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ABSTRACT KEYWORDS
Constructed landscapes are composed of diverse communities, representing Maya; UAV LiDAR; remote
different social strata and perspectives of a place. In turn, the risks associated sensing
with inhabiting unpredictable environments are disproportionately felt across

urban and rural landscapes. The mitigation and management of risks often fall

on farming and smallholder communities, influencing decentralized strategies.

These themes are explored in an archaeological context surrounding the

confluence of the Upper Usumacinta and Lacantun Rivers in the neotropical

Maya lowlands of Chiapas, Mexico. LiDAR data collected recently with the

GatorEye unoccupied aerial vehicle (UAV) and NASA’s GLiHT system have

aided in the mapping of the archaeological urban centre of Benemérito de

las Américas, Primera Seccién and the surrounding landscape. These data have

revealed coupled settlement with land management, in the form of wetland

fields, reservoirs, and riverways, emphasizing the interconnectivity of house-

hold practice and land use in the region.

Introduction

In November 2020, parts of Central America experienced destructive record flooding after the
landfall of consecutive Hurricanes Eta and lota. Along the border between Mexico and Guatemala,
the Usumacinta River overbanked several times, causing devastating historical flood damage to
communities. These disasters served as a critical reminder of the risks posed by low probability or
100-year flood events to communities along the banks of the river system. While the river is
a resource and travel corridor, extreme events create uncertainty in these communities that already
strike a delicate balance to minimize risk within their social and physical environments. These recent
events raise questions related to how past societies who experienced similar risks in the same region
interacted with the threats posed by this landscape.

We examine how Classic period (AD 250-950) Maya communities in the region of the Upper
Usumacinta and Lacantin River confluence managed such risks associated with inhabiting the
tropical Western Lowlands of southern Mesoamerica. In this paper, we interpret the design of
a Maya urban centre and nearby settlements through a dwelling perspective (Ingold 1993),
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recognizing that management of the landscape required a balance of centralized and decentralized
approaches, and negotiations among royalty, non-royal elite, and non-elite actors to sustain com-
munities through farming and commerce. We present a new map of the archaeological site of
Benemérito de las Américas, Primera Secciéon, Chiapas, Mexico, derived from data collected with an
unoccupied aerial vehicle (UAV) LiDAR system and associated spatial analyses. We contextualize this
map with other LiDAR data from NASA and field-based research, including ground verification and
excavation to interpret household activities, urban scale, social differentiation, land use, and
commerce at the height of the site’s population during the Terminal Classic period (AD 830-950).

Beyond interpreting houses as points on the landscape, a dwelling perspective seeks to under-
stand the choices of individuals, families, and communities and the histories that influence their
attachment to places (Bachelard 1994; O'Malley 2014). While the house is an obvious centre to
inform such a perspective, dwelling refers more broadly to the ‘taskscape’ of practices that people
follow across a landscape, even outside of the home in agricultural fields, commercial areas, and
mundane activities (Benjamin 1999, 17). The experience of constructed and conceptualized land-
scapes thus takes place at different scales and social strata, from the home to the inner and outer
landscapes of the city and the countryside (Knapp and Ashmore 2000, 11; Mack 2004; Tuan 1975).
Furthermore, the risks unique to a particular environment can have profoundly different effects on
the experiences of economically and socially diverse communities (Scott 1976).

A key component of a dwelling perspective is the recognition that humans are inseparable from
their environments and that people do not merely succumb to environmental change; instead,
individuals engage with their surroundings through the production and reproduction of their built
environment, resulting in changes to the landscape (Heidegger 1993; Obrador-Pons 2007; Thrift
1999). Thus, environmental risks do not merely determine how people interact with their land-
scapes; however, risks and resources are central factors in the settlement choices of households and
the actions they take to reduce hazards (Chisholm 1962). In contrast to early interpretations of
tropical environments (Meggers 1954), landscape archaeologists and historical ecologists recognize
that landscapes, even those often perceived as ‘natural,’ are the product of often intentional human
action (Erickson 2008). The range of forms of habitation in the tropics and the diversity of urbanism
among the Maya affirms that such environments do not limit human activity; rather, the tropics offer
a spectrum of opportunities and challenges to the individuals, households, and societies who
inhabit and modify such landscapes (Chase and Chase 2016; Lucero and Gonzalez Cruz 2020).
Although grounded in earlier approaches to settlement archaeology, this perspective has also
benefited from studies of collective action and agency in archaeology to understand the decisions
of smallholder societies on their environments (Blanton and Fargher 2008; Carballo 2013; Creekmore
and Fisher 2014; Dobres and Robb 2000; Dornan 2002; Janusek and Kolata 2004; Murtha 2009; Smith
2003, 2014b, 310).

