
Supplemental Files for 

Ancient Lowland Maya Neighborhoods: Average Nearest Neighbor Analysis and Kernel Density Models, Environments, and Urban Scale

Thompson, Amy E., John P. Walden, Adrian S.Z. Chase, Scott R. Hutson, Damien B. Marken, Bernadette Cap, Eric C. Fries, M. Rodrigo Guzman Piedrasanta, Timothy S. Hare, Sherman W. Horn III, George J. Micheletti, Shane M. Montgomery, Jessica Munson, Heather Richards-Rissetto, Kyle Shaw-Müller, Traci Ardren, Jaime J. Awe, M. Kathryn Brown, Michael Callaghan, Claire E. Ebert, Anabel Ford, Rafael A. Guerra, Julie A. Hoggarth, Brigitte Kovacevich, John M. Morris, Holley Moyes, Terry G. Powis, Jason Yaeger, Brett A. Houk, Keith M. Prufer, Arlen F. Chase, and Diane Z. Chase
 



Supplemental Figures


[image: ]
S1 Fig. Settlement maps for each of the 23 centers used in this study. Green points represent households identified during pedestrian survey and yellow points represent households identified through remote survey. Individual scales for each center. Basemaps for centers use lidar-derived hillshade models or ESRI basemaps or were produced from ASTER DEMs v.3. The basemap for Holtun (map by MRGP) produced from an ASTER DEM version 2. Basemaps for Aguacate Lagoon, Almon Plett, Cadena, Pescado Creek, and Ziabl (maps by ECF) were derived from a freely available ASTER GDEM version 3 (NASA). Basemaps for Rosario, Ojo de Agua, and Los Encuentros (maps by KSM) consist of 0.6m resolution imagery that is the intellectual property of Esri, Maxar, and Earthstar Geographics and is used herein under license. Copyright 2020 Esri, Maxar, and Earthstar Geographics and their licensors. All rights reserved. 
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[bookmark: _Hlk97988481]S2 Fig. Kernel Density maps showing the clustering of households at each of the 23 centers in this study. KD values are specific to each map. Individual scales for each center. Basemaps for centers use lidar-derived hillshade models or ESRI basemaps or were produced from ASTER DEMs. The basemap for Holtun (map by MRGP) produced from an ASTER DEM version 2. Basemaps for Aguacate Lagoon, Almon Plett, Cadena, Pescado Creek, and Ziabl (maps by ECF) were derived from a freely available ASTER GDEM version 3 (NASA). Basemaps for Rosario, Ojo de Agua, and Los Encuentros (maps by KSM) consist of 0.6m resolution imagery that is the intellectual property of Esri, Maxar, and Earthstar Geographics and is used herein under license. Copyright 2020 Esri, Maxar, and Earthstar Geographics and their licensors. All rights reserved. 
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S3 Fig. Aguacate Lagoon, Almon Plett, Cadena, Pescado Creek, and Zibal and Kichpan Uitz maps. Scaled map (see Fig 2), settlement map (see S1 Fig), and kernel density map (see S2 Fig) of Aguacate Lagoon, Almon Plett, Cadena, Pescado Creek, and Zibal and Kichpan Uitz. Basemaps derived from a freely available ASTER GDEM version 3 (NASA). Maps by ECF; figure by AET.
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S4 Fig. Altar de Sacrificios maps. Scaled map (see Fig 2), settlement map (see S1 Fig), and kernel density map (see S2 Fig) of Altar de Sacrificios. Basemap made by Andrés G. Mejía-Ramon. Maps by JM; figure by AET.
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S5 Fig. Baking Pot maps. Scaled map (see Fig 2), settlement map (see S1 Fig), and kernel density map (see S2 Fig) of Baking Pot. Maps by JPW; figure by AET.
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S6 Fig. Buenavista del Cayo maps. Scaled map (see Fig 2), settlement map (see S1 Fig), and kernel density map (see S2 Fig) of Buenavista del Cayo. Maps by BC; figure by AET.







[image: ]S7 Fig. Caracol maps. Scaled map (see Fig 2), settlement map (see S1 Fig), and kernel density map (see S2 Fig) of Caracol. Maps by ASZC; figure by AET.
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S8 Fig. Chunchumil maps. Scaled map (see Fig 2), settlement map (see S1 Fig), and kernel density map (see S2 Fig) of Chunchucmil. Maps by SRH; figure by AET.
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S9 Fig. Copán maps. Scaled map (see Fig 2), settlement map (see S1 Fig), and kernel density map (see S2 Fig) of Copán. Maps by HRR; figure by AET.
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S10 Fig. El Perú-Waka' maps. Scaled map (see Fig 2), settlement map (see S1 Fig), and kernel density map (see S2 Fig) of El Perú-Waka’. Maps by DBM; figure by AET.
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S11 Fig. El Pilar maps. Scaled map (see Fig 2), settlement map (see S1 Fig), and kernel density map (see S2 Fig) of El Pilar. Maps by SWH; figure by AET.
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S12 Fig. Holtun maps. Scaled map (see Fig 2), settlement map (see S1 Fig), and kernel density map (see S2 Fig) of Holtun. Basemaps derived from a freely available ASTER GDEM version 2. Maps by MRGP; figure by AET.
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S13 Fig. Ix Kuku’il maps. Scaled map (see Fig 2), settlement map (see S1 Fig), and kernel density map (see S2 Fig) of Ix Kuku’il. Maps and figure by AET. 
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S14 Fig. Las Cuevas-Monkey Tail maps. Scaled map (see Fig 2), settlement map (see S1 Fig), and kernel density map (see S2 Fig) of Las Cuevas-Monkey Tail. Maps by SMM; figure by AET.
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S15 Fig. Los Encuentros maps. Scaled map (see Fig 2), settlement map (see S1 Fig), and kernel density map (see S2 Fig) of Los Encuentros. Basemap consists of 0.6m resolution imagery that is the intellectual property of Esri, Maxar, and Earthstar Geographics and is used herein under license. Copyright 2020 Esri, Maxar, and Earthstar Geographics and their licensors. All rights reserved. Maps by KSM; figure by AET.
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S16 Fig. Lower Dover maps. Scaled map (see Fig 2), settlement map (see S1 Fig), and kernel density map (see S2 Fig) of Lower Dover. Maps by JPW; figure by AET.
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S17 Fig. Mayapan maps. Scaled map (see Fig 2), settlement map (see S1 Fig), and kernel density map (see S2 Fig) of Mayapan. Maps by TSH; figure by AET.
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S18 Fig. Ojo de Agua maps. Scaled map (see Fig 2), settlement map (see S1 Fig), and kernel density map (see S2 Fig) of Ojo de Agua. Basemap consists of 0.6m resolution imagery that is the intellectual property of Esri, Maxar, and Earthstar Geographics and is used herein under license. Copyright 2020 Esri, Maxar, and Earthstar Geographics and their licensors. All rights reserved. Maps by KSM; figure by AET.
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S19 Fig. Pacbitun maps. Scaled map (see Fig 2), settlement map (see S1 Fig), and kernel density map (see S2 Fig) of Pacbitun. Maps by GM; figure by AET.
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S20 Fig. Rosario maps. Scaled map (see Fig 2), settlement map (see S1 Fig), and kernel density map (see S2 Fig) of Rosario. Basemap consists of 0.6m resolution imagery that is the intellectual property of Esri, Maxar, and Earthstar Geographics and is used herein under license. Copyright 2020 Esri, Maxar, and Earthstar Geographics and their licensors. All rights reserved. Maps by KSM; figure by AET.
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S21 Fig. Uxbenká maps. Scaled map (see Fig 2), settlement map (see S1 Fig), and kernel density map (see S2 Fig) of Uxbenká. Maps and figure by AET. 

