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DISSERTATION ABSTRACT
Brendan James Culleton
Doctor of Philosophy
Department of Anthropology
March 2012
Title: Human Ecology, Agricultural Intensification and Landscape Toansdtion at the
Ancient Maya Polity of Uxbenka, Southern Belize

Identifying connections between land use, population change, and natural and
human-induced environmental change in ancient societies provides insights into the
challenges we face today. This dissertation presents data from archasdolegparch at
the ancient Maya center of Uxbenka, Belize, integrating chronological,
geomorphological, and settlement data within an ecological framework tagdevel
methodological and theoretical tools to explore connections between social and
environmental change or stability during the Preclassic and Classid Peti000 BC to
AD 900).

High-precision AMS"C dates from Uxbenkéa were integrated with stratigraphic
information within a Bayesian framework to generate a-nggolution chronology of
sociopolitical development and expansion in southern &éelikis chronology revises the
previous understanding of settlement and developmenae$iC Maya society at Uxbenka
and indicates specific areas of investigation toigaie the Late and Terminal Classic
periods (AD 600-900) when the polity appears to disintegfaggeoarchaeological record
of land use was developed and interpreted with respeegional climatic and cultural

histories to track landscape transformations assoaiateduman-environment



interactions at Uxbenka. The first documented episodendétape instability (i.e.,
erosion) was associated with farmers colonizing the area, ladscape stability in the
site core parallels Classic Period urbanization (AD 300)-9%hen swidden agriculture was
likely restricted in the core. Another erosional evetibived political disintegration as
farmers resumed cultivation in and around the abandaihe

Maize yields derived from contemporary Maya farms in tiea avere used to
estimate the maximum population size of Uxbenka duringlédssic Period peak. The
maximum sustainable population is estimated betweenait@3,000, including a
potential population of ~525 elites in the core, asagrtow levels of agricultural
intensification. This accords well with the lack of amblagical evidence for intensive
land management during the Classic Period (e.qg., tejrafe ecological model developed
using maize productivity and other environmental/so@ghskts largely predicts the
settlement pattern surrounding Uxbenka. Settlementsiigimahareas may be evidence of
elite intra-polity competition during the Late Precla$zeriod (ca. AD 1-300), though it is
possible that marginal areas were settled early as@#s1ie mediate travel into the site

core.

This dissertation includes previously published and unpublished co-authored material.
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CHAPTER |

INTRODUCTION

Characterizing the tempo and mode of ancient landscape transformation under
intensive agricultural production in relation to social, ecological and ¢tirohange is
crucial to understanding the development and disintegration of complex societies
(deMenocal 2001; Redman 1999, 2005; van der Leeuw and Redman 2002).
Intensification, defined here as increased labor input into resource aoquisiti
production, is a crucial component in the emergence of complex societies, which share
the hallmarks of social hierarchy, differential access to resourcespdiwisiabor,
technological elaboration, and craft specialization (Boserup 1965; Carneiro 19é0; Ea
1987; Flannery 1972; Friedel and Schele 1988; Netting 1993; Price and Gebauer 1995).
Intensification increases productive capacity of a landscape by simogygaoduction
yields per unit area while decreasing returns on labor. This can provide an econom
foundation for population growth, relatively stable and persistent forms of lan@ tenur
and social resilience (Redman 2005). Contemporary societies, while compristipgemul
scales of both extensive and intensive resource production and distribution, are
increasingly viewed as subject to the same external and internal diskslihat
transformed ancient societies (e.g., prolonged drought, anthropogenic environmental
degradation, demographic crisis, warfare, disease). The growing public concelmeover t
fate of societies places great demands on archaeologists and the archaleelomyid to
go beyond descriptions of ‘collapses’ to explain the processes by which complex

societies emerge, persist, develop and disintegrate in the context of the clamgamy



ecosystem and provide insights into our future prospects (Redman 1999, 2005; van der
Leeuw and Redman 2002).

In the last two decades, natural and anthropogenic environmental change has
gained predominant explanatory weight in the disintegration of Classi@ahdwlaya
polities. Stretching from the Petén (Guatemala) through Belize and inticdvex
Yucatan peninsula, the Maya Lowlands saw the emergence of soctlifyestrand
politically complex societies from the Middle Preclassic (1000/800 — 400 Ba)ghr
the Terminal Classic (AD 80 — 1000) periods (Demarest 2004:8-12). Maize farming
formed the main economic and cultural basis of Maya society, supplemented bysultivar
such as beans, manioc, ramén nuts, and cacao, as well as a variety of hunted and gathered
wild game, fish, and plant resources. Transformation of the subtropical anéiltropic
lowland forests through human use has a long history that continues to be elucidated.
High resolution regional climate and geomorphic records have provided evidence f
deforestation and erosion associated with urbanization, and extended droughts throughout
the Classic Period that undermined already fragile productive capabitidietributing to
the Classic Maya ‘collapse’ (Culbert 2004; Curtis et al. 1996; Deevey et al. 1979;
Demarest 2006; Gill 2000; Haug et al. 2001, 2003; Hodell et al. 1995, 2001; Webster
2002). In danger of getting lost in the hype of Maya megadroughts is the fact that
multiple land use strategies, conservative and otherwise, were employed thrabghout
Maya region that allowed for the development and stability of polities tended
periods. In the part of the Maya lowlands where water sources were localcazbtes
(e.g., the Yucatan), or highly alkaline (e.qg., the Petén), drought was likelyiaashdm

factor in the Classic Period “collapse” (e.g., Lucero 2002; Scarborough 2003pssdtha



dominant as to obscure the other ecological and social dynamics leading to Termina
Classic political disintegration. Tracking Maya-environment intevastin the wetter
climate and richer soils of southern Belize may de-emphasize the roleco$a@ffects

of natural and human-induced environmental change, allowing the complexitesl of |
use decisions, intensification strategies and demographic change to beeadye c
understood.

Through the study of site-specific adaptations to local environmental congditions
climate regimes, and social development, | seek to understand how individual land use
decisions permitted growth of these polities and elaboration of social forhie wit
changing ecological context. This approach reflects my belief thag wtahaeology
(and anthropology) has the ability to address problems relevant to human socaties a
spatial or temporal scale, the observations used to develop and test theories must be
empirically grounded and oriented at human scales of perception and action to be
informative. Individual subsistence farmers, for example, may take into account
environmental and sociopolitical conditions at regional scales over the long term, but
deciding when to clear fields, when and what to plant, how to allocate labor, and so on,
are often dictated by local conditions and immediate-term considerations.

Focusing on individual decision-making in terms of land use and settlement in the
archaeological record is achieved in parts of this study through the use d$ finoche
Human Behavioral Ecology (HBE), which, as a part of Evolutionary Ecology, maintains
methodological individualisras a central concept (Smith and Winterhalder 1992:39-41,
Winterhalder 1994; Winterhalder and Smith 1992). As described by Smith and

Wintehalder (1992:39), “[m]ethodological individualism ... holds that properties of



groups (social institutions, populations, societies, economies, etc.) atdt @f#se

actions of its individual members”, and that explanations of group actions should
necessarily be built “from the bottom-up”. At Uxbenka and most Classic Mayarsge

this places the individual commoner and their household unit as the focus of most land
use decision making, while acknowledging the potential for top-down management of
group resources (land, labor, agricultural production, etc.) by elites. While spewsa

of HBE have been argued to be overly reductive (Winterhalder and Smith 1992:23),
methodological individualism can serve as a theoretical bridge betweasguatand
post-processual approaches, specifically in regards to critiques of thex formfailing to
acknowledge individual agency in negotiating social formations including gender and
class (e.g., Brumfiel 1992).

HBE provides a coherent framework in which to integrate a diverse array of
social, ecological and historical data to build models of past behavior and tatgener
testable hypotheses about the archaeological record. They alsxidne #iad readily
generalizable, so that insights gained at smaller spatial and teragaled (or with more
simplified models) can be applied and tested at larger scales (or witlcomopdex
models) (Winterhalder and Kennett 2006).

To build a context for the application of HBE models at the ancient Maya center
of Uxbenka, this study synthesizes data from the broad archaeological l¢eratire
Lowland Maya, and presents new data and analysis of: architectural chgonolog
beginning in the Late Preclassic Period (60 BC — AD 220) through th&lagsic
Period (AD 600-800); the geoarchaeological record of changing land use in theesite ¢

from the early Middle Preclassic Period (ca. 970 BC — 620 BC) through thenbérmi



Classic Period (AD 800-900); empirical data on contemporary maize gietdsunding
Uxbenk& and the nearby Maya village of Santa Cruz to develop estimates of past
population density at Uxbenka; and development and testing of an ecologically-based
predictive model of settlement through the center’s history. To orient the reitidé¢he
region where Uxbenka is found, | provide the following background summary, which is

elaborated upon in each of the remaining chapters

Setting and Background of Uxbenk&

Southern Belize is home to diverse geologic and ecological zones, from the Maya
Mountains to the west, into the foothills that host the primary ancient Maya cehters
Pusilh4, Uxbenka, Lubaantun, and Nim Li Punit (Figures 1.1, 1.2), across the narrow
strip of coastal plains to the mangrove swamps and lagoons of the coast whareaNlay
production and maritime trade flourished during the Classic and Postclassaspe
(McKillop 2008). The Maya Mountains served as a natural boundary separating southern
Belize from the rest of the ancient Maya world and are composed of a mixture of
Cretaceous intrusive and extrusive rocks, volcanics (e.g. rhyolite and welidg cutaf
metavolcanics (Bateson and Hall 1977). People living in the immediate vicinity ef thes
durable rocks (e.g., Ek Xux and Muklebal Tzul; Abramiuk and Meurer 2006) capitalized
on these raw materials for the manufacture and trade of groundstone millinfydools
the Late Preclassic through Terminal Classic periods (50 BC-AD 100@r leti4l.,

2011).
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Figure 1.1.Location of Uxbenka in relation to Lowland Maya sites discussed in the text
(map by C. Ebert).
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Figure 1.2.Location of Uxbenka and other Lowland Maya sites in southern Belize (map
by C. Ebert).

The foothills of the Maya Mountains are comprised of Cretaceous limestones and
a series of interbedded Tertiary marine sediments known locally as gaoTe¢ds
(synonymous with the Sepur Formation in Guatemala) (Keller et al. 2003). The Toledo

Beds range from shallow water limestones and dolomites to deeper waheeaadc



shales, mudstones and sandstone members (Keller et al. 2003; Miller 1996; Wright et al.
1959).

Most of the known ancient Maya centers in the region are set on these Tertiary
sediments, with the exception of Pusilh& in the south, which is set on a Cretaceous
limestone. Uxbenka and Pusilh& were the earliest centers establishedhitiate
Preclassic (AD 20-200; Culleton et al. 2012; Prufer et al. 2011) and EarlycGkaBs
300-600; Braswell et al. 2004), respectively. The chronologies of Lubantuun and Nim Li
Punit are less well-understood, but both appear to be restricted to the Laie (Bl2ss
600-800; Hammond 1975; Hammond et al. 1999).

The character of the Toledo Beds is expressed differently at each of these
locations — massive sandstone beds form natural stone plazas at Nim Li Punit, for
example, but extensive mudstone and sandstone outcrops form natural terraces
surrounding Uxbenka. The zone around Uxbenka is close to a discontinuity between
Cretaceous and Tertiary members of the Toledo Formation, expressed mostmotabl
prominent Cretaceous limestone karst ridge immediately south of the siteegoésent
village of Santa Cruz (Keller et al. 2003; Miller 1996). The karstic ridge,Jokabwn
as “The Rock Patch”, contains several caves that are the subject of on-going
archaeological research (Prufer et al. 2011). This karst ridge dominatesitlageliat
the Rio Blanco, which flows with its tributaries over the Tertiary beds south usxtiimg
the southwest-northeast trending ridge where it abruptly turns to the easgtdiyehe
Rio Blanco enters the karst at Oke’bal Ha Cave and exits as Blue Creek to thd south a

Hokeb Ha Cave (Miller 1996).



The coastal plain between the foothills and Caribbean Sea is made up primarily of
Pleistocene fluvial sediments discharged from drainages originating hhetyee
Mountains and associated foothills. North of Deep River the soils are rocky, heavily
weathered and covered in open pine savannah. Aside from a few sites along rivers
(Graham 1994), ancient Maya settlements on the savannah are unknown, presumably
because the soils are poorly suited to maize agriculture. South of the MonkethRiver
pine savannah gives way to cohune pahttalea cohungforest where many of the
modern villages are located and are founded upon maize, citrus, rice and ground-crop
cultivation. The earliest human occupations in this zone are poorly understood, but a
fluted point found near the village of Big Falls on the Rio Grande suggests Paleoindia
(~13,000 cal. BP) activity (Lohse et al. 2006; Weintraub 1994). Several Archaic Period
projectile points (Lowe Points; 2500-1900 BC) have also been found in plowed fields
between Big Falls and the village of Hiccatee to the north, but prehistorensattl is
generally limited to scattered evidence of small Classic periddrsetits.

Mangrove swamps and brackish lagoons that are largely inaccessible without
watercraft characterize the coastal zone of southern Belize. Seadeehd
stabilization is implicated in the formation of extensive mangrove swampsydhg
middle Holocene, from 6000-3000 cal BC (Mclintyre et al. 2004; Wooller et al. 2007).
The earliest documented settlements date to the Early Classic (AD 300-6G@). The
include the modest sites of Butterfly Wing (mouth of Deep River) and Wild Cane Cay
that both suggest the exploitation of marine and estuarine resources and eéryemari
activities (Graham 1994; McKillop 1996, 2010). The Late Classic Period saweld AS

salt production industry and maritime trade that persisted into the PostdiasKitdp



1995, 1996, 2005a, 2005b, 2008, 2010). Remains of wooden salt processing stations,
structures, weirs and a canoe paddle have been documented at several asattat si
have been submerged and preserved by ~1m of relative sea level rise sirate the
Classic. Obsidian artifacts from Guatemalan sources found at Wild CgradsGa

suggest that these coastal sites were engaged with overland trade nkkeiyrks
facilitated by up-river canoe travel to the west as well as mardoneections with the
north to the Belize River Valley and coastal Yucatan (McKillop 1989).

Monsoonal rains largely drive erosion and deposition on the coastal plain.
Precipitation decreases from the coast (~4000 mm/yr) to the interior (2400)ram/yr
elevation increases (Heyman and Kjerfve 1999). Annual rainfall in the area ofC3anta
village, the location of Uxbenk4, is estimated at ~2700-3400 mm/yr. The annual climate
cycle of southern Belize is marked by distinct wet and dry seasons withelldittle
seasonal variation in temperature through the year. The onset of wet conditiass diffe
from year to year, but typically runs from June through September, when momntiféyl rai
ranges from 400-700 mm (Hartshorn et al. 1984; Heyman and Kjerfve 1999; Wright et al.
1959). A short (2-3 weeks) dry spell known as the “canicula” often occurs in August
(Wright et al. 1959). The months of February through April are the driest months
(averaging 40-70mm/mo), and this is the period in the traditraripéa cycle when forest
is cleared for the wet season crops of maize, beans and other “ground foods” (Heyman
and Kjerfve 1999; Wright et al. 1959). The hurricane season, as elsewhere in tlsg tropic
occurs between August and October. Southern Belize is largely shieldeddsterly
winds by the highlands of northern Honduras so hurricanes rarely make landfall.

Hurricane Iris in October 2002 was a devastating exception that left ral@0g0

10



people homeless in Toledo District and destroyed that year's wet seaparcrops

(Zarger 2002:xii-xiii).

Dissertation Fieldwork

Fieldwork for this dissertation was carried out at Uxbenka and the lands around
Santa Cruz village over multiple field seasons from June 2006 to October 2010. The
initial reconnaisance trip to Uxbenka in June 2006 was focused on identifying and
recovering speleothems from Yok Balum Cave with Doug Kennett, Kevin Cannariato
and Keith Prufer. | observed the possible terrace features in the Uxbenk&iatehand
planned for a preliminary season of excavations in 2007. The 2007 season was broken up
into a 3-week trip from February to March recovering sediment cores from around
Toledo District, and a 5-week trip from May to June to conduct preliminary exwasa
on the presumptive terraces in the site core.

The 2008 field effort spanned 9 weeks from April to June where | made extensive
geoarchaeological excavations in the site core area, and did geotmginaessance of
the areas to the east of the the site core (i.e., settlement groups 25-28). Thel@009 fi
season ran for 10 weeks from April to June, being split between additional
geoarchaeological excavations in the site coreGothil Bularea, water retention
features to the east of the site core, and setting maize yield plotsmilghsaround
Santa Cruz. | returned for 3 weeks in September and October of the year to goantify t
yields in those plots. | carried out settlement excavations at five sattignoeips from
April to June 2010, as well as establishing that seasons maize yield plots, whach wer

revisited in October for 3 weeks to collect the final yield data.
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Organization of the Dissertation

Chapter Il describes integration of high-resolution AMS radiocarbon dates w
stratigraphic information from selected archaeological sequences iatgesig&n
framework to produce a new chronology of major construction events in the Uxbenka site
core. The data are drawn from four seasons of investigations by membert/rbémdka
Archaeological Project directed by Dr. Keith M. Prufer (University of NM&xico)
using contextual information produced by his team and radiocarbon samples processed at
the University of Oregon Archaeometry Facility and measured at ThHe ®adon Cycle
AMS Facility at UC Irvine. The calibration program OxCal was used to e@agesian
models that allowed for events that are not directly dated — such as the iratisgctd a
building site or the placement of a plaster floor — to be estimated based on its
stratigraphic relationship to directly dated events in well-constrairgpeesees. It can
also trim the calibrated ranges of directly dated events, which is advantaggoashe
reversals in the radiocarbon curve during the Classic Period (AD 300 — 900). Results of
this analysis indicate earlier initial construction of three main axthita groups in the
site core than previously supposed, with the main plaza established during the Late
Preclassic Period (60 cal BC — cal AD 220), and continued remodeling aasteeplg
of the groups into the Early Classic Period (cal AD 300-600). These resultsrconfir
Uxbenka as the earliest known Maya center in southern Belize (Prufer et aj.&i 1)
point to specific areas of the Late Classic Period chronology to be refifadhsr work
at the site. This chapter, prepared as a co-authored work with Dr. Prufer and DasDoug|

J. Kennett, is published in tBeurnal of Archaeological Science
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Chapter Il presents the results of geoarchaeological work within thenk&Iséte
core from the early Middle Preclassic Period (ca. 970 BC — 620 BC) through the
Terminal Classic Period (AD 800-900). Paleosols indicate human activity, land
clearance, and erosion consistent with swidden agriculture starting inddéeMi
Preclassic Period, and provide the earliest evidence of ceramics in sowtheen Bhe
urban landscape during the Early and Late Classic periods (AD 300-800) was notably
stable, possibly due to the relocatiomufpasoutside the city center. The absence of
terraces in this hilly landscape suggests that swidden cultivation remaaixe without
these labor investments throughout the Classic Period. Increased erosion arapéandsc
instability in the urban core during the Terminal Classic Period (AD 800-8@Qests
that the area was largely abandoned in terms of permanent settlementtinyethand
the land had reverted to swidden cultivation by a remnant farming population. This
chapter was prepared as a co-authored work with Dr. Prufer and Dr. Kennett, and has
been submitted t&eoarchaeology: An Interdisciplinary Journal

Chapter IV describes the quantification of maize yields under swidden dohivat
by the contemporary Maya farmers of Santa Cruz village, on whose lands thefruins
Uxbenka are located. Yield data were collected in 2009 and 2010 and compared to soll
nutrient and landscape characteristics to identify areas of grdasestbility for
household settlements around Uxbenka during its florescence. These data wasethe
to estimate the potential maximum population that could be sustained under different
scenarios of overall productivity, fallow length, and level of intensificaticaxiMum
population of Uxbenka during the Classic Period was estimated to range between 7500

and 13,000 people within the 6km radius that could have been under its political
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influence. This population is modeled at a five-year fallow period, on the verge bf wha
would be a true short fallow system, and suggests a low level of agricultural
intensification consistent with the lack of terracing and other similauriesmtiescribed in
Chapter Ill. The estimate of household settlement density predicted hdre tested
against future work in household, settlement and landscape archaeology at Uxhenka. T
chapter was prepared as a co-authored work with Dr. Bruce Winterhalder (us}, Da
Claire Ebert (Penn State University), Dr. Prufer, and Dr. Kennett, and valllimaitted
to Human Ecology

Chapter V presents the development and testing of a population ecology model of
settlement expansion around Uxbenka based on the Ideal Free Distributionn(dFD) a
related Ideal Despotic Distribution (IDD). The locations of 22 known civichcengal
architectural groups and household settlement groups were ranked based on three
measures of suitability: agricultural potential (using the maize gata presented in
Chapter IV), access to fresh water, and proximity to the site core. étieton of the
IFD model is that the highest ranked habitats should be settled first, and asigopulat
density increases, settlements will expand into less favorable habitatsreazer t
Comparison of the existing archaeological chronology with settlement saoks a
general conformity with the IFD, in that several of the earliest Lisgeldssic settlements
are found in high-ranked locations near the site core, and in the most agriculturally
productive areas away from the site core. The location of a substantial ancieerly
ceremonial group (Group 1) confounds the predicted pattern and is found in a much
lower-ranked habitat to the west of the Uxbenk&’s urban core than is predicted by the

model. The presence of Group | in a marginal habitat early in the sattiémstory of
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Uxbenka may be indicative of hierarchical conditions best described by than®D
suggests competitive exclusion of the site core by a ruling elite. Thisstsdlgat status
rivalry between competing elites played a significant role in the speadraphy and
settlement history of the site as early as the Late Preclassice3tilts of this analysis
demonstrate the utility of formal IFD and IDD models to define ecologr@hkacial
factors affecting population distributions in the ancient Maya Lowlands and tdydent
and explain instances of status competition more broadly in the archaeologpedl re
This chapter was prepared as a co-authored work with Dr. Winterhalder, Mss. Eber
Ethan Kalosky (University of New Mexico), Dr. Prufer, and Dr. Kennett, andoeil
submitted talournal of Anthropological Archaeology

Chapter VI summarizes the major findings of this dissertation and plaoas th

within a broader methodological and theoretical context.
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CHAPTER Il
A BAYESIAN AMS *C CHRONOLOGY OF THE CLASSIC MAYA CENTER OF

UXBENKA, BELIZE

This work was published in volume 39 of theurnal of Archaeological Science
in May 2012. Keith M. Prufer provided access to stratigraphic information and
excavation profiles from the archaeological work at Uxbenka. | pratdisse
radiocarbon samples, evaluated the existing chronometric database, and inabtherate
chronological and stratigraphic information in a Bayesian framework foysasa@nd
interpretation. Douglas J. Kennett provided guidance and original insights into the
crhonological interpretations. | was the principle investigator forviioik.

Archaeological research in the Maya region is heavily dependent upon ceramic
typologies to estimate the age of sites. In parts of the Maya lowlands thiese
typologies are well-established (e.g., central Petén, Belizey#iey are used to
determine relative cultural sequences and sometimes rough estimates uteadago|
(e.g., Culbert and Rice 1990; Demarest et al. 2004). Ultimately these agstesiare
based on older uncalibrat&tC dates and the large error margins of these of@edates
make some of the finer grained ceramic age estimates (sometimes gramt50 years)
unrealistic. In the last two decades archaeologists have employed enultipl
complementary (or alternative) chronometric techniques to augment arelgefamic-
based chronologies in Mesoamerica, including archaeomagnetism (Wolfman 1990);
obsidian hydration (Webster et al. 2004); epigraphy (LeCount et al. 2002), and’BMS

dating, to improve site chronologies and the age estimates of certain cfaasic
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(Garber et al. 2004; Healy 2006; LeCount et al 2002; Moyes et al. 2009; Prufer et al
2011; Rosenswig and Kennett 2008; Saturno et al. 2006; Webster et al. 2004). Several
major analytical and statistical improvements in AMS dating and calibration now
allow more precise chronological estimates that sometimes approeddh30 calibrated
years under ideal circumstances (Kennett et al. 2011). Precise and accurate age
determinations are necessary to compare cultural sequences agahnssbigtion
historical, environmental and climatic datasets as archaeologists iragfgerbpion ask
increasingly sophisticated and relevant historical, demographic and engirtaim
guestions (e.g., Beach et al. 2009, Braswell 2003; Demarest et al. 2004; Aimers and
Hodell 2011; Turner 2010; Lentz and Hockaday 2009; Webster 2002). Identifying causal
relationships between social and environmental effects in these recordsegequi
chronological precision capable of establishing the true order of those eventeahd i
discerning whether events are actually contemporaneous (Marcus 2003:344-345).