Discussions of land use among the Maya have focused on the spatial organization of urban
centres and settlements (LeCount et al. 2019; Magnoni, Hutson, and Dahlin 2012), low-density
urbanism (Isendahl and Smith 2013; Lucero, Fletcher, and Coningham 2015; Murtha 2015, 2017;
Scarborough, Chase, and Chase 2012) and garden cities (Becker 2001; Chase and Chase 1998; Ford
and Nigh 2009; Graham 2008). We build on these approaches and the increasing use of LiDAR
technology alongside traditional archaeological survey and settlement studies, including both
airborne and UAV or drone-mounted systems, to aid in the mapping of terrain and archaeological
features (Canuto et al. 2018; Chase et al. 2011, 2012; Chase, Chase, and Chase 2017; Horn and Ford
2019; Hutson 2015; Murtha et al. 2019; Risbgl and Gustavsen 2018; Rosenswig et al. 2013; Stanton,
Ardren, and Barth et al. 2020; VanValkenburgh et al. 2020). Combining remote sensing and
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phenomenological interpretation, we investigate the experience of living in a Classic period minor
kingdom and the ways that households and communities mitigated the risks associated with living
in a riverine neotropical environment (Brown 2002; Hassan 1997; Jing, Rapp, and Gao 1997; Joyce
and Mueller 1997). In contrast to the emphasis on droughts across the Maya area (Gill 2000; lannone
2014), we assess the risks associated with flooding and its effects on the experience of the
constructed, conceptualized, and agrarian landscapes at a physical and cultural confluence that
created a gathering of waters and communities.

Setting

The archaeological site of Benemérito de las Américas, Primera Seccion shares its name with
a modern community near the confluence of two of Mexico’s largest river systems, the Upper
Usumacinta River and one of its tributaries, the Lacantun River (Figure 1). First documented by
Alejandro Tovalin and Victor Ortiz (Tovalin and Ortiz 2005) and later by Karl Herbert Mayer (2006),
we have since conducted several seasons of research at the site as part of the Busilja-Chocolja
Archaeological Project and the Lower Lacantun Archaeological Project (Schroder 2017, 2019a;
Schroder, Golden, and Scherer et al. 2019). We have also conducted preliminary reconnaissance of
several other sites in the region, previously documented by other archaeologists, summarized in
Table 1 (Bullard 1995; Maler 1903; Schroder, Golden, and Scherer et al. 2019; Velazquez Valadez
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Figure 1. Map of the Western Maya Lowlands showing the location of Benemérito Primera Seccién (labeled
Benemérito), other archaeological sites, and modern towns along the Lower Lacantun River.
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Table 1. Comparison of archaeological sites in the region. Data from sites with asterisks are based on incomplete
maps, while sites in bold appear entirely or partially in G-LiHT tiles. Site extents for Benemérito Primera Seccién
and El Palma have two values: 1) area covered by G-LiHT for comparison with other sites in bold, and 2) total
mapped area with GatorEye and drone photogrammetry, respectively. Approximate values (~) are based on
published sketch maps that likely exaggerate the actual values.

Main Tallest Structure Orien- Ball-
Site Plaza Size (relative to plaza) Site Extent tation Monuments  courts Map Source
Benemérito 1 ha 16 m >76 ha, 350° 13 4 G-LiHT, GatorEye
1? Seccion * >255 ha
El Palma* 1 ha 13 m >50 ha, 10° 12 1 G-LiHT, photogrammetry
>64 ha (Schroder, Golden, and Scherer
et al. 2019)

Yaxun* 0.75 ha ~20 m Unknown  85° 1 1 Sketch (Bullard 1995)

San Lorenzo* ~0.75 ha ~10-15m Unknown  ~10° 3 Unknown Sketch (Bullard 1995)

Boca Lacantin 0.2 ha 2m 0.5 ha 85° Unknown 0 G-LiHT (Schroder, Golden, and
Scherer et al. 2019)

Quiringuicharo* Unknown 2m >4 ha 10°  Unknown Unknown G-LiHT

1986). Representing a relatively large urban centre for the region with carved historical monuments,
Benemérito Primera Seccién was likely a seat of a minor kingdom during the Classic to Terminal
Classic periods, perhaps associated with the known emblem glyph, dynastic title, or toponym,
Lakamtuun, linked to the nearby site of El Palma (Stuart 2007a, 2007b).

Benemérito Primera Seccidon marks a boundary along several watersheds, at the periphery of two
archaeological culture subareas along the Pasion River or Petexbatin region and the Upper
Usumacinta region. The physical geography shifts from a karstic ridge and basin landscape to an
alluvial plain to the south (De La Maza 2015, 79). Downstream from Benemérito Primera Seccién, the
Upper Usumacinta River flows through this floodplain until reaching the Classic period dynastic
centre of Yaxchilan. The discharge of the Upper Usumacinta River varies significantly on a seasonal
and yearly basis, draining the waters of the Chiapas and Guatemala highlands and several lowland
tributaries along its course to the Gulf of Mexico. Above Yaxchildn, this variation in volume can lead
to extreme flooding events producing an expansive, arable alluvial plain of river meanders and
oxbow lakes. At Yaxchilan, the river enters a fault in the limestone anticline, producing steep
canyons and a series of rapids until reaching the Tabasco Plain downstream from the dynastic
centre of Piedras Negras (Aliphat Ferndndez 1994). In this section of the Upper Usumacinta River, the
restricted course of the river causes water levels to rise over 12 m above the mean during the wet
season, occasionally flooding the main plaza of Yaxchilan (Aliphat Fernandez 1994; Canter 2007, 4).
Within the vicinity of Benemérito Primera Seccidn, communities along rivers would have been at
even higher risks of flooding due to the limited topographic variance.

