University Press: New York, NY, USA, 2006; pp. 1-20.
Heckenberger, M.; Kuikuro, A.; Kuikuro, U.; Russell, J.; Schmidt, M.; Fausto, C.; Franchetto, B. Amazonia 1492: Pristine Forest or
Cultural Parkland? Science 2003, 301, 1710-1714. [CrossRef] [PubMed]

Neves, E.; Petersen, ].; Bartone, R.; Silva, C. Historical and socio-cultural origins of Amazonian dark earth. In Amazonian Dark
Earths: Origins, Properties, and Management; Lehman, J., Kern, D., Glaser, B., Woods, 1., Eds.; Kluwer Academic Publishers:
Dordrecht, The Netherlands, 2004; pp. 29-50.

Gasson, R. Orinoquia: The Archaeology of the Orinoco River Basin. J. World Prehist. 2002, 16, 237-311. [CrossRef]
Jaimes-Betancourt, C.; Priimers, H. Los Llanos de Mojos. In Bolivia. Su Historia. De los Origenes a los Estados Prehispdnicos 10.000
a.C.—1540 d.C. Ximena Medinacelli (Coord.); Tomo, L., Ed.; Coordinadora de Historia: La Paz, Bolivia, 2015; pp. 209-231.
Lombardo, U.; Priimers, H. Pre-Columbian human occupation patterns in the eastern plains of the Llanos de Moxos, Bolivian
Amazonia. . Archaeol. Sci. 2010, 37, 1875-1885. [CrossRef]

Politis, G.; Bonomo, M. Goya-Malabrigo: Arqueologia de una Sociedad Indigena del Noreste Argentino; Politis, G., Bonomo, M., Eds.;
Coleccion Saberes, UNICEN: Tandil, Argentina, 2018.

Schmitz, PI.; Beber, M.V. Aterros no Pantanal do Mato Grosso do Sul, Brasil. In Arqueologia de las Tierras Bajas; Duran, A.,
Bracco, R., Eds.; MEC, Imprenta Americana: Montevideo, Uruguay, 2000.

Oliveira, J.E.; de Milheira, R.G. Etnoarqueologia de dois aterros Guat6 no Pantanal: Dindmica construtiva e histéria de lugares
persistentes. Mana 2021, 26, 1-39. [CrossRef]

Milheira, R.G. Visibilidade, comunicagao e movimento entre os cerriteiros na paisagem aquatica da laguna dos Patos, Sul do
Brasil. Bol. Do Mus. Para. Emilio Goeldi Ciéncias Hum. Rio Gd. Do Sul Braz. 2021, 16, €20200048. [CrossRef]

Milheira, R.; Borges, C.; Attorre, T. Construtores de cerritos na Laguna Dos Patos, Pontal da Barra, sul do Brasil: Lugar persistente,
territério e ambiente construido no Holoceno recente. Lat. Am. Antig. 2019, 30, 35-54. [CrossRef]

Bracco, R.; Cabrera Pérez, L.; Lopez Mazz, ]. M. La prehistoria de las tierras bajas de la cuenca de la Laguna Merin. In Simposio
Internacional de Arqueologia de las Tierras Bajas; Duran, A., Bracco, R., Eds.; Ministerio de Educacién: Montevideo, Uruguay, 2000;
pp- 13-38.

Gianotti, C. Arqueologia del Paisaje en Uruguay: Origen y desarrollo de la arquitectura en tierra y su relacion con la construccién
del espacio doméstico en la prehistoria de las tierras bajas. In America Latina: Realidades Diversas, Barcelona: Instituto Cataldn de
Cooperacion Iberoamericana—Casa de América; Mameli, L., Muntafiola, E., Eds.; Casa America Catalunya, Universidad Auténoma
de Barcelona: Barcelona, Spain, 2005; pp. 104-123.

Iriarte, J. Vegetation and climate change since 14,810 14C yr B.P. in southeastern Uruguay and implications for the rise of early
Formative societies. Quat. Res. 2006, 65, 20-32.