Supplemental Tables

[bookmark: _Hlk97988507]S1 Table. 
	Center
	Boundary Effect Comments

	Aguacate Lagoon
	Modern agricultural practices likely plowed over, destroying households.

	Almon Plett
	Modern agricultural practices likely plowed over, destroying households.

	Altar de Sacrificios
	Sections of settlement have been covered up or wiped away by the changing course of the Rio Chixoy.

	Baking Pot
	

	Buenavista del Cayo
	Given the size of the civic ceremonial core architecture and settlements visible on lidar data, there are likely additional, non-ground truthed settlements associated with Buenavista del Cayo.

	Cadena
	Modern agricultural practices likely plowed over, destroying households.

	Caracol
	Ancient settlement likely extends into modern day Guatemala and are not included in the analysis.

	Chunchucmil
	Additional settlements in the periphery that are visible on lidar were not included.

	Copán
	

	El Perú-Waka'
	Pedestrian survey captures a large portion of the settlement, but the settlement likely extends an additional 40 km2 beyond the area included in this study

	El Pilar
	pedestrian survey captures much of the settlement but based on lidar, settlement likely extends 2-3 km beyond the area that is included in the study. Future field verification will confirm the presence of archaeological features (Horn and Ford 2019).

	Holtun
	Given the size of civic ceremonial core architecture, Holtun likely has additional settlement but the project does not yet has lidar at the time of writing.

	Ix Kuku’il
	Pedestrian survey supplemented with households identified on lidar data. Additional settlement may extent to the north and west.

	Las Cuevas-Monkey Tail
	Northwesternmost parts of the settlement may be part of greater Caracol.

	Los Encuentros
	Although structures are not as badly damaged by agricultural activities as they would be in more densely populated regions, many structures were clearly destroyed by plowing, resulting in artifact scatters noted in the survey, but not always assigned a house-group. Additionally, due in part to the pedestrian survey, it seems that structures are disproportionately under-recognized in forested areas.

	Lower Dover
	

	Mayapan
	

	Ojo de Agua
	Although structures are not as badly damaged by agricultural activities as they would be in more densely populated regions, many structures were clearly destroyed by plowing, resulting in artifact scatters noted in the survey, but not always assigned a house-group. Additionally, due in part to the pedestrian survey, it seems that structures are disproportionately under-recognized in forested areas. 

	Pacbitun
	

	Pescado Creek
	Modern agricultural practices likely plowed over, destroying households

	Rosario
	Although structures are not as badly damaged by agricultural activities as they would be in more densely populated regions, many structures were clearly destroyed by plowing, resulting in artifact scatters noted in the survey, but not always assigned a house-group. Additionally, due in part to the pedestrian survey, it seems that structures are disproportionately under-recognized in forested areas. 

	Uxbenká
	Pedestrian survey supplemented with households identified on lidar data. Unclear where the boundary is between Uxbenká and Lubaantun to the NE and some of the housemounds may belong to Lubaantun. However, ANN on a smaller sample has the sample ANN ratio.

	Zibal and Kichpan Uitz
	Modern agricultural practices likely plowed over, destroying households.


Possible boundary effects at centers included in this study.
Supplemental Texts
S1 Text – Center Summaries 

Aguacate Regional Archaeology Project (Aguacate Lagood, Almon Plett, Cadena, Pescado Creek, Zibal/Kichpan Witz) Background – Eric C. Fries
The Aguacate region of western Belize covers five minor Maya centers and their surrounding settlement, arranged along a series of hogback ridges northwest of the modern settlement of Spanish Lookout. Settlement features are found mostly on the upper portions of these ridges, as creeks running along the foot of each ridge create a bajo environment downslope. The centers themselves are located on karst outcrops or ridges, and settlement is mostly on low rises, following the pattern predicted for the area by Fedick (1995). Each center consists of a single plaza of roughly similar dimensions (~100 m by 50 m) surrounded by monumental construction, with the exception of Zibal and Kichpan Uitz. Zibal is a monumental plaza group similar to the centers and Kichpan Uitz is a single large pyramidal structure with smaller range structures atop a nearby hill; these two monumental groups are treated as one center in this analysis. Ceramics typologies indicate that all of the centers were occupied from the Early Classic through the Late Classic (250-900 CE), with the exception of Almon Plett, where ceramics indicate an occupation sequence starting in the Late Preclassic and ending before the onset of the Late Classic. Additionally, Aguacate Lagoon has some evidence of Terminal Classic occupation where the upper platforms of monumental structures were repurposed as walled residential areas.
	The Aguacate Regional Archaeology Project (ARAP) builds upon the work of the UCLA Maya Archaeology Project (UMAP), which investigated the site of Aguacate Lagoon from 2010 to 2012. Settlement survey around the Aguacate Lagoon monumental cluster located a large number of settlement features in the surrounding landscape, much of which has been cleared for agriculture and cattle pasture. After UMAP concluded work at Aguacate Lagoon, ARAP continued to document ancient Maya settlement in the area through a combination of remote sensing using satellite imagery, and pedestrian survey. Many features in the region are heavily disturbed; some exist only as footprints, visible on satellite imagery as white rectilinear marks in plowed fields and identifiable on the surface through the presence of cut stone blocks and dense artifact scatters. Therefore, survey protocol was developed through an iterative process of identifying potential sites, ground-truthing them, and using the results to guide identification of further potential sites in the next remote sensing cycle. At present, 347 household groups have been identified across a total study area of 100 km2, broken down by center as follows: Aguacate Lagoon, 37 groups in 15 km2 (33 by pedestrian survey and 4 by remote sensing); Cadena, 16 groups in 11 km2 (9 by pedestrian survey and 7 by remote sensing); Almon Plett, 69 groups in 20 km2 (46 by pedestrian survey and 23 by remote sensing); Pescado Creek, 82 groups in 20 km2 (47 by pedestrian survey and 35 by remote sensing); Zibal and Kichpan Uitz, 143 groups in 30 km2 (122 by pedestrian survey and 21 by remote sensing). Many of these groups were initially identified via remote sensing and later ground-truthed during pedestrian survey. 