This riverine setting contrasts with the overall impression of drought-prone Maya environments
in densely settled parts of the Central and Northern Lowlands. The rarity and importance of water
sources in such regions have led to several Mayanists suggesting that the control of water sources in
otherwise drought-prone areas was linked to elite power (Lucero 2006; Lucero and Fash 2006;
Scarborough 1998, 2003), while other archaeologists have argued for more decentralized, house-
hold management of reservoirs or aguadas (Chase 2016; Webster 2018, 95; Weiss-Krejci and Sabbas
2002; Wyatt 2014). However, across the Western Maya Lowlands and the Usumacinta region, access
to water was a different concern. These areas have abundant surface water and some of the highest
annual precipitation in the lowlands (Scherer and Golden 2014b, 216). In fact, water management in
the region often focused on conveyance, or controlling and draining water, rather than retention
(French 2007). More important than the quantity of water, however, is seasonal and annual
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fluctuation. Living in the tropical riverine environment of the Lacantin-Usumacinta River confluence
would have required management to drain water, while avoiding flood-prone areas.
Simultaneously, prolonged droughts and deforestation followed by elevated seasonal rainfall
intensity initiates significant challenges of soil erosion (Webster, Freter, and Gonlin 2000).
Mapping of the landscape surrounding Benemérito Primera Seccién points to several local strate-
gies adopted by the region’s Classic period inhabitants to minimize or balance such risks, docu-
mented in their choices of where to settle, as well as evidence for household and community
management of water management features, including terraces, reservoirs, and channelized fields.

Methods: data collection and processing

The current map consists of the site’s monumental core and associated settlement compiled from
a combination of two sources of LiDAR, refined in some areas with ongoing ground verification: 1)
collected by NASA Goddard’s LiDAR, Hyperspectral, and Thermal Imager (G-LiHT) airborne system
and 2) collected and processed by the authors using a UAV mapping system, the University of Florida
GatorEye Unmanned Flying Laboratory (http://www.speclab.org/gatoreye.html) (Figures 2, 3).

Conducted in 2013, the GLiHT mission over southern Mexico was part of a REDD+ study to
measure aboveground forest carbon stocks (Cook et al. 2013; Herndndez-Stefanoni et al. 2015).
Several archaeological studies have revisited these data (Hutson, Cook, and Conley forthcoming;
Ruhl, Dunning, and Carr 2018), including our ongoing project to interpret the relationship
between archaeological settlement, agricultural intensification, and environmental variation
across the Yucatan peninsula (Golden et al. 2016; Schroder et al. 2020). The GLiHT data are
publicly available and divided into tiles averaging 0.3 km wide by 7 km long, and the Chiapas
GLAS 5457 flight tile contains much of the Benemérito Primera Seccion site core, which we
previously used to present a more accurate map of Benemérito Primera Seccidn, as well as
other sites in the region, including El Palma and Boca Lacantun (Schroder, Golden, and Scherer
et al. 2019). The airborne laser scanning (ALS) instrument was a VQ-480 (Riegl USA, Orlando, FL,
USA). More detailed discussions of the GLIHT systems have been previously published (Cook et al.
2013; Golden et al. 2016).

Due to the limited coverage of Benemérito Primera Seccién along the east-west axis, we selected
the site as a focus of our drone mapping pilot study in the region (Murtha et al. 2019). This system
has also been used successfully in archaeological applications along the Florida Gulf Coast (Barbour
et al. 2019). The GatorEye system does not offer the same expansive mapping capabilities as
airborne LiDAR systems, but with proper mission planning, several 16 to 22-minute flights can be
used to map localized areas of 4-12 square kilometres in a single day, depending on the number of
batteries available, the ability to recharge them in the field, and the desired ground point density
(Murtha et al. 2019, 3). Mapping coverage must also be determined by local permissions; in this
study, we only mapped approximately half of our maximum goal (2.1 square kilometres) with the
authorization of the local government and landholders. The 2019 missions utilized a VLP-32 ultra
puck laser scanner (GatorEye Gen 2), an upgrade from the previous year’s VLP-16 puck lite (GatorEye
Gen 1), leading to higher point returns and improved processing in areas of high topographic relief
and/or dense vegetation. Missions were flown at approximately 80 m above ground level, at a speed
of 10 m/s, and equally spaced about 80 m apart, using a cross-hatch flight pattern to achieve the
highest point density and coverage across inclined surfaces.
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Figure 2. Map of the study area, LiDAR samples, and archaeological sites over ASTER DEM and hillshade.

The G-LiHT flight tiles were processed in LIDAR Analyst to derive sub-metre pixel resolution bare-
earth digital terrain/elevation models (DTM/DEM) (Golden et al. 2016, 303). The GatorEye data were
processed with the built-in classification tools in ArcGIS Pro and with LAStools (https://rapidlasso.
com/). Although we continue to experiment with several processing algorithms, the results pro-
duced with ArcGIS Pro, using the Standard Classification in the Classify LAS Ground tool are
satisfactory. DTMs were then created with the LAS Dataset to Raster tool using the default
parameters. While the density of point returns theoretically justify sub-metre cell size sampling,
higher resolution DTMs introduced a high degree of noise due to the variability in the height of
pasture and low vegetation. Therefore, we opted for a 1 m pixel size to avoid the overidentification
of false-positive features. Ground verification is an ongoing process and has covered approximately
13% of the known mapped area of Benemérito Primera Seccion since 2017.
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Figure 3. Combined 1 m digital terrain model (DTM) of NASA G-LiHT and GatorEye LiDAR data (left) with
annotated archaeological features and kernel density of building footprint area showing the monumental core
and acropolis of Benemérito Primera Seccién (right).