Lopez Mazz, ] M. Las estructuras tumulares del litoral atlantico uruguayo. Lat. Am. Antig. 2001, 12, 231-255. [CrossRef]
Criado-Boado, F. Visibilidad e interpretacion del registro arqueologico. Trab. Prehist. 1993, 50, 39-56. [CrossRef]

Clement, C.; Denevan, W.; Heckenberger, M.; Junqueira, A.; Neves, E.; Teixeira, W.; Woods, W. The Domestication of Amazonia
Before European Conquest. Proc. Biol. Sci. R. Soc. 2015, 282, 20150813. [CrossRef] [PubMed]

Chase, A.F,; Chase, D.Z,; Fisher, C.T.; Leisz, S.].; Weishampel, ].F. Geospatial revolution and remote sensing LIDAR in Mesoameri-
can archaeology. Proc. Natl. Acad. Sci. USA 2012, 109, 12916-12921. [CrossRef]

Canuto, M.; Estrada-Belli, F.; Garrison, T.; Houston, S.; Kova¢, M.; Marken, D.; Nondédéo, P.; Auld-Thomas, L.; Castanet, C.;
Chhatelain, D.; et al. Ancient Lowland Maya Complexity as Revealed by Airborne Laser Scanning of Northern Guatemala.
Science 2018, 361, eaau0137. [CrossRef] [PubMed]

Henry, E.; Shields, C.; Kidder, T. Mapping the Adena-Hopewell Landscape in the Middle Ohio Valley, USA: Multi-Scalar
Approaches to LiDAR-Derived Imagery from Central Kentucky. J. Archaeol. Method Theory 2019, 26, 1513-1555. [CrossRef]
Gregorio de Souza, J.; Schaan, D.; Robinson, M.; Damasceno, A.; Aragao, L.; Marimon, B.H.; Marimon, B.; da Silva, I.; Khan, S.;
Nakahara, F; et al. Pre-Columbian earth-builders settled along the entire southern rim of the Amazon. Nat. Commun. 2018,
9, 1125. [CrossRef]

Iriarte, J.; Robinson, M.; Gregorio de Souza, J.; Barbosa, A; Silva, F.; Nakahara, F.; Ranzi, A.; Aragao, L. Geometry by Design:
Contribution of Lidar to the Understanding of Settlement Patterns of the Mound Villages in SW Amazonia. J. Comput. Appl.
Archaeol. 2020, 3, 151-169. [CrossRef]


http://doi.org/10.1371/journal.pone.0214638
http://www.ncbi.nlm.nih.gov/pubmed/31091235
http://doi.org/10.1126/science.1086112
http://www.ncbi.nlm.nih.gov/pubmed/14500979
http://doi.org/10.1023/A:1020978518142
http://doi.org/10.1016/j.jas.2010.02.011
http://doi.org/10.1590/1678-49442020v26n3a208
http://doi.org/10.1590/2178-2547-bgoeldi-2020-0048
http://doi.org/10.1017/laq.2018.66
http://doi.org/10.2307/971631
http://doi.org/10.3989/tp.1993.v50.i0.488
http://doi.org/10.1098/rspb.2015.0813
http://www.ncbi.nlm.nih.gov/pubmed/26202998
http://doi.org/10.1073/pnas.1205198109
http://doi.org/10.1126/science.aau0137
http://www.ncbi.nlm.nih.gov/pubmed/30262469
http://doi.org/10.1007/s10816-019-09420-2
http://doi.org/10.1038/s41467-018-03510-7
http://doi.org/10.5334/jcaa.45

Land 2022, 11, 441 19 of 21

33.

34.

35.

36.

37.

38.

39.
40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Lombardo, U.; Canal-Beeby, E.; Veit, H. Eco-archaeological regions in the Bolivian Amazon: Linking pre-Columbian earthworks
and environmental diversity. Geogr. Helv. 2011, 66, 173-182. [CrossRef]

Cabrera Pérez, L. Patrimonio y arqueologia en el Sur de Brasil y region Este de Uruguay: Los Cerritos de Indios. In Saldvie:
Estudios de Prehistoria y Arqueologia; Editorial Académica Esparfiola: Chisinau, Moldova, 2005; pp. 221-254.

Bracco, R.; Inda, H.; del Puerto, L. Complejidad en monticulos de la cuenca de la laguna Merin y analisis de redes sociales.
Intersecc. Antropol. 2015, 16, 271-286.