In this chapter | build upon the growing number of AMS studies in the Maya
region and the work of the Uxbenka Archaeological Project (Prufér2@HL) by
employing a Bayesian chronological framework to generate a morsgdoonology
for the growth and contraction of this Classic Maya polity in southern Belize. The
Bayesian analysis of radiocarbon dates from archaeological sites is becouting in
Britain (Buck 2004; Bayliss and Bronk Ramsey 2004; Bayliss et al. 2007) and programs
like OxCal (Bronk Ramsey 1995, 2001, 2005, 2009) provide a prepackaged set of
Bayesian statistical tools to help develop finer-grained archaeologeahsonologies.
Having been the focus of an intensive high-precision radiocarbon dating program for

several years (Prufer et al. 2011), the site provides a unique opportunity to apply a
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Bayesian approach to a Lowland Maya site, and demonstrate the potential for broader
applications in the Maya region and elsewhere in Mesoamerica. Fivetwref the

regional archaeological chronology, and then give a basic overview of the &8ayesi
approach to incorporating archaeological observations with radiocarbon data using
OxCal. These techniques are applied to a sample of the Uxbenka AMS radiocarbon
database to investigate the tempo of development and decline at the site based on the

available data.

The Setting of Uxbenka in the Maya Lowlands

While noting that regional chronologies differ in the timing of Lowland Maya
culture-historical phases, the temporal units discussed in this chaptsallyeiodiow
Demarest’s (2004:13) chronological scheme (Table 2.1). Because of theshelate
development of ceramic technology in Belize, the Late Archaic is considereethal e

until ca. 1000-800 BC in local or sub-regional contexts (see Lohse 2010).

Table 2.1.Lowland Maya chronological periods (after Demarest 2004:13 and Lohse
2010)

Period Span

Late Archaic 3000 BC — 1000-800 BC
Middle Preclassic 1000-800 BC - 400 BC
Late Preclassic 400 BC - AD 300
Early Classic AD 300 - AD 600
Late Classic AD 600 - AD 800
Terminal Classic AD 800 - AD 1000
Early Postclassic AD 1000 - AD 1300
Late Postclassic AD 1300 - AD 1519

When Uxbenka was first settled it was positioned in a geopolitically marginal
region. Through time it found itself situated near trade routes connecting largiespoli

including Tikal, Copan, and Caracol (see Figure 1.1). The temporal span considered i
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this chapter covers the latter portion of the Late Preclassic PeridtDE&C - AD 300),
through the Classic Period (AD 300-1000). The Late Preclassic witnessetthdot
development and disintegration of major political centers in the central Mayiahds,
with massive expansion and political centralization occurring at Tikal afek@ul
corresponding with a decline of authority at the earlier power centers of lda&le
Mirador (Folan et al. 1995; Hansen 2006; Harrison 2006; also Martin and Grube 2008).
The Early Classic in the Petén is characterized by the ascendan&gplodd a regional
power, and the extension of its influence southward towards Copéan around AD 426
(Sharer 2003: 322). Tikal's greater regional influence was possibly stxahinat
increased interaction after AD 378 with the highly centralized and expansictat of
Teotihuacan located in the central Mexican highlands (see Braswell 2003)voihds
have facilitated Tikal's access to lucrative trade routes in the southém dret
southeastern lowlands (Sharer 2003: 351).

Southern Belize is located in a geographic and cultural frontier of the Maya
Lowlands. Like other Maya frontiers (Henderson 1992), it was both peripheratto, y
connected with the cultural and political developments occurring in larger and more
economically and politically powerful centers (Schortman and Urban 1994). During
southern Belize’'s apogee between AD 400-900 its polities were involved in a variety of
trade and exchange activities, focused on mineral and biotic resources (e.g., greyndst
cacao, clays for ceramics production; Abramiuk and Meurer 2006; Dunham 1996;
Dunham and Prufer 1998; Graham 1987), agricultural production (Prufer 2005a), and
marine resources that linked polities from the Petén to the Caribbean Seadhtam

1978: McKillop 2005a, 2005b).
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Until recently most regional settlement chronologies relied on aralm&ct
features (e.qg., ballcourts), epigraphic data, and to a lesser extent compégeramics
with other regions of the Maya Lowlands (e.g. Dunham 1996; Hammond 1975;
Leventhal 1990, 1992). In general, these studies indicate that the number of polities and
density of settlements were highest during the Late Classic. To the northeriké, in
the Stann Creek District, Graham (1994) found evidence of pre-AD 600 settlements
along the coastal plain, though much of that region’s settlement historeighet
Terminal Classic. Sites such as Pomona, Mayflower, and Kendal are locatededong r
seasonally navigable by canoe, and have been suggested to be interconnectddngpdes a
river systems (Graham 1994: 320). Coastal sites may have been organizeistensabs
bases that engaged in procurement of marine and estuarine resources ((2@ha316)
or, in some cases, also mediated maritime trade networks (McKillop 2005a, 2005b).
Among the earliest sites in southern Belize is the coastal shell midden@affBwing
at the mouth of Deep River, which is thought to date to the Late Preclassic based on
sherds of mammiform tetrapod vessel supports and outflaring wall dishedl¥cK
1996:57, 2010:96). The presence of obsidian and other exotic goods identifies it as a
trading port, and links it with other Late Preclassic sites at Cancun, Cedd4ado
Cay. Radiocarbon dates from Early Classic settlements on Wild Cane Cayeindica
maritime communities established by AD 300, though mercantile seafarmigngaly a
post-AD 500 phenomenon that persisted into the Postclassic (McKillop 2005a, 2005b,
2006).

The early communities closest to Uxbenké were in the southeastern Petén

(Guatemala), positioned along the western foothills of the Maya Mountains. Most of

20



these settlements postdate AD 600, though there were Preclassic occup&ams, a
Ixkun, Xutilha, and Ixtonton in the Dolores area (Laporte 1994, 2001; Laporte and
Ramos 1998). Throughout the watersheds that drain the western Maya Mountains of
Guatemala, including the Rios Machaquila, San Luis, and Pusilha, there is evidence of
continuity between the Preclassic and Early Classic in what Laporte {Z0@4lled the
“Peripheral Chicanel” sphere, defined by the continuation of Preclasaimiceypes
well into the Early Classic period. Laporte suggested a geopoliticaclapel of
competing rural elites autonomous from the larger central Petén polinesAD 100 to
AD 600 (Laporte 1996a, 1996b; Laporte and Ramos 1998). The southeastern Petén, like
southern Belize, witnessed greater population centralization during the Lateramdal
Classic periods, and evidence for Early Classic occupations is spottly (B389: 207,
Laporte 2001).

The only other Preclassic or Early Classic complex polity known in the region is
Ek Xux, located in the interior of the eastern Maya Mountains along the Bladen Branch
of the Monkey River (Dunham and Prufer 1998). Nine sites with public architecture are
known from survey in the eastern flank of the Maya Mountains, but excavation data only
exist for EK Xux and Muklebal Tzul, both located in adjacent valleys near the heedwate
of the Bladen Branch. Ceramic evidence suggests Ek Xux was settled duriagethe
Preclassic and persisted as a relatively small community throughxtheantury AD.
Muklebal Tzul, located on a series of high ridges 3 km to the west of Ek Xux, appeared
rather suddenly on the landscape after AD 600 and quickly eclipsed its small neighbor

(Prufer 2005a).
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With the exception of Uxbenka and Ek Xux, southern Belize apparently hosted
few population centers through most of the Early Classic, until the region rgpasiyto
include at least 10 monument bearing polities and over 100 smaller commuidtiemnaf
AD 550. The best known of these are Lubaantun, Pusilh&, and Nim Li Punit. Hammond
(1975:52) conducted excavations at Lubaantun and, based primarily on ceramics,
suggested that the site was founded between AD 679 and AD 783 (i.e., Maya calendar
date 9.15.0.0.0 +/- 1 katun). He also noted that the ceramic assemblage was dominated by
Tepeu 2/3 Petén styles of the Late Classic (maximally AD 700-890). Hammond argue
for links between southern Belize and sites in the Pasion River area of teenviRetén
(1975: 295), which are supported by more recent studies at other Late Classg center
(Braswell et al. 2005; Prufer 2005a; McKillop 2006). Lubaantun lacks epigraphic history
from monuments, though three carved ballcourt markers have been stylistitadytala
the Late Classic (Wanyerka 2004). Pusilha was excavated by a BritiguiMus
expedition (Joyce 1929; Joyce et al. 1927), Hammond (1975:274), Leventhal (1990,
1992) and Braswell (Bill and Braswell 2005; Braswell et al. 2004). Hieroglypkts
suggest that the polity may have formed as late as AD 570 and persistedtht degst
AD 790. Excavations in core and domestic contexts support this chronology (Braswell
and Prufer 2009: 48), though small amounts of Early Classic materials have been
recovered from cave sites in the vicinity. Ceramic data suggest a Lasec@ifisiation
closely aligned with Tepeu sphere polities in the Petén, particularly Pa$ién and
Petexbatun areas (Bill and Braswell 2005). Nim Li Punit is the leasestpdiity in the
region. It is located on a 100 m high ridge overlooking the coastal plain (Hammond et al

1999). Most of the published chronological material on Nim Li Punit comes from 25
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carved monuments found in the elite plazas of this highly consolidated center. These have
been interpreted to suggest the site was occupied only during the Late, Qldbsstelae
erected between AD 711 and AD 830 bracketing a short dynastic history for the polity,
but the possibility of earlier and later non-dynastic site use must be kept opennThe Ni
Li Punit inscriptions are described as both “unique and idiosyncratic” (Grubel688:
36) with examples of reverse order readings, inverted calendar signs, andetd¢nc
the placement and carving of the monuments may be temporally separated events.
Epigraphers have also suggested that the people of Nim Li Punit regatarhcted with
occupants of sites to the southeast, based largely on the presence of a possibite topony
glyph for Copan (Wanyerka 2009: 465).

Artifacts and monuments indicate ties between southern Belize and the central
Petén from AD 370-500, probably via trade routes through the southeastern Pegm (Pruf
2005a). Epigraphic accounts of ties developing after AD 500 between southern Belize
and sites located in the southeast periphery have been proposed, e.g., with Copan and
Quirigua (Braswell et al. 2005; Grube et al. 1999; Marcus 1993; Wanyerka 2009: 440-
477) or Altun Ha (Wanyerka 2009: 473). Archaeological evidence to corroborate these
relationships remains to be found. By tffec@ntury AD there is little archaeologicall
evidence of any substantial inland Postclassic occupation, though the difficult work of
identifying and recovering these contexts in southern Belize has bagip.bThe
persistence of maritime trade into the Postclassic Period at cotestaugygests the
potential for a continued, if politically diminished, presence in the inland areas of

southern Belize.
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Methods
Radiocarbon Sampling and Measurement

In a region with few absolute dates from archaeological contexts, the AMS
radiocarbon dating program allows the UAP to develop an independent chronology of the
growth and contraction of Uxbenké& as a political center. Charcoal and other organic
samples from well-documented stratigraphic contexts (see below) wepergntealong
with standards and backgrounds at the University of Oregon ArchaeometryyFaamilit
the University of California Irvine Keck Carbon Cycle AMS FacilityQJlKCCAMS)
following standard practices as previously described by Prufer et al. (20&1tN
Samples for dating were collected during excavations directly frotnetiesfeatures (e.g.,
hearths, burn features), plaster floors, or from within construction fill. Thesetalesn
“at the trowel’s edge”, not recovered from screened sediments. Where passiiuige
piece of wood or charcoal was selected to avoid the averaging inherent in bulessampl
and pieces likely to be shorter-lived (e.g., twigs) were chosen to reducedamyaul
effect (Schiffer 1986; Kennett et al. 2002). All dates are reported in Table 2.2 as
conventional radiocarbon ages corrected for fractionation with meast@dccording
to Stuiver and Polach (1977). Calendar ages discussed in the text are 2-sigraedal
ranges (95.4% probability; for clarity, discontinuous ranges are sinapiifithe text).
Calibrations were produced using OxCal 3.01 (Bronk Ramsey 1995, 2001, 2009),
employing the IntCal09 atmospheric curve (Reimer et al. 2009). Calibratsiatat
discussed in terms of ‘cal AD’ or ‘cal BC’ as distinct from dates derived &pigraphic

and seriational methods.

24



Table 2.2.AMS *C dates from Uxbenka used in Bayesian modeling

Sequence/  UCIAMS-

Provenience

Conventional *

2-o cal range (prior)

Phase # age (BP)
Group A West A1 Sub Op 08-4
56360 Structure Al. Buried Structure Fill, 198cmbd. 184015 AD 120-230
56359 Structure Al. Level 5, 169cmbd. 1780+15 AD 140-200 (3.8%)
AD 210-330 (91.6%)
56367 Structure Al. Level 4, 108cmbd Fea. 1. 1635+15 AD 350-370 (1.2%)
AD 380-440 (88.3%)
AD 480 530 (5.9%)
56368 Structure Al. Level 4, 120cmbd Fea. 2. 1585+15 AD 420-540
Group A A6 SubOp 07-3 & Plaza Plaster SubOp 07-5
46297 Structure A6. Level 5, 367cmbd. First fill. 175525 AD 220-390
42807 Structure A6. Level 5, 292 cmbd. Second fill. 172015 AD 250-390
42805 Structure A6. Level 5, 224 cmbd. Second fill. 1700+15 AD 250-300 (18.8%)
AD 320-410 (76.6%)
42809 Structure Al. Level 5, in plaza plaster floor. 1490415 AD 540-610
46298 Structure Al. Level 5, in plaza plaster floor. 1585425 AD 410-540
Group B SubOp 08-7 Unit 2
56361 Unit 2. Level 6 Construction Fill, 204 cmbd 1755+15 AD 235-340
56371 Unit 2. Level 6 Construction Fill, 143 cmbd 1735%15 AD 240-380
56370 Unit 2. Level 5 Construction Fill, 139 cmbd 1730+15 AD 250-390
56369 Unit 2. Level 5 Construction Fill, 121 cmbd 1760+15 AD 230-340
57044 Unit 2. Level 3. On Level 4 Floor, 95 cmbd 1745%15 AD 230-350
Group B Other
56362 Structure B2 SubOp 08-9. Base of wall. 1770+15 AD 210-340
56365 Structure B14 SubOp 08-10. Level 5A. 191 1725+15 AD 250-390
cmbd.
56364 Structure B1 SubOp 08-8. Base of staircase. 1315+15 AD 650-710 (78.3%)
AD 740-770 (17.1%)
Group D Late Preclassic/Early Classic Phase
67955 SubOp 9-15 Unit 2. Level 3 Box Lu’'um blw 1830415 AD 130-240
plaster. 136cmbd
67238 SubOp 9-14 Unit 1. Level 7. 4th Floor Fill. 177520 AD 140-200 (4.6%)
192cmbd AD 210-340 (90.8%)
67961 SubOp 9-14 Unit 1. Level 7. 3rd Floor Fill. 1750+20 AD 230-350 (94.3%)
169cmbd AD 360-380 (1.1%)
67960 SubOp 9-14 Unit 1. Level 6. 2nd Floor Fill. 1800420 AD 130-260 (90.8%)
153cmbd AD 300-320 (4.6%)
67959 SubOp 9-14 Unit 1. Buried Structure Fill. 158 1710+15 AD 250- 300 (30.7%)
cmbd AD 310- 400 (64.7%)
67239 SubOp 9-13 Structure 5. Level 4. 95 cmbd 1695420 AD 250-300 (17.3%)
AD 320-410 (78.1%)
Group D Late Classic Phase
67957 SubOp 9-14 Level 3 Box Lu’'um. 105cmbd 1345+15 AD 650-685
67958 SubOp 9-14 Level 3 Box Lu’'um. 80cmbd 1465%15 AD 565-640
67965 SubOp 9-13 Structure 5. Level 3 63 cmbd 1225+15 AD 710-750 (16.8%)

AD 760-880 (78.6%)

The architectural stratigraphy at Uxbenké is complex because mostissuct

have several construction phases and remodeling episodes, and a range of natural and

cultural site formation processes (see Schiffer 1987) have and continuectahedfe

deposits. In some cases older materials may have been reused for theetwongif later

structures. Interpretation is further complicated by post-depositionedtaites at

Uxbenkda, and most Lowland Maya sites, due to erosion, bioturbation by burrowing
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animals and tree-throws, modern landuse and looting. Rosenswig (2009) provides a
cogent treatment of the often under-appreciated complexities involved iusdfuct
stratigraphy in Mesoamerica, particularly at Classic Period shesaxarguably) more
focus is placed on the “glamour” of elaborate architecture than on the quotidiats aspec
of formation processes (Rosenswig 2009:2, amplifying Shott 2006:4). Despite devoting
effort to careful excavation and stratigraphic correlation between obsecleetural
elements, cross-referencing multiple individual radiocarbon sequences thooogioo
features such as plaster floors is often difficult. Stratigraphic infoomagicorded during
excavations in the 2006 to 2009 field seasons were used to select the sample of
radiocarbon dates that are incorporated into the Bayesian analysis of GrobhpsSfe(a
Plaza), B and D (Figure 2.1A). Emphasis was placed on excavation units exhilei&ing cl
natural and architectural stratigraphy, including plaster floors, masonstruction, and

multiple construction episodes.

The Bayesian Framework

Classical statistical analysis has dominated archaeological inauing avell
suited to a wide range of observations made by archaeologists (Drennan 2010n Shenna
1997; Thomas 1986). In contrast to classical statistics, Bayesian sihfisttysis
derives posterior informatiora (osterior) by combining prior informationa(priori), a
likelihood function (a particular probability function) and the available data (Budk a
Millard 2004: p. VII). The best examples in archaeology come from chronology building

where a variety of non-quantitative contextual information (e.g., saatigr position,
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Figure 2.1.Detail maps showing excavations at: A) the Uxbenké site core; B) Group A

(Stela Plaza); C) Group B; and D) Group D (original figures by C. Ebert).

diagnostic artifact assemblages) can be integrated with probabiliifpuligins from

radiocarbon dates (Bayliss and Bronk Ramsey 2004; see below).

The major benefits of a Bayesian approach are that a statistical ensirbism

created that incorporates a wider range of information about stratignraphy a

archaeological materials, and that the results of these models can be disect t
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research and make sampling decisions. Usipgori information can make some
researchers uneasy (see Steier and Rom 2000), but by forcing the assumgtiens of t
priors to be made explicit it provides a framework to formalize assumptions andtto bui
and test multiple models with new data. Agreement indikeprpvide a way of
determining how each alternative model fits with the available data, andresmated for
the posterior distributions of each radiocarbon date in a model, as well as the overall
model itself (Bronk Ramsey 2000: 201). Agreement indices falling below aatxititue
(A’c = 60%) indicate a poor fit of data with the model, and can be used to identify
potential outlier dates or problematic stratigraphic assumptions in the mateduld be
noted that, strictly speaking, whé&»A'c (i.e., there is agreement between the model
structure and the dates)yibes nomean that the model assumptions and strueitee
correct it simply tells us that we have no reason based on the data at hand to reject the
model as it stands.

A list of OxCal commands and the relevant archaeological phenomena that are
commonly encountered during excavation are presented in Table 2.3. The reader is
referred to the OxCal's supporting documentation for detailed considerationslydia
and command structures, as well as other published archaeological casarsBidiam
(Bayliss et al. 1999, 2007 [and articles therein]), the Mediterranean (Brongefganal.

2010; Manning et al. 2006), and Mexico (Kennett et al. 2011).
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Table 2.3.Examples of OxCal commands and relevant stratigraphic situations

OxCal Command Stratigraphic Situation
Phase (Unordered Multiple dates within a fill.
Group)

Multiple features on a living surface occupied for some duration
Groups of dates separated by a common stratigraphic marker e.g., a floor, a sterile
sediment layer, tephra, or distinctive ceramic assemblages.

Sequence (Ordered Dates separated by a series of plaster floors.
Group) Dates on materials in well stratified middens.
Series of phases

Boundaries Events that bracket the beginning and end of a phase but are not directly dated, e.g.,
excavation of a burial or storage pit; clearing or leveling a site before construction;
cessation of construction; partial demolition of a structure.

Event An undated event not necessarily related to a phase, thus differing from boundary in that it
could be within a sequence.

Cross-reference When a common stratigraphic marker can be correlated between two or more sequences,
e.g., a layer of pavers, a floor, a tephra, or a burning event, can be traced between
sequence with otherwise unconnected profiles.

Span Calculates the span of time represented by the elements of a phase, e.g., how long a living
surface was used before being covered over or replastered.

A sample of 28 AMS radiocarbon dates from the 2006 through 2009 field seasons
was included in this analysis. Radiocarbon data for samples from Groups A and B have
been reported and discussed in Prufer et al. (2011); dates and stratigraphicimiormat
for Group D are drawn from the Uxbenka Archaeological Project technical mptire

2009 excavation season (Ebert et al. 2010).

Results
Group A (Stela Plaza)

Group A, also known as the Stela Plaza, is a plaza group set on a hilltop in the
eastern part of the Uxbenka site core containing six known structures and 28&aecord
stelae (Figure 2.1B). Leventhal worked at Group A in the late 1980s, recording and
describing the stelae and conducting excavations in the plaza itsel.[eserved on
six of the monuments indicate monument production and dedication occurred during the
Early and Late Classic periods (AD 378 to AD 781; Table 2.4), with the dates of AD 378
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stylistically attributed to Stela 11 and a calendar round date in AD 455 on Stela 23

making these the earliest datable monuments in southern Belize.

Table 2.4.Stela dates from Group A, Uxbenka

Monument  Long Count Date Gregorian Date Comments

Stela 11 - AD 378 After the reign of Chak Tok Ich’aak I; Schele and Looper
(1996) suggest AD 437 for this stela

Stela 23 09.01.00.00.00 AD 455 Period ending date derived from a calendar round date

(Prufer and Wanyerka 2005)

Stela 14 09.12.00.00.00 AD 672-692 Partial inscription, inferred 12" katun

Stela 19 09.12.11.13.11 AD 684

Stela 22 09.16.00.00.00 AD 751 Period ending date

Stela 15 09.17.10.00.00 AD 781 Period ending date

The Uxbenka Archaeological Project team excavated several stsiatiihe
Stela Plaza, including Al (the largest construction in the group), A4, A5 and A6.
Multiple test trenches were also excavated across the plaza floor be@@&earn2 2010.
Results of these investigations suggest that the hilltop was leveled in thpdated the
Late Preclassic, with some of the earliest construction fills below gteudtl dating to
cal AD 120-230 (UCIAMS-56360). Evidence of walls and other structural features in
direct contact with the mudstone bedrock (knownibsn the local Mopan Maya) under
Al and in front of A6 indicates that sections of the plaza must have been completely
excavated to bedrock before major construction of Group A took place (Prufer et al.
2011). A date on charcoal below the A6 wall is also consistent with a Late Bieclas
clearing event (cal AD 130-330; UCIAMS-33400).

Excavations along the margin of Al (specifically SubOps 07-5 and 08-4) reveal
multiple phases of construction and remodeling related to periodic reorganizatien of
plaza for ceremonial or political purposes (Prufer et al. 2011). After thd Lratia,
Preclassic clearing event, it appears that a much smaller straetsifgut in place under
what is now the west flank of Structure Al. A portion of one of the walls of this structure
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was uncovered at ~180 cm below the surface of A1 in SubOp 08-4 Unit 1, measuring
roughly 1 m high and made of 10-12 courses of the local sandstone slabs typically used to
build these structures (Figure 2.2). The Late Precla&idate noted above (UCIAMS-
56360) was recovered from construction fill within this buried structure. The early
structure was built over a layer of crustmeld fill directly above bedrock. In contrast to

the rest of the known architecture in the Stela Plaza, which is oriented rouglgy@on
just east of) the cardinal axes, the wall exposed in Unit 1 is oriented at 53°/233°mN. A
fill deposit consisting of sediment and loose sandstone slabs covers the buriedestructur
and contains one Late Preclassic/Early Classic charcoal dateAd d20-330
(UCIAMS-56359). Two burn events occur on top of this fill deposit and suggest a
persistent surface dating later in the Early Classic (Feature IRNU&56367, cal AD
350-530; Feature 2: UCIAMS-56368, cal AD 420-540). Roughly 1 m of subsequent
construction fill overlies these features and presumably representsckheailing on
Structure Al at or after the end of the Early Classic.