Results

The G-LiHT survey documented 0.76 km? of the Benemérito Primera Seccion site core, while the
GatorEye survey mapped 2.1 km?, or a total combined area of 2.55 km? (Figure 4). The northern and
southern extents of the Benemérito Primera Seccidn site core are clearly delineated, with all
settlement contained within a 2.6 km long north-south transect (Schroder, Golden, and Scherer
et al. 2019, 164). The western and eastern limits of the Benemérito Primera Seccidn site core are less
clear because the GatorEye survey did not fully document the site (the current east-west dimensions
of the study area are approximately 1.5 km). The monumental core of the site, based on a kernel
density analysis (Silverman 1986) of building footprint area shown in Figure 3, measures about
750 m from north to south and amounts to an area of approximately 24 ha, on par with other minor
kingdoms in the Usumacinta region, including Lacanja-Tzeltal-Sak TZ'i’ and Bonampak (Golden et al.
2020, 72). The full scale of Benemérito Primera Seccién, including the core settlement, however, is
much larger than these two sites.

A summary of LAS point statistics is shown in Table 2. Ground point density is high in most areas
due to the modern land use of the region, consisting of agriculture and grazing; however, much of
the monumental core is obscured by secondary forest. The ground point density of the G-LiHT is
especially high because the transect only included the northwestern corner of the monumental
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Figure 4. Current mapped area of the Benemérito Primera Seccién site core with structures mentioned in the text.
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Table 2. LiDAR point summary statistics for the mapped extent of Benemérito Primera Seccién.

LiDAR . .
Source  Area km? All Points Ground Points
Edge Edge
Density corrected  Single flight corrected  Single flight
Total perm?  density line density Total Density  density line density %
GatorEye 2.1 618,298,772 297 401 42 102,192,590 49 67 7 16.5
G-LiHT 0.8 6,531,163 9 9 8 4,854,362 6 6 6 74.0

core. The ground point density of single flight lines in both the airborne and UAV systems are similar,
while the high ground point density with GatorEye was a product of several overlapping flights.
A lower degree of overlap at the edges of the GatorEye study area led to significant point thinning at
the boundaries; therefore, edge corrected values were also calculated by reducing the study area
size with a negative 150 m buffer. Edge correction was not necessary with the G-LiHT data. While
standard single direction hillshade was generally sufficient to identify features, other visualizations
were helpful, especially slope and positive openness/sky-view factor (Kokalj, Zaksek, and Ostir 2011,
2013; Stular et al. 2012; Zaksek, Ostir, and Kokalj 2011).

Features were manually identified and classified following the methodology discussed by
Schroder et al. (2020) (Table 3). We documented a total of 776 buildings, divided into 758 structures
and 18 platforms (larger basal buildings that support 1 or more structures). Structures are the best
proxy for settlement and built environment density, although not all structures were domestic.
Benemérito Primera Seccion’s density of approximately 297 structures or 304 buildings per square
kilometre is within the typical range of Maya lowland urban sites, perhaps slightly below average
(Barnhart 2003, 11; Chase and Chase 1998, 61; Rice and Culbert 1990; Sharer and Traxler 2006, 686;
Webster 2018, 11). For comparison, densities at Palenque and Piedras Negras are 517 and 673
buildings per square kilometre, respectively (Barnhart 2003, 12; Nelson 2005, 142). In contrast to the
extensive low-density urban peripheries of Central Maya Lowlands sites, Western Maya Lowland
urban areas like Piedras Negras, Palenque, and Benemérito Primera Seccién cluster into denser
pockets of settlement, defined partly by their natural topographic setting, as well as for cultural and
defensive reasons. Although these sites have some of the highest structure densities in the Maya
area, their broader site footprints are relatively small, within a range of 1 to 3 square kilometres. Sites
like Caracol, Belize and Tikal, Guatemala extend into settlement regions with households rather
evenly dispersed across the landscape (Murtha 2015).

Table 3. Summary of all feature data across the 2.55 km? mapped extent of Benemérito Primera Seccion; buildings
refer to two types of architecture: platforms (basal supports for other architecture) and other structures that
require further classification on the ground (see Schroder et al. 2020 for further definitions).

Density Ha/ Density Ha/
Type Count Total Area (ha) Length (km)  (count/km?  count  (length/km?® length
Aguada 43 0.6 17 59
Building 776 12.3 304 0.3
Structure 758 7.6 297 0.3
Platform 18 47 7 14.2
Plaza 107 53 42 24
Terrace 63 4.822 25 4.0 1.891 529

Total 989 18.2 4.822 388 0.3 1.891 52.9
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Flood risk

The monumental core of Benemérito Primera Secciéon was constructed on a north-south trending
ridge and consists of the site’s monumental acropolis and main plaza at the north end, connected to
an area with other public architecture to the south via a narrower ‘neck.’ The extent of anthropo-
genic modification to this natural landform is uncertain without further targeted excavation, but the
tallest structure at the site rises 16 m above the main plaza, which was elevated above the ridge at
least several metres above the natural surface based on stratigraphy revealed in looter’s pits (Tovalin
and Ortiz 2005, 35-37). Accounting for overlying construction fill, the natural prominence of the
landform was likely no more than 30 m above the surrounding floodplain. The community of
Benemérito Primera Seccion collectively designed, built, modified, and adapted a constructed
landscape over several centuries (Mejia-Ramoén 2019, 23), augmenting the area’s most prominent
landform, to increase the visibility of the nearby confluence and the reverse viewshed of the
acropolis from outlying parts of the urban area.