Belize Valley Archaeological Reconnaissance (Baking Pot and Lower Dover) Background – John P. Walden
	Baking Pot and Lower Dover are two Classic Maya centers situated in the Belize River Valley in modern-day western Belize. Baking Pot which is situated in the western-central Belize River Valley is almost entirely on a fertile alluvial plain, which is agriculturally productive for both modern agriculture and hand cultivation. The soils of the region likely supported cacao in prehistory. Baking Pot is situated close to the Belize River and the hinterland contains several seasonal streams which run from the foothills on the southern flank of the Belize River Valley. These hills form the main source of limestone. The Lower Dover civic-ceremonial center is 7 km east of Baking Pot and is at a point in the valley where the southern foothills extend north to the river. Subsequently, unlike Baking Pot, much of the southern settlement of Lower Dover is on shallow hillside soils, which were still relatively productive under traditional hand cultivation (if not modern agriculture; Awe, Hoggarth, and Helmke 2014; Walden 2021). However, the limestone outcrops in this region provided easy access to construction materials. Upper and Lower Barton Creeks run from the Belize River south into the foothills. Upper Barton Creek was navigable by canoe and connected Lower Dover to the small center of Lower Barton Creek to the south. The northern half of Lower Dover forms the settlement of Barton Ramie which is situated on fertile alluvium (like Baking Pot). Baking Pot was occupied from the Middle Preclassic period (900-300 BC). The civic ceremonial core probably rose at some point in the Late Preclassic (300 BC-AD 300). By the Early Classic period (AD 300-600) Baking Pot was one of the largest political centers in the valley architecturally (~284,000 m3; Walden et al. 2019), and demographically (~6000 people; Helmke and Awe 2012; Hoggarth 2012). The Lower Dover civic ceremonial center dates to the Late Classic period (AD 600-900; Guerra and Awe 2017). In contrast, the larger minor centers in the hinterland were settled in the Middle Preclassic and grew substantially in the Late Preclassic. By the Terminal Preclassic/Early Classic transition the center had a population of ~1500 people. This increased to ~2400 people by the Late Classic when the civic ceremonial center was constructed (~148,000 m3; Walden 2021). Both centers collapsed in the Terminal Classic when the civic ceremonial cores were abandoned. It increasingly looks like commoner populations abandoned the region around this time, and then reoccupation occurred in the Late Postclassic (Hoggarth et al. 2014). 
	Settlement survey in the region began with the efforts of Willey and colleagues (1965) at Baking Pot, Barton Ramie, Floral Park, and Spanish Lookout. Subsequently survey at Baking Pot was undertaken by James Conlon (Conlon and Ehret 2001) and Julie Hoggarth (Hoggarth et al. 2010; see also Helmke et al. 2020). The majority of Baking Pot has been subjected to full coverage pedestrian survey. In addition, ~60 mounds have been subjected to excavations (of which 100% showed evidence of Late Classic occupation). The Western Belize LiDAR consortium provided LiDAR data in 2015 (Ebert, Hoggarth, and Awe 2016). While most of Baking Pot was surveyed by this point, the new settlement data confirmed known patterns and was fundamental to survey efforts at Lower Dover. Several small surveys in the vicinity of Lower Dover were undertaken (Driver and Garber 2004; Petrozza 2015), full coverage pedestrian survey of the Lower Dover polity was undertaken in 2016 and a center settlement database was created which included Barton Ramie (Walden 2021). Excavation revealed Late Classic construction at all 96 households (20% of the center) sampled at Lower Dover. The two most important comparative findings from settlement research in the two centers is that Baking Pot was more politically and demographically centralized than Lower Dover. Political centralization is evident by the fact 90% of monumental construction occurred in the Baking Pot core (versus 10% by intermediate elites) whereas at Lower Dover only 70% of monumental construction was in the core (versus 30% by intermediate elites; Walden 2021; Walden et al. 2020). Baking Pot was clearly the focus of the most dramatic settlement aggregation in the area, Lower Dover was demographically disembedded. The vast amount of commoner population resided in several large intermediate elite headed districts. 


Caracol Archaeological Project (Caracol) Background – Adrian S.Z. Chase 
Caracol was one of the largest Classic Period Maya cities and served as the political capital for a regional state encompassing minimally 5,544 square kilometers (AF Chase and Chase 1998a:17) as well as the cities of Tikal and Naranjo during its maximum extent during the early part of the Late Classic Period (AF Chase and Chase 2020a, 2021; DZ Chase and Chase 2003). The city, or center, of Caracol covered about 200 square kilometers in Belize with an additional estimated 40 square kilometers in Guatemala; the center occupied land between the Mopan/Chiquibul and Macal Rivers in the foothills of the Maya mountains on the Vaca Plateau (AF Chase, et al. 2020a:345-347; DZ Chase, et al. 2020c:110-111). The ancient residents of this center completely modified their landscape over about 1500 years of occupation into a fully anthropogenic cityscape (AF Chase and Chase 2016; AF Chase, et al. 2020a). They interconnected nodes of monumental architecture with a dendritic causeway system centered on downtown Caracol (AF Chase and Chase 2001). This system ultimately linked together at least 18 of Caracol’s 25 monumental nodes (ASZ Chase 2021, in press 2022), and these distributed nodes acted as urban districts that administered the city and provided urban services to the city’s residents (ASZ Chase 2016b). Their placement also ensured widespread marketplace access (AF Chase, et al. 2015; DZ Chase and Chase 2014b, 2020b) that encouraged household production of crafts for exchange in the marketplace (AF Chase and Chase 2015). The non-monumental parts of this center consisted of plazuela groups (AF Chase and Chase 2014a), agricultural terraces (ASZ Chase and Weishampel 2016; AF Chase and Chase 1998b; Murtha 2009), and residential reservoirs (ASZ Chase 2016a). During its apogee around 600 CE, Caracol possessed a population of over 100,000 people (AF Chase and Chase 1996:2-3; DZ Chase and Chase 2017:208-209) with initial settlement starting around 600 BCE (AF Chase and Chase 2006:42) and lasting until about 900 CE (AF Chase and Chase 2007; DZ Chase and Chase 2017:216-217). 
The Caracol Archaeological Project (CAP) has conducted nearly four decades of research and excavation at Caracol since 1983 after prior research near the center’s urban core in the 1950s by the university of Pennsylvania (AF Chase, et al. 2020b; DZ Chase and Chase 2017:189-198). CAP research initially focused on identifying urban limits through an extensive pedestrian survey effort (AF Chase 1988; AF Chase and Chase 1987); however, after surveying 23 square kilometers between 1986 and 2003, no formal boundary had been identified (DZ Chase and Chase 2017:195-196). This changed with the addition of lidar data from flights in 2009 and 2013 (AF Chase, et al. 2014; AF Chase, et al. 2011) that facilitated the identification of a potential center boundary based on a drop off in intensive terracing on hilltops, hillslopes, and valley bottoms to just valley bottom terracing in tandem with a drop-off in settlement (ASZ Chase 2016b:Figures 1, 4, and 5; ASZ Chase and Weishampel 2016:365). Research with lidar has identified about 200 square kilometers of settlement area in Belize alone with over 7709 residential groups (ASZ Chase 2021; AF Chase, et al. in press 2021), over 177 square kilometers of agricultural terracing (AF Chase and Chase 1994:5; AF Chase, et al. 2014:8685-8686; AF Chase, et al. 2011:397), and over 1590 residential reservoirs (ASZ Chase 2016a). However, these values provide under-estimates that exclude features in Guatemala and those invisible within the lidar dataset (AF Chase, et al. in press 2021).