Del Puerto, L.; Gianotti, C.; Bortolotto, N.; Gazzan, N.; Cancela, C.; Orrego, B.; Inda, H. Geoarchaeological signatures of
anthropogenic soils in southeastern Uruguay: Approaches to formation processes and spatial-temporal variability. Geoarchaeology
2021, 37, 180-197. [CrossRef]

Cabrera Pérez, L.; Marozzi, O. Las areas domésticas de los constructores de cerritos: El sitio CG14EO1. In Arqueologia Uruguaya
Hacia el Fin del Milenio, IX Congreso de Arqueologia Uruguaya, Colonia del Sacramento, Uruguay, 16-19 June 1997; Asociacion Uruguaya
de Arqueologia: Montevideo, Uruguay, 2001; pp. 55-68.

Milheira, R.G.; Gianotti, C. The Earthen Mounds (Cerritos) of Southern Brazil and Uruguay. In Encyclopedia of Global Archaeology;
Smith, C., Ed.; Springer Nature: Cham, Switzerland, 2018.

Bracco, R. Monticulos de la Cuenca de la Laguna Merin: Tiempo, Espacio y Sociedad. Lat. Am. Antig. 2006, 17, 511-540.
Bonomo, M.; Politis, G.G.; Gianotti, C. Monticulos, jerarquia social y horticultura en las sociedades indigenas del delta del Rio
Parand (Argentina). Lat. Am. Antig. 2011, 22, 297-333. [CrossRef]

Cabrera Pérez, L. Construcciones en tierra y estructura social en el Sur del Brasil y Este de Uruguay (Ca. 4.000 a 300 a. A.P.).
Techne 2013, 1, 25-33.

Gianotti, C. Paisajes Sociales, Monumentalidad y Territorio en las Tierras Bajas de Uruguay. Ph.D. Thesis, Universidade de
Santiago de Compostela, Santiago de Compostela, Spain, 2015.

Lépez Mazz, ]. M.; Rostain, S.; Mckey, D. Cerritos, tolas, tesos, camellones y otros monticulos de las Tierras Bajas de Sudamérica.
Rev. Arqueol. 2017, 29, 86-113. [CrossRef]

Iriarte, J.; Holst, I.; Marozzi, O.; Listopad, C.; Alonso, E.; Rinderknecht, A.; Montafia, J. Evidence for cultivar adoption and
emerging complexity during the mid-Holocene in the La Plata basin. Nature 2005, 432, 614-617. [CrossRef]

Lopez Mazz, J.; Gascue, A. Aspectos de las tecnologias liticas desarrolladas por los grupos constructores de cerritos del Arroyo
Yaguari. In Desarrollo Metodoldgico y Aplicacion de Nuevas Tecnologias para la Gestion Integral del Patrimonio Arqueoldgico en Uruguay;
Gianotti, C., Ed.; TAPA 36, Laboratorio de Arqueologia del Paisaje (IEGPS—CSIC): Santiago de Compostela, Spain, 2005;
pp- 123-136.

Gianotti, C. Monumentalidad, ceremonialismo y continuidad ritual. In Paisajes Culturales Sudamericanos: De las Prdcticas a las
Representaciones. Paisajes Culturales Sudamericanos: De las Prdcticas a las Representaciones TAPA 19; Gianotti, C., Ed.; Laboratorio de
Arqueologia y Formas Culturales: Santiago de Compostela, Spain, 2000; pp. 81-102.

Gianotti, C.; Leoz, E. Hacia una arqueologia del movimiento en la cuenca del arroyo Yaguari, Tacuarembo, R.O.U. In Arqueologia
Uruguaya Hacia el fin del Milenio. IX Congreso de Arqueologia Uruguaya, Colonia del Sacramento, Uruguay, 16-19 June 1997; Asociacion
Uruguaya de Arqueologia: Montevideo, Uruguay, 2001.

Pintos, S. Cazadores recolectores complejos: Monumentalidad en tierra en la cuenca de la Laguna de Castillos. In Paisajes
Culturales Sudamericanos: De las Pricticas Sociales a las Representaciones; Gianotti, C., Ed.; Universidad Santiago de la Compostela:
Santiago de Compostela, Spain, 2000; pp. 75-82.

Gianotti, C.; del Puerto, L.; Capdepont, I. Construir para producir. Pequefias elevaciones en tierra para el cultivo del maiz en el
sitio Caniada de los Caponcitos, Tacuarembé (Uruguay). Cuad. Inst. Nac. Antropol. Pensam. Latinoam. 2013, 1, 12-25.
Sudrez-Villagran, X.; Gianotti, C. Earthen mound formation in the Uruguayan lowlands (South America): Micromorphological
analyses of the Pago Lindo archaeological complex Mound-builders. J. Archaelog. Sci. 2013, 40, 1093-1107. [CrossRef]

Bracco, R.; Lépez Mazz, .M. Prospeccion Arqueoldgica y Andlisis de Fotos Aéreas. Primeras Jornadas de Ciencias Antropoldgicas;
Ministerio de Educacion: Montevideo, Uruguay, 1992; pp. 51-56.