The Benemérito Primera Seccién settlement location is consistent with regional observations
from prior research. Communities and households throughout the Usumacinta region concentrated
in elevated areas likely due to a combination of factors, including defence, viewshed, signalling, and
drainage (Anaya Herndndez 2001; Scherer and Golden 2009, 2014a; Schroder 2019b). At these sites,
high-density settlement was partly influenced by natural topography, with structures concentrated
on hilltops, plateaus, and river terraces. Despite the generally flat local landscape compared to the
sites downstream, structure density at Benemérito Primera Seccién still clusters in relatively upland
areas. The acropolis is not in a highly defendable location; however, the prominence of the natural
landform provides benefits related to viewshed and drainage.

Due to flood risk, this prominent, natural landform would have attracted settlement as a central
place above the surrounding alluvial plain. A simple flood risk model based on the ASTER DEM (not
accounting for stream discharge or historical data) highlights the appeal of Benemérito Primera
Seccién'’s location (Figure 5). Across the Maya lowlands, urban centres favoured upland areas, in
large part for drainage purposes (Houston and Garrison 2015, 56). Still, the entirety of the mapped
area of Benemérito Primera Seccién is well outside the most extreme predicted flood levels.
Settlement surrounding the acropolis also favoured relatively higher areas. At greater distances
from the acropolis, this topography is subtle and almost undetectable from the ground, but the
GatorEye DTM shows several natural spur ridges extending from the main landform, especially to
the east. Based on a topographic position index analysis using the Focal Statistics and Raster
Calculator tools in ArcGIS Pro 2.4.2, the majority of settlement is located in upland areas, with
fewer structures than expected in low-lying areas (Figures 6, 7).

Extreme flooding events did not merely affect where people chose to settle but also influenced
movement across the landscape. Measuring water levels would have been invaluable to the
inhabitants of Piedras Negras, Yaxchilan, and Benemérito Primera Seccion. Not only would these
measurements inform local flood risk, but the rise and fall of the Usumacinta and Lacantun Rivers
would also have reflected regional conditions upstream, predicting the safety of river navigation
and forecasting the arrival of rains or droughts. Each of these dynastic centres, in fact, had means of
interpreting fluctuations in water levels: the so-called ‘sacrificial stone’ at Piedras Negras, a carved
outcrop along the riverbank, and the artificial stone pile, ‘El Pilar,’ in the middle of the river near
Yaxchilan are both flooded during the wet season (Canter 2007, 4-5, 13). Near Benemérito Primera
Seccién, Planchon de las Figuras, an extensive natural bed of limestone along the Lacantun River
and above the confluence with the Usumacinta River, could have served a similar function (Juarez
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Figure 5. Simple flood risk model of the area surrounding Benemérito Primera Seccién and the Upper
Usumacinta/Lacantin River confluence, based on a 30 m ASTER DEM; red represents typical wet season levels,
blue represents rare extreme flooding.

Cossio 1994; Maler 1903; Miilleried 1995; Stuart and Wilkerson 1995). Covered in petroglyphs and
graffiti, this example of landscape art (Potter 2004; Whitley 1998) would have greeted canoe
travellers entering a new environmental and political domain, or alternatively, when invisible during
the wet season would have cautioned navigators against the potential for treacherous currents and
rapids downstream.

Not all settlements, however, were safe from extreme flooding events. A small hamlet consisting
of 7 structures oriented around 2 plazas near the Lacantun-Usumacinta River confluence, Boca
Lacantun, lies on a river terrace, 15 m above the Lacantuin River (see Figure 2). This relative elevation
is above the bankfill level, but extreme flooding would submerge this small community. In contrast,
larger urban centres like Benemérito Primera Seccién and San Lorenzo were positioned in more
prominent areas away from flood risk. The importance of monitoring a significant travel route, as
well as the ritual significance of proximity to Planchén de las Figuras, likely outweighed the risk
posed by rare flooding events, but at the same time, the lack of dense settlement in the area
surrounding Boca Lacantin was a response to such threats. Although a complete analysis of
settlement patterns along the Lower Lacantun River is necessary, these preliminary data suggest
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Figure 6. Map of the point pattern of structures and platforms over a Topographic Position Index (Focal Statistics)
based on a 30 m DEM aggregated from the GLiHT and GatorEye LiDAR data. In this context upper and lower slope
do not refer to the relative steepness but rather the relative location of the sloping area between flat slope and
ridge (upper slope) or between flat slope and valley (lower slope).
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Density Plots Showing Distribution of Buildings Across the Landscape
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Figure 7. Kernel density plots of the topographic position index (classified by standard deviation) of the entire
DEM landscape (black) with 95% confidence envelope (nsim = 1000) and building locations (red) showing highest
frequencies of building locations in flat slope, upper slope, and ridge areas (see Bocinsky,2017).

that households and communities may have assumed a reasonable level of risk to ensure access to
important resources and travel routes away from dynastic centres, as has been suggested near
Piedras Negras (Kingsley, Golden, and Scherer et al. 2012; Schroder, Golden, and Scherer et al. 2017).