El Perú-Waka’ Background – Damien B. Marken 
The ruins of the El Perú-Waka’ urban core sit atop the southwest corner of the Petén Karst Plateau. This core is defined by topography (the plateau escarpment to the south and west) and an enigmatic non-hydrological, “canal” feature on the north (Marken et al. 2019). While center’s overall spatial form varied throughout its occupation (300 BCE-1000 CE; see Eppich, Marken and Meléndez 2022), during much of the Classic, the compact Waka’ urban core (1.38 km2) was one of the most heavily occupied places across the Maya lowlands (Marken et al. 2020; see also Canuto et al. 2018; Marken 2015), with a synchronic structure density of 881 strs/km2, and an estimated maximum absolute population of 3,307 people/km2 during its Late Classic height (Marken and Ricker 2023). Surrounding this core is a multi-functional periurban zone with heavily settled sectors interspersed between sparsely populated, but intensively utilized areas. Beyond this, the city hinterlands extend across an undefined karstic landscape of ridges and hills to the north and east.   
	The current analysis examines a 29.89 km2 lidar DEM clip around the Waka’ urban core (Figure 4, S1 Figure). Within this area 2,827 ground-truthed ancient structures were organized into a variety of settlement group types: single-structure households, multi-structure patios, multi-patio groups and public monumental complexes (Marken et al. 2020). Spatial definition of settlement groups combined topography and spatial proximity (50 m buffer), resulting in 421 settlement groups. ANN (Table 2) and KD analyses (Figure 4; S2 Figure) were conducted on this sample in ArcMap 10.7.2.

El Pilar Archaeological Project (El Pilar) Background – Sherman W. Horn III 
El Pilar is a large Maya center situated along the eastern edge of the karstic limestone ridge-lands of the greater Petén. More than 150 hectares of monumental architecture, built in a 2-km-swath across what is now eastern Belize and western Guatemala, comprise the El Pilar epicenter, which is surrounded by dense residential settlement, smaller civic architectural groups, and two minor centers (Ford and Horn 2017, 2018a; Horn et al. 2020). El Pilar sits at an ecotone atop a roughly north-south running limestone escarpment, with deeply incised terrain descending eastward to low-lying plains, and ridge-lands transitioning to foothills before reaching the Belize River valley around 10 km to the southeast. The elevated area west of the escarpment edge, containing the majority of mapped ancient residential features, consists of karstic hilltops interspersed among flatlands, with a few seasonal stream courses providing additional relief. Construction activity in the El Pilar core spans nearly 2,000 years in unbroken sequence, beginning in Middle Preclassic times and ending in the Terminal Classic (c. 800 BCE – 1000 CE; Wernecke 2005). Settlement surveys in the upper Belize River area suggest some ancient residences around El Pilar have roots in the Middle Preclassic (Fedick and Ford 1990; Ford and Fedick 1992), although the extent of early settlement is not clear. Populations expanded across the local area in the Late Preclassic (c. 300 BCE – 200 CE), and this filling in of the landscape was paralleled by massive investment in monumental architecture at the city center.
Research at El Pilar focuses on documenting cultural remains and vegetation communities across the 20 km2 El Pilar Reserve for Archaeological Flora and Fauna. The acquisition of aerial lidar data in 2012 initiated the current program of full-coverage survey by the El Pilar Project (Ford 2014; Pingel et al. 2015), which has mapped 14 km2, or about two-thirds of the reserve, at time of writing. Since 2014, these pedestrian surveys have been instrumental in developing methods to validate lidar image analyses and efficiently map large areas (Ford and Horn 2018b; Horn and Ford 2019), and they have identified 556 primary residential units across the surveyed area. We define primary residential units as groups of two or more associated mounds – or one mound built on a small platform/plazuela – based on ethnographic studies of traditional Lowland Maya residences (e.g., Zetina and Faust 2011), which document a minimum of two structures that comprise a family’s primary home: a domicile, and a detached cooking area or kitchen. The remains of households’ primary residences are the fundamental units we use to derive population estimates, investigate land use and environmental interactions, and examine settlement patterning to discover meaningful social groupings, such as neighborhoods.

Holtun Archaeological Project (Holtun) Background – M. Rodrigo Guzman
The site of Holtun is an intermediate civic center in the northeast of the department of Peten, Guatemala, or the Central Maya Lowlands. The settlement of Holtun is located on karstic hills in the south of the Yaxha-Sacnab lakes, within the Central Lakes region. The site is adjacent to the modern village of La Maquina, in the municipality of Flores, 12 km southwest of the monumental site of Yaxha (Fialko 2011, Kovacevich et al. 2011: 226). The location of the center is approximately 35 kilometers southeast of Tikal and 12.3 kilometers southwest of Yaxha (Ponciano 1995: 485). Since 2010, Holtun Archaeological Project has conducted investigations in the area with the sponsorship of the University of Central Florida (Callaghan et al. 2017). 
The center of Holtun is a modest size settlement, constituted by at least 350 structures organized around patios and plazas (Guzman 2019, 2020). Some of the plaza groups are characterized by the presence of monumental mask facades, or mascarones. One of the plaza groups contains an architectonic compound for astronomical observations and ritual commemorations, or E-Group (Fialko 2011, Kovacevich et al. 2011). The plaza and patio groups are organized in clusters on top of the hills of the tropical karstic landscape. The hills are surrounded by a system of ravines. Although a substantial body of water is not evident in the landscape, the ravines contain at least 4 water springs and several natural pools from moisture filtering through the sediments in the beds of the ravines (Guzman 2017, 2019). 
Holtun developed social complexity during the Middle Preclassic period (1000 – 800 BCE). The community of Holtun experienced a cultural fluorescence during the Late Preclassic Period (250 BCE – 250 CE), and then a depopulation or an abandonment in the course of the Early Classic Period (250-500 CE). Later, the settlement experienced a modest repopulation during the Late Classic period (500-800 CE) until a definitive abandonment during the Terminal Classic period (800-900 CE). Social complexity at Holtun was catalyzed by the inclusive and communal rituals in the central plazas and the patterns of production and consumption in the households (Callaghan et al. 2017). The distribution of the settlement in Holtun suggests that the plazas, as the infrastructure that supported the social and ideological power, were placed strategically to demarcate key elements of the landscape such as natural resources and water (Guzman 2020).