A 6m-long profile exposed from the Stela Plaza floor into the eastern side of
Structure Al in SubOp 07-5 shows the stratigraphic relationship of the plaza comstruct
to the later additions to the building (Figure 2.3). Excavation into the eastern flank of
Structure Al (on a flat platform similar to the one where SubOp 08-4 was ptated)
through a mixed layer of overburden and sandstone blocks and two layers of crushed
bedrock fill before revealing a burn feature dating to the Late PrecResox
(UCIAMS-42825; cal AD 70-220) and a charcoal sample from a deeper deposit of dark

soil and burned ceramics dating to the Early Classic (UCIAMS-42808; cal AD 250-390)
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Sequence A1 08-4 {A= 96.8%}

_ eSS Boundary End of Construction
Sequence W\est A1 08-4
56368 Fea. 214 120cmbd
56367 Fea. 1.4 108cmbd
56359 L5 169cmbd
Event Burial of Early Str
56360 Buried Str Fill 198cmbd

Boundary Earfiest Group A

BC/AD 200AD 400AD 600AD 800AD
calender date

Figure 2.2.Profile of Unit 1, SubOp 08-4 on Str. A1 showing location of AMS

samples and modeled calibrations.

overlying thenib bedrock. The inconsistency between the dates could be due to
disturbance related to later construction, or an old wood effect in the charcoal from
Feature 1. Assuming that the lower deposit is accurately dated, this indicaidace

that had originally been exposed in the beginning of the Early Classic Periogand w
subsequently buried by construction of the later facade of Str. A1l. The steppedofacade
Str. Al is exposed in the same profile, where collapse debris was removedatdireve
remaining intact south face of the building. This wall was built directly onithe

bedrock, indicating that any overlying soil in what would become the plaza floor was
removed before this time. As described by Prufer et al. (2011) the depths whexkbedr
is encountered differ by ~1.5 m on Structure Al and the plaza floor suggesting a sharp

discontinuity behind the facade. This could be due to a natural joint in the bedrock, as has
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Figure 2.3.Profile of SubOp 07-5 on Str. Al showing location of AMS samples and
modeled calibrations.

been observed in geomorphic excavations and stream channels in the Uxbenka site core
and elsewhere, or a purposeful modification of the bedrock by the ancient occupants to
take advantage of an existing hilltop feature to create a more imposingpo@akem
structure. Regardless, clearing down to bedrock, erecting the facade, and bhayi

earlier architecture was a key event in the development of the Steda Whaose date can

be constrained by a thick plaster floor in the plaza that abuts and therefedatessthe
facade. Two dates were obtained from charcoal recovered from withirasterdloor,

which likely represent material incorporated during the plaza’s constnuatid use

during the latest part of the Early Classic (UCIAMS-46298: cal AD 410-540; UGAM

42809: cal AD 540-610).
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A third series of dates relates to the smaller structure A6 on the east tide
Stela Plaza excavated in 2006 (SubOp 06-7) and 2007 (SubOp 07-3). SubOp 06-7 was
conducted off the structure and revealed a stone wall in front of Str. A6 that isdnferre
based on its location and alignment, to be part of an earlier construction that may hav
been leveled or simply buried during the construction of A6. The wall sits directly on
bedrock, and a date on charcoal from beneath the wall straddles the LitssiRvéarly
Classic transition (UCIAMS-33400; cal AD 130-330). Str. A6 itself appears to harne bee
constructed in at least three phases as indicated by a series of fdldapped by plaster
floors (Figure 2.4). Three AMS dates on charcoal put these construction events in the
Early Classic, with the earliest layer, which sits upon bedrock, dating tdcak8-390
(UCIAMS-46297). Two dates from the second fill layer fall into a similar fiiamee
(UCIAMS-42807: cal AD 250-390; UCIAMS-42805: cal AD 250-410).

Each of the profiles in these excavations can be modeled as a sepquatece
This allows for timing of events that are not directly dated to be estimatédasuc
clearing the plaza to bedrock or constructing a facade. For SubOp 08-4, the sequence
begins with éboundary the earliest use of the hilltop, followed by the construction of the
early structure under Structure Al, the burial of that structurev@ny, followed by the
creation of the two burned features, and ending with thebdmahdary the end of
construction of Str. A1. In SubOp 07-5, the sequence begins watinaus post quem
which is across-referencéo the date in SubOp 08-4 on the fill above the buried
structure, UCIAMS-56395, since it is assumed that all of the construction exposed on the
east side of Str. A1 post-dates the earlier construction. This is followed byeluf the

burned ceramic layer within Str. A1l. The Late Preclassic date on Fegtu@dAMS-

34



Sequence A6 07-3 {A=100.4%
@ st Bourday Thid A61i

Prase Secord A6l

® A MR 42805 A6 L5 2240mbd
© aadi 42807 A6 L5 292cmbd
9 s 46297 A6 L5 367cmbd

A e 33400 Constr WAl near A6
et e, Bourdhyy Clear Plaza Floor
L ! | . | ! |

BC/AD 200D  400AD  600AD
calerdar date

0 1 2 3m

Figure 2.4.Profile of SubOp 07-3 on Str. A6 showing location of AKMS samples and
modeled calibrations

42825), as mentioned above, is problematic when included even as part of an unordered
group (aphasé with the later date on the deeper ceramic layer. Models that include this
date produce very low agreement indices and so it is excluded from this sequence. A
boundaryrepresenting the placementrob fill and the construction of the Str. Al facade
follows, and the two dates from within the thick plaster floor in front of A1 are modeled
as aphasefollowed by a finaboundarythat represents subsequent deposition above that
floor. The sequence for Str. A6 cannot be stratigraphically linked to those in A1 based on
current knowledge. It begins withb@mundary the clearing of that section of the plaza

down to bedrock, then the construction of the wall in front of Str. A6, the placement of
the first fill in A6, followed by gphasecomprising the two dates in the second fill event,
and ending with doundaryrepresenting the placement of the third fill layer. Modeled

results for these sequences are presented in Table 2.5.
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Table 2.5.Modeled results for three Group A stratigraphic sequences

Sequence  UCIAMS- Provenience Conventional Modeled
# “C age (BP) 2-0 cal
range
West Al 08-4
Boundary Earliest Group A 50 BC - AD
220
56360 Str. Al. SubOp 08-4. Buried Structure Fill, 198cmbd. 1840+15 AD 120-230
Event Burial of Early Structure AD 150-310
56359 Str. Al. SubOp 08-4. Level 5, 169cmbd. 1780+15 AD 220-330
56367 Str. Al. SubOp 08-4. Level 4, 108cmbd Fea. 1. 163515 AD 355-440
56368 Str. Al. SubOp 08-4. Level 4, 120cmbd Fea. 2. 158515 AD 420-540
Boundary End of Early Classic Construction AD 430-700
East A1 SubOp 07-5
TPQ UCIAMS-56359 (cross-referenced)
42808 Str. Al. SubOp 07-5. 238N/-20E. L.7, burned layer. 1725+15 AD 250-390
Boundary  Placement of Nib Fill/Construction of Facade AD 310-540
46298 Str. A1 .SubOp 07-5. 236N/-20E. L.5, in plaster floor. 1585+25 AD 420-550
42809 Str. Al. SubOp 07-5. 236N/-20E. L.5, in plaster floor. 1490+15 AD 540-610
Boundary Deposition Above Plaza Plaster Floor AD 550-770
Str. A6 SubOps 06-7 & 07-3
Boundary Clearing to Bedrock AD 20-320
33400 West of Str. A6. SubOp 06-7. Level 4, beneath wall. 1790+25 AD 160-330
46297 Str. A6. SubOp 07-3. Level 5, 367cmbd. First fill. 175525 AD 230-340
42807 Str. A6. SubOp 07-3. Level 5, 292 cmbd. Second fill. 1720+15 AD 250-390
42805 Str. A6. SubOp 07-3. Level 5, 224 cmbd. Second fill. 1700£15 AD 250-400
Boundary Placement of Third Fill AD 260-520

Group B

Group B was first identified by Hammond (1975:289-290) and later excavated by
Leventhal (1992:145) who designated it as the North Group. It consists of an enclosed
plaza on a hilltop at the northern end of a 400m-long modified ridge to the west of Group
A. The main structures include a temple (Str. B1), a ballcourt (Str. B6 and BHjraad t
patio structures (Str. B3, B5, and B11; Figure 2.1C). The UAP excavations thakeprovi
the data for this analysis were conducted in 2008. Excavations of the fronagtafrw
Str. B1 (Op 08-8) produced a Late Classic ceramic assemblage consiteslitevritual
use, including numerous unslipped modeled effigy censer fragments, Petén Glass Ware
and other polychrome ceramics. A single AMS date from under a slumped step produced
an age range of cal AD 650-710 (78.3%) and AD 740-770 (17.1%) (UCIAMS-56364).

An Early Classic component at Group B is evident in the excavations in the main plaza
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and a smaller bench to the west side of Str. B1, all buried by later comstriudmnits

placed between Strs. B2 and B3 (Subop 08-9) uncovered a section of a 1.6 m high
masonry wall buried below the visible structures, and not showing any clear comnect

to the later architecture in terms of layout or organization. A single ramtaample

from the base of the wall dated to cal AD 210-340 (UCIAMS-56362), which is consistent
with Early Classic construction in the Stela Plaza. A charcoal dateaftaumied midden-

like fill stratum in Str. B14 also falls into the Early Classic at cal AD-290 (UCIAMS-
56365).

The episodic nature of Early Classic construction in Group B is revealed in
excavations in front of Str. B9, a low platform on the southwestern edge of the plaza
(SubOp 08-7). Three construction episodes are marked by plaster floors and $tructura
elements exposed in Unit 2 (Figure 2.5). A series of large cut limestoneratstiose
blocks were found lying on th@b bedrock in the basal deposits of this unit (2 mbs).
These blocks were probably put into place to level and extend the southwest edge of the
plaza after clearing the space down to bedrock. A fill layer containiagneesherds and
river snail (jute;Pachychilussp.) shells overlies the bedrock and abuts the block
construction, and is capped by a thin plaster floor. Two charcoal samples from this
stratum date to cal AD 235-340 (UCIAMS-56361) and cal AD 240-380 (UCIAMS-
56371). What appears to be collapsed rubble from a constructed wall overlies this floor
and is covered by another layer of fill and a second plaster floor. Two charcpéésam
from this fill date to cal AD 230-340 (UCIAMS-56369) and cal AD 250-390 (UCIAMS-

56370). Finally, a third fill and plaster floor is exposed immediately below the moder
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Figure 2.5.Profile of Unit 2, SubOp 08-7 in Group B showing location of AMS

samples and modeled calibrations

surface (A horizon) of the plaza floor. Charcoal recovered from directly on top of the

plaster floor also dates to the Early Classic at cal AD 230-350 (UCIAMS-57044).
With the exception of the five dates within Unit 2, SubOp 08-7, the stratigraphic

relationships of the Group B AMSC dates are difficult to establish with certainty. This

is primarily because the individual suboperations are widely separated @amdoff of)

the plaza. However, to make use of all the existing data | incorporate thiaio all

broadsequencewith the Late Preclassic/Early Classic dates organizegphbass

followed by the single Late Classic date from the slumped step in front ofISfFhBee

boundariesare established within this sequence: the earliest construction andgleari

activities on Group B; the transition between Early and Late Classic wctistr

activities (e.g., the Str. B1 staircase and presumably the ballcourtheatedest

construction activities in the Late Classic. Within the Late Precl&ssiy Classic phase,
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the SubOp 08-7 dates are placed sequencdeginning with doundaryrepresenting

the construction of the wall, followed by typhasescontaining the pairs of dates from

the L6 and L5 fills, and the final date on charcoal above the upper most floor. These are
separated by boundaries representing the construction and use of the three floors in the
sequence. As noted the two dates from between Strs. B2 and B3 and from Str. B14 are
included with this sequence in an unordgrhdse Modeled results for the sequence are

presented in Table 2.6.

Table 2.6.Modeled results for the Group B stratigraphic sequence

Sequenc  UCIAMS-  Provenience Conventional Modeled
e/ Phase # “C age (BP) 2-0 cal
range

Boundary  Earliest Group B AD 60-310

Grp B 08-7 Unit 2
Boundary  First Wall Constructed AD 210-320
56361 Level 6 Construction Fill, 204 cmbd 1755%15 AD 240-320
56371 Level 6 Construction Fill, 143 cmbd 1735%15 AD 245-320
Boundary  Plaster Floor between L5/L6 AD 250-325
Difference  First Wall constructed - Floor between L5/L6 -5-75 cal yr
56370 Level 5 Construction Fill, 139 cmbd 1730+15 AD 255-335
56369 Level 5 Construction Fill, 121 cmbd 1760+15 AD 250-335
Boundary  Level 4 Plaster Floor AD 260-345
Difference  Floor between L5/L6 — L4 Floor -5-50 cal yr
57044 Level 3. On Level 4 Floor, 95 cmbd 1745+15 AD 270-335
Boundary  Level 2 Plaster Floor AD 270-420
Difference L4 Floor — L2 Floor -5-95 cal yr

Grp B Early Classic
56362 Between Str. B2-B3 SubOp 08-9. Base of wall. 1770+15 AD 230-340
56365 Str. B14 SubOp 08-10. Level 5A. 191 cmbd. 1725+15 AD 250-380
Boundary  Transition between Early and Late Classic Construction AD 290-670

Grp B Late Classic
56364 Str. B1 SubOp 08-8. Base of staircase. 1315+15 AD 650-770
Boundary Latest Group B AD 650-930

Three instances of tliéfferencecommand are also included in the model to
estimate the duration between construction events in the Unit 2 sequence (the first
construction and the subsequent placement of plaster floors). The maxérangas
for these estimates vary from 50 to 95 cal years, but the distributions are steastbt
larger values, so the intervals between construction events may be much shiides pe
every 15-25 years. Weighted means for these probability distributions suggestat23 y
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passed between the construction of the wall and the placement of the plaster floor
between L5 and L6; ~16 years elapsed before the placement of the L4 floor; BAd the
floor was laid down ~27 years after that.

The wide estimated range for theundarybetween the Early and Late Classic
construction phases (cal AD 290-670) is due to the lack of dates falling in theddtef
the Early Classic. It seems unlikely that there was no construction or ratdifiof
Group B architecture during this period. However, it may simply reflect tlas are
excavated and sampled during the 2008 excavations. The result indicates a clwalnologi

issue to be addressed by ongoing strategic excavations at Group B.

Group D
Group D is located on the same long ridge as Group B and is immediately south
of Group C, which is contiguous with both (Figure 2.1D). Group D is conspicuously flat
as the result of leveling during Uxbenk@&’s construction. Primary strganeckide a ball
court that was subject to limited investigations in 2006 (Prufer et al. 2007) aséa rai
open plaza surrounded by low (30-40 cm tall) walls and a few small platformseitgat w
excavated in 2009 (Ebert et al. 2010). This open plaza occupies roughly two-thirds of a
finger ridge that extends off the main landform to the east. Excavatiorsde@\zeseries
of construction episodes and provided the sample of radiocarbon dates analyzed here.
Two 6x1 m stratigraphic trenches (SubOps 09-12 and 09-15) in Group D cut
through multiple fill and plaster layers within the plaza and indicated the broatkauitl
construction events, while other excavations focused on Structure 5 (SubOp 09-13) and

the area immediately in front of the structure (SubOp 09-14). The generalized

40



stratigraphic sequence for the Group D plaza suggests that after ledi@hg of the
ridgeline a fill of crusheahib bedrock was laid down to level the surface and then
plastered. A charcoal date recovered from withinnibdill in SubOp 09-15 Unit 2
(UCIAMS-67955) dates this event at the end of the Late Preclassic at cal AZ24Q30
Multiple fill and plastering episodes covered this initial building phase. Thasgepl
floors were identified in Unit 2 and four were identified in SubOp 09-14 Unit 1 across the
plaza (Figure 2.6). Considering the differing number of floors in each unit and the
distance between them it is not possible to directly correlate these pigsteents.
Multiple charcoal samples recovered from the Unit 1 floor fills promised to gienar
very detailed construction chronology for the plaza, but despite the apparettly wel
stratified exposure, several reversals occur. Working from the stratygiapppears that
at some point after the plaza was established, a now-buried structure wasctehatr
the Early Classic. A single AMYC date from fill within this structure dates to cal AD
250-400 (UCIAMS-67959). Two plaster floors abutting this were constructed
subsequently and finally the entire structure was buried and plastered ovestempl
Dates within these floor fills are problematic, though they all fall in thiy Edassic. In
stratigraphic order the three fills date to cal AD 140-340 (UCIAMS-6723BAR&30-
380 (UCIAMS-67961), cal AD 130-260 (90.8%) and cal AD 300-320 (4.6%; UCIAMS-
67960). The three floors make a reasonabtpiencen their own, but including the
structure fill date before them results in a very low agreement idde5(4%). In the
present case there is no clear justification for rejecting any one ofdatese though
bioturbation, old charcoal incorporated in the fill, and other processes areslikedyk.

For the purposes of this analysis the dates were grouped as an unphdesed
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Figure 2.6.Profile of Unit 1, SubOp 09-14 in the Group D plaza showing locations of
AMS *“C samples and modeled calibrations

representing Early Classic construction. Above the highest plaster fldw imit is a
distinctive stratum of dark midden-like soil containing ceramic sherds anddchpe
layer of sandstone slabs, presumably paving stones. Two charcoal datesthionthg

fill fall securely in the Late Classic (UCIAMS-67958: cal AD 565-640; UMIB67957:
cal AD 650-685), suggesting a renewal of construction on the plaza at this time.

The wall surrounding the plaza was exposed in SubOp 09-15 Unit 2 and runs into
Structure 5, which was excavated as part of SubOp 09-13. As it sits directly above the
plaster floors in Unit 2, it is inferred that after the series ofyHakhssic plastering
events, the low wall (60-80 cm high) was built around the plaza perimeter. Two dates
from 09-13 help to bracket the date of construction: cal AD 140-340 (UCIAMS-67239)
from Level 4 below the Structure 5 masonry; and cal AD 710-880 (UCIAMS-67965) in
the fill of the structure itself. The construction of the plaza wall can be gss&d a
boundarybetween two unordergzhases The Early Classic phase includes the AMS

dates from the floor fills in SupOps 09-14 and 09-15, plus the Level 4 date from 09-
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13.The Late Classighasecomprises the two dates on the paver fill from SubOp 09-14
and the structure fill date from 09-13. Two further events can be includeniadaries

in the overall Group Bequencethe placement of the pavers, and the subsequent
deposition of the surface scatters. Modeled results for Group D are preseifitible

2.7.

Table 2.7.Modeled results for the Group D stratigraphic sequence

Sequence/ UCIAMS-  Provenience Conventional Modeled
Phase # “Cage (BP) 2-ocal
range
Boundary Hilltop Cleared and Leveled AD 20-240
Grp D Early Classic Phase
67955 Grp. D. SubOp 9-15 Unit 2. Level 3 Box Lu’um blw 1830+15 AD 130-240
plaster. 136cmbd
67238 Grp. D. SubOp 9-14 Unit 1. Level 7. 4" Floor Fill. 177520 AD 170-340
192cmbd
67961 Grp. D. SubOp 9-14 Unit 1. Level 7. 3rd Floor Fill. 1750+20 AD 230-350
169cmbd
67960 Grp. D. SubOp 9-14 Unit 1. Level 6. 2nd Floor Fill. 1800+20 AD 130-320
153cmbd
67959 Grp. D. SubOp 9-14 Unit 1. Buried Structure Fill. 158 171015 AD 250-390
cmbd
67239 Grp. D. SubOp 9-13 Structure 5. Level 4. 95 cmbd 1695+20 AD 250-410
Boundary Plaza Wall Construction AD 270-580
Grp D Late Classic Phase
67957 Grp. D. SubOp 9-14 Level 3 Box Lu’'um. 105cmbd 1345+15 AD 645-685
67958 Grp. D. SubOp 9-14 Level 3 Box Lu’'um. 80cmbd 1465+15 AD 565-640
67965 Grp. D. SubOp 9-13 Structure 5. Level 3 63 cmbd 1225+15 AD 690-870
Boundary Pavers Placed AD 650-1300
Boundary Surface Scatters Deposited AD 700-
present

Though not well constrained, the model suggests that initial clearing and leveling
occurred at the end of the Late Preclassic at cal AD 20-240. A series efiptast
episodes and the construction of the buried structure in SubOp 09-14 followed, possibly
straddling the Preclassic/Classic transition and continuing into the Eadgi€lThe
construction of the plaza wall is unfortunately poorly constrained to cal AD 270-580, but
this range does place the event squarely in the Early Classic rather thatetl#assic.
The placement of the areally extensive paver layer is broadly estimadd®® 650-

1300 (with a & range of cal AD 730-960), and the surface scatters must have been
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deposited some time thereafter. The terminal ages of both the upper boundaries are
poorly constrained by this model, which would benefit from additional research. For
example, if diagnostic ceramics in the surface scatters indicatednettiystiate Classic
component, germinus ante quemould be added to the model at the assumed date of the
end of the Late Classic (i.e., at AD 800, following Demarest 2004). This points to a

direction for future chronological work at Uxbenka.

Discussion

Integration of the stratigraphic data with the existing high-resolution AXaS
dates from the urban core of Uxbenka provides strong evidence for its organization as a
sociopolitical entity during the Late Preclassic, with further bursts bftaotural
modification at the beginning of the Early Classic and Late Classiodserespectively
(Figure 2.7). Initial clearing and leveling of the ridgeline hilltops thatemg the civic-
ceremonial core began at Group A (the Stela Plaza) at cal 50 BC-AD 220, tbiigwe
Group D at cal AD 20-240, and Group B only slightly later at cal AD 60-310. Accretion
of multiple plaster floors in each plaza group occurred across the transstiothie Late
Preclassic to the Early Classic from ~ AD 200-400, a practice that appéarge ended
by cal AD 400 at Groups B and D. The only remodeling or construction evident in the
latter part of the Early Classic Period (between cal AD 400-550) appeartht® be
addition of the facade construction on Structure Al in the Stela Plaza thanistedtto
have been placed at cal AD 310-540. Estimates of the latest episode of consttuction a
each group are poorly constrained and provide little insight into the timing of tmaueti

demise of Uxbenka. Excavations targeting potential Late Classic andnbéf@assic
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Figure 2.7.Summary of modeled calibrations for key construction episodes at Groups A,
B and D.

contexts at Groups A and B are ongoing and may provide more concrete data to refine
these sequences. The clearest Late Classic event at Group A is thplasagsing

episode of the plaza floor in front of Str.Al, estimated between cal AD 550-770.
Dedicatory dates on stela from Group A indicate monument carving had begun by the
Early Classic (St. 11, ca. AD 378; St. 23; AD 455) and continued into the Late Classic
after the last major plastering episode in the Stela Plaza (St. 22, AD 751; $&1.IB1A

after which there is no secure radiocarbon evidence for use of the area.
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The flurry of construction and replastering during the Late Preclassi€ahd
Classic periods at Uxbenka is striking because it precedes the eatkestrdenuments
in Group A by as much as 200-300 years. Similar bursts of remodeling and construction
activities are seen elsewhere in the Late Preclassic among thendaoviaya. At San
Estevan in northern Belize, Rosenswig and Kennett (2008) describe a seiaés of L
Preclassic plastering episodes that cap Middle Preclassic middendagedefine what
would become the site center in the Late Preclassic. A direct A®8ate on charcoal
dates the later floor to cal 50 BC - AD 40 (UCIAMS-17903), which places the
construction of the first ballcourt at San Estevan in the Late Preclags&n@l ceramic
phase. Around the same time in the New River valley, multiple construction and
plastering episodes occurred through the Late Preclassic at Cuello GhdmS801;
Hammond and Gerhardt 1990), and monumental construction began at Lamanai
(Pendergast 1981) and Cerros (Scarborough 1983; Freidel 1986). The end of the Late
Preclassic (~AD 250-300) also witnessed the abandonment of EI Mirador and Nakbe in
the northern Petén with the possibility of increased warfare and inter-patifyct in
that region and highlights the localized factors affecting politicalldpweent and
disintegration (Hansen 1998, 2006).