Plazas and public architecture

As with most Maya centres, the Benemérito Primera Seccién acropolis consists of royal and non-
royal elite residences, a main or central plaza, along with several areas of restricted and public ritual
space. Large plazas were important stages for public performance, marketing, and exchange (Chase
and Chase 2014; Dahlin et al. 2007; Hutson 2017; Inomata 2006; King 2015; Tsukamoto and Inomata
2014). Charles Golden and Andrew Scherer (Golden and Scherer 2013, 408) have suggested that
large plazas at secondary sites within the Piedras Negras and Yaxchildn kingdoms accommodated
large gatherings of people, many of whom were visitors from outlying regions, to engage in trust-
building activities (Miller and Brittenham 2013). Approximately 11% of the Benemérito Primera
Seccién monumental core consists of plaza space (2.6 ha), including the 1 ha main plaza. This plaza
area matches that of nearby El Palma, suggesting a potential degree of standardization in urban
planning across the region. Another pattern in the region is an elevated, enclosed main plaza.
Despite the large size of the space, these areas are generally restricted from broad view. Further
study of access to this space is needed because it could have provided for controlled public
performances and rituals, with limited participation of outlying households. The elevated position
of the acropolis ensured that buildings surrounding the main plaza were always in view within the
urban centre. Moreover, the resulting soundscapes produced by plaza activities would have been
audible beyond the site core and into the urban periphery.
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Other performances and rituals would have taken place in Benemérito Primera Seccién’s numer-
ous ballcourts. The ballcourt, an important form of public architecture in Mesoamerica, is highly
represented at Benemérito Primera Seccién, amounting to at least 4 ballcourts within the site’s
monumental core (see Figure 4). The largest I-shaped ballcourt (Structure E6-6) is located directly to
the south of the main plaza (Schroder, Golden, and Scherer et al. 2019, 164). Including the playing
alley, and ‘end zones,’ this ballcourt measures approximately 80 m long, only slightly smaller than
the largest ballcourt known from the Upper Usumacinta region at Plan de Ayutla (Martos Lépez
2009, 65). The presence of a large ballcourt within the territory of a seemingly minor kingdom
follows a pattern also observed at secondary centres within the Palenque hinterland, where several
outlying sites exhibit larger ballcourts than documented at Palenque (Flores Esquivel 2011, 42).
Smaller ballcourts at Benemérito Primera Seccion are also located within the main acropolis;
Structure E6-17 lies a mere 30 m to the southwest of the largest ballcourt, while two others
(Structures F5-6 and E7-8) are approximately 190 m to the northeast and south, respectively.

Benemérito Primera Seccién’s largest ballcourt would have been visible only to invited spectators
within the main plaza; however, other ballcourts at the site, especially Structure F5-6, are further
removed from the acropolis (see Figure 4). This ballcourt may have hosted smaller events visible to
members of the community rather than foreign dignitaries. Indeed, the concentration of ballcourts
at Benemérito Primera Seccién, higher than any primary or secondary site in the Usumacinta region,
suggests the existence of several districts at the site, perhaps an eastern sector associated with the
Structure F5-6 ballcourt and a western sector associated with Structure E6-17. The approximate
north-south axes of these ballcourts differentiate them from the east-west axes of the other 2 more
private ballcourts, including Structure E7-8, which marks the southern sector of the site. Simply,
ballcourts seem to be markers of urban districts, demarcating spaces for defined social activities.

Histogram of Plaza Area (n=107)
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Figure 8. Distribution of plaza area at Benemérito Primera Seccién, showing the mean in red and outliers in dark
gray.
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This pattern of districts is also reflected in the distribution of plazas across the site (Figure 8).
Similar to other sites across the Maya Lowlands, plaza sizes are a skewed distribution with roughly
80% less than 500 m?. Substantial variation is present in plaza areas larger than 500 m?2. Because the
plaza or patio group is a fundamental spatial proxy for household organization among the Classic
period Maya (Nelson 2005, 160; Willey 1980), smaller plazas or patios within households would have
provided a setting for private and community rituals in non-royal contexts (Blackmore 2011;
McAnany 2013). The largest plazas outside of the monumental core are located near Structures
G4-17, D6-23, and F8-2, respectively, each possibly marking eastern, western, and southern sectors
in relation to the acropolis. Further evidence for the reproduction of public rituals in private contexts
or the appropriation of household rituals by royalty is the appearance of central, square platform
altars or shrines within plazas of nearly all sizes, marking important locations for communal activity.
These features are otherwise rare in the region and mark a significant shift in ritual practice during
the Terminal Classic period (Halperin and Garrido 2020, 10; Hutson, Magnoni, and Dahlin 2017, 60).