Las Cuevas Archaeological Project (Las Cuevas and Monkey Tail) Background – Shane M. Montgomery and Holley Moyes 
The Las Cuevas study area, situated within the Chiquibul Forest Reserve of western Belize, straddles the southeastern edge of the Vaca Plateau. Low modified hills, constricted valleys, steep-sided ridges, and low-relief, seasonally inundated depressions (pocket bajos) are common throughout the landscape. To the east, the Raspaculo and Macal drainages form a rugged divide between the karstic plateau and the metamorphic and granitic materials exposed throughout the Maya Mountains (Bateson 1972). Thin soils characterize much of the plateau, which erode easily to reveal the underlying limestone (Penn et al. 2004). Hillslopes throughout the Las Cuevas area have been stabilized through the expansive construction of masonry terraces, and ditched field systems were recently documented in bottomlands on the northern and southern peripheries of the study area (Montgomery 2019). Two major centers of roughly equal size—Las Cuevas and Monkey Tail—likely serviced much of the population in this portion of the plateau, although eight additional minor centers were present as well. Las Cuevas, occupied for a brief period during the Late and Terminal Classic periods (ca. 700—900 CE), represented a unique example of the direct integration of surface architecture with an expansive cave system, suggesting a dual ritual and civic role. Limited excavation and mapping at Monkey Tail, three kilometers to the east, suggests that the center was comparable in size, function, and importance during these periods (Ramos 2013:114), with a moderate density of residential groups scattered amongst the undulating terrain between the two sites.
The Las Cuevas Archaeological Reconnaissance Project (LCAR) began research in 2011 with the goal of understanding the role of Las Cuevas as a potential pilgrimage center during its apogee in the Late and Terminal Classic periods (Moyes et al. 2012). Investigations focused both on excavations within the ceremonial core and systematic settlement survey and testing within select hinterland areas, mainly to the west of Las Cuevas near the sites of Ta’ Ek’, Cahal Xux, and Ox Tun. Lidar data for LCAR was acquired by the National Center for Airborne Laser Mapping (NCALM) in 2013 through a collaborative effort between multiple archaeological projects established in western Belize (Chase et al. 2014), allowing the project a detailed view of anthropogenic constructions across the landscape. Preliminary settlement research in the Las Cuevas region was initiated by Pedro Carvajal (2016) as part of his master’s research, analyzing 222 km2 of lidar-derived data between Ix Uo and the Chalillo Dam to the north. Combined with two seasons of semi-systematic pedestrian survey co-supervised by Dr. Mark Robinson, Carvajal documented 272 major residential groups within the 95 km2 territory surrounding Las Cuevas, with a total of 878 structures. Utilizing Local Relief Modeling (LRM) and point cloud visualizations, Moyes and Montgomery (2016; 2019) returned to the aerial lidar to re-examine the data set for more subtle residential features not detected in the Carvajal analysis, including hillslope groups, residences lacking substantial platforms, and households with informal layouts. Further pedestrian survey during the 2017 and 2018 field seasons resulted in the verification of 66 additional residential groups (Montgomery 2018; 2019). The original settlement data resulted in the remote documentation of 1678 residential groups and excluded isolated structures, platforms lacking visible superstructures, and architectural constructions displaying attributes of hilltop shrines. These features were omitted as residential function could not be definitively ascribed without additional excavation; however, the constructions were reintroduced into the residential total (n=1953 residential groups; 16.4% increase in residential groups) in the final analysis as overall settlement distribution did not change dramatically. Overall, the Las Cuevas area averages approximately three structures per group, with an average of 21 groups per km2. Late/Terminal Classic settlement within the Las Cuevas area is represented through clustered scatters of residential groups, dissipating to the east beyond Monkey Tail, where terrain becomes unfavorable and identified household groups are reduced by 47 percent per km2. Several zones of higher density are detectable within the study area, namely on the southern slopes and low hills between Las Cuevas and Monkey Tail, the gentle slopes northwest of Ox Tun, the restricted valley northwest of Yum Ka’ax, and the depression-filled landscape spreading north from Xul Te’. If such settlement clusters represent neighborhoods, their divisions and boundaries are likely enforced by natural buffers such as karstic ridges, incised drainages, or seasonal inundated lowlands.

MayaArch3D Project (Copan) Background – Heather Richards-Rissetto
Copán, the largest Maya center in the southeast periphery of the Maya Lowlands, is located in the Copán Valley of Honduras about 14 kilometers east of Guatemala. The center itself, situated within the Copán Pocket, is approximately 12.5 km long and 6 km wide with altitudes ranging from 600-1400 masl. Scientific evidence indicates that people settled the area circa 1400 BCE (Hall and Viel 2004) with an introduction of Maya elite accoutrements and sociopolitical control staring with the arrival of Yax Kuk Mo in 426 CE. Likely, the area was attractive to the Maya due to its high agricultural potential, access to important resources (such as water, construction materials, granite, kaolin, and limestone), and location near major obsidian and jade sources prompted settlement (W. Fash 2001). From 426-ca 820 CE, a lineage of sixteen dynastic rulers reigned over the political center, which at its peak controlled up to 250 km2, and the Pocket itself supported up to 25,000 people during the Late Classic (ca. 600-820 CE). Throughout its history, various lines of evidence ranging from ceramics to strontium isotopic analysis indicates a cosmopolitan history (Gerstle 1988, Miller Wolf and Freiwald 2018), likely influencing household and neighborhood organization. 
From 2009-2015, the MayaArch3D Project developed a collaborative 3D WebGIS platform for Maya archaeological studies. Two key components were to create geospatial data (vector and raster) for GIS and acquire airborne lidar data for a 25 km2 area surrounding the UNESCO World Heritage site of Copan, Honduras. The original GIS data was georeferenced and digitized using analog maps from the Copan Archaeological Project (PAC 1), which surveyed and instrument-mapped 24 km2 surrounding Copan’s civic-ceremonial center (Fash and Long 1983; Richards-Rissetto 2010). These pedestrian survey data were integrated with the MayaArch3D airborne lidar data (von Schwerin et al. 2016). Together, these data provide a dataset with 884 “sites” including architectural complexes, isolated mounds, and individual monuments (primarily stelae) based on modifications of the Harvard Typology (Willey et al. 1978), which classifies sites into five types based on mound height, mound complexity, and construction materials. As for neighborhood organization at Copan, archaeologists posit sian otots, centered on water sources, as structuring community dynamics within the Pocket (Fash 1983; Davis-Salazar 2003). 

Mopan Valley Archaeology Project (Buenavista del Cayo) Background – Bernadette Cap
The Classic Maya center of Buenavista del Cayo was built on ancient floodplain terraces above the Mopan River in west-central Belize. Lidar data has revealed relic channels and oxbows indicating the dynamics of the riverine landscape (Friedel 2021; Yaeger et al. 2016). Buenavista del Cayo was built atop the oldest floodplain terrace, which is composed of deep clay-rich soils suitable for grain crops (Cap 2015). The center was established by the Middle Preclassic period, as indicated by a cenote style E-Group (Ball and Taschek 2004; Yaeger et al. 2016). The first major period of growth occurred in the Early Classic, as Buenavista became a regional capital. Sporadic growth throughout the Late Classic was interrupted near the end of the Late Classic period, in the late AD 700s, when major ceremonial architecture was torn down and burned (Cap et al. 2018). Household occupation also sharply declined around this time (Peuramaki-Brown 2012). Despite that, the center was used for ceremonial events and occupied by a lesser noble family in the Terminal Classic period (AD 800s; Cap and James 2016; Helmke et al. 2008). Just across the river, the occupation chronology of the minor center of Callar Creek appears to be tied to competition between Buenavista and its Late Classic rival just upriver, Xunantunich (LeCount and Yaeger 2010). Callar Creek’s first occupation dates to the Middle Preclassic and it emerged as a center during the transition from the Early Classic to the Late Classic and was abandoned at the end of the Terminal Classic (Kurnick 2013, 2016).
Initial investigations at Buenavista by Joseph Ball and Jennifer Taschek in the late 1980s focused on the monumental core and adjacent household groups and on the Guerra settlement group located 1 km to the south. Yaeger initiated investigations at the site core and adjacent settlement areas in 2007 as part of the Mopan Valley Archaeological Project (MVAP). Callar Creek, a nested community or district of Buenavista, was first mapped by the Xunantunich Settlement Survey (XSS) directed by Wendy Ashmore. It lay at the north end of a settlement transect that extended north from Xunantunich (Leventhal et al. 2010).  The project undertook testing in the site center (Ehret 1995), which was followed up by extensive excavations by Sarah Kurnick (2013) as part of MVAP.  
In 2013, MVAP comprised part of the Western Belize Lidar Consortium and acquired Lidar data covering a 125 km2 zone of the Mopan Valley and adjacent areas (Chase et al. 2014). Pedestrian surveys have focused on settlement around the Buenavista and Callar Creek civic ceremonial core and took place over several seasons (Ashmore 1994; Deluca and Yaeger 2019; Peuramaki-Brown 2012). In total, 2.15 km2 have undergone pedestrian survey during which a total of 131 house groups were mapped. An additional 161 possible house groups were identified through examination of Lidar-derived visualizations (e.g., hillshade, slope, open-positive, open-negative, low relief models, etc.). For the purposes of this analysis, we defined house groups as isolated mounds less than 2 m in height and formal or informally arranged mound groups with two to five mounds, all less than 2 m in height. The area presented in this study has an average density of 27 house groups per km2, which aligns with Canuto et al.’s (2018) expectation of a rural settlement zone. An important note of caution about this average density statistic: it significantly under-represents the ancient settlement density, as testing the fidelity of the Lidar data in this mosaic landscape, Cap et al. (2018) found that more than half of expected mound groups were not visible, especially those informally arranged and less than 2 m in height. If we were to double the settlement density to 54 groups house groups per km2 to account for that, our area would fall near Canuto et al.’s (2018) threshold for peri-urban settlement, 60 groups house groups per km2.