This analysis pushes the political integration of Uxbenka slightly edrhaer t
previously estimated by Prufer et al. (2011:218), and further removes the tifiney
initial large-scale landscape modifications from the potential Tikal coionaoferred
from the mention of Chak Tok Ich’aak | on Stela 23 (AD 360-378). By that time, it
appears that the early major construction activities had ceased, though botbl&ssiy

stelae (11 and 23) at Group A do fall into the period when the outer plaza wall at Group
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D was constructed, i.e., broadly estimated at cal AD 270-590. It is possibleghat t
remodeling at Group D had more to do with the site reorganization at the time of the
emergence of monument dedications at Uxbenka than do the earlier clearing bmgl leve
episodes. Since the perimeter wall along with the fills it contains obscueariiex
features of that plaza, they may represent an effort to renew or redédatagiertion of
the site towards a new purpose, as Prufer et al. (2011) have argued for a buried Late
Preclassic settlement mound between Groups A and B.

| have been able to model construction episodes at Group A and B that fall into
the first part of the Late Classic. The extensive plastering episdue atela Plaza
occurred at cal AD 550-770, and the staircase construction and dedication on Structure
B1 is estimated at cal AD 650-770. The events at Groups A and B represent substantial
inputs of time and labor, and in the case of the staircase on Structure Blegreairgal
import. Not only do these estimated dates for these events coincide witheh@lasdic
stela (ca. AD 672-781) at Uxbenka, they occur as the other major polities inraouthe
Belize appear (Lubaantun, and Nim Li Punit) or expand (Pusilha). The presencewf Tepe
2/3 ceramics associated with this florescence also suggests maaetiatewith the
Petén during the Late Classic. Given that context, it is possible that th€lhasic
renovations at Groups A and B, presumably the respective ceremonial and civie center
of the Uxbenka urban core, may have been an effort by local leaders to renew or
reinforce their position within a landscape of increasing sociopolitical carhpénd
interaction regionally.

The stela dates suggest a point of caution in interpreting the results of this

analysis. Fewer construction episodes in the urban core during the later parEafly
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Classic and Late Classic Periods do not necessarily reflect a imidhgsaccupation and

use of Uxbenké during these periods. This analysis focuses primarily oncrrhite

events because of the stratigraphic constraints they provide for Bayesiammacitel

more mundane or ritual activities that occurred between remodeling episedes ar
underrepresented. Further, the latest occupations at any archaedlibgiaed
stratigraphically shallowest and often the most disturbed deposits, which wiligee

them from this type of analysis (see Webster et al. 2004 for an in-depthdn¢atf this
problem at Copan). Most importantly in this regard, the present focus on the siteatore i
the expense of the broader settlement history away from the urban core. lsetioé ca
Copan, elite residences in the Copan pocket and more rural zones persisted foaat leas
century after the Late Classic dynastic collapse (~AD 810) and sonhé&ranang
populations persisted until sometime in the 11th century AD (Webster and Freter 1990;
Webster et al. 2004). So at Uxbenka the few construction events known during the later
part of the Early Classic (i.e., ca. AD 400-600) may not be representative ofus™lait

the polity on the larger scale, but merely a shift in focus to other residentialucones
outside of the site core. Work underway at Uxbenkd in elite residential grougheear
urban core and others in more rural agricultural settlements should provide arnimgeres
test of these ideas.

The attempt to integrate a large number of high-resolution Ak%lates with
stratigraphic information within a Bayesian framework at Uxbenka provides d foode
applying this approach to other stratigraphically complex Mesoamertesn Bhe
demands on the quality of archaeological information and the dated contextsare quit

high, and the proper interpretation of stratigraphic associations is crugrad. &Js
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Bayesian dating approach forces consideration of excavation strategyrgiohga
techniques before excavations begin, and ideally to use insights gained in oneasaas
priori data to guide excavations alf€ sample collection in subsequent seasons. In the
case of Uxbenk4, there is now a better understanding of its early construstooy. Aihe
use of OxCal to estimate events that are not directly datable has pushsdbhshenent

of this polity back earlier than previously thought (Prufer et al. 2011). On the other hand,
the poorly constrained events within the Late Classic and Terminal €tasstruction
sequences have crystallized numerous issues involved in dating those periodskiiat a
to understanding the processes of political disintegration in the tropical Mayatsyl
Using this current knowledge, it is possible to take strategic aim at theop#réssite

most likely to contain the more elusive later construction phases in an eféingnt

focused manner.

Conclusions

The Bayesian chronology developed here provides new insights into the
developmental history of Uxbenka’s urban core and provides a statistical franfework
future chronological refinement. The earliest leveling and clearing apQtdthe Stela
Plaza) began during the Late Preclassic at cal 50 BC — AD 220, roughly 100-200 yea
earlier than previously thought (Prufer et al. 2011). This was followed by simila
landscape modifications at Group D (cal AD 20-240) and Group B (cal AD 60-310) and a
period of multiple plastering and remodeling episodes in both plazas. The leveling and
construction during the Late Preclassic and the Early Classic thiatiskstd the nascent

urban core of Uxbenka preceded all evidence for dated stone monuments at the site, as
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the earliest known stela was dedicated in AD 378. Based on the available evidexce the
is relatively little construction in the site core that dates after #nky Elassic Period

from ca. AD 400-600. However, the Group A plaza was substantially replastered in the
Late Classic at cal AD 550-770 along with the construction and dedication atasta

in Group B (Structure B1; cal AD 650-770). These events coincide with the dedio&ti
stela at Uxbenka and the appearance or expansion of other regional polities (¢hg., Pus
Lubaantun, Nim Li Punit) that is possibly tied to increased interaction with téa Pet
region. Secure Terminal Classic contexts have been difficult to identifyetmaim a

focus of ongoing investigations at Uxbenka.

50



CHAPTER IlI
CHANGING AGRICULTURAL AND URBAN LANDSCAPES AT THE CLASEC

MAYA CENTER OF UXBENKA, BELIZE

The work presented in this chapter was developed as an unpublished co-authored
manuscript with Dr. Keith M. Prufer and Dr. Douglas J. Kennett. | conducted the
geoarchaeological excavations at Uxbenkd, recorded the stratigraptsssed the
radiocarbon samples reported here, and analyzed the data. Fieldwork was conducted
under the supervision of Dr. Prufer. Dr. Kennett provided useful suggestions on the
integration of climate and geomorphic records, and valuable interpretations of the
possible land use strategies at Uxbenka.

Contemporary problems of deforestation and erosion have become synonymous
with the expansion of nation-states, global population increases, and intensified
agricultural production. This has stimulated archaeologists to consider landscape
transformation and the environmental impacts of agricultural systems (2a0&;

Bellwood 2005; Diamond and Bellwood 2003; Kennett and Winterhalder 2006; Smith
2007) and their expansion associated with the proliferation of state level sodietiey

the last 6000 years (Dunning et al. 2002; Kolata 1986; O’Hara et al. 1993; Redman 1992,
1999; Zeder 1991). Virtually all models of sociopolitical development and collapse
consider landscape transformation and associated decreases in yieldkpearar

otherwise, as one mechanism stimulating societal change (e.g., KeraleR0d 1,

Kohler and van der Leeuw 2007; Winterhalder et al. 2010). The growth of urban centers

also presents a complex ecological problem (Grimm et al. 2000; Zeder 1991); both
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reducing agricultural activity in the urban core and expanding it in the periftrery.
degree that landscapes are altered is an empirical question heavily d¢pgateocal
context, including geological substrate, vegetation cover, and topographic controls on
hydrology and geomorphic processes. The sensitivity of landscapes tonghangi
anthropogenic and environmental conditions can only be determined through applied
geoarchaeological work.

Anthropogenic alteration of the landscape has featured prominently in models of
the emergence, persistence and transformation of ancient Maya soicialpatitl
economic systems (Demarest et al. 2004; Demarest 2006; Webster 2002) anclempiric
evidence indicates that deforestation and erosion occurred in several paetsropical
Maya lowlands starting as early as the Late Preclassic Periodiffatset al. 2007;
Beach 1998; Beach et al. 2006; Brenner et al. 2002; Curtis et al. 1996, 1998; Dunning et
al. 2002; Islebe et al. 1996; Mueller et al. 2010). Paleoclimatologists haveetsified
intervals of greater or lesser rainfall during the Late Holocenenvinald have altered
vegetation cover and promoted erosion (Haug et al. 2001, 2003; Hodell et al. 1995, 2001,
2005; Mueller et al. 2009; Stahle et al. 2011; Webster et al. 2007). Complex land use
histories in the Maya Lowlands described in the last two decades have shotkie that
ancient Maya adapted to local conditions of soil fertility, seasonal droughtoaiadl s
organization to produce multiple land use strategies, and that generalizationSlapaut
agricultural practices often fail at inter-regional scales (Beaah 2006, 2008; Dunning
et al. 2002; Fedick 1996a; Fedick and Ford 1990). Therefore, explaining the emergence
and disintegration of individual Maya polities requires site-specific ghaaplogical

records integrated with cultural histories and climate records.
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In this chapter | explore landscape changes before, during and after taadarm
of the Classic Period Maya center of Uxbenka. The cultural chronology franisng
discussion draws from Demarest (2004:13) but is modified to follow the Late Archai
and Middle Preclassic Period divisions proposed by Lohse et al. (2006; see Table 2.1)
The urban core of Uxbenka consists of six plaza groups that were carved frormewigeli
in this hilly landscape (Figure 3.1). Group A contains the remnants of 23 carved
sandstone stela dating to the Early and Late Classic periods and is presumée to be t
main ceremonial locus at the site (Prufer et al. 2011). Groups B-F araguoast
arrangement of plazas running along a ridgeline roughly 400m to the northwest of Group
A. The Group B plaza is a flattened hilltop and is surrounded by a series of range
structures and a large platform mound at its northern extent. A ballcourt domieates t
southern extent of the plaza. A second ballcourt is evident in the Group D plaza.
Construction in Uxbenk&’s urban core began in the Late Preclassic, with tesetearli
known structure in Group A dating to 60 cal BC - cal AD 220 (Culleton et al. 2012). The
massive effort of leveling and expanding ridgelines to form the Group B arakzBspl
occurred slightly later, but still at the end of the Late Preclassal &fx 60-310 and cal
AD 20-240, respectively. There was a flurry of replastering and plaza tenouaativity
until the first part of the Early Classic Period, and then less evidence fdinigualctivity
between cal AD 350-550. Architectural modifications are documented at Groups A, B,
and D after AD 550, including extensive plastering of plaza floors, laying@atones,
and the augmentation of facades on existing structures. The latestatydicde
preserved on stelae at Group A indicatesthat monument carving continued until AD 781.

Political disintegration and the abandonment of this city in the Terminal Chgsi
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Figure 3.1.The Uxbenka site core, showing locations of geoarchaeological excavations
in A) the core,and B) th€ochil Bularea to the north (basemaps by C. Ebert).

topics of ongoing research at Uxbenka, but there is currently no evidence for a Post-
Classic (after AD 1000) occupation of the site. The work presented here provides a
broader context for interpreting the urban and agricultural ecology of thisMea

center.
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Climatic Context

The Late Holocene climate history of Mesoamerica has been rapidlydegel
since the mid-1990s with increasing attempts to explain major culturaldraradions
with climate events. This is particularly the case with a series of mal@lassic
droughts and the sociopolitical disintegration of many Maya polities (elg208D;
Haug et al. 2001, 2003; Hodell et al. 1995, 2001, 2005; Webster et al. 2007). Cultural
adaptations to changing climatic conditions (e.g., agricultural intenggahay have a
large effect on the landscape and are known to influence landscape transformations
directly due to vegetation change (Mueller et al. 2009). The three recorddezeddiere
— the Cariaco Basin marine Ti record (Haug et al. 2001, 2003); the Lake Chichlancana
Mexico, core sediment density record (Hodell et al. 2005); and the Macal Chelsre, B
speleothem record (specifically the luminescence proxy; Webster2€0a) — are the
most proximate to the site of Uxbenka and they cover the time span of interesty(roughl
the last 3500 years). Each provides a slightly different proxy for precipitatereré&
features of the three records are in fair agreement, but often specifis distau
between the records (e.g., the timing or structure of Terminal Classights), which is
due to the combination of the differing sensitivity of each proxy to climate ehang
varying chronological precision in the underlying age models, and the potential for
regional climate events to have locally distinct and possibly contradiexpngssions.

The chronological resolution of the geomorphic record presented here is at the
multi-decadal to centennial scale given the pace of many soil-formatioegses and the
reliance on AMS dates on charcoal within the paleosols to determine age. MScHA

date occurs within a span of soil-formation rather than the exact age of the soil
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Therefore, the annual and decadal features of the climate recordsgaahfiicts
between them at these scales) are de-emphasized in favor of the broadeltempor
patterns that are potentially linked to changes in soil stability and instability

After the generally warmer condition during the middle Holocene Thermal
Maximum, the Cariaco Basin Ti record indicates an increase in El Nifio/Souther
Oscillation (ENSO) intensity and variability from ca. 3000 BC, with the higERSO
intensity between 1500 BC and 400 BC (Haug et al. 2001, 2003). This era of climate
vicissitudes spans the end of the Late Archaic and most of the Middle Preptassils,
and is also seen in the early sections of the Macal Chasm (MC) speleothemdaenuees
record (starting from ca. 1200 BC; Webster et al. 2007) and the Lake ChicHafic@ha
density record (starting from ca. 850 BC; Hodell et al. 2005). Two severe drougimes i
Late Archaic are inferred from Cariaco at 1200-1000 BC and 950-850 BC and may
correspond to the two drier periods in the MC record from 1200-1000 BC and 1000-800
BC. The Middle Preclassic Period appears to have experience a prolomgeoftre
overall drying with marked wet-dry oscillations and punctuated drought episodes
between 700 and 500 BC indicated by Cariaco, and 800 and 600 BC in the MC
speleothem. Lake Chichancanab also reveals a series of dry episodes betvaeh 750
300 BC at roughly 100-yr intervals that bleed into the Late Preclassic petinodgihe
Late Preclassic period the three climate proxies show less obvious cehénant
appears that precipitation was variable during the centuries that openddszaatitc
according to the LC and Cariaco cores. Drought events in the middle part oféhe La
Preclassic are also suggested in Cariaco at 200-50 BC and in the MC speleothem at 50

BC-AD 150.
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The Classic Period trends in the three records collectively suggest iglative
wetter conditions during the Early Classic (with a dry episode recorded M(the
speleothem from AD 450-550 not seen in the other proxies) that give way to a general
drying trend persisting through the Late Classic. Here again the detdiésreicords
conflict, but all record the driest period since the Middle Preclassic onthefehe Late
Preclassic (but of longer duration) from AD 700 to 850. Lake Chichancanab and the MC
speleothem both indicate extremely dry conditions into the Terminal Clasgd P&D
850-1000), though this period is punctuated by a relatively wet period in the Cariaco

record that corresponds to the Medieval Climatic Anomaly (Haug et al. 2001, 2003).

The History of Maya Land Use

Contemporary landscapes in the Maya region are the products of millennia of land
use decisions in the face of changing modes of agricultural production, demographic
pressure, local micro-environmental conditions, and climatic change (BeatH006;
Denevan 1992; Dunning 1996; Dunning and Beach 2000; Fedick 1996a; Fedick and Ford
1990; Wingard 1996). Forest clearance through the use of fire was and continues to be a
effective, labor-saving component of Maya subsistence systems (i.e., bothgindaaad
food-production contexts; Nations 2006; Nations and Nigh 1980) and changing charcoal
abundance in lake and wetland cores indicate the intensity of forest burning throughout
the Holocene. Increased fire frequency in the Maya Lowlands at the begirfinireg
Late Holocene (~2000 BC) correlates with pollen spectra showing increases i
domesticatesZeasp.,Manihotsp.), disturbance taxa (e.g., Graminaea, Cyperacea) and

declines in primary forest arboreal taxa (e.g., Moracaea, Urticd@aesairaceae)
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(Piperno and Pearsall 1998). Increasing soil erosion is indicated in sekerattords
during this period in the Petén (Guatemala) and the Yucatan (Mexico) regions,
suggesting the emergence of long-fallow swidden agriculture in uplandnaaglas
feasible by the drier Late Holocene climate (Piperno and Pearsall 188&niReier et al.
2002a, 2002b).

By 1500 BC, regional adaptations to wetland agriculture became important,
notably in the bajos of northern Petén (Hansen 1993, 1994) and the lowland swamps of
northern Belize. Earlier research suggested extensive raisedri¢tesPasion region of
Guatemala (Adams 1980; Adams et al. 1981) and at Pulltrouser Swamp in northern
Belize (Harrison 1993, 1996; Puleston 1978; Turner and Harrison 1983) dating primarily
to the Late Classic Period (AD 600-800). Further research suggests tiyabintfzese
are either natural landforms that were never cultivated, or in northern Beliedields
drained by ditching in the Preclassic (~1000 BC), but were not naeseskin the
manner otthinampagDunning 1996; Dunning et al. 1991; Pohl and Bloom 1996; Ponhl
et al. 1996; Pope et al. 1996). Drained fields on Albion Island, and Douglas, Cobweb, and
Pulltrouser swamps appear to have been completely inundated and abandoned by ~ 200
BC due to a rising water table (Pohl et al. 1996).

Landscape alteration accelerated in the Maya region after ~1000 BC, as
population pressure forced a shift to short-fallow agriculture, putting more land,
including less favorable hillslopes, under cultivation in some regions. Buried topsoils
dating to 1500 BC at La Milpa and Petexbatun indicate that soil instability and
sedimentation rates increased in response to agricultural intensificatiog the Middle

to Late Preclassic (1000 BC—AD 300; Beach et al. 2006; Dunning and Beach 2000;
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Dunning et al. 1999). In the Petén lake records, inorganic sediment and charcoal
abundance due to the shift to short-fallow swidden is likely superimposed on the signal of
drier climate through the Late Holocene, demonstrating the complex linkatyesen

human alterations, vegetation cover, and geomorphic stability (Binford et al. 19&8; C

et al. 1998; Hodell et al. 1995, 2000; Rice 1993; Rosenmeier et al. 2002a, 2002b).
Behavioral responses to environmental degradation during the Preclassic tCl&sslg
involved decentralization or out-migration to other regions, but soil retention stsicture
(e.q., terraces, check dams) do not appear to have been employed during this period
(Dunning and Beach 2000).

New polities were established during the Classic Period (AD 250-800) and
agricultural practices intensified from long- to short-fallow systemsjstrai backdrop of
growing population and increasingly dry and erratic climate from ~AD 1-1000y(Eta
al. 2003; Hodell et al. 1995, 2000). In this context, diverse human responses to demands
on the land are evident and illustrate the complexity of Classic Maya political
disintegration. In the Copan Valley, cultivation spread from the productive “Ejaet
the valley floor, and eventually onto the hillslopes under steady demographic expansion,
overtaxing productive capacity and undermining the geomorphic stability of the soi
(Abrams and Rue 1988; Webster et al. 2000; Wingard 1996). Prolonged drought episodes
during the Late and Terminal Classic (AD 600-1000) further decreased vegetatve
and exacerbated anthropogenic erosion, culminating in landslides that buried gaats of t
Main Group under as much as 2 m of colluvium (Abrams and Rue 1988; Fash and Sharer
2003; Webster et al. 2000; Wingard 1996). In the Petén and Yucatén, lake cores show a

similar mass-wasting event represented by the “Maya clay” (Bintaatl #987; Deevey
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et al. 1979; Hodell et al. 1995, 2000), and in northern Belize the Preclassic dranhed fiel
are capped by an analogous stratum (Pohl and Bloom 1996; Pohl et al. 1996; Pope et al.
1996). Centers in the vicinity of Petexbatun, in contrast, show no evidence of increased
erosion during this period despite intensive cropping and continual forest suppression
seen in pollen records (Beach et al. 2006; Demarest 2006; Dunning 1996; Dunning and
Beach 2000; Dunning et al. 1998). A sophisticated array of conservation measures
including terraces, check dams, and reservoirs at Petexbatun, La Milpa, aath@am
allowed for sustained intensive agriculture without runaway environmental degradati
The elaborately terraced landscapes around Caracdl are another exammle of la
conservation in the face of intensive cultivation (Chase and Chase 1998; CHase et a
2011; Healy et al. 1983).

In sum, multiple land use strategies, conservative and otherwise, were amploye
until the Terminal Classic (AD 800-1000) in response to changing climat slmt
characteristics, available technology and social organization, alongh&iperceived
need or desire to mitigate the effects of anthropogenic landscape alteratemti@
array of local factors informing these decisions, we may expect tliapebdtions from
one region’s landscape history to another’s will be inadequate to explain the
sociopolitical evolution of any one polity (Beach et al. 2006, 2008; Dunning 1996;
Dunning and Beach 2000; Fedick 1996b, 1996c; Fedick and Ford 1990). The site-
specific, empirically grounded work described here explores human adagpeases to
natural and anthropogenic environmental change at Uxbenka, and helps elucidate the

other social and ecological factors that contributed to societal trarsgform
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Field Methods

Geoarchaeological investigations were carried out from 2007 to 2009 at Uxbenka,
focusing primarily in the site core amid the main civic/ceremonial &ctiite groups,
Groups A, B and D (Figure 3.1; Culleton 2008, 2009, 2010). The main aim of these
excavations was to expose geomorphic profiles that would allow cultural feauyes (
architecture, middens, etc.) and paleosols to be identified and described. Where,possibl
excavation units were taken to bedrock. This was motivated by a desire toyittentif
most ancient paleosols at the site and to understand the local effect of the bedrock on
erosion, deposition and soil genesis. Excavations were conducted initially in natural
levels, and sediments screened through %-inch wire mesh where possiblen§ake
of the heavy clay loam sediment would have been prohibitively time-consuming, so
subsamples of sediment were screened to recover artifacts when paledsiisea
depositional surfaces were encountered. Artifacts were most commonly estbyer
excavators at the trowel’s or shovel’s edge rather than from screenkenaie

recorded and described according to Birkeland (1999).

Chronology

Radiocarbon samples to establish the ages of palaesols and cultural featares w
recovered from profiles, features or recovered soil samples, in most castiangel
individual twigs or single charcoal pieces to avoid problems of mixed age sgmalds
3.1). Specimens were pre-treated and combusted along with known-age standards (e.qg.,
OX1 oxalic acid, Queets A wood, FIRI-H) using routine ABA techniques for orgahics a

the University of Oregon. Sample gas was submitted to UC Irvine Keck Cayloten C
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AMS Facility for graphitization and AM$'C measurements. Conventional ages are
8"3C-corrected using values measured on the AMS according to the conventions of
Stuiver and Polach (1977). Ages were calibrated with the IntCal09 atmaspinee
(Reimer et al. 2009) using OxCal 3.01 (Bronk Ramsey 1995, 2001). Most charcoal
specimens were recovered from identified A horizons of those soils, and therefore
estimate points when the soil was stable and accumulating organic matteomeespan
of decades or centuries. For a specific exposed paleosol, these datestrépese
minimum age (i.eterminus post quenof their burial. Because many of these dates fall
into discrete clusters, paleosols are correlated between units and modéiplé mul
paleosol ages ghaseausing OxCal to estimate the beginning, end and span in calibrated
years. A chronology of geomorphic stability and instability within the Uxbeid&are

is established from those estimates.