Agrarian landscapes and water management

The alluvial plain along the Upper Usumacinta and Lower Lacantun Rivers posed a flood risk to
communities but at the same time offered agricultural opportunities rare in other parts of the Maya
area. The compact, clustered point pattern of settlement at Benemérito Primera Seccién, as quanti-
fied in a nearest neighbour analysis (0.7 nearest neighbour ratio, p < 0.001), was not necessarily
conducive to urban agriculture; however, dispersion at higher distances from the acropolis points to
the potential for cultivation of gardens in the outer landscapes of the city. With houses and
architecture constructed in upland areas above bedrock, low-lying areas with deep soil profiles
were available for a variety of agricultural techniques, including swidden agriculture, household
gardens, and groves (Barnhart 2003, 14; Becker 2001, 443; Chase and Chase 1998; Fisher 2014; Ford
and Nigh 2009; Garrison, Houston, and Alcover Firpi 2019, 141-143; Isendahl 2012; Isendahl and
Smith 2013; Marken and Murtha 2017; Murtha 2017). The extensive arable land in this area contrasts
with downstream dynastic centres like Yaxchildn and Piedras Negras that had limited access to deep
soils, where city dwellers must have relied on food distribution from peripheral areas (Fernandez
et al. 2005; Johnson et al. 2007; Nelson 2005).

The abundant cultivable land surrounding Benemérito Primera Seccion explains the lack of
agricultural terracing within the vicinity; despite the presence of ideal slopes with gradients
below 15% (Wyatt 2008, 113), clear evidence of agricultural terracing is not present within the
vicinity of Benemérito Primera Seccion. Terracing is present at Benemérito Primera Seccién, but its
purpose is similar to examples at Palenque, which served functions related to architectural stabiliza-
tion and water management (Barnhart 2003, 14, 2007, 118; Dunning, Beach, and Rue 1994; French
2007). Although such terraces could have served secondary agricultural functions as gardens,
excavations are necessary to interpret their construction. Seasonal variation in rainfall would have
necessitated the stabilization of slopes surrounding deforested areas of settlement to reduce the
risks of erosion. The earliest examples of terracing may have been secondary effects of quarrying to
construct and modify the acropolis, but the benefits of terracing to slow erosion would have been
recognized over time. While present throughout the region in household contexts where elite
oversight was not necessary for their construction (Golden et al. 2020; Schroder, Golden, and
Scherer et al. 2017; Schroder 2019b), terracing at Benemérito Primera Seccién centres primarily on
the main acropolis, the area most susceptible to erosion.
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Deep soil profiles also provided earthen building materials for domestic structures, especially to the
east of the main acropolis in the vicinity of Structures G4-3 and G4-13 and also documented at the
nearby site of El Kinel (Golden and Scherer 2006; Houston, Escobedo, and Golden et al. 2006; Scherer,
Golden, and Arroyave 2014). These structures are spatially correlated with several excavated borrow
pits, many of which served a secondary function as household reservoirs or aguadas (Figures 9, 10).
While the 2 largest borrow pits at the site are located near the acropolis, suggesting a possible degree
of centralized oversight, these features require ground verification to determine if they held water,
and the majority of reservoirs at the site cluster away from the monumental core and were managed
by households (Figure 11). Flooding and rising water tables would have increased the number of
functioning reservoirs.

Although physical evidence of agricultural intensification or landesque capital has not been
identified near the Benemérito Primera Seccion site core, we have documented in the G-LiHT survey
evidence for channelized or drained fields approximately 14 km to the southwest of Benemérito
Primera Seccion and 2 km to the northeast of the modern town of Quiringuicharo (Figure 12). This
evidence adds to the recent LiDAR identification of a larger scale of wetland agriculture in the Maya
area than previously recognized (Beach, Luzzadder-Beach, and Krause et al. 2019; Canuto et al.
2018). The Quiringuicharo system of channelized fields consists of several linear features creating in
some places chequerboard patterns and in other areas forming orthogonal features perpendicular
to natural arroyos. The longest such features extend at least 375 m from the nearest arroyo, and
spacing between channels ranges from approximately 10 to 15 m, covering a total area of 76 ha.
Due to the limited coverage of the corresponding G-LiHT tile, the full surface area of these fields is
likely more extensive. These channelized fields are associated with a small, undocumented archae-
ological site, and a larger, secondary site, Yaxun, is located more than 4 km to the northeast (Bullard
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Figure 9. Bivariate Pair Correlation Function (PCF) with simulation envelope (nsim = 1000) showing highest

clustering of aguadas relative to buildings between approximately 25 and 200 m above the envelope (see Riris,
2017). 75% of structures are located within 200 m of an aguada.
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Figure 10. Household aguada with Structure G5-1 in the background (photo by Saul Ascensio Bocanegra).

1995; Schroder, Golden, and Scherer et al. 2019). The primary function of such drained fields would
have been to control the water table to increase agricultural yield. The construction of such channels
would have required lower initial investment, but their maintenance would have been costly
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Figure 11. Kernel densities (sigma = 100) of buildings and aguadas showing highest densities of aguadas
clustering away from highest densities of buildings (see Riris, 2017).
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Figure 12. Remote sensing imagery of drained wetland fields near Quiringuicharo: a) a positive openness
visualization of G-LiHT data (Chiapas s459 GLAS) showing several radial canals emanating from a natural arroyo,
b) the same extent with some fields visible in historical Google Earth imagery (5/2005, © Maxar Technologies), and
C) a positive openness visualization of an extension of the same field system along another arroyo 500 m to the
north adjacent to a previously undocumented site within the same G-LiHT tile.

(Baugher 2001, 27). The current evidence suggests that such intensive agriculture was not under
direct elite control; however, the Lacantin and Usumacinta Rivers would have aided the movement
of goods across the watershed. Any surplus produced intensively could have supported parts of the
kingdom that experienced a season of harvest failure due to local variations in rainfall.