Pacbitun Regional Archaeological Project (Pacbitun) Background – George J. Micheletti 
Pacbitun is a medium-sized center tied to the Belize River Valley, located on the northern foothills of the Maya Mountains in the Cayo District of west-central Belize. The center is set at the cusp of a tropical/subtropical broadleaf moist forest biome and a premontane pine forest biome (Hartshorn et al. 1984). The tropical forest terrain surrounding the center and running north is composed of low rolling hills characterized by crystalline limestone bedrock and deep calcareous soils settled in low-lying areas (Hartshorn et al. 1984; Healy 2020). Fertile soils combined with plentiful annual rainfall of the Belize Valley, averaging around 1500-2000 mm, made this a strategic locale for subsistence farming (Hartshorn et al. 1984; Healy 2020). Additionally, reliable freshwater sources in the form of numerous springs, streams, and creeks in the immediate vicinity of the site are thought to have been one of the driving forces for selecting this settlement locale (Healy 2020). Although the poor, sandy soils of the Mountain Pine Ridge to the south were not suitable for agriculture, its diverse ecology offered an array of floral, faunal, and geological resources for exploitation (Healy 2020; Healy and Emery 2014; Tibbits 2020). Despite the Middle Preclassic period (ca. 900 BC) foundation of the epicenter or civic ceremonial core (Powis 2020), settlement did not begin to expand into the periphery until the Late Preclassic period (300-100 BC) (Healy et al. 2007). Population steadily increased through the Early Classic period (AD 300-550), rose sharply in the Late Classic period (AD 550-800), and surged during the Terminal Classic period (AD 800-900) (Healy et al. 2007). However, by AD 900 Pacbitun was mostly abandoned with some occupation continuing into the Early Postclassic period (AD 900-1250) (Helmke and Ting 2020). 
	 To gain a better understanding of Pacbitun’s settlement demographic, distribution/density, and mound/group configuration, initial settlement research by Paul Healy and the Trent University-Pacbitun Archaeological Project in the 1980s conducted a full coverage survey of Pacbitun’s “core” zone (1 km²) and laid out four intercardinal transects extending 1 km from this zone out into the “periphery” zone resulting in the identification of 225 groups composed of 330 mounds (171 isolated mounds, 159 clustered mounds composing 54 groups) (Healy et al. 2007). Of these, 74 structures were randomly selected for excavation to recover chronological and functional information (Campbell-Trithart 1990; Richie 1990; Sunahara 1995). After the establishment of the Pacbitun Regional Archaeological Project (PRAP) in the late 2000s, approximately 50 new groups were identified during cave, causeway, and ground-stone production research (Spenard 2014; Weber 2011; Skaggs et al. 2020). The acquisition of lidar data of the 104 km² PRAP permit area in 2015, courtesy of the 2013 lidar survey of west-central Belize (Chase et al. 2014), guided periphery investigations of middle and lower-level settlement to document an additional 93 groups through unsystematic pedestrian survey (Micheletti and Powis 2020.). Various methods of lidar visualizations allowed for the identification of 953 potential groups spread across the 104 km² permit area. Thus, a total of 1,321 groups were used for this analysis of Pacbitun’s settlement (368 verified through pedestrian survey, 953 identified through remote sensing). 

Pakbeh Regional Economy Program (Chunchucmil) Background – Scott R. Hutson
Located in the northwest corner of the Yucatan peninsula, Mexico, Chunchucmil was a large, very densely populated Maya center that reached its peak population at the end of Early Classic period. Covering scarcely more than 15 km2, the city housed between 31,000 and 47,000 people at its peak (Hutson 2017). The center occupied a semiarid karst plain elevated approximately 3 m above sea level. The region receives between 700 and 1000 mm of rain annually, making it one of the driest parts of the Maya world. The parent limestone is highly porous, such that rain quickly seeps to the water table, which is located approximately 2 meters below the ground surface. Thus, there are no rivers, streams, or lakes but water is easily accessible in small sinks and excavated wells. The landscape is largely flat, with small hills that do not exceed 1m.  Soils are generally thin (20 cm deep) and poor, and about a third of the land surface consists of exposed bedrock. The major soil types consist of dark reddish silty clays (Paleustaffs and Paleustolls, locally known as kancab; “red earth”) and darker, deeper soils (locally known as boxluum; “black soil”), formed over the last thousand years, with less clay and higher amounts of organic carbon and carbonate (Beach 1998).
Bruce Dahlin initiated what came to be known as the Pakbeh Regional Economy Program and was joined at different times by co-directors Anthony Andrews, Traci Ardren, and Scott Hutson (Dahlin et al. 1998; Dahlin and Ardren 2002; Hutson 2017). Mapping of Chunchucmil began in 1996 and ended in 2006. For the central 9.3 km2 of the settlement map, mappers took advantage of pre-existing grids of 20 m by 20 m blocks, a relic of early 20th century henequen cultivation, as well as new grids produced with a theodolite. The grids were georeferenced by high-precision GPS and the features within them were mapped largely by pacing. Five fishbone transects extending beyond the central map were surveyed with tape, compass, and GPS. The central 9.3 km2 contains 1410 settlement groups, each consisting, on average, of 3.5 houses. Most of these can be considered residential plazuela groups. Data from the transects suggest that about 1000 groups of similar size pertain to Chunchucmil but lie beyond the boundaries of our map. The nearest neighbor analysis shows that these groups are relatively evenly dispersed, as opposed to clustered. Thus, kernel density is not particularly helpful in discerning neighborhoods at Chunchucmil. Nevertheless, a system of built walkways broadly organized in a hub and spoke pattern permit the suggestion of 14 neighborhoods of various sizes (Hutson 2016).