Table 3.1.Calibrated AMS™C dates from paleosols

Conventional 20 range
UCIAMS #  Provenience Age (**C BP) cal BC/AD
Late Archaic
67230 SubOp 09-1, AG12, 300 cmbd, L3. 3555+20 1960-1770 BC
57040 SubOp 08-1. AG3, L.3, 290-300 cmbd. SS11. 3070+15 1410-1290 BC
56355 SubOp 08-3. AG9, W Wall. Top of Bosh Lu'um, 95-105 cmbd. 2955+20 1270-1080 BC
67953 SubOp 09-1, AG12, 185-190 cmbd, Top of L3. 2900+15 1190-1010 BC
68835 SubOp 09-1, AG13, 280-285 cmbd, Base of Exc. 2875+15 1130-1000 BC
68833 SubOp 09-1, AG12, 201 cmbd, L3. 2810+15 1010-915 BC
57039 SubOp 08-1. AG3, L.3, 290-299 cmbd. SS10. 2810415 1010-915 BC
Middle Preclassic
68834 SubOp 09-1, AG13, 170-175 cmbd, gray wedge. 250015 770-540 BC
76156 SubOp 09-1, AG12 120-125 cmbd, Top of L2 249020 770-520 BC
Late Preclassic/Early Classic
56350* SubOp 08-1. AG3, 138cmS/63cmE, L.3, 167cmbd. 1950+15 AD 1-85
57038 SubOp 08-1. AG3, L.3, 200-210 cmbd. SS4. 1830+15 AD 130-240
56354 SubOp 08-1. AG6, L.4, Bosh lu'um, 192cmbd .RC8. 1780+15 AD 140-330
57037 SubOp 08-1. AGS6, L.3, 160-170cmbd. 1730+15 AD 250-390
57041 SubOp 08-1. AG6, Fea. 2, 160 cmbd. SS12A. 1725+15 AD 250-390
Late Classic
36946 AG1, Buried Soil in Zone 2, 100-105 cmbd 147050 AD 430-660
56357 SubOp 08-3. AG11, 145cmN in E Wall, 277cmbd. RC15. 1455+15 AD 570-645
56356 SubOp 08-3. AG11, 235cmbd. RC12. 1455+15 AD 570-645
Terminal Classic
56352 SubOp 08-3. AG8, 212-219cmS/85-95cmE, L.2, 180cmbd. RC6. 1120+15 AD 885-975
56353 SubOp 08-3. AG8, 228-232cmS/70-80cmE, L.2, 198cmbd. RC7. 1115+15 AD 890-980
36947 AG1, Fill at bedrock, Zone 1. 1110+£30 AD 870-1020
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Results
Bedrock Geology and the Geoarchaeology of Uxbenka

Over the course of several years of archaeological survey and egnaatati
Uxbenkd, the local expression of bedrock geology has been found to dominate
geomorphic processes of erosion, deposition, hydrology, and soil formation, as well as
influencing the architecture of settlements and the site core. Aslssabove, the
sedimentary Toledo Beds comprise a range of interbedded mudstones, sandstones and
limestones that are close to horizontal, typically not dipping by more than abb&t i®-
the site vicinity. The mudstone strata (locally caldalin Mopan Maya) break down
readily to form new soils when exposed to weathering, which contributes to the
“paradoxical” fertility of the soils around Uxbenké& (Hartshorn et al. 1984:7aNil7)s
also easily excavated without metal tools, and was used as constructiortrfittares
of all sizes, which requires a careful eye to distinguish frositu bedrock during
excavation. Sandstone strata are generally more durable thab,tbeen where they are
erodible and not well indurated. Resistant sandstone strata overlying filabésult in
flattened hilltops with steeply eroded hillsides in some areas, e.g., at SG 1 to the
northwest of the site core. In many cases sandstone outcrops eroding featadill
provided building material for house mounds and other domestic structures. In the case of
SG 25 and SG 28 to the east of the site core, an indurated sandstone member with
squared vertical joints gives the appearance of deliberate construction, lsitmwks
augmented with a few courses of additional masonry to create a more impressive
appearance (Figure 3.2A). Sandstone blocks are the primary constructionltateria

core architecture at Uxbenka, and the large flat sandstone slabs exposed in Santa Cruz
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Fiéur .2.Crcterisic exposures o the Toledo Beds |n ‘t4he Uxbenka vicinity: A)

Sandstone outcrops at SG 25 taking the form of natural steps (note rock hammer for

scale); and B) near-vertical joints in thib (mudstone) forming a sheer face in a

drainage to the east of the site core.

Creek and to the south at SG 35 were an ideal source for the numerous stelae carved and

erected at Group A during the Classic Period. The similar character st@aeslat Nim

Li Punit may have also contributed to the prevalence of a stela tradition there.
Near-vertical jointing in thaib and sandstone is very common in the Uxbenka

area, and likely reflects compressional stress from the tectonicaesgibciated with

the uplift of the Maya Mountains since the Cretaceous (cf. Hartshorn et al. 1984:12;

Figure II-2). At small scales (1-100cm) these joints contribute to thmlifyaof the nib

and the ease with which sandstone slabs can be excavated from these outcrapes. At lar

scales (1-10 m), the joints may be expressions of the faulting itself, and dhleyhm

landscape with narrow vertical chasms that in some places dictate tbh&bydry

capturing streams, and in others dominate soil processes by creating deemstdps

(Figure 3.2B). Transects excavated along hillslopes in the site core atwtjus east

demonstrate this process. Augering on the west slope bfaileChepadrainage near
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SG 26 indicates a stepped pattern to the horizontally beddesb that soil depth can

vary from 10 to 150cm or more even over short distances (Culleton 2010; Figure 3.3A).
In the Uxbenka site core between Group A and B the stepped bedrock is punctuated with
multiple sediment-filled chasms that create the initial impression of pduybtseacing

(Figure 3.3B). In the course of excavating these putative terracegebégical origin

became clear, and further observations in the site vicinity have so fareckwnedlirm

evidence for agricultural terracing at Uxbenk@. Instead it appears thalrssdiment

traps serve practically the same soil conservation function, as well adipgothfie

paleosol sequences that span the last 3500 years at Uxbenka that form the body of

geoarchaeological data presented here.

Excavations in the Site Core

Eleven excavation units were placed in the site core in 2007 and 2008, most were
1 m wide trenches ranging from 3-13 m long that taken together form a dtenpos
hillslope profile spanning ~65 horizontal meters and ~16 m of elevation (Culleton 2008,
2009). For the sake of clarity | divide the slope into four zones that roughly correspond to
what were first assumed to be separate terrace platforms, Zone 1 beingetste low
elevation and Zone 4 being the furthest upslope (Figure 3.3B) Zone 1 compas&sn
wide steps on the hillside excavated to bedrock with two parallel trenches (AG1 and
AG2). The trenches exposed irregular channels imithbedrock running with the strike
of the hillslope and ranging from 1-2m wide and 50-100cm deep. Between the channels
the soil depth ranged from 10-20cm. No clear paleosols were exposed in the units, but the

few artifacts recovered (non-diagnostic ceramic body sherds) werealynugt directly
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Figure 3.3.Transects showing the marked jointing in the bedrock A) east of the Uxbenka
site in theHa'il Chepadrainage, and B) in the site core itself.

on the bedrock, suggesting the channels were relatively free of sediment when the
artifacts were deposited. Charcoal recovered from fill at the base of thechyapeel in

AG1 dates to the Terminal Classic (UCIAMS-3694a"; @al AD 870-1020) likely
representing infilling after the abandonment of Uxbenka.

Zone 2 was the focus of fairly intensive work (including units AG1-6 and AG8)
as the excavations revealed a series of natural and cultural strata, amehsedi
extending to a depth of nearly 3.5 m below the present surface (Figure 3.4)nét dis
10 m wide trough delineated on the downslope siderbly Bedrockoutcrop rising about

50 cm above the soil surface markthe area. The outcrop represents the uppermost extent
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Figure 3.4.Composite profile of AG3 and AG4 west walls, showing sandstone

alignment (Feature 1).

of an almost vertical 4 mib bedrock face that forms one margin of a large joint in the

bedrock.

A buried soil dating to the Late Classic Period was encountered in the section of

AG1 that extended in to Zone 2 (UCIAMS- 36946; 2al AD 430-660). Units AG3-6

were placed from roughly 10m to the west of AG1, being initially oriented péipdar

to thenib outcrop. The number of units excavated was increased to investigate a variety

of buried soils and features in the section. Of particular note, a linear alignment of

unworked sandstone slabs (Feature 1) was uncovered at 150-200 cmbd running

perpendicular to the nib wall and that continued without apparent breaks or corners for

more than 7 m. The composite profile shows the feature comprising 3-4 courses of

unmodified sandstone slabs (with a few limestone pieces) following the slopfages

of the paleosol. This feature was built upon a dark, organic rich paleosol, and was

covered by a complex series of broken nib fill layers and less distinct but readily
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identifiable strata. Overall the feature appeared to be intact, though djabsn to the
nib wall were less coherent, suggesting a disturbance such as an earthquake and
associated hill slope slide. As exposed in AG6, Feature 1 was confirmed to be a linea
feature, and stratigraphically above the paleosol. The series of strata dlzd®yve the
paleosol and Feature 1 were also present in AG6. A small lens of burned sediment and
charcoal (Feature 2) was found on the surface of the cultural stratum inethedaive
the paleosol. Charcoal samples from Feature 2 and the stratum on which it waedeposi
gave identical Early Classic dates (UCIAMS-57041 and UCIAMS-570387& AD
250-390). Both are stratigraphically superior to the sandstone alignment so tesse da
are the upper bracket on the age of its construction. Charcoal dates on the paleosol below
the alignment in AG3 (SS4, 200-210 cmbd; UCIAMS-57038;cal AD 130-240) and
AG6 (RCS8, 192cmbd; UCIAMS-57038p2cal AD 140-330) suggest it is a Late
Preclassic occupation surface/cultural deposit. Feature 1 is bracketate®reclassic
and Early Classic strata and the date of its construction can be estimatealsesjuence
model in OxCal. It appears to have been constructed at the end of the Latesiérexlas
possibly the very beginning of the Early Classic Peried ¢&l AD 230-290; 2: cal AD
200-340). This may be contemporary with the purposeful buriaf tf #' century AD
cache in SG 20, on the ridgetop immediately above Zone 2, which was buried under a 1.3
m-tall mound of mixedhib and soil fill sometime after ca. 135 cal AD (Prufer et al. 2011
213-214).

Excavations continued in the center of AG3 and before reaaifirgedrock at
404 cmbd, a second diffuse darker layer consistent with a buried soil surface was

identified ~300cmbd. This stratum also contained a few non-diagnostic cerandis, sher
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indicating human use of the area before the construction of Feature 1. Two radiocarbon
dates between 290-300 cmbd date this to the Late Archaic (SS11; UCIAMS-58040; 2
1410-1290 cal BC; and SS10; UCIAMS-57038; 2010-915 cal BC), and with the
span between the dates suggesting the buried soil was a stable surfaceutdr as 500
years before being buried. This sparse deposit represents some of tseeadence of
occupation at Uxbenka. Sediments below this exhibited strong mottling and ped faces
were well coated with clays, typical of a well-developed tropicédlsar

AGS8 (3x1m) was placed about 20 m west of the main Zone 2 excavations, where
the linear depression narrows and begins to conform with the topography of the hillside.
Excavation revealed a similar overall pattern of strata to the units inZ@sewell as a
portion of another sandstone alignment (Figure 3.5). The profile in the south half of the
unit reveals an original hillslope surface that dipped down abruptly to form a channel,
which filled in over time with successive cultural and natural sediments. Aith die
roughly 70-90 cmbs (140-160 cmbd), a stratum of rewonkedolluvium was
encountered that capped a buried A horizon. At the base of the A horizon was a distinct
charcoal-rich layer in the south half of the unit. These charcoal piecetangr€1-2 cm
diameter) compared to other strata, and gave the impression of a shortfidpavihat
had been chopped and burned before being buried. Two charcoal samples, from the A
horizon (110 cmbs; 180 cmbd; UCIAMS-56352) and from the charcoal layer (128 cmbs;
198 cmbd; UCIAMS-56353), produced essentially identical dates at cal AD 885-980
(20). These dates are consistent with the Terminal Classic, and fall in tina date on

the fill in Zone 1.
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Figure 3.5.AG8 west wall profile, showing sandstone alignment (Feature 1).

Two less distinct but clearly recognizable soil surfaces were obsdrvé@@
cmbs (260 cmbd) and ~220 cmbs (290 cmbd). The southwest corner of AG8 cut into a
portion of another sandstone alignment (Feature 1) that appears to have been abnstructe
on top of this lowest buried soil, being made from 2-3 courses of stone in the observable
section. As with the feature in the main part of Zone 2, none of the stone slabs showed

signs of modification, and all appeared to be the common tabular pieces used in
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structures around Uxbenkd&. Several stones were tilted ~45° from horizontal, suggesti
the feature had collapsed into the apparent depression in which fill was acaugnulat
during the Classic period. There is no obvious relationship between the two sandstone
features in Zone 2 as their function is unclear, but it seems likely that thanadstene
alignments are contemporary (i.e., dating to the Late Preclassic), aad #& same
purpose, whether architectural, agricultural or otherwise.

Excavations on the flat tier of Zone 3 deployed 3 trenches. AG 7 (3x1m) was
placed 4 m uphill of AG8 at the head of the slope between Zone 2 and Zone 3 to
investigate the relationship between the two areas in terms of soil segagcbedrock
morphology. No paleosols were identified in the unit, which appeared to contain a single
stratum with A (Ap), Box, and C horizons over bedrock. Given the slope, it is likely that
the soil formed in colluvium that was continually moving downslope, but without net
gain or loss. The underlying bedrock in the unit was virtually horizontal, which is
consistent with the observed bedding of outcrops around the Uxbenk4, but also suggests
there must be a fairly sharp vertical drop-off to the bedrock between AG7 and AG8. If s
Zone 2 may be flanked on the uphill side hyilabedrock face similar to that exposed on
its downhill side. AG10 (8x1m) was placed 6 m upslope of AG9 on the head of the slope
between Zone 3 and Zone 4, which is a steep drop-off in the bedrock, covered with a thin
veneer of topsaoil (i.e., 5-10 cm). The excavation involved clearing the thin soil and
decomposingnib to expose the bedrock. As elsewhere in the site core, the bedding was
nearly horizontal and the vertical joints were oriented along the strike biltls&pe.

AG9 (3x1m) was placed in the center of the large flat section of Zone 3, 6 m

upslope of AG7. Excavation exposed a well-developed paleosol, overlain by a layer of
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loosenib debris, in a similar sequence to that observed in AG3 and AG6 above the Late
Classic strata and AG8 above the Terminal Classic stratum (Figure 3.6M&n‘&

date on charcoal from the buried 2Ab horizon (95-105 cmbd) of 1270-1080 cabBC (2
UCIAMS-56355) places it in the Late Archaic. As noted in the discussion of the Lat
Archaic paleosol in AG3, this date is bracketed by two other dates from Htatrstr
suggesting that the two paleosols are correlated. In the case of Zonel@at that after

a period of relative geomorphic stability and soil development in the Late Ar&taie

2 accumulated sediments until the next evidence of occupation in the Early Qfassic.
Zone 3 it is not clear when the Late Archaic paleosol was buried; a few cetaamis

were found in both the paleosol and the stratum abowalittebris, but were not
diagnostic. If the variousib debris layers in other units could be correlated, it is possible
that the paleosol in AG9 remained stable and available for occupation into thie Clas
Period. The well-developed Box horizon in the upper stratum suggests a longer period of
soil development, starting before the Classic Period, leaving open the postiatlitye
paleosol was buried after initial land clearing by Late Archaicéasmalthough this

could have occurred later in the Middle or Late Preclassic period.

Zone 4 comprises a large fissure just below the ridgeline of the hill betwee
Groups A and B. Steep erodintp walls rise 2-3 m on either side above the accumulated
sediment that forms its floor. The feature originates as a narrow (1 m-stégein the
hillside at its east end (where the uphill end of AG10 begins), and broadens to 5-7 m wide
at the location of AG11, roughly 30 m to the west. It continues more than 50 m, turning

to follow the changing aspect of the hillslope from roughly southwest to northwest.

72



Contemporary Soil
Ap Horizon (10YR 4/4 moist) @
S$S30

—_—

— — - —

Box Horizon (25YR &4 moist)

3Ab Horizon (10YR 4.5/1 moist) = ‘2 5_015;:7%5;10 (;56 ccrzlbgc

— —_—

"~ 3Boxb Horizon (10YR 4/4 moist,
__mottles 5YR 5/8)

3Coxb Horizon (10YR 6/1 moist,
mottles 10YR 7/8)

AN ~

™ Dark pocket, poss. rodent burrow
/ /

/ 7 7777 Unexcavated

0 2m 2m

I T S 0O OSSN

Figure 3.6.AG9 west wall profile.

AG11 was placed to cut a 1x5 m cross-section of the sediments, under the
assumption that it was a larger version of the trough in Zone 2 and could possihlgretai
buried cultural sequence. No distinct buried soil horizons were observed in the profile
though there were diffuse concentrations of ceramic sherds at ~200 cmbd and 210-215
cmbd, as well as more frequent but scattered charcoal at 235 and 275 cmbd. The soil
remained largely structureless and consistent in color and texture dagpiteaiations
in the amount of looseib inclusions. Overall this is consistent with cumulic soil
development in a continuously aggrading sediment. Two dates indicate sediment
deposition was more rapid here than on the terraces below: charcoal samples from 235
cmbd (RC12; UCIAMS-56356) and 277 cmbd (RC15; UCIAMS-56357) yielded

identical calibrated ages of cal AD 570-645)(2l'hese two dates are Late Classic, and
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are in good agreement with the date on the buried soil in AG1 in Zone 2. Given the
cumulic nature of the sediments here, these two AMS dates do not reflect angatsc i
associated witim situ soil development. They likely are derived from the erosion of a

Late Classic soil upslope of the chasm some time after ca. cal AD 645.

Excavations Northeast of the Site Cor€pchil Bul

Excavations were conducted to the northeast of the site core in 2009 to expand
geoarchaeological work further outside of the site core (Figure 3.hB)sife on the
north side of the ridge between Groups A and B was chosen for excavation after
reconnaissance survey revealed a relatively flat section at the kmabkélsibpe bordered
on the downhill margin by a linear bedrock protrusion reminiscent of that in Zone 2 in the
site core. Though Group B is visible in the distance from this location, there are no
known architectural features on the hills and ridge-tops immediately surrouhding
basin.

Two 3x1m units and an auger probe were excavated to identify whether a similar
series of buried soils was preserved in the natural sediment trap. A 4-inctetisnager
probe went 4 m below the present surface, encountering possible paleosols at roughly
110-130 cmbs, 200-220 cmbs, and 335 cmbs based on coloration and the presence of
abandoned root channels. Bedrock was not reached by 4 mbs, indicating the potential for
very early buried sediments in this area. AG12 and AG13 were laid out perpendicular to
the natural rise and abutting it to the east, in the same manner as units AG1 and AG3 in
Zone 2. AG12 revealed at least three discernable paleosols at ~125 cmbd, 185 cmbd and

275 cmbd, with ceramic sherds and charcoal pieces commonly dispersed inlydtative
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densities within them (Figure 3.7). The upper soil (from the present surface down to the
2Atb) contained very few artifacts and likely represents post-Clastrili
sedimentation from the slopes to the northeast. Af@Slates on two individual charcoal
samples from the 3Atb horizon date it to the Late Archaic period (UCIAMS-67953, 185-
190 cmbd, 8: 1190-1010 cal BC; UCIAMS-68833, 201 cmbd; 2005-910 cal BC),
and the span of dates suggests the soil surface was stable for a period df as 80
years. These two dates fall in line with the ages of paleosols in the sitexcakated in
Zones 2 and 3, as well as the date at the base of the excavation in AG13. A date on
charcoal towards the base of the unit below the 4Aoxb comes much earlier inethe Lat
Archaic (300 cmbd, UCIAMS-67230521960-1770 cal BC), though no cultural
materials were recovered from within this paleosol. As such, the earlipstaain
evidence for human presence at Uxbenka is found on paleosols dating a span from ca.
1200-900 cal BC in the later part of the Late Archaic period.

AG13 followed a similar course but revealed slightly more complex stphgr
than AG12, probably attributable to local variations in colluviation and drainage. Two
paleosols were encountered. The first clear paleosol (2Atb) undulated acrossdilde pr
appearing to pile up against the bedrock wall to the south end of the unit. This suggests
the south half of the paleosol could be colluvium from the natural rise, or alternatively
part of the 2Atb was scoured before the present soil unit was deposited. The contact
between the second and third paleosols was expressed as two wedges of sediment, a
grey/brown wedge associated with 2Atb in the north half of the unit and a yellogyewed
in the south half. A single charcoal AM& date places the 2Atb soil in the Middle

Preclassic, which is the first paleosol dating to that time at Uxbenka (170vbib c
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Figure 3.7.Composite profiles ofochil Bulexcavations AG12, AG13, and Auger Probe

UCIAMS-68834; &: 770-540 cal BC). The deepest paleosol (4Aoxb) had a clear

horizontal upper boundary and dispersed highly eroded ceramic sherds and charcoal. A

single AMS™“C date places this in the Late Archaic period (280-285 cmbd; UCIAMS-

68835; &: 1130-1000 cal BC) and correlates well with dates on paleosols in the site core

and AG12.
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Discussion

Six distinct paleosols were identified in the urban core of Uxbenka, the earlies
dating to the Late Archaic Period prior to evidence for human occupation at thadsite a
the latest dating to the Terminal Classic, a time when archaeologidaheeifor human
presence in the region is sparse. A Bayesian model that combines gthatigra
information with AMS*C dates from within these soils is provided in Table 3.2. Age
estimates and the projected duration of soil formation should be taken as a minimum
given the relatively small number of radiocarbon dates on each soil and thealatis
probabilities of having dated the first and last events within each soil. These wer
modeled aphasesn OxCal and using theoundaryfunction partly minimizes this
problem (see discussion between Steier and Rom [2000] and Bronk Ramsey [2000]). The
timing of the geomorphic changes is considered with respect to cultural mxadicli
records in the following discussion (Culleton et al. 2012; Haug et al. 2001, 2003; Hodell

et al. 2005; Prufer et al. 2011; Webster et al. 2007) (Figure 3.8).

Table 3.2.Geochronology of paleosols in the Uxbenka site core.

Earliest Latest Dated Span

Formation Formation/ Range Mean
Paleosol Exposures (20) Burial (2 o) (cal yr, 2 0) (cal yr)
Late Archaic AG3, AGY, AG12, AG13 1720-1280 BC 970-620 BC 320-470 390
Middle Preclassic AG 12, AG13 970-620 BC 750-300 BC -10-170 60
Late Preclassic AG3, AG4, AG6 AD 10-240 AD 160-320 -5-95 30
Early Classic AG3, AG4, AG6 AD 210-360 AD 280-610 -5-80 25
Late Classic AG1, AG11 AD 280-610 AD 610-960 -10-180 50
Terminal Classic AG1, AG8 AD 610-960 AD 890-1160 -5-80 35

The earliest paleosol in this series dates to the Late Archaic Period and is
represented by deeply buried A horizons exposed in the site core between Groups A and
B in units AG3 and AG9, and th@ochil Bulin units AG12 and AG13. The initial
formation of this paleosol is poorly constrained between 1720-1280 cal BC, but occurs
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Figure 3.8. Geomorphic stability and instability at Uxbenk& compared to cultural
chronology and climate records. Periods of soil formation and stability esaesti from
AMS *C dates are shown as grey blocks. A) Timing of major construction activities in
the site core (& from Culleton et al. 2012). B) Estimated onset of erosion events. C)
Lake Chichancanab Core Density Record (Hodell et al. 2005). D) Macal Chasm
speleothem luminescence record (Webster et al. 2007). E) Cariaco Baditaoarm
record (Haug et al. 2001, 2003).

within the Late Archaic Period. There is no evidence for human activity in the
surrounding area at this time and the absence of cultural material in tlsecamisistent

with this observation. Non-diagnostic ceramic sherds recovered from the uppangort
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of this soil provide the earliest evidence for human occupation within the confines of the
Uxbenka site core. These sherds were most likely deposited in or on a naturalaod surf
and | conservatively estimate their age to be near the end of deposition (970 to 620 BC).
This age represents the onset of A horizon burial. The estimated age of thesescera

falls into the early part of the Middle Preclassic Period and corresponds tethei

earliest pottery found elsewhere in Belize and the Maya region more ljernasey,

Bolay, and Cunil ceramic traditions in northern Belize are found no earlier than ca. 1000
cal BC, and sometimes appear as late as 800 cal BC (Awe 1992; Clark arfth@heet
2002; Hammond et al. 1991; Lohse 2010; Rosenswig and Kennett 2008). Lohse (2010)
has noted that many of the less-securely dated contexts for early pattar in Late

Archaic age paleosols at the base of Middle Preclassic Period enoavétge
determinations for this early pottery are often from charcoal picked #dmsnts

directly overlying bedrock. This suggests that many of the initial cereomponents

were deposited onto older surfaces and eventually mixed into the soils by aatura
cultural processes.

Soil formation during the Late Archaic (~1700 - 900 BC) corresponds to moist
conditions evident in the Cariaco Basin and Macal Chasm records (Haug et al. 2001,
2003; Webster et al. 2007) and this would have promoted vegetation coverage and
inhibited erosion. There is also no evidence for human occupation or land use in this area
until the first appearance of pottery evident in the upper portions of this deposit dating t
~900-800 BC. The coincident appearance of pottery and erosion may signal the
appearance of pioneering Maya groups moving into the area and destabilizing the

landscape. Deforestation, landscape destabilization, erosion, and increaseshisioad
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in river systems is associated with the initial colonization of farmeesvaksre in
Mesoamerica (Joyce and Mueller 1992; Kennett et al. 2010; Neff et al. 200683a@md a
the Maya lowlands specifically (Jones 1994; Pohl et al. 1996; Pope et al. 1996, 2001).
The burial of the Late Archaic soil at Uxbenka also coincides with droughts eindent
both the Cariaco and Macal Chasm records at the end of the Late ArchadcdPetithe
earliest Middle Preclassic Period and this would have exacerbated arppag#mic
impacts at this time. Although the effects of forest clearing bynekte and possibly
mobile farming communities on the erosional regime in this area is diffccaktimate,

the coincident appearance of pottery and increased erosion is highly suggestive.
However, one cannot rule out the possibility that the destabilization of the landscape a
this time was driven largely by drought. This is a topic for future work.

The Middle Preclassic paleosol is currently known from units AG12 and AG13 in
the Cochil Bularea to the north of the site core, and so may be a fairly localized
phenomenon. The burial of the Late Archaic paleosol between 970 and 620 cal BC marks
the earliest possible timing for the beginning of Middle Preclassicaaildtion, and,
though only constrained by two AM&C dates, would have been a stable surface until
750-300 cal BC. As with the Late Archaic paleosol, ceramic sherds and dhiéagde
indicate a cultural component in the vicinity of the later Uxbenka urban core in the
Middle Preclassic (at least by ~300 cal BC) that predates the tartibgectural
sequences at the site between ~60 BC and AD 220 (Culleton et al. 2012).cClimati
conditions through this period were quite variable, with several dry episodes
superimposed on a broader drying trend. Theahge of the two AMS dates from the

paleosol, 770-520 cal BC, corresponds with two severe droughts in the Lake
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Chichancanab record and the pronounced decline in precipitation in the Macal Chasm
speleothem. Given the range of potential ages for the burial of this soil andligiabi
the climate records in the Middle Preclassic, it is possible that aftesfgériod of soil
development it was buried by anthropogenic or drought-induced erosion at ~300 cal BC.
The series of natural and cultural strata exposed in AG3, AG4 and AG 6 in the
site core are contemporary with the establishment and expansion of the urban core
Uxbenka. The estimate for the beginning of soil formation in the Late Preqgbedsosol
is cal AD 10-240, by which time clearing and leveling activities had alredady place
on the hilltop sites of Groups A, B, and D (Culleton et al. 2012). In addition to the
accumulated cultural materials in the A horizon, it is overlain by the 3-4ecalighment
of sandstone slabs (Feature 1), which is modeled to have been constructed between cal
AD 180 and 340 at the end of the Late Preclassic. The deposition and occupation of an
Early Classic soil and burn feature post-dates Feature 1, and initial deposition is
estimated at cal AD 210-360. This soil represents the surface on which residents
Uxbenka carried out their daily activities during the Early Classic, asaiedidy the
presence of broken pottery, charcoal, and a relatively slower accumwfhidisiope
colluvium during this time.
Based on the available data the landscape during the Late Preclassicsaiw Cla
periods was relatively stable. Agricultural systems were well esitigol in the Maya
region by the Late Preclassic and Early Classic Periods and buildindestt
Uxbenkda suggest a thriving population that was generating enough surplus to maintain
building campaigns directed by the ruling elite at this location (Culletah 2012;

Prufer et al. 2011). At much larger Maya sites, active building programssa@adsd
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with clear indications of intensified agriculture and soil conservation giesten areas
peripheral to the urban core (e.qg., terracing at Caracol and PetexbatunaGti&shase
1998; Chase et al. 2011; Dunning et al. 2002; Healy et al. 1983). Conservation
mechanisms do not appear to have been put in place at Uxbenkd, and at face value one
can assume that the natural sediment traps in the site core obviated the need for
constructed terraces. However, the Early Classic paleosol is famlgnd doesn’'t appear

to represent a stratum of continually aggrading slope-wash colluvium. Although the
chasm in Zone 2 does act as soil retention feature there doesn’t appear to be &idence
exceptional rates of erosion and deposition there during the Early Classjpedtsings

was due to incompatibilities between civic-ceremonial activities angdgniagriculture.
During the Early Classic as the Uxbenka site core developed into an urbantdszh|ze,
regular clearing and burning for annual crops was likely relegated topeopieral
locations and closer to domestic compounds positioned on hilltops outside the city center.
It seems unlikely that the urban core was allowed to return to high forest the&ing
Classic because maintaining an open viewshed within the civic-ceremomiathast

have been a priority for the ruling elites. A possible alternative would be aoform
arboriculture that kept economically or ritually important species (e @ppcavocado,
mango, ramon) within the site core for the benefit of the elites, perhapsanvarthe
“forest garden” originally proposed by Puleston (1978, 1982) and more recently
promoted by Ford (2005) and others (e.g., Fedick 1996c¢c; Wyatt 2008; for persistent
effects of ancient forestry practices see also Ross 2011; Ross ant RdrigeThis

change in land use led to local soil stabilization and decreased erosion even as

agricultural production in the larger polity intensified during the Classiode
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The thick wedge of mixed dark soil and bedrock debris that covers the stable
Early Classic soil in Zone 2 of the site core (exposed in AG3 and AG4) suggests a
episode of mass-wasting and colluviation during the Classic Period estitoatiecal
AD 280-610. The colluvial deposit is generally consistent with the soil and bedrock
response to forest clearing described here, where topsoil runs off and the bedrogk rapidl
breaks down to form new soll, but this is inconsistent with the urban setting by the Early
Classic. While the dry episodes recorded in the Macal Chasm speleothem could have
contributed to an erosional event toward the end of the Early Classic, evideace for
possible tectonic event (exposed in AG3 and AG4) is a more compelling trigger for
landscape destabilization in an otherwise stable setting. Taken toge¢hdisttrbance
to the sandstone alignment, the discontinuity in the deeper sediments and the colluvial
stratum suggest an earthquake caused the bedrock to shift and the sediments to slump a
some point during or after the Early Classic Period sometime between cal AID@80
610. The potential for rapicib mass-wasting was witnessed locally after a magnitude 7.3
earthquake struck on May 28, 2009, with its epicenter off the coast of Honduras. During a
survey in east of the site core tHa'il Ayin drainage (cf. Figure 3.2B) two weeks later |
observed multiple scree piles and displaced boulders representing hundreds of cubi
meters of debris in the stream channel. It seems likely that the populatigbexikad
witnessed a similar event in the site core during the Early Classic.

The Late Classic A horizon exposed in AG1 formed in a parent material with
fewer clasts than the colluvium that buried the Early Classic soil afté&{x280-610,
suggesting it was formed from gradually accumulating slopewash rathentss-

wasting. Two charcoal dates in a deeply buried section exposed in AG11 indicate the

83



presence of a Late Classic soil that was the source of that material arpthalsbve it.
The three dates combined intplaaseestimate the end of soil formation during the Late
Classic or into the Terminal Classic at cal AD 610-960, after which timasitowried. It
was a time of increasing dryness evident in the Cariaco, Lake Chichancanslacal
Chasm climate records and the interval was punctuated by a series of matgdr
The chronology of construction activities in the Uxbenka site core is not well known for
the Late Classic Period, but stone monuments continued to be carved and dedicated until
AD 781, and architecture and artifact assemblages evident on the surface of the site
indicate that it still remained an urban space devoted to civic and ceremoniwirfsiact
well as maintenance of prestige tree-crops for elite use. Slight iasrgaslopewash
associated with the Late Classic soil probably reflect the combinationrefsed aridity
seen in the climate records and erosion/deposition processes establishing a new
equilibrium after the possible Early Classic tectonic event.

Terminal Classic deposits in the site core comprise a buried charcoayechn
AGS8, and a date representing in-filling of bedrock channels in Zone 1 of tlwoete
The stratum exposed in AG8 is formed on a sediment deposit that buried a sandstone
alignment now partly exposed in the corner of the unit. Though similar to the feature
exposed in AG3, AG4, and AGB6, it's impossible to say whether they are
contemporaneous (therefore dating to the Late Preclassic), or sharathéhelsscure
function. The Terminal Classic stratum is characterized by a concentaditcharred 1-2
cm diameter sticks that bears a strong resemblanceniipathat was then rapidly
buried. The fill in the lower section of AG1 appears to have been deposited during the

Terminal Classic, possibly from slopewash derived from the uphill depression. €he dat
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range constraining initial deposition is cal AD 610-960, and the burial of the deposit by
later colluvium is estimated to have begun from cal AD 890 to 1160. The Terminal
Classic is a period of extremely dry conditions, and it is likely that thisibated to
reduced vegetation cover around Uxbenk&, making the soils more prone to erosion.
However, it's unclear whether there was still a substantial population iaglenrby this
point, as there is no clear evidence of occupation in the site core at this timerend st
monument production had come to a halt. It is possible, and perhaps even suggested by
the presence of the burned layer itself, that smaller groups of fariieesated in the

area during the Terminal Classic after the civic and ceremoniaivaz@bandoned. The
Terminal Classic A horizon and subsequent sediment wasting may then be thefresult
clearing and burning during a period of already prolonged drought that medghdie

effects of swidden agriculture at that time.

Conclusions

The geoarchaeological work at Uxbenka has defined two episodes of cultural
activity that precede the earliest evidence for the leveling and ccatistrof buildings in
the urban core. Non-diagnostic ceramic sherds recovered from these A horizons provide
the earliest evidence for human occupation in what later became the urlaaneistis
currently the earliest evidence for human activity in the area and is eosigth the
hypothesis that a small farming population first colonized the area betweenneb800a
BC. This pioneering agricultural activity also occurred during a dry clomatierval that
may have destabilized the landscape further. Soil stability during the Mideliéassic

(~770-520 cal BC) occurred during a drying trend that was punctuated by several se
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dry periods. This suggests that the landscape is fairly resilient under natoyally
conditions. Destabilization again coincided with the appearance of pottery andostisne t
in the sediments at ~300 cal BC, but also with one of the more severe drying trénds tha
likely contributed to deforestation and erosion. | argue that the absencéaftagl

terraces and other solil retention features in the area surrounding the urbasuitse re
from naturally occurring soil retention features and the rapid decompositibe of t
mudstone bedrock favoring soil replenishment. | further argue that the overdiliystdibi

the landscape in the urban core between ~60 BC and AD 900 resulted from the absence
or reduction of swidden cultivation in what was essentially an urbanized landscdpe use
for civic-ceremonial activities and possibly stabilized by urban gardensiand t

cultivation of economically valuable tree crops. An episode of mass-wasting irbtre ur
core occurred during the Early Classic sometime between cal AD 280 anché19, a
attributed to tectonic activity and associated hillslope failure, ratherilnaan activities

in the site core. Increased erosion and the burial of the Late Classid Redscape is
coincident with increasing evidence for swidden agriculture in the site amsbfy by a
remnant or returning population of farmers after the political collapse of Uxibeaka
occurred in the context of climatic and social instability during the Terrlzeisic

Period.
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CHAPTER IV
MAIZE AGROECOLOGY AND POPULATION ESTIMATES FOR THE ANCIENT

MAYA POLITY OF UXBENKA, BELIZE

This chapter was prepared as an unpublished co-authored manuscript with Dr.
Bruce Winterhalder, Claire Ebert, Dr. Prufer, and Dr. Kennett. | conductédelithevork
to select maize plots and to collect soil samples, quantify harvest yialds arganize
and analyze the yield and soil chemistry data. | also conducted the analysagedrt
estimated maize yields into the population estimates and predictions engeitidensity
in the project area. Dr. Winterhalder contributed to the field research desigarapting
strategy, and provided guidance on integrating aspects of demographic theory i
anthropology with the maize population estimates. Claire Ebert organizedIthdate
in a GIS database to produce the yield rasters, landscape coverages, raadysyiaid
calculations. Dr. Prufer oversaw field work, and Dr. Kennett provided insights into the
broader application of popualtion estimates in archaeological contexts.

Any explanatory model for the development and decline of human societies must
come to terms with the Malthusian problem of food limitations (Wood 1998). Whether or
not models are explicitly embedded within a neo-Darwinian evolutionary frarkethe
role of changing population size and density are important variables in key developments
in human prehistory (e.g., Dumond 1975; Johnson and Earle 1987; Turchin 2003; Weiss
1976). These include the expansion of anatomically modern humans across the globe and
their concomitant ecological consequences (Burney and Flannery 2005; &nl&0d4 ;

Fitzhugh and Kennett 2010; Goebel et al. 2008; Kennett et al. 2006; Kirch 2000; Martin
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2005; Steele 2010), the transition to agriculture and subsequent spread of agricultural
populations from multiple centers (Barker 2008; Bellwood 2005; Childe 1928, 1951;
Diamond and Bellwood 2006; Kennett and Winterhalder 2006; Piperno and Pearsall
1998; Smith 1998, 2001; Trigger 2003; Zeder 1991), intensification of food production
and the emergence of social and technological complexity (Arnold 1992; Boserup 1965;
Carniero 1970; Cohen 1977; Kennett 2005), and the integration and decline of
institutions and state-level societies (Demarest 2004, 2007; Johnson and Earle 1987;
Kennett and Kennett 2006).

Population change has been cited on a conceptual level as either a cause or a
consequence of sociopolitical change, suggesting at a minimum a dynatnoseia
between population density and sociopolitical formations (Turchin 2003). Models of
Human Behavioral Ecology (HBE), including the Ideal Free Distribution (E#ial) the
Ideal Despotic Distribution (IDD), formalize explicit relationshipsaAzen population
density and access to suitably productive habitats, and population dependent decreases
habitat suitability (e.g., Kennett and Winterhalder 2008; Kennett et al. 2009; Ma&lur
al. 2006; Sutherland 1996; Winterhalder et al. 2010). Advances in theoretical population
biology and computational modeling allow for the exploration of long-term interecti
of ecological, demographic and social variables in past societies and #midwffects
on human decision making (Lee et al. 2008, 2009; Puleston and Tuljapurkar 2008;
Tuljapurkar et al. 2007). Meaningful applications of such models and simulations to a
specific prehistoric context must be guided by empirical data that archstslagd
human ecologists can provide about past environmental conditions, technological

organization, land-use patterns, settlement structure and population.
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The consideration of population dynamics in ancient Maya society is strongly
dependent upon the ecological constraints of maize agriculture in the Neotropiss and it
relationship to the emergence of social inequality and complex politicais/side
early 20" century notion of Maya polities as vacant ceremonial centers was based on the
assumption that the extensive swidden system of maize production could not support
substantial populations (Culbert and Rice 1990: xix). However, settlement surveys in the
1940s and 1950s brought to light large numbers of house mounds that indicated greater
populations than previously thought, and by the early 1980s evidence of agricultural
intensification in the form of raised fields and constructed terraces sugj¢festigotential
for higher levels of food production than had been assumed from ethnohistoric accounts
(Adams 1980; Adams et al. 1981; Chase and Chase 1998; Harrison 1993, 1996; Puleston
1978; Turner and Harrison 1983). This evidence suggested that population pressure —
often represented theoretically by Bosreup’s (1965) model of intensified food fpooduc
— was a prime mover in the emergence of Maya sociopolitical complexity-|&tate
development started sometime in the Preclassic Period, when the demandsdbzegntr
labor and resource management provided conditions for political hierarchies to develop
(e.g., Adams 1977; Demarest 2007:162; Turner and Harrison 1978).

The role of population pressure in both the emergence and decline of ancient
Maya polities (and other state-level societies) is contentious for trebratid empirical
reasons. Cowgill (1975a, b) argued that the assumption of inevitable population growth
isn’'t borne out in ethnographically known small agricultural groups thought to be
comparable to Preclassic Mesoamerican peoples. Rather, most smial faopulations

effectively maintain growth rates below a potential maximum through a number of
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biological and social mechanisms. The conditional nature of that rate is seen when
populations expand rapidly in new environments or new sociopolitical contexts, but
under most circumstances constant population growth cannot be assumed, and is argubaly
a “non-explanation” of social change (Cowgill 1975a). At the other end of the aatef s
development and collapse, Webster (1985) criticizes the idea that the econommcdburde
non-productive elites and specialists triggered sociopolitical tensions and yae Ma
collapse. The problem is defining the population size and demand for resources with
respect to the productive capacity of the land and the agricultural systemcendpiring

the Classic Period. Characterizing the relationships between these gagdddg to
understanding the dynamic interaction between population density and sociopolitical
change.

Archaeologists have estimated ancient population sizes from various lines of
evidence including skeletal remains (cf. Wood et al. 1992), frequency of radiocarbon
dated components (Erlandson et al. 2001; Rick 1987), summed radiocarbon probabilities
(Buchanan et al. 2008; Shennan and Edinborough 2007), artifact consumption patterns,
and projecting ethnographic population estimates into the past (Haviland 1969). In the
Maya region settlement surveys at Tikal in the 1960s and 1970s (e.g., Haviland 1969,
1972), were used to derive population estimates from the number of domestic structures
occupied through time, making assumptions about the relationship between stineture s
and function, number of occupants, and finally extrapolating from sampled portions of
the landscape to the entire populated area of the polity (e.g., Culbert and Ricen#l990, a
studies therein). The settlement method of population estimation has the advantage of

directly reflecting past human presence on the landscape. The connectiearbetw
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domestic structure density and population density across a region makes isansee

but it does require a robust survey coverage that ideally employs tesj-pitd artifact
recovery to establish an occupational chronology (Culbert and Rice 1990; Webkter et a
2000).

Practical challenges to achieving such a settlement coverage in the Maya
lowlands are many and include: 1) poor visibility of low house platforms in secondary
tropical forest or scrubby bush; 2) the potential for buried components (e.g., Ashmore et
al. 1990 for Quirigud); 3) absence of datable materials or ambivalence towards
chronological methods (e.g. with respect to obsidian hydration (see Braswell [1992,
1996] vs. Webster et al. [2004]); and 4) the large investment of time and financial
resources necessary (Webster et al. 2000). Arguably, few ancient Mésis deve
received the years of focused investigation that would be required to produce an
“adequate” settlement sample, perhaps with the exception of two of the largalsant
Copan (see Webster et al. 2000)

Estimating population size through study of the agricultural potential of a Maya
polity’s resource catchment provides another route of inquiry when settlemeind dat
lacking. Importantly, it can serve as an independent line of evidence to test
archaeologically derived estimates. One method is to iteratively moddiatiop change
based on agricultural productivity, informed by in-field soil survey, estimatbns
erosion and recovery rates, mode of production (including fallow time and level of
intensification) and other ecological variables (Kohler and van der Leeuw \200@ard
1992, 1995). Simulations allow for testing the effects of individual variables to isolate

and identify the most influential factors in a complex system. They aresaile
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diachronic and therefore amenable to historically, processually and evolilgtonar
oriented archaeological investigations. They often lead to unexpected insightseint
relationships between complex sets of processes (Kennett and Winterhalddre2066;
al. 2008, 2009; Puleston and Tuljapurkar 2008; Tuljapurkar et al. 2007; Webster et al.
2000; Winterhalder et al.1988; Winterhalder and Goland 1993; Winterhalder and Lu
1997).

Various authors have worked from ethnographic and ethnohistoric data on maize
(or other crop) production to estimate carrying capacity of a presumed andavaited
land around ancient Maya polities (e.g., Cancian 1965; Carter 1996; Puleston 1982;
Reina 1967; Reina and Hill 1980; Stadelman 1960; Tax 1954). Applying such data to a
specific archaeological setting requires careful evaluation of the cahiligrof the
ecological zones being considered (climate, geology, soils) and the mode ofiproduct
being practiced (e.g., level of mechanization, land tenure system, markgé ).
The site of Uxbenkd provides a unique situation where contemporary Maya fawners fr
the village of Santa Cruz are cultivating maize on the same lands as theit an
counterparts in a largely non-mechanized swidden subsistence systerustedata on
maize yields collected in 2009 and 2010 to estimate overall yields for the lands around
Uxbenk& and the maximal population density the ancient polity could have supported at
its height during the Late Classic period (AD 600-800). This effort to derive areync
estimate of maximal possible population at Uxbenka is not considered to be a definitive
statement, but the first step towards developing more complex and demographically
informed population models in the future (e.g., Lee et al. 2008, 2009; Puleston and

Tuljapurkar 2008; Tuljapurkar et al. 2007). Analysis of the local-level factoils (s
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characteristics, slope, planting technique, etc.) that affect agricujtalds is an equally
important objective of this research. Better understanding of the causeklofariation
is also an important and generalizable result of empirical work on ancient and

contemporary Maya food-production systems.

Setting and Background

The Maya village of Santa Cruz is located in Toledo District in southern Belize
(Figure 1.2). Approximately 400 people live in this village, which is located batthee
neighboring communities of San Jose, Santa Elena and San Antonio. These reservation
lands have been cultivated under a traditional communal land tenure system for many
generations (Wainwright 2007). Government of Belize census data and fieladw2{R6
by Wainwright (2007) indicate that the population is primarily Mopan (86%) and
K'ek'chi (14%) Maya. The typical seasonal round of maize cultivation in Santa Cruz
generally adheres to the patterns described by Wilk (1984, 1991) for other K'eldchi a
Mopan Maya subsistence farmers in the Toledo District. It begins in the dae#tsof
the year (February/March averaging 40-70 mm/mo; Heyman and Kjerfve 198t \atr
al. 1959) when community members decide through informal discussions where to clear
land for theimilpas(typically ranging from ~1-1.5 ha). Individuals or labor-exchange
groups cut patches of secondary forest or high bush. Land is cleared primarihdby ha
with machetes, however in recent years a few (i.e., <5) chainsaws have lw@sedr
by individuals and are sometimes used to fell larger trees. Ideally lib Velgetation is
burned a week or two before the onset of the rainy season in May or June, and fields are

planted shortly before rains are expected to begin. This crop grows througkt the w
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summer months when rainfall ranges from 400 to 700 mm/mo (Hartshorn et al. 1984;
Heyman and Kjerfve 1999; Wright et al. 1959) and cobs are dried on the stalk to be
harvested starting in late September or early October.

At this time a second crop is plantedmatahambrewhich is similar tamilpa,
but the felled vegetation is left as a mulch rather than burnednataehambremaize
cropgrows slower than theailpa crop due to the cooler and drier weather and it is
available to harvest in February. In the ethnographic literature thertatahambre
typically refers to a second maize crop planted on seasonally inundated floodpthins
levees (e.g., Reina 1967; Wilk 1991). The wet season planting done in upland settings
around Santa Cruz and other villages does not fit the classical definincatafhambre
except in its literal Spanish sense of ‘killing hunger’.

Arable soils around Santa Cruz are derived from the Toledo Beds, a series of
Tertiary interbedded calcareous mudstones, sandstones and shales that ae tootiger
south by a prominent Cretaceous limestone karst ridge (Keller et al. 200; Mi96;
Wright et al. 1959). The karst, locally known as “The Rock Patch,” contains several
caves that are the subject of on-going archaeological research (PalféCdtl). This
karst ridge dominates the drainage of the largest local stream, Rio Blando fimve
with its tributaries over the Tertiary beds south until meeting the southwekseastr
trending ridge where it abruptly turns to the east. Eventually the Rio Blanco taters
karst at Oke’bal Ha Cave and exits as Blue Creek to the south at Hokeb Ha Qkare (Mi
1996). The rock patch itself is generally considered too steep and the soils too thin for

cultivation by most Santa Cruz farmers, though it is used as a source of forestgroduc
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for house construction, traditional medicinal plants, and small game hunting (TMCC
1992; cf. Steinberg 1998 for similar forest use in San José village to the north).