Conclusion

The 2020 flooding of modern communities and the distribution of archaeological hamlets and
urban centres in relation to flood risk along the Usumacinta River underscores the instability of
tropical riverine environments. As the environment itself fluctuates, the human perception of that
landscape is also inconstant. The experience of a place, therefore, develops over time and depends
on the viewer's own physical and social position within that landscape (Mack 2004; Tuan 1975).
Seasonal and yearly variations endemic to the tropics influence a cyclical view of land-use change,
while abrupt, rare catastrophes can produce unpredictable and varied responses across and within
communities. Low probability, 100-year flood cycles that span generations and that are affected by
distant weather patterns can be unforeseeable; however, memory, oral histories, and indigenous
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knowledge can serve as a record to mitigate risks, a form of ‘learning as dwelling’ (Nakashima,
Galloway Mclean, and Thulstrup et al. 2012; Plumb 2008; Wilcox 2009). The record of prehispanic
anthropogenic modification to the landscape so far documented by this study suggests extensive
approaches to exploit and manipulate the fluvial geomorphology of the region at least during the
Classic period.

This research raises questions of scale and integration, especially apparent when comparing
how populations lived in and managed the tropical riverine environment of the Upper
Usumacinta-Lacantin River watershed with other archaeological cultures in similar regions
across the globe. Comparative approaches adopted by Mayanists have concentrated on
Angkor for its environmental context and agricultural infrastructure (Coe 1957; Webster 2013).
The scale and interconnectivity of water management and population densities at Angkor,
however, were higher than at even the largest and most powerful Maya centres (Evans et al.
2007, 14, 279). Dubbed the ‘hydraulic city,” Angkor’s extensive water management systems of
canals, embankments, and reservoirs/barays connected periphery to urban centre (Buckley et al.
2010; Day et al. 2012; Evans et al. 2013; Groslier 1979; Ichita et al. 2016), a form of integration
that has been observed in some parts of the Maya Lowlands on a smaller scale but much less
apparent near Benemérito Primera Seccién (Canuto et al. 2018; Chase and Chase 1998; Garrison,
Houston, and Alcover Firpi 2019; Murtha 2015). However, some researchers have argued that
much of the landscape system of Angkor was decentralized, and the importance of centralized
planning has been exaggerated (Hawken 2013; lannone 2016, 198). Thus, despite a mix of
central and local planning among Angkor and the Maya, decentralized systems were more
widespread, for example, at Benemérito Primera Seccién.

Still, overreliance on rigid infrastructure may have been more detrimental to the long-term
resilience of such systems (Buckley et al. 2010, 6749-6750). The effects of environmental change
on the differing scales of infrastructure among Angkor and the Maya produced some similar results,
with a shift away from inland agriculture to maritime and interregional trade (Chandler 2003; Sabloff
and Rathje 1975; Vickery 1977). The increasing vulnerability of landscape systems over time in the
context of seasonal variations in rainfall present important areas for comparison, but localized
responses to coupled socio-environmental processes must be emphasized. Chronological data are
currently lacking in the region surrounding Benemérito Primera Seccién to assess the centre’s role
during the political transformations of the ninth century CE, as well as the resilience of water
management and agricultural systems, but these questions will inform future research.

We have focused primarily on the mapping of an archaeological urban centre, the site of
Benemérito de las Américas, Primera Seccion contextualized within the broader landscape of the
region surrounding the Usumacinta-Lacantun River confluence. This junction remains a significant
environmental feature, draining the waters of the highlands and linking several modern, growing
population centres in both Mexico and Guatemala. This confluence is also a focal point of travel,
mirroring its importance in the past for river navigation in a theoretical circuit around the Western
Maya Lowlands (Canter 2007). Constructed landscapes such as the archaeological community at
Benemérito Primera Seccién contributed to the existing power imbued into the conceptualized
landscape and manifested in landscape art at Planchén de las Figuras. The common spatial process
of urban nucleation (Gyucha 2019; Smith 2014a) took place at Benemérito Primera Seccién where
households favoured upland areas around the acropolis that was constructed on an already
important natural vantage point in the region. Public performance areas, including plazas and
ballcourts, added to the sanctity and significance of this location, encouraging the gathering of
members of the community and visitors from afar.
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Peripheral households of the outer urban and rural landscapes viewed these rituals from
a different perspective. The visibility of the Benemérito Primera Seccién acropolis ensured that
members of outlying patio groups within the urban area could experience aspects of the site’s
‘moral community’ and even the most restricted elite activities from a distance (Fitzsimmons 2015;
Golden and Scherer 2013; Houston, Escobedo, and Child 2003). Although peripheral households
could not necessarily participate directly, their private rituals paralleled those conducted in the
acropolis, within the spaces of smaller plazas around platform altars in the city’s surrounding
districts, mapped on to the cardinal directions and site axis. Similarly, water management, though
present to a degree in the form of terracing around the acropolis, was largely practiced and
managed by outlying households and communities. Reservoirs clustered near households and
drained fields in rural areas were largely decentralized but ensured that resources could be
distributed along waterways to areas that experienced prolonged periods of higher risk. The same
rivers that posed threats of flooding and hazardous navigation promoted the integration of diverse
households and communities across this neotropical landscape.
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