Proyecto Arqueológico Altar de Sacrificios (Altar de Sacrificios) Background – Jessica Munson
The Upper Usumacinta Confluence Zone (UUCZ) encompasses the region where the Pasíon and Salinas rivers join to form the Río Usumacinta along the modern-day border of Guatemala and Mexico. Aliphat (1994) describes lower stretches of the Usumacinta as a bedrock river with a stable, fault-controlled course; however, the confluence zone represents a much more dynamic fluvial environment. The landscape is characterized by a low-lying plain of rich alluvial soils and meandering channels with slightly elevated areas surrounding seasonally flooded lagoons, oxbow lakes, and numerous remnants of abandoned meander loops, which attracted ancient Maya people to settle along these waterways. Many important pre-Columbian centers were established along rivers because they offered concentrated resources, rich soils, and access to transportation corridors for both early agriculturalists and more mobile forager populations across the Americas (Heckenberger, Petersen, and Neves 1999; Hudson 2004; Rosenswig et al. 2014). For the Maya region, the UUCZ connects multiple major watersheds, and with its rich alluvial deposits and abundant aquatic resources, it should not be surprising that this was an important zone of past human activity. Altar de Sacrificios is the largest recorded center in the UUCZ with its civic ceremonial core strategically situated on high ground along the southern bank of the Pasíon approximately 2 km from the current confluence. Previous investigations by Harvard University focused on an intensive excavation program in the site core along with ceramic analysis from limited house mound excavations to establish one of the earliest continuous ceramic chronologies in the Maya lowlands (Adams 1971; Smith 1972). Recent investigations in the greater Pasíon region indicate semi-mobile groups likely co-existed with more sedentary ones for several centuries after the introduction of ceramics around 1000 BCE at nearby Ceibal (Inomata et al. 2015). At Altar de Sacrificios, populations were probably small and dispersed throughout the Middle Preclassic period with low earthen constructions dotting the landscape. Monumental architecture and ritual activities in Group B coincided with population expansion during the Late Preclassic, but it is unclear if these were sponsored by elites or whether these were more communal ceremonies. By the end of the fifth century CE, however, several carved monuments were dedicated in Group B that included figural representations and the earliest inscription of Altar’s original place name (Houston 1986). Group B continued to be the core of ceremonial activity throughout the Early Classic period until construction and ritual activities shifted to Group A at the beginning of the 7th century CE. Populations continued to grow until the mid-8th century CE when warfare and political fragmentation swept across the greater Petexbatun-Pasion region (Houston 1993; Inomata 2003; 1995). Occupation persisted at Altar de Sacrificios into the Terminal Classic, but the civic ceremonial core was largely abandoned by the end of the 10th century CE.
Initiated in 2016, the Proyecto Arqueológico Altar de Sacrificios (PAALS) has focused on human-environment interactions in the UUCZ to understand the history of occupation and landscape change through extensive settlement survey, household excavations, and geoarchaeological research (Paiz Aragón and Munson 2017; Munson, Mejía Ramón, and Aragón 2019; Munson and Paiz Aragón 2020). PAALS has conducted a set of unmanned aerial system (UAS) Structure-from-Motion (SfM) surveys covering a total of 36 km2 to date. From these images we have generated high-resolution topographic models (15 cm/pixel) of the landscape to aid in the identification of cultural features (e.g., mounds, depressions, canals, terraces, etc.) and documentation of river channel migration. A total of 373 mounds have currently been identified in the surveyed area. These are typically low earthen platforms that would have provided a level surface for the construction of perishable structures. Depending on their size, most mounds could have accommodated 2-4 structures and can be considered a household unit. For the purpose of this analysis, individual mounds were classified into “house mound groups” based on mound size (height and basal area) and their proximity to other smaller mounds and depression features. A total of 212 house mound groups were included in the current study. Real-time processing has enabled field verification of 147 (69%) house mound groups. The remaining 65 house mound groups have been identified solely through remote sensing. 

Proyecto Económico de Mayapán Project (Mayapan) Background – Timothy S. Hare
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The Postclassic Maya center of Mayapán is located 40 km southeast of the modern city of Mérida on a flat karstic plain lying just above sea level near a “ring of cenotes” around the rim of the Chicxulub crater (Hare et al. 2014a; Peraza Lope and Masson 2014). The location was probably influenced by the high density of water bearing cenotes in the area. Soils are thin, rarely measuring more than 40 cm in depth. Limestone bedrock is just as common as soil when the surface is cleared of the low forest canopy and scrub vegetation. The level landscape is pockmarked by numerous scattered low hills that are typically only a few meters tall. Structures are commonly located on the tops and edges of the small hills. Occupied hills are frequently modified by leveling or extension. Soils develop and accumulate in the swales between the hills and constitute the main areas of documented agricultural production. Structures are also located on the swales. The focal point of the region is Postclassic Mayapán (A.D. 1150-1450), a walled political center housing over 15,000 people in a 4.1 km2 walled zone that functioned as the capital of a confederacy of Northern Lowland centers (Peraza Lope and Masson 2014). Prior to Mayapán's founding, the region was occupied by dispersed populations (Russell 2008; Masson and Peraza Lope 2014a, 2014b, 2014c). For instance, Tichac, a minor center, located less than a kilometer north of Mayapán, was a focal point for houselots distributed loosely across the landscape in all directions during the Late and Terminal Classic. Late/Terminal Classic rural settlement extends through the zone that later became the walled city. Sherds from earlier periods are present across the Postclassic city, but all prior architecture was razed by later construction (Peraza et al. 2006; Peraza and Masson 2014c). Minor centers, surrounded by sprawling rural settlement, were distributed across the surrounding region of at least 40 km2 during the Postclassic.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK9][bookmark: OLE_LINK10]Settlement mapping of Mayapán began in 1948 with a team from the Carnegie Institution (Pollock et al. 1962; Smith 1971; Weeks 2009). This project mapped 4,100 structures within the 4.2 km2 walled portion of the site (A.L. Smith 1962). Walls defining boundary walls within the center were mapped for only a small portion of the walled center (Bullard 1952, 1953, 1954; A.L. Smith 1962:208-209). Carlos Peraza’s INAH-Mayapán Project excavated and restored buildings of the city’s primary monumental plazas (e.g., Peraza et al. 1999, 2001; 2002). Brown (1999) followed up with mapping and a series of excavations in the center's residential areas and identified potential wards or neighborhood groups of walled houselots. The Proyecto Económico de Mayapán Project (PEMY) accomplished intensive mapping, surface survey, surface collection, test-pitting program, or horizontal excavations in 36 sample areas inside and outside the city wall from 2002-2009 (Masson et al. 2008). Results of the work have examined the spatial patterning of features such as lanes, plazas, administrative halls and residences. PEMY activities also included Russell’s (2008) survey outside of the city wall. He mapped all features in eight 250 X 1000 m transects radiating out from the wall doubling estimates of residential portion of the site. The 2013 Mayapán lidar Mapping Project documented a 40 km2 area of settlement and environmental features around Mayapán using aircraft-borne lidar. Features identified on lidar-based maps were ground-checked and surface collected to assess their function and chronology. 16.08 km2 were “lightly” checked (36.38% of lidar area) and 38 locations were intensively checked and mapped. Surface collections were conducted to assign chronology and function to checked locations. We also conducted test excavations at a sample of intensively mapped locations to provide a further basis for estimating the time periods of occupations. Artifact analysis focused on chronological markers and evidence of function and production activities. Further ground checking of the lidar survey area continued in 2015 along with excavations of eight house groups outside the city wall. There are currently 4297 verified house groups mapped within the ground checked area of 20.6 km2. Of these, 1246 are clearly defined by mapped property walls, average 1147.2 m2 in area, and average 2.1 structures per group. The ground-checked portion does not encompass the entire area of settlement directly linked to Mayapán, but analysis of non-ground-checked features indicates the sample constitutes the majority. The focus of the settlement, urban Mayapán had an average density of approximately 33 people per hectare (pph) but reached 126 pph in parts of the downtown zone (Masson et al. 2014:266). The center wall’s circumference is 9.1 km is the primary impediment to movement in the region, but allowed travel through twelve formal gates. The regional tradition of houselot boundary walls and lanes partitions the cityscape and settlement near the city wall into residential, open, and public spaces. Areas of contiguous residences extended beyond the wall to approximately half a kilometer in all directions. Ten settlement centers, marked by temples, shrines, and often, cenotes, dot the periphery within one to three kilometers of the city wall. Low-density residential settlement sprawls from the city wall to these localities in the outskirts of greater Mayapán. Compared to the urban zone, Postclassic Period residences outside of the center wall were are dispersed (Hare et al. 2014b; Russell 2008).