No formal ethnopedological study has been conducted in Santa Cruz, but it is
known that farmers make many fine and broad distinctions among the arablecamits ar
the village. The broadest practical distinction is betweebakdu’'um well-drained
black clay loams largely distributed to the north of the village and at the bdmerotk
patch, and thehik lu'um, poorly-drained oxidized reds soils primarily found in the
village itself and to the south within ~500-750 m of Rio Blarmmx lu’umis favored for
almost any crop, whereas the heatk lu'umis primarily devoted to dry rice crops and
rarely for maize, which produces poorly under waterlogged conditions.

The seed stock for thailpa andmatahambrecrops are either saved by farmers
from previous harvests, traded or purchased within the village or less often @doprte
farther afield (e.g., fronsobafierosn Guatemala). Mopan Maya farmers refer to some of
these varieties as “hybrid” corn, but it is unclear if these represent iladlydired lines,
and more importantly whether they would remain true to type after multipts pé
cultivation. A great deal of ethnographic work would be required to identify the many
distinct land-races in circulation in Santa Cruz village, but they can be broadly
characterized as either long (eshanil nul, box holochor short varieties (e.qg.,
chaparro, bejuch These names simultaneously refer to both the time to harvest and the
length of the husk with respect to the length of the cob. No significant differences i
yields have been observed between them. The decision to plant one or the other appears
to depend mainly on the farmer’s estimate of when the extant household supply of dried

maize will run out. Harvesting a short corn 2-3 weeks earlier may be theeditb
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between sustenance and temporary shortfall. The timing of harvest can alsaptedi
by delays in planting caused by late rains, scheduling conflicts with wiagie la
commitments outside the village, illness, and other factors. Selecting a siist kalps
mitigate the late planting. A major disadvantage of short corn is greatepshbiitgto
weevils and rot because the shorter husk provides less protection than in a long corn.
Unlike long varieties, short varieties cannot be saved for more than ~6 months and must
be replanted with eaaghilpa andmatahambrecrop to save the seed, sometimes in a
small (e.g., 25 x 50 m) plot on the edge of the field.

The ancient Maya polity of Uxbenkd is located on Santa Cruz lands, and the
village itself is nearly superimposed on the ancient city. The urban corebehki
covers an approximate area of 526 ha and comprises six plaza groups on leveled
ridgelines in the hilly landscape (see Figure 2.1). Group A contains thenesnoh23
carved sandstone stela dating to the Early and Late Classic periods asdnsegar¢o be
the main ceremonial locus at the site (Prufer et al. 2011). Groups B-E@mggous
arrangement of plazas running along a ridgeline roughly 400m to the northwest of Group
A. The Group B plaza is a flattened hilltop and is surrounded by a series of range
structures, a large platform mound at its northern extent, and a ballcourt standsopposit
this at the south end of the plaza. A second ballcourt is located adjacent to the Group D
plaza.

Construction in Uxbenk&’s urban core began in the Late Preclassic, with the
earliest known structure in Group A dating to 60 cal BC - cal AD 220 (Culleton et al.
2012). The massive effort of leveling and expanding ridgelines to form the Group B and

D plazas occurred slightly later, but still at the end of the Late Prectetsveen cal AD
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60-310 and cal AD 20-240, respectively. There was a flurry of replasterhplaza
renovation activity until the first part of the Early Classic Period, and tisereledence

for building activity between cal AD 350 and 550. Architectural modifications are
documented at Groups A, B, and D after AD 550, including extensive plasteringaf plaz
floors, laying paving stones, and the augmentation of facades on existingrssuthe
latest dedicatory date preserved on stelae at Group A indicates that monuwiegt ca
continued until AD 781. Political disintegration and the abandonment of this city in the
Terminal Classic are topics of ongoing research at Uxbenka, but thereeistiguno
evidence for a Post-Classic (after AD 1000) occupation of the site.

Geoarchaeological investigations at Uxbenka provide evidence for eatly lan
clearing and erosion during the Middle Preclassic Period (ca. 970-620 cadd€jal
landform stability through the Classic Period (AD 300-800), and another episode of
erosion during the Terminal Classic (AD 800-900). This has been interpretedsagtthe
from agricultural to urban land uses and back across the last several millenl@so(Cul
et al., nd). There is little archaeological evidence for agricultntahsification in the
form of terraces or raised fields during the site’s history. This mayiaie&d by the
capacity of the mudstone and sandstone bedrock to rapidly break down and form new
soils when exposed to weathering, a process that contributes to the “paradexidiay”’
of the soils around Uxbenk& and may play a role in the persistence of traditionalnswidde
cultivation in the region (Culleton et al. nd; Hartshorn et al. 1984:76-77). The physical
proximity of the Santa Cruz village to Uxbenkd, the co-location of ancient and
contemporary land-uses, and the relatively low levels of intensificatioclurdtgical

elaboration in the past and present farming systems provide a unique opportunity to
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empirically estimate present day productive capacity of the land asres nogiafer the

potential population supported at Uxbenké& during its height in the Late Clagsid. Pe

Methods

Arrays of 10x10 m sampling plots in plantedpaswere selected in cooperation
with farmers and village representatives in a variety of settings aromta Sauz in June
2009 and 2010. Slope and aspect of each plot were determined in the field with combined
compass and inclinometer. Slope was recorded in 5° increments and was converted to an
integer scale for regression analyses (e.g., 0-5° =1, 5-10° = 2, etc.). UTM ctexdina
were recorded with handheld GPS for integration with a GIS database. Working from
digitized and orthorectified soils GIS basemap, each plot was also assigned &ptpduc
ranking based on Wilk's (1981, 1991) classification of southern Belize soil types as
mapped and described by Wright et al. (1959). Following Wilk (1981), plots were ranked
on a scale from 0 (unusable) to 3 (good). Soil samples were collected from eathaplot
depth of 10-15 cm below the surface and analyzed for organic and inorganic carbon
content through loss-on-ignition (Dean 1974; Heiri et al. 2004) at the University of
Oregon, and for soil chemistry data (i.e., N, P, K, pH) at Oregon State Uni\gersity
Central Analytical Lab.

At the end of the growing season in late September and October, all corn within
each plot was broken by hand, and the numbsukitib(Mopan: plantings) and
individual ears was counted. Bulk maize was weighed on a hanging scale to produce an
estimate of yield in kg/ha. During the first season, in a sample of roughlthbaifots

(n=19 of 40), the corn was completely skinned and shelled, and the composition of edible
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corn, waste corn, husk and cob were determined. Waste corn mainly results fnoin wee
infestation, rot due to fungus or bacteria, and sprouted corn. Usually only a small portion
of each ear was considered inedible, and was separated during shelling anuided t
The compositional data indicate a strong significant positive correlationdretw®le
ear weightX) and yield of edible corny); Pearson’s r = 0.982% = 0.965; p <0.00001; y
=0.635x - 1.222. A less strong but also significant relationship is found between whole
ear weight and waste maize: Pearson’s r = 0.7260r527; p <0.0005; y = 0.099x +
0.138. Additional data from 2010, when all plot samples (h=40) were completely skinned
and shelled, bear out this relationship: edible maize, Pearson’s r = 6.85594.1; p
<0.00001; y = 0.601x - 0.077; waste, Pearson’s r = 0.4150r172; p = 0.008; y =
0.055x + 1.051. Itis on this basis that bulk yields (kg/ha) are later converted into edible
yields (kg/ha) (Figure 4.1).

Examination of the bulk yields data indicates they were strongly dependent upon
planting density, or the number siik’'ubper plot (Pearson’s r = 0.722;¥ 0.521; p
<0.0001; y = 41.45x + 540.74; see Figure 4.2). Planting density varies in the modern
setting for many reasons: shorter maize varieties can be plantedtotptéer than taller
ones; maize intercropped with other plants (@gpjtorio) is more widely spaced to
reduce overshadowing; steeper slopes may be planted more densely iétiveyl ar
exposed; avoiding physical obstacles like unburned timber, rocks, or shallow soil may
force the plantings further apart; and, of course, using traditional sowinggeehiti.e.,
digging sticks and hand-casting seed) means that each farmer’s spacnsgodisd on
the length of his gait, willingness to negotiate physical obstacles, and otssmictiatic

factors. The average numbersoik’ubin the 100 rfiplots is roughly 55, or a planting
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Figure 4.1.Scatterplots of edible (circles) and waste (triangle) maize vs. waole e
weight for test plots on Santa Cruz milpas.
density of 5500/ha, while the majority range between 40 amsdikQbper plot (4000 —
7000/ha).

To remove the effects of planting density, data were normalized by conversion to
yield per number of plantings (Tables 4.1 & 4.2). This indexed yield more clesielgts
the underlying productivity of the soil, and so regressions of other environmental
variables against this value are more likely to identify key causal vesiablthough the
resulting unitkg/ha/suk’'ubmakes sense as a general productivity measure it is not easily
compared to other ethnographic data where yields are reported as production greaunit
(bushel/acre or kg/ha; e.g., as summarized by Barlow 2002:71). To compare yields

directly, values are normalized assuming an average density of 5500 suk’ub/ha.
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Figure 4.2.Relationship between bulk maize yield (kg/ha) and number of plantings per
sample plot.

Table 4.1.2009 bulk, edible and normalized maize yields

Bulk Edible  Normalized Bulk Edible  NoTmaized
Lot# Maize corn Yield (kg/ha/ Lot# Maize corn (k g;?h al
(kg/ha) (kg/ha) suk’ub) (kg/ha) (kg/ha) suk'ub)
19141 5630 3574 31.63 19153 1850 1174 16.30
19142 2390 1517 27.08 19154 2889 1834 33.96
19143 3400 2158 42.32 19155 2220 1409 21.34
19144 2830 1796 39.05 19156 1420 901 18.38
19145 1800 1142 30.05 19157 2720 1726 28.30
19147 1340 850 29.30 19158 2780 1764 36.01
19148 2500 1587 49.58 19159 2600 1650 40.24
19149 1960 1244 25.38 19162 2910 1847 37.69
19150 4050 2571 42.85 19163 1940 1231 34.19
19151 2400 1523 25.38 19164 2400 1523 33.11
19152 3350 2126 35.44 19165 2910 1847 34.20
19160 2110 1339 58.21 19167 300 189 7.01
19161 2450 1555 33.08 19183 3990 2533 58.90
19178 4280 2717 37.74 19184 4460 2831 30.78
19179 4960 3149 39.36 19185 3120 1980 37.36
19180 3360 2133 27.34 19186 3210 2037 42.45
19181 2594 1646 29.93 19187 2770 1758 41.86
19191 2390 1517 30.33 19188 2750 1745 34.91
19193 2450 1555 29.90 19189 3150 1999 32.25
19194 2030 1288 25.26 19190 2660 1688 24.83
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Table 4.2.2010 bulk, edible and normalized maize yields

Bulk Edible  Normalized Bulk Edible Nor{;?""l'('jzed
Lot# Maize corn Yield (kg/ha/ Lot# Maize corn (k K/eha/
(kg/ha) (kg/ha) suk’ub) (kg/ha) (kg/ha) suﬁ’ub)
40701 4540 2740 38.06 40728 3640 1600 25.00
40702 3650 2100 34.43 40731 2580 1470 31.96
40703 1160 730 11.59 40732 3840 2040 37.78
40704 4700 3000 55.56 40733 2530 1630 31.96
40705 2650 1750 40.70 40734 4160 2560 49.23
40706 2580 1620 36.00 40737 3320 1900 29.69
40707 3900 2560 43.39 40738 3390 1920 45.71
40708 4090 2670 49.44 40739 3840 2540 44.56
40709 2630 1760 31.43 40740 2340 1420 25.36
40710 3390 2100 32.31 40741 3290 1780 34.90
40712 1330 800 14.55 40742 4580 2750 41.67
40713 2300 1530 24.29 40743 3590 1920 24.94
40714 2610 1730 31.45 40744 3640 2000 31.25
40721 3090 2000 32.26 40745 2840 1490 21.59
40722 3420 2110 30.58 40746 2730 1350 19.85
40723 1250 780 15.00 40748 1960 1180 20.00
40724 2030 1210 22.41 40749 2800 1580 27.72
40725 2490 1310 22.98 40750 4190 2700 42.19
40726 1720 890 14.83 40751 2420 1540 29.62
40727 2590 1640 26.89 40752 1880 1220 23.92

Comparing normalized whole ear weight for 2009 and 2010 maize yields show
similar mean and range values despite differing planting conditions (FAd@)rd-armers
in Santa Cruz considered 2009 a “bad” year for maize. The late onset of the dry seas
combined with sporadic and heavy midday rains through May kept chopped vegetation in
milpasmoist and difficult to burn. This was followed by dry conditions during the
summer (rainy) growing season. By October most farmers were ihgeaiin in earnest,
and many were clearing fields for an earlier start omtaahambrecrop to make up for
anticipated shortfalls. By contrast 2010 had a more predictable terminati@ndoyt
season and rains persisted through the summer rainy season. Farradessveoncerned
with breakingmilpa crop or clearingnatahambresarly compared with the previous year
and more time and effort was instead devoted harvesting rice as a casbesqfe
these differences the mean yields between 2009 and 2010 are statistically
indistinguishable using a t-test with unequal variances (52.5 kg/ha/suk’ub in 2009 vs.
51.9 kg/ha/suk’ub in 2010; p = 0.870; Ruxton 2006). This sample is small and on-going
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Figure 4.3.Comparison of 2009 and 2010 density-normalized maize yields. Means are
statistically indistinguishable using a t-test with unequal variances £26Q%
kg/ha/suk’ub; 2010 = 51.9 kg/ha/suk’ub; p = 0.870).

work is focused on determining how the timing of the dry and rainy season rains may
impact crop yields. Rain and temperature gauges have recently bededrnstSanta

Cruz village and are starting to provide quantitative meteorologitaltdat can be
compared with land-clearing and planting schedules. The data currentibberauggest
that a wide variety of variables act in concert to produce the observed mess-or-I
normally distributed range of yields across the landscape and over time.

Spatial variability in the productivity of maize on lands surrounding Santa Cruz
and Uxbenka are detailed in the next section. | also compared edible mhiigényie
kg/ha and density normalized yields in kg/ha/suk’ub against multiple environmental
variables (i.e., soil nutrients, pH, slope, aspect, and distance from Santa Guge vill
Figures 4.4 and 4.5). Regressions made against log-transformed, densityizext data
show no correlations between yields and these variables for each year \eitodpaon
of a weak correlation between K (potassium) and yield in 2010 (Tables 4.3 and 4.4).
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Figure 4.4.Scatterplots of bulk maize yields (black circle: 2009; grey circle: 2010) vs.

environmental variables, showing the range of scatter and lack of comelatio
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Figure 4.5.Scatterplots of density-normalized maize yields (black circle: 20@9; gr
circle: 2010) vs. environmental variables, showing the range of scatter krad lac

correlation.
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The two-year aggregated data show also show a weak correlation betweeni&dnd y
(Table 4.5).

Table 4.3.Regression of 2009 log-transformed maize yield normalized for planting
density with respect to environmental variables.

2

Edible maize (kg/ha/suk’ub) vs. Pearson's r r p-value regression equation
Distance from Santa Cruz (km) 0.227 0.051 0.159 y =0.29x + 1.60
Slope Index 0.172 0.030 0.287 y=-0.10x + 1.73
%0C 0.073 0.005 0.656 y=0.11x+ 1.79
%CO3 0.042 0.002 0.803 y =-0.12x + 1.52
pH 0.015 <0.001 0.928 y =0.08x + 1.64

K (ppm) 0.005 0.003 0.753 y = 0.05x + 1.56
TKN (ppm) 0.017 <0.001 0.916 y =0.02x + 1.63
TP (ppm) 0.048 0.002  0.764 y = 0.06x + 1.53

Table 4.4.Regression of 2010 log-transformed maize yield normalized for planting
density with respect to environmental variables.

2

Edible maize (kg/ha/suk’ub) vs Pearson's r r p-value regression equation
Distance from Santa Cruz (km) 0.122 0.015 0.451 y=0.13x + 1.64
Slope Index 0.207 0.043 0.201 y =0.13x + 1.62
%0C 0.073 0.005 0.658 y=0.12x + 1.78
%CO; 0.264 0.070 0.104 y=0.44x + 2.35
pH 0.216 0.047 0.179 y=147x+0.51
K (ppm) 0.403 0.162 0.010 y =0.54x + 0.35
TKN (ppm) 0.096 0.009 0.556 y=0.15x + 1.14
TP (ppm) 0.287 0.082 0.073 y =0.36x + 0.76

Table 4.5.Regression of 2-year aggregated log-transformed maize yieldaatalized
for planting density with respect to environmental variables.

2

Edible maize (kg/ha/suk’ub) vs Pearson's r r p-value regression equation
Distance from Santa Cruz (km) 0.173 0.030 0.125 y=0.19x + 1.63
Slope Index 0.031 <0.001 0.783 y =0.02x + 1.68
%0C 0.082 0.007 0.473 y=0.13x + 1.80
%CO; 0.187 0.035 0.103 y =0.36x + 2.23
pH 0.094 0.008 0.403 y =0.56x + 1.25
K (ppm) 0.231 0.053  0.039 y=0.27x + 1.01
TKN (ppm) 0.048 0.002  0.669 y = 0.07x +1.45
TP (ppm) 0.187 0.035 0.097 y =0.24x + 1.07

Maize Yields and Modern Populations
Geographic Information Systems (GIS) were used to interpolate the proyuxttithe

lands surrounding Santa Cruz and Uxbenké (bulk yields normalized to planting density).
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The locations omilpassampled in 2009 and 2010 were plotted in ArcGIS 10.0 along
with archaeological settlements and the architecture within the Uxbdealcdbs. The
normalized yield or yield indefkg/ha/suk’ub)wvas interpolated between plots with the
Spatial Analyst toolset using a Nearest Neighbor method that assigns tealoeations
based on the surrounding measured values. Each 18.5 m 18.5 x 18.5 m (0.034225 ha) cell
has an associated yield index value ranging from 11.8 — 92.9 kg/ha/suk’ub, with an
average value of 47.9 kg/ha/suk’ub (Figure 4.6). The distinction between the ntitwe fer
box lu'umand the less favorabiik lu'umsoils influences the raster in two ways. The
general north to south gradient of greater to lesser maize yields does taajh® known
distribution of the soils in Santa Cruz described earlier, witlehilelu’'umlocated

primarily between the village and the Rio Blanco. At the same time, theerelatively

few maize plots on thehik lu'umbecausenilpasin this zone are typically planted in dry
rice and samples are therefore difficult to obtain. A t-test assuming unegaakearrun

on the chik lu'umsamples vs. the majority of the plots positioned to the north of the
village onbox lu'umsoils (n = 75-77 depending on the variable) does show a significant
difference between the sample means in % organic carbon (p < Gh@ORyummean =
9.2%; others = 14.2%). Further soil sampling will be directed towards the area south of
the village in future field seasons.

The exact political boundaries of Santa Cruz are in the process of being
determined by local community leaders, but Santa Cruz village lands anatestito be
approximately 16.08 kfrfor the purposes of this study based on the recent history of
land use practicedlilpas are not planted in a buffer zone of ~0.5 km around the village,

corresponding to the range that domestic pigs will travel to forage. Remo\arigGABi
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Figure 4.6.Interpolated raster of maize yields around Santa Cruz village (imegedr
by C. Ebert).

km? area from analysis, total arable land available to farmers in Santas@rstimated

to be 14.45 ki The total area of Santa Cruz land cultivated in 2009 and 2010 was
estimated from a satellite image (Worldview I1) taken in April 2010 tbaérs a 100

km? around Santa Cruz/Uxbenka. This image provides ~60 cm resolution and is
composed of 8 multispectral bands that include Red Edge (705 - 745 um) and Near
infrared (IR) bands (760-900 um). The color IR image (including the red edgpviasd
used for photo interpretation due to its broader spectral resolution that allowaesticle
agricultural plots to be distinguished from the surrounding vegetation. A total of 134
fields were identified and digitized for both years totaling 209.88 ha, an avefrag
104.94 ha of land cultivated each year. The total cultivated land comprisewilpath
andmatahambrecultivation of subsistence crops such as maize, beans, and ground foods,
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as well as cash crops including dry-field rice and seed pumpeps¢rio). A total of
111milpasfall into the raster area and represent a total area of 168.52 ha.

As discussed earlier, the yield index is a normalized value that accounts for the
influence of planting density on potential yields expressed as kgkialh The average
yield index for the raster is 47.86 kg/tiak’'uh Taking representative values of 4000,
5500, and 7008uk’ubha (see above), the yield index can be converted to bulk yield
(kg/ha) to model low, medium, and high yield scenarios. Note that for heuristic pirpose
these scenarios could also be used to approximate variation caused by weather
conditions, pest activity, theft, etc.

To get a sense of how realistic the interpolation and average yield index might be
for estimating the ancient population at Uxbenkd, | converted the yield index into
absolute yields based on the area currently cultivated by farmers (i.e., 104td9 ha)
compare these modeled results with the census data from Santa Cruz village. Absolute
yields in kg were converted to edible corn using an empirically-derived caomvémsm
whole ear weight to kernel weight (0.60), and then multiplied by 0.95 to account for the
estimated difference in equilibrium moisture content (EMC) for OctoberemaiBelize
(~19% wi/w) versus the dry weight EMC of stored US maize (~14% wi/w). Alesolut
yields of dry corn are converted to yield in kcal assuming 3650 kcal/kg for deg mai
(USDA Nutrition Database).

Positing an average daily caloric requirement of 2500 kcal/day for Santa Cruz
villagers based on adult caloric needs is a simplifying but conservative assumipén
calculating population. Working from FAO/WHO/UNU (1991) estimates, 2500 kcal/per

day is the rough average of an adult male subsistence farmer (2780 kcal/Gagt &A
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[1991], Table 10) and a ‘rural woman in a developing country’ (2235 kcal/day; FAO et
al. [1991], Table 14). Assuming an equal sex ratio this average person leads to a
relatively conservative population figure, as children and the elderly have daleeic
demands in general.

Based on these model assumptions | estimate the village population at between
~460 and 800 people, higher than the current census of 400 people (Wainwright 2007;
Table 4.6). Since not all cultivated land is devoted to subsistence, and not all subsistence
crops Yyield caloric returns equal to maize, these figures can be corresteairzg
different proportions of land devoted to maize (Table 4.7). Additional work is needed to
determine the percentage of maize consumed on average, but an estimate of 70-80%
maize cultivation seems reasonable based on informal observation in Santa Cruz
throughout the year and considering that two crops of maize are grown pemngeiay a
field rice, beans and ground foods tend to be grown less frequently. Assuming 70-80%
maize cultivation, then ~105 ha would support a village population closer to ~440-
500people (per year). Taking the total arable land around Santa Cruz as 1445 ha, this
suggests an average of 7.2% of land cultivated each year and an averagedatdvof
13.8 years. This average for the entire area appears reasonable capsatagrfields
are routinely cleared every 5 years, and more distant forest stan@snaan in fallow
for 20 years or more (e.g., some higher stands of forest at the foot of the wtlkapait

section to the northwest towarda’ax Hg.

109



Table 4.6.Estimated annual maize yield and potential population of Santa Cruz village
(values rounded for clarity)

Planting
Density Dry weight Total Energy Population @
(suk'ub /ha) Gross Yield (kg) Edible Corn (kg) (kg) (kcal) 2500 kcal/day
4000 200910 120540 114520 417985130 460
5500 276250 165750 157460 574729550 630
7000 351590 210950 200400 731473980 800

Table 4.7.Estimated potential population of Santa Cruz village assuming % of land

devoted to maize (values rounded for clarity)
Population @ 2500 kcal/day

Planting
Density 60% Maize 70% Maize 80% Maize 90% Maize 100% Maize
(suk'ub /ha) Cultivation Cultivation Cultivation Cultivation Cultivation
4000 270 320 370 410 460
5500 380 440 500 570 630
7000 480 560 640 720 800

Population Estimates for the Uxbenka Polity

Without the current political boundaries limiting the available arable land and no
evidence of ancient political boundaries, the potential catchment for Uxbenka can b
modeled as a series of concentric rings radiating out from the sitercthes $tudy the
catchment area is centered on Group B (Structure B1; Figure 4.7) and arabledand a
was calculated in 1 km radii subtracting the 526 ha site core that was probably not
cultivated with maize crops during the Classic Period (Chapter Ill; Galigtal. nd).
These concentric rings were also truncated at the edge of the high @ekgpatch” to
the south because this rugged terrain is not suitable for agriculture. The inesryodéd
raster does not cover the entire extent of land potentially under cultivation by the
inhabitants of Uxbenkd, so the average index value is assumed for the entire area.
Estimated potential population for each catchment is presented in Table 4.8, assuming
low, average, and high planting density and varying the proportion of maize cultivation.
These values are calculated as person-years, or the number of people that emlifdrbe f

a year if the entire area was put under cultivation.
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Figure 4.7.Hypothetical catchments centered on Uxbenka used to estimate the total
maize production for each additional 1 km radius (image created by C. Ebert).

Since these values are time-dependent, the maximum carrying capacity at
Uxbenké& can be calculated under varying fallow cycles. For this caleylassume that
75% of the land is devoted to maize cultivation, and for the sake of simplicity assume
similar yields at each fallow length. The population at each fallow lsy@kEsented in
Table 4.9, and ideally represents the population that could be sustained indeftrately
given intensity of land clearing. These numbers are also translated into number of
households, assuming an average of 5 persons per household, a commonly applied
estimate for Mesoamerican nuclear families (e.g., Culbert and Rice 1990, arsl paper

therein; Webster et al. 2000).
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Table 4.8.Estimated maximum population for Uxbenka assuming different catchment
areas (values rounded for clarity).

3 km (2774.79 ha) person-yr @ 2500 kcal/day

Suk'ub/ha  kcal % maize 50 60 70 80 90 100
4000 10910590890 5980 7170 8370 9570 10760 11960
5500 15002062470 8220 9860 11510 13150 14800 16440
7000 19093534050 10460 12550 14650 16740 18830 20920

4 km (4613.34 ha) person-yr @ 2500 kcal/day

Suk'ub/ha  kcal % maize 50 60 70 80 90 100
4000 17829013530 9770 11720 13680 15630 17580 19540
5500 24514893600 13430 16120 18810 21490 24180 26870
7000 31200773670 17100 20520 23930 27350 30770 34190

5 km (6633.03 ha) person-yr @ 2500 kcal/day

Suk'ub/ha  kcal % maize 50 60 70 80 90 100
4000 25847963050 14160 17000 19830 22660 25500 28330
5500 35540949190 19470 23370 27260 31160 35050 38950
7000 45233935340 24790 29740 34700 39660 44610 49570

6 km (8948.46 ha) person-yr @ 2500 kcal/day

Suk'ub/ha  kcal % maize 50 60 70 80 90 100
4000 35005955910 19180 23020 26850 30690 34530 38360
5500 48133189370 26370 31650 36920 42200 47470 52750
7000 61260422840 33570 40280 46990 53710 60420 67130

Discussion

The results suggest that within the area of arable land potentially under the
political influence of Uxbenka, i.e., the area within 6 km (to a point equidistant from
Lubaantun, the nearest regional center during the Classic Period) and exd¢ladiagst
ridge and lands to the south, ~7500-13,000 people could have been supported on a 5-year
fallow cycle (Table 4.9). At longer fallow cycles requiring more aldd land the
potential population is proportionately less. Wilk (1984, 1991) assumed that land cleared

for swidden cultivation would need 30 years of fallow to return to high (primarydtfore
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Table 4.9.Estimated population of Uxbenka at various catchments and fallow length
assuming 75% maize cultivation (values rounded for clarity).

3km (2774.79 ha)  Population at Fallow (yr) Households (5 person/family)
Suk'ub/ha 5 10 15 20 30 5 10 15 20 30
4000 2390 1200 800 600 400 480 240 160 120 80
5500 3290 1640 1100 820 550 660 330 220 160 110
7000 4180 2090 1400 1050 700 840 420 280 210 140
4 km (4613.34 ha)  Population at Fallow (yr) Households (5 person/family)
Suk'ub/ha 5 10 15 20 30 5 10 15 20 30
4000 3910 1950 1300 980 650 780 390 260 200 130
5500 5370 2690 1790 1340 900 1070 540 360 270 180
7000 6840 3420 2280 1710 1140 1370 680 460 340 230
5 km (6633.03 ha)  Population at Fallow (yr) Households (5 person/family)
Suk'ub/ha 5 10 15 20 30 5 10 15 20 30
4000 5670 2830 1890 1420 940 1130 570 380 280 190
5500 7790 3890 2600 1950 1300 1560 780 520 390 260
7000 9910 4960 3300 2480 1650 1980 990 660 500 330
6 km (8948.46 ha)  Population at Fallow (yr) Households (5 person/family)
Suk'ub/ha 5 10 15 20 30 5 10 15 20 30
4000 7670 3840 2560 1920 1280 1530 770 510 380 260
5500 10550 5270 3520 2640 1760 2100 1060 700 530 350
7000 13430 6710 4480 3360 2240 2690 1340 900 670 450

based on a model of sustainable village size for K’ek’chi farmers in southern.Belize
Fallow times short of that were assumed to lead inevitably to declining peeddshe
longer term as soil nutrients become depleted and the spread of grassesdsndhilge
the re-establishment of arboreal species. Wilk found that this eventually foad pe
use more intensive cultivation strategies via increased labor or soil aagoei.g.,
fertilizer). However, if uncleared forest was available the hypotiletitage could
relocate and start anew elsewhere.

Although some aspects of Wilk’s heuristic model are not directly analogdhs t
Uxbenké case (particularly the assumption that sub-climax conditions arentiper
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unsustainable; cf. Hartshorn et al. [1984] and the “paradoxical fertility” of thel®ol

Beds) these assumptions provide a starting point to model the population size at the 30-
year fallow cycle. Assuming a 3 km radius catchment and average planting dibesity
lands could support a hypothetical village of roughly 550 members. A 5 km catchment (a
default village catchment size in Wilk’s analysis) could support a population of 1300. In
the contemporary setting, village populations in the area range between 300 and 500
people (excluding the largest Maya town of San Antonio) and catchments areckser t
3-4 km radius. Fallows are also much shorter than 30 years. Given that the suisyainabi
of farming systems should be considered over generations, it is difficult toasdle

shorter fallows observed today will lead to the negative consequences predicted by
Wilk’s analysis for subsistence farmers in the region. The population estimatke here

will inevitably be improved by long-term data collection designed to edtabkslinkage
between length of fallow and productivity. These data will be required to makeotied

more dynamic and applicable to analyzing diachronic processes.

The population estimates presented here give a sense of what level ofigttensi
food production may have been practiced in the Uxbenka environs. Because these
population estimates are based on maize yields per area, they indseattyeaa constant
population density per area for any given planting density and fallow length SFgea
fallow as shown in Table 4.9, planting density of 480R'ubha supports a population
density of 65.5/krfy 5500suk’ublha supports 90.0/kmand 700Guk’'ubha supports
114.6/knf, regardless of size of the catchment area under consideration (though longer
fallows would decrease the population density by decreasing overall production at a

given planting density).
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These figures, which do not include calories and nutrients from other crops or
wild foods may well be conservative. Nonetheless, they are generally eahgist
magnitude with, if somewhat lower than, several of the broader areal populatioredensit
based on residential structures from Rice and Culbert’s (1990) summary f@nidowl
Maya centers (see Table 4.10): e.g., the Copan Valley in total, 43.@fkehster and
Freter 1990); rural areas within 10km of Tikal, 153.17K@ulbert et al. 1990);

Guatemalan lake basins and the Yaxha Polygon, 163.2 — 26@¥ki@hase 1990);
Nohmul, 150.5/krf (Pyburn et al. 1990).

Translating the Uxbenka population densities to household densities assuming 5-
persons per household gives a range of 13.1 — 22.9 househd|dsittmeach household
having an average of 4.4 - 7.6 ha for cultivation over the long term (assuming some form
of usufruct land tenure). The current settlement survey indicates that ntlossef
households would have been located on hilltops or extended across ridgelines throughout
the hilly and steeply incised landscape. Assuming a 5-year fallow and an plutsate
of 1.5 ha (as with the contemporary situation) ancient households at this settlement
density would be on the cusp of choosing between planting in more distant outfields to
acquire more land, decreasing fallow time (e.g., a 1.5 ha/yr in a 3 yr fallow ove) 4.5 ha
or increasing the planting density on the same amount of land. These are among the
simplest and presumably earliest strategies employed along theuspettagricultural
intensification (in the sense of Boserup 1965). They are strategies that vawdditite
trace in the archaeological record. Low-level agricultural inbeasion is in general
accord with the lack of evidence for substantial soil management featuneiseatid,

those that would signal large labor inputs to mitigate declining productivity odvpon!
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Table 4.10.Population estimates for Lowland Maya sites, after Rice and Culbert (1990:

Table 1.3)
Area Estimated Density Density
Site (km?) Population (range, pop/km ?) (pop/km %)
Late Preclassic Period
Seibal
Center 1.6 1644 1027.5
Peripheries 13.6 7974 586.3
Total 15.2 9618 632.8
Komchen 2 2500-3000 1250.0-1500.0 1375.0
Late Classic Period
Copan
Urban core 0.6 5797-9464 9661.7-15773.3 12717.5
Copan pocket, rural 23.4 9360-11,639 400.0-497.4 448.7
Outside Copan pocket,
rural 476 3010-3725 6.3-7.8 7.1
Copan Valley, Total 500 18,417-24,828 36.8-49.7 43.2
Quirigua (center) 3 1183-1579 394.3-526.3 460.3
Tikal
Central 9km”® 9 8300 922.2
Next 7km? 7 4975 710.7
Remainder within
boundaries 104 45720 439.6
Total within boundaries 120 62000 516.7
Rural within 10km 194 29696 153.1
Macanche-Salpeten
Basin 27.9 7262 260.3
Yaxha-Sacnab Basin 29.5 6253 212.0
Quexil-Petenxil Basin 23.5 3836 163.2
All lake basins 78.3 17351 221.6
Yaxha Polygon 237 42047 177.4
Tayasal
Spine 8 6861-10,400 857.6-1300.0 1078.8
Outer Ring 18 7719-11,000 428.8-611.1 520.0
Periphery 64 7371-11,172 115.2-174.6 144.9
Total 90  21,951-32,272 243.9-358.6 301.2
Late/Terminal Classic
Nohmul 22 3310 150.5
Sayil (by mounds) 3.4 8148-9990 2396.5-2938.2 2667.4
Sayil (by chultuns) 34 4900-10,000 1441.2-2941.2 2191.2
Late Postclassic
Santa Rita 5 4958-8722 991.6-1744.4 1368.0

a: Mean density is given for sites with a range of estimates.

more proximate marginal land into production (e.g., terraces, raised fields\pdy si
demarcated fields; Culleton et al. nd). More work on both the food production system and

the settlement archaeology remains to be done but these initial populaticatesstim
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suggest that the area conceivably under the political influence of Uxbenkidhawe!
supported 7500-13,000 people without resorting to archaeologically obvious intensive
agriculture strategies.

Classic Period Lowland Maya city centers are thought to support densities
between 6 and 100 times the average for the broader landscape (Culbert and Rjce 1990)
the latter extreme representing architectural intensification tbst contemporary city
dwellers would have no trouble recognizing as urban. Investigations charagttre
residential nature of the Uxbenka site core are underway, but the curremodatafvey
and excavations suggest that it is much closer to the lower end of the urban density
spectrum. Assuming 5 times the average population density with a 5 year fallow in an
area of 0.526 kM gives an estimate of ~237 people living in the site core, or ~475 at 10
times the density. Based on Webster’'s (1985; Webster et al. 2000) assumption of a
maximum of 10% of ancient Maya populations being elites and specialists (i.e., those not
involved in food production; at most 5% belonging to each group), and a population of
10,550 for the 6 km radius around Uxbenka at a 5-year fallow, we derive a non-
producing population of 1055 people at Uxbenké at its height. If only the elite segment
resided in the site core, this gives a maximum estimate of ~525 people, which is
reasonably close to the larger estimate of 475 based on relative population density.

Translating elite population estimates into numbers of households is legitstrai
forward than for the broader population of Uxbenka because of differences in the ways
elite households were constituted as social and economic entities. Polygyng alite
families is well-attested, and the inclusion of retainers, speciaistisslaves could

increase the houshold size considerably (Webster et al 2000: 158-160, 165). Working
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from the assumption of a 5-person household, the two density-based estimates fer the sit
core population translate to 47 to 95 households in the core, respectively, and the elite
proportion estimate suggests a maximum of 105 households. Using a hypothetical
average household size of 20, the core would have been composed of ~12 to 24
households, or 26 households using the elite proportion of the overall population. These
estimates can be developed into testable predictions about the number and types of
structures that should be found by ongoing household investigations in the site core,
keeping in mind that “elite” structures and burials cover a spectrum from triodes

elaborate (Webster et al. 2000: 165). Results of those studies will provide an independent
test of the assumptions involved in this population reconstruction, and highlight specific

areas for revision and refinement.

Conclusions

The agricultural productivity of the present-day landscape was used to edtimat
the maximum potential population size for the ancient Maya center of Uxbenka. Maize
yields inmilpasplanted by farmers around the village of Santa Cruz were quantified
during the 2009 and 2010 harvest seasons, and compared with environmental variables
including soil nutrients (e.g., N, P, K, pH, organic and inorganic carbon) and landscape
attributes (e.g., slope, aspect, distance from the village). Maize weldgsfound not to
correlate with measured variables, except for a very weak positirgdatmn with
distance from the site core. Planting density, which varies with the typeizd planted,
was found to heavily influence yields and is dependent upon intercropping with other

cultivars and the presence of physical obstacles in cleafpds The lack of correlation
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between yields and a range of environmental variables is consistent with other
ethnographic studies on maize production that suggest a range of confounding factors
(e.q., soil, weather, maize variety, pests, and farming experience)taltirdectate the
outcome at harvest.

Yield values were controlled for planting density and incorporated into a
geospatial database to interpolate a productivity raster of the lands sungpUthenka.
Taking the average maize yield per area and assuming daily caloridoreadsient
inhabitants, the maximum sustainable population of the Uxbenka polity during the
Classic Period is estimated to be between 7500 and 13,000 people within a 6km radius.
This population is modeled at a five-year fallow period, just on the cusp of a short fallow
system suggestive of a low level of agricultural intensification. The lack of
archaeological evidence for intensive farming strategies (e.@citay, field
demarcation, irrigation systems) in the vicinity of Uxbenka is consistent witmibdel
result. Assuming the elite population resided in the urban core of the site and tmat it w
5% of the total population, the model predicts the presence of ~525 elites, though the
number of elite households is difficult to reliably estimate because of thgireusocial
and economic makeup. Productivity-derived predictions of population size and household
density within the ancient Uxbenka polity provide expectations for the matsrabr
that can be tested through future work in household, settlement and landscape

archaeology.
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CHAPTER V
THE IDEAL FREE AND DESPOTIC DISTRIBUTIONS AND ANCIENMAYA

SETTLEMENT AT UXBENKA, BELIZE

This chapter was prepared as an unpublished co-authored manuscript with Dr.
Winterhalder, Ms. Ebert, Mr. Ethan Kalosky, Dr. Prufer, and Dr. Kennett. | coretef
the settlement models that incorporate data on productivity derived from modeen ma
yields (see Chapter V), hydrology and proximity to the site core, anccafslucted
settlement excavations and ceramic analyses at two settlement groxipanod the
chronological dataset. | processed the radiocarbon dates that form the setdeatient
chronology. Dr. Winterhalder provided guidance on the application of the Ideshfde
Despotic Distributions and gave valuable feedback on the implementation and
interpretation of these models. Ms. Ebert summarized data on productivity, hydrology
and proximity for each settlement group catchment using the GIS databask,ass we
providing overall map coverages and elements of key figures. Mr. Kalasgteti and
conducted much of settlement survey and mapping that forms the settlement database
the analysis presented here, and graciously shared preliminary resukastfeolst path
analysis of the project area. Dr. Prufer oversaw the originalreettiefield work and
provided access to the settlement and chronological data, and provided useful discussion
on the interpretation of the model results. Dr. Kennett helped with organization and
presentation of the data and the model design, as well as providing créaaiah& on

interpretive aspects of the models.
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The florescence of ancient Maya culture from the Late Preclassigthtoe
Classic Period was marked by increased social differentiation artdtiosialized status
hierarchy, agricultural intensification, elite control of water resesjrexpanded trade
and exchange, interpolity conflict, organized warfare, and environmental degnadat
(Demarest 2004; Fedick 1996a; Lentz 2000; Scarborough 2003; Schele and Freidel 1990;
Webster 2002). The processes of polity formation, settlement expansion, andlpolitica
decline in the ancient Maya Lowlands involved the dynamic interaction of socia
ecological factors influencing each other on multiple spatial scates,tfre broadest
scale of political cooperation and conflict between multiple polities, to ensdéales of
interaction between factions or even individual commoner households within polities.

The connection between population increase, intensive food-production, and
environmental degradation is central to ecologically based explanations oig¢hgeace
and decline of ancient Lowland Maya societies. However, many explanatoatives of
the rise and fall of Maya polities take for granted that one or more of thessggeds
operating without demonstrating it, or take evidence of one as a proxy for the others.
Demarest’s (2004:258, Figure 10.10) causal model for the collapse of LasecClas
Petexbatun, for example, placed population growth during the Late Preclasgitras a
mover that also influenced the shift to shorter and shorter fallow times duringagscCl
Period. He argued that increased intensification led to environmental deyradat
undermined the resource base that was rapidly overshot by a growing population. This
resulted in increased warfare for prime agriculture lands, social uphaadaettlement

disruption through immigration and abandonment.
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Cowgill (1975a, 1975b) has cogently argued against the assumption of intrinsic
population growth and the inevitable response of agricultural intensificatortr§
Boserup 1965), but it is clear in the Maya region that populdgositiesvere greater at
many centers during the Classic Period compared with 2000 years iedtie
Preclassic. There are also plausible causal linkages between population Gersiise
practices, resource availability and social behaviors of household settlanake
production that can be empirically demonstrated. So attempting to develop coherent
models of the consequences of changing population densities within an ecological
framework and applying them to archaeological data is a reasonabldita@mdeavor.

A set of models developed in Human Behavioral Ecology provide a framework
that incorporates explicit relationships between population density, habili&y gud
human decision-making that can be used to investigate the dynamic procedsroésett
expansion. Specifically, the Ideal Free Distribution and related Idepbibes
Distribution (Fretwell 1972; Fretwell and Lucas 1969; Sutherland 1996) show great
potential for exploring the causal connections between socioecological cosditid
human behavior at multiple spatial and temporal scales. The scalar flgxabtlitese
models makes them particularly well-suited to addressing archaedlpgiblems on

local and regional scales over decades, centuries or millennia.

The Ideal Free and Despotic Distributions
The Ideal Free Distribution (IFD) is a formal habitat choice model developed in
population ecology that incorporates density-dependent and density-independent

environmental factors of habitat suitability to generate testablectioedi about
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settlement behavior (Fretwell 1972; Fretwell and Lucas 1969; Sutherland 188600
assumes that all members of a population are equal competitors for resourcesjulahve
ability to evaluate all available habitats (which implies a sort of theateimniscience
of the landscape for individuals), will always choose the most suitable halbstzttle
(theideal of the IFD), and are able to relocate to any habitat at willf{gef the IFD).
Settlement locations or habitats are ranked by their relative suitabitynmary of
overall resource richness within a given area (Figure 5.1A). The I&digbs that the
most suitable habitaH(l in Figure 5.1A) is occupied first, and as population grows,
suitability in this habitat drops due to density-dependent resource depletion or
interference arising from competition. When suitability declines toahtite second-
ranked resource pat¢h? at population densitg, further population growth will be
divided between them. This process continues as population density increases and habita
suitability declines to that of the lowest ranked halbitaat population densit. The
tempo and mode of this process may be affected by changes in suitabilgffebiaall
habitats (e.g., climate change, adoption of novel technology, etc.). Anothédionania
the IFD includes the Allee effect (Figure 5.1B), in which habitat suitglitially
increases with population density. Typical examples of the Allee effect iarhgmups
include: greater availability of suitable mates; increased food production dobective
effort in construction and maintenance of raised fields, terraces, otionggstems; and
better opportunities for collective defense of resources. In either version, horeoui
population distribution is achieved between all habitats.

The freedom of any individual to relocate to a more favorable habitat at will is

conceivable among groups at relatively low regional population densities and high
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Figure 5.1.Habitat rankings under assumptions of A) the Ideal Free Distribution, and B)
with the Allee effect (after Kennett et al. 2006, 2008; Sutherland 1996).

residential mobility, but less likely in more socially stratified ariterially

circumscribed populations. A variation of the IFD that assumes unequal competitive
advantage, and hence the ability of some individuals (or groups of individuals) to exclude
others from a habitat, is the Ideal Despotic Distribution (IDD). UndemfBeihdividuals

still seek to settle in the highest ranked (iseal) habitat, but the presence of groups

with competitive advantage prevent immigration to these habitats. This hasettteoéff
mitigating density-dependent declines in habitat suitability within thieHadstats, and
pushes others into lower ranked areas sooner than predicted by the IFD. Int tothes
IFD, when IDD conditions exist, the process of competitive exclusion leads to an
equilibrium population distribution with disproportionately greater population densities
lower ranked habitats. Such distributions are familiar to contemporary urbanrdwelle
thefavelasoutside of Rio de Janeiro can be considered an extreme example of this
outcome — and so commonplace that one’s intuitive sense might be that IDD conditions

are a more likely default expectation than IFD conditions in human settleiméesntt,
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the IFD is often taken as a null hypothesis in population ecology models agairtst whic
the effects of competition and unequal access to resources can be measuret dKennet
Winterhalder 2006:89; Sutherland 1996).

The IFD and IDD are sufficiently general in formulation to allow them to be
adapted to a broad range of social and environmental settings to make predictions about
the processes of settlement and resource exploitation in past and present human
populations. “Habitat suitability” is an index of all social and ecological blasathat
could bear on individual fitness (however that is conceived) and therefore can leel defin
for specific research questions informed by a knowledge of relevant ecolaayicdiles,
mode of food production, and degree of technological complexity or status
differentiation. This flexibility makes the IFD and IDD amenable tdisig with very
basic models that incorporate one or two key variables (e.g., access tondater a
abundance of shellfish beds among coastal hunter-gatherers in an arid environment),
testing the model predictions against archaeological observations, and thieg tée
concept of habitat suitability to include other predictive social or ecologgeelbles. In
this way, developing and testing an IFD model iteratively can serveoakfart
identifying relevant variables that have not been recognized or fully accoont€dt fas
noted above, the failure of an IFD model to predict the observed distribution of
settlements may indicate the presence of interference competition, tsuggasiDD
condition prevails, and thereby focusing research on explaining the emergence and
maintenance of despotic conditions.

Another aspect of the IFD and IDD models that makes them productive for

archaeological inquiry is their dynamic and diachronic formulation, which opens up
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useful avenues for explaining both stability and change in the archaeologadl oger

long periods. Many models in the evolutionary sciences begin as thought experiments
premised upon a time-transgressive narrative where competition under centditroos

leads to a specific set of Evolutionarily Stable Strategies (ESS) ferdndis, such as
classic models like the Prisoner’s Dilemma, Hawks vs. Doves, and so on (Kennett 1998;
Kennett and Clifford 2004; Smith 2000; Smith and Winterhalder 1992). The implied time
scale under which these strategies evolved (i.e., in the literal sense afdggchl

evolution of innate behavioral tendencies, not the figurative or metaphorical usage of
evolution as any change or development in a group or individual) is typically assumed t
be on the order of >£§ears in the Environment of Evolutionary Adaptiveness (EEA)

and to have already resulted in what we observed today as the distinct set of &SS f
given species in its habitat. There is rarely a sense that the initie$ stbiipe process

could ever be observed directly among living populations, except as they are
recapitulated by undergraduate test subjects in evolutionary psychologstdaies

around the world.

Similarly, for population biologists the diachronic aspect of the IFD and IDD
largely serves to provide a framework for understanding the equilibrium (or non-
equilibrium) population distributions observed in the present, i.e., the synchronic view of
a target population studied in the field. The scenario described by the IFD ansl IDD i
essentially the colonization of an unoccupied habitat by a novel species, a process
difficult to observe and describe over short timescales of years or detdmddwork,
but one that is represented in the centennial- to millennial-scale archaalbtegards of

much of the world. Assuming an adequately sampled and temporally-resolved record,
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archaeologists have the opportunity to consider the diachronic aspects