Iriarte, J. Mid-Holocene Emergent Complexity and Landscape Transformation: The Social Construction of Early Formative
Communities in Uruguay, La Plata Basin. Ph.D. Thesis, College of Arts and Science, University of Kentucky, Lexington, KY,
USA, 2003.

Lopez Mazz, ] M.; Pintos, S. Distribuciéon Espacial de Estructuras Monticulares en la Cuenca de la Laguna Negra. In Arqueologia
de las Tierras Bajas; Duran, A., Bracco, R., Eds.; Imprenta Americana: Montevideo, Uruguay, 2000; pp. 49-58.

Curbelo, C.; Cabrera Pérez, L.; Fusco, N.; Martinez, E.; Bracco, R.; Femenias, ].; Lépez Mazz, ].M. Estructuras de sitio y zonas de
actividad: Sitio CH2DO01, area de San Miguel, Departamento de Rocha. Rev. CEPA 1990, 17, 333-344.

Iriarte, J. Landscape transformation, mounded villages and adopted cultigens: The rise of early Formative communities in
south-eastern Uruguay. World Archaeol. 2006, 38, 644—663. [CrossRef]

Lopez Mazz, ].M.; Gianotti, C. Construccién de espacios ceremoniales publicos entre los pobladores de las tierras bajas de
Uruguay. Rev. Arqueol. 1998, 11, 87-105. [CrossRef]

Gazzén, N.; Chiglino, L.; Gianotti, C. Late Holocene raw material procurement and mobility patterns in northeast Uruguay (Pago
Lindo site, Tacuarembd). J. Archaeol. Sci. Rep. 2019, 25, 548-560. [CrossRef]

Del Puerto, L. Interrelaciones Humano Ambientales Durante el Holoceno Tardio en el Este de Uruguay: Cambio climatico y
dindmica general. Ph.D. Thesis, Universidad de la Republica, Montevideo, Uruguay, 2015.


http://doi.org/10.5194/gh-66-173-2011
http://doi.org/10.1002/gea.21854
http://doi.org/10.7183/1045-6635.22.3.297
http://doi.org/10.24885/sab.v29i1.444
http://doi.org/10.1038/nature02983
http://doi.org/10.1016/j.jas.2012.10.006
http://doi.org/10.1080/00438240600963262
http://doi.org/10.24885/sab.v11i1.138
http://doi.org/10.1016/j.jasrep.2019.05.018

Land 2022, 11, 441 20 of 21

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.
79.

80.

81.

82.
83.

84.

85.
86.

Mourelle, D. Cambios de la Vegetacion de la Region de los Campos de Uruguay en Respuesta a Diferentes Forzantes Durante el
Holoceno. Ph.D. Thesis, Universidad Nacional de Mar del Plata, Mar del Plata, Argentina, 2015.

Bracco, R.; del Puerto, L.; Inda, H.; Panario, D.; Castifieira Latorre, C.; Garcia Rodriguez, F. The relationship between emergence
of mound builders in SE Uruguay and climate change inferred from opal phytolith records. Quat. Int. 2011, 245, 62-73. [CrossRef]
Del Puerto, L. Silicofitolitos como Indicadores Paleoambientales: Bases Comparativas y Reconstruccién Paleoclimatica a Partir del
Pleistoceno Tardio en el SE del Uruguay. Master’s Thesis, PEDECIBA, Universidad de la Reptblica, Montevideo, Uruguay, 2009.
Inda, H.; del Puerto, L.; Castifieira, C.; Capdepont, I.; Garcia Rodriguez, F. Manejo prehistdrico de recursos costeros en el litoral
atlantico uruguayo. In Bases para el Manejo y Conservacion de la Costa Uruguaya; Menafra, R., Rodriguez-Gallego, L., Scarabino, F.,
Conde, D., Eds.; Vida Silvestre: Montevideo, Uruguay, 2006; pp. 661-667.

Mourelle, D.; Prieto, A.; Perez, L.; Garcia-Rodriguez, F.; Borel, C. Mid and late Holocene multiproxy analysis of environmental
changes linked to sea-level fluctuation and climate variability of the Rio de la Plata estuary. Palaeogeogr. Palacoclimatol. Palaeoecol.
2015, 421, 75-88. [CrossRef]

Montana, J.; Bossi, J. Geomorfologia de los Humedales de la Cuenca de la Laguna Merin en el Departamento de Rocha; Universidad de la
Republica, Facultad de Agronomia-PROBIDES: Montevideo, Uruguay, 1995.

Iriarte, J.; Corteletti, R.; de Souza, ].G.; DeBlasis, P. Landscape dynamics in the La Plata Basin during the mid and late Holocene.
Cad. Do LEPAARQ (UFPEL) 2016, 13, 268-302.

Del Puerto, L.; Gianotti, C.; Inda, H. Gestion del medio y produccion de recursos en las tierras bajas del Noreste de Uruguay:
Anadlisis paleoetnobotanico del sitio Pago Lindo. Cad. Do LEPAARQ (UFPEL) 2016, 13, 197-222.

Stular, B.; Kokalj, Z.; Ostir, K.; Nuninger, L. Visualization of lidar-derived relief models for detection of archaeological features.
J. Archaeol. Sci. 2012, 39, 3354-3360. [CrossRef]

R Core Team. R: A Language and Environment for Statistical Computing (v. 4.0.2) [Computer Software]. In R Foundation for
Statistical Computing; 2020. Available online: https:/ /www.r-project.org/index.html (accessed on 2 August 2021).

Carlson, D.L. Quantitative Methods in Archaeology Using R; Cambridge University Press: Cambridge, UK, 2017. [CrossRef]
Thompson, A.E.; Meredith, C.; Prufer, K. Comparing geostatistical analyses for the identification of neighborhoods, districts, and
social communities in archaeological contexts: A case study from two ancient Maya centers in southern Belize. ]. Archaeol. Sci.
2018, 97, 1-13. [CrossRef]

Hammer, &. Reference Manual Paleontological Statistics Version 3.15; Natural History Museum University of Oslo: Oslo, Norway, 2017.
Maximiano, A. Teoria Geoestadistica Aplicada al Analisis de la Variabilidad Espacial Arqueolégica Intra-Site. Ph.D. Thesis,
Universidad Autéonoma de Barcelona, Barcelona, Spain, 2008.

Nigst, P.; Antl-Weiser, W. Intrasite Spatial Organization of Grub/Kranawetberg: Methodology and Interpretations. In Insights into
the Spatial Organization of Gravettian Sites in Eastern Central Europe; Verlag des RGZM: Mainz, Germany, 2011; pp. 11-29.

Oron, M.; Goren-Inbar, N. Mousterian intra-site spatial patterning at Quneitra, Golan Heights. Quat. Int. 2014, 331, 186-202.
[CrossRef]

Parcero-Oubifia, C.; Fébrega—Alvarez, P. Disefio metodolégico para el analisis locacional de asentamientos a través de un SIG
de base Raster. In Territorios Antiguos y Nuevas Tecnologias. La aplicacion de los SIG en la Arqueologia del Paisaje; Universidad de
Alicante: Alicante, Spain, 2006; pp. 69-91.

Fébrega-Alvarez, P. Poblamiento y Territorio de la Cultura Castreiia en la Comarca de Ortegal; CAPA 19: Santiago de Compostela,
Spain, 2004.

Wheatley, D.W.; Gillings, M. Vision, perception and GIS: Developing enriched approaches to the study of archaeological visibility.
In Beyond the Map; Lock, G., Ed.; IOS Press: Amsterdam, The Netherlands, 2000.

Criado-Boado, F. Arqueologicas. La Razon Perdida; Ediciones Bellaterra: Barcelona, Spain, 2013.

Loots, L. The use of projective and reflective viewsheds in the analysis of the Hellenistic defense system at Sagalassos.
Archaeol. Comput. Newsl. Univ. Turk. 1997, 49, 12-16.

Fébrega—Alvarez, P.; Parcero-Oubifia, C. Now you see me. An assessment of the visual recognition and control of individuals in
archaeological landscapes. J. Archaeol. Sci. 2019, 104, 56-74.

Fébrega-Alvarez, P. Recorriendo y Observando Paisajes Digitales. Una Aproximacion al Analisis Arqueolégico con Tecnologias
de la Informacién Geografica (TIG). Ph.D. Thesis, Repositorio Institucional de Produccién Cientifica (RUJA), Universidad de Jaén,
Jaén, Spain, 2017.

Llobera, M. Extending GIS-based visual analysis: The concept of visualscapes. Int. J. Geogr. Inf. Sci. 2003, 17, 25-48. [CrossRef]
Llobera, M.; Wheatley, D.; Steele, J.; Cox, S.; Parchement, O. Calculating the inherent visual structure of a landscape (‘total
viewshed’) using highthroughput computing. In Beyond the Artifact: Digital Interpretation of the Past, Proceedings of the 32nd
Computer Applications and Quantitative Methods in Archaeology conference (CAA 2004), Prato, Italy, 1317 April 2004; Llobera, M.,
Wheatley, D., Steele, J., Cox, S., Parchement, O., Eds.; Archaeolingua: Budapest, Hungary, 2010.

Kokalj, Z.; Somrak, M. Why Not a Single Image? Combining Visualizations to Facilitate Fieldwork and on-Screen Mapping.
Remote Sens. 2019, 11, 747.

Zaksek, K.; Ostir, K.; Kokalj, Z. Sky-View Factor as a Relief Visualization Technique. Remote Sens. 2011, 3, 398—415. [CrossRef]
Kaal, J.; Gianotti, C.; del Puerto, L.; Criado-Boado, F.; Rivas, M. Molecular features of organic matter in anthropogenic earthen
mounds, canals and lagoons in the Pago Lindo archaeological complex (Tacuarembd, Uruguayan lowlands) are controlled by
pedogenetic processes and fire practices. J. Archaeol. Sci. Rep. 2019, 26, 101900. [CrossRef]


http://doi.org/10.1016/j.quaint.2010.05.025
http://doi.org/10.1016/j.palaeo.2015.01.006
http://doi.org/10.1016/j.jas.2012.05.029
https://www.r-project.org/index.html
http://doi.org/10.1017/9781139628730
http://doi.org/10.1016/j.jas.2018.06.012
http://doi.org/10.1016/j.quaint.2013.04.013
http://doi.org/10.1080/713811741
http://doi.org/10.3390/rs3020398
http://doi.org/10.1016/j.jasrep.2019.101900

Land 2022, 11, 441 21 of 21

87.

88.

89.

90.

Gianotti, C. Environment Transformation and Landscape Domestication in the Lowlands of Northeast of Uruguay. In Earthworks
as Technology for the Management of Flood Ecosystems; Bonomo, M., Archila, S., Eds.; South American Contributions to World
Archaeology One World Archaeology; Springer: Cham, Switzerland, 2021; pp. 283-316.

Blatrix, R.; Roux, B.; Béarez, P; Prestes-Carneiro, G.; Amaya, M.; Aramayo, J.; Rodrigues, L.; Lombardo, U.; Iriarte, J;
Gregorio de Souza, J.; et al. The unique functioning of a pre-Columbian Amazonian floodplain fishery. Sci. Rep. 2018, 8, 5998.
[CrossRef] [PubMed]

Gianotti, C.; Bonomo, M. De monticulos a paisajes: Procesos de transformacion y construccion de paisajes en el sur de la cuenca
del Plata. Comechingonia 2013, 17, 129-163. [CrossRef]

Del Puerto, L.; Bracco, R.; Inda, H.; Gutiérrez, O.; Panario, D.; Garcia-Rodriguez, F. Assessing links between late Holocene climate
change and paleolimnological development of Pefia Lagoon using opal phytoliths, physical, and geochemical proxies. Quat. Int.
2013, 287, 89-100. [CrossRef]


http://doi.org/10.1038/s41598-018-24454-4
http://www.ncbi.nlm.nih.gov/pubmed/29662075
http://doi.org/10.37603/2250.7728.v17.n2.18194
http://doi.org/10.1016/j.quaint.2011.11.026

	Introduction 
	A Spatial Approach in the South Atlantic Lowlands 
	Study Area 

	Materials and Methods 
	Remote Sensing 
	Geospatial Data and Fieldwork 
	Spatial Analysis 
	Distributional Analysis 
	Insularity Analysis 


	Results 
	Remote Sensing 
	Geospatial Data and Fieldwork 
	Distributional Analysis 
	Insularity Analysis 

	Discussion and Conclusions 
	References