Upper Grijalva Basin Dataset (Ojo de Agua, Rosario, and Los Encuentros) Background – Kyle Shaw-Müller
	Ojo de Agua, Rosario, and Los Encuentros were Classic Maya centers located in the Greater Rosario Valley, in what is today southeast Chiapas, Mexico. This valley is the highest and northernmost of the Grijalva River’s Upper Tributaries, which cuts through a 35 km-wide downfold between the Cuchumatán Mountains and Comitán Plateau (de Montmollin 1995:22–23). The Greater Rosario Valley has two upper branches in the northeast and southeast and is constricted by low foothills in its mid-valley, beyond which it descends to the lower valley in the northwest. The wide valley floor is watered by 1000 mm of rain annually and three principal water courses that lead into the Grijalva River, each fed largely by karstic springs: the Santa Inés (a.k.a. El Sabinal) and Ojo de Agua rivers, which flow southwestward into extensive swamps and the Ontelá River, and a separate set of tributaries in the southeast branch that flow south into the San Gregorio River (de Montmollin 1995: 23-27). Before the eastern edges of the Rosario Valley began to be settled by Mayas in the Terminal Formative (300-50 BCE), the valley was inhabited exclusively by the Mizoques (De Montmollin 1995; Lowe 1983). Maya settlement expanded westward through the Proto-Classic, followed by a hiatus during the Early-Middle Classic, and finally the maximum population extent was reached in the Late-Terminal Classic (650-1000 CE) before demographic collapse occurred between 900 and 1000 CE (de Montmollin 1995:3-4).   
	The Upper Grijalva Basin Dataset (de Montmollin 2018) was compiled from decades of reconnaissance, surveys, and excavations in the region. Most data were collected by teams from the Instituto Nacional de Antropología e Historia and the New World Archaeological Foundation (Blake et al. 2016; Bryant 1981; Lee 1984; Lowe and Mason 1965; Rivero T. 1990), especially during salvage operations which included the Angostura Project (Con 1981; Gussinyer 1973; Martínez and Navarrete 1978). In 1983, 1988, and 1990, de Montmollin conducted systematic surveys of the Greater Rosario Valley, combining these data with earlier findings for comprehensive analyses of the valley (de Montmollin 1989, 1995). He used wide block, full coverage, pedestrian survey to collect these data (de Montmollin 1995:253). Compiled data consist largely of plan-maps for all recorded structures and points for amorphous mounds and scatters. Although de Montmollin took written note of house group quantities for each “site” (i.e., house-cluster), these groups were neither marked on maps nor denoted in spreadsheets. As a result, points for each house group were placed according to structure location and other contextual data. The largest center and accompanying study area (70.11 km2) was Rosario. Its Late Classic apical center was Tenam Rosario, and 2276 house groups were identified within the study area. The Los Encuentros center’s study area, to the south, was much smaller (24.7 km2) and included 561 residential groups. El Zapote was the main civic-ceremonial center of Los Encuentros and, like Tenam Rosario, was likely built in the Late Classic Period. The Ojo de Agua center was located at a lower elevation in a relatively flatter, wider portion of the valley floor to the West. Its study area was 57.21 km2 and contained 2004 house groups. The capital was Ojo de Agua, which was likely occupied since the Formative period (de Montmollin 1995:107), and was located on the study area’s eastern edge.

Uxbenká Archaeological Project (Uxbenká and Ix Kuku’il) Background – Amy E. Thompson 
Uxbenká and Ix Kuku’il are Classic Maya centers located in the southern foothills of the Maya Mountains in modern-day southern Belize. The foothills, or Toledo Uplands, are characterized by interbedded sandstone and limestone with soils that undergo rapid pedogensis, making them favorable for agriculture (King et al. 1986; Wright et al. 1959). Regionally, perennial streams drain from the northwest to southeast, cumulating from higher elevation areas in the Maya Mountains and fed with freshwater springs throughout the foothills. The foothills are characterized by discrete hilltops and elongated ridges which were preferred locations for the Classic Maya constructions (Dunham 1990; Kalosky and Prufer 2012; Prufer et al. 2015). The earliest founded center in the region, Uxbenká, had its humble beginning centuries later than many other Lowland Maya centers, with the first permanent architecture dating to around 100 CE (Prufer et al. 2011). Populations expanded and monumental architecture was constructed by 200 CE (Prufer et al. 2017). Settlements dispersed across the nearby hilltops, and by 400 CE, kin groups fissioned off forming a new political center, Ix Kuku’il, approximately 7 km from stela plaza to stelae plaza (Thompson and Prufer 2016, 2021). Populations at both Uxbenká and Ix Kuku’il continued to grow until 800-900 CE, when political disintegration swept across the region (Ebert et al. 2014). Ephemeral populations persisted well into the Early Postclassic (Thompson and Prufer 2021) and beyond (Prufer and Kennett 2020). 
Beginning in 2005, the Uxbenká Archaeological Project (UAP) focused on human-environment dynamics to understand the development and decline of Uxbenká through extensive settlement survey and excavations in the civic ceremonial core and hinterland households alike (Prufer 2005; Prufer et al. 2011, 2017). The UAP acquired 135 km2 of lidar data in 2011, which provided detailed coverage of the landscape resulting in more effective and efficient survey of Classic Maya households (Prufer et al. 2015; Prufer and Thompson 2014, 2016; Thompson and Prufer 2015). Over the course of 13 years, the UAP identified more than 302 household plazuelas through pedestrian surveys of nearly 35 km2 (Thompson 2019; Thompson and Prufer 2019). Drawing on previously published literature of regional settlement surveys (Dunham 1990; Hammond 1975; Jamison 1993), systematic pedestrian survey focused on hilltops. In addition to pedestrian survey, lidar relief visualizations were used to identify more than 550 new plazuelas across the landscape (Thompson 2020) that were used in these analyses. In total, Uxbenká contains 568 household plazuelas (180 verified through pedestrian survey, 388 identified solely through remote sensing) across 75 km2. At Ix Kuku’il, 122 household plazuelas have been verified through pedestrian survey and an additional 93 households identified through lidar, for a total of 215 plazuelas across 23 km2 (Thompson 2020; Thompson et al. 2021; Thompson and Prufer 2021). Uxbenká’s and Ix Kuku’il’s settlement systems exhibit low-density urbanism (sensu Fletcher 2009) with an average of 3.4 building platforms per plazuela group (Thompson 2019: Table 1.4). 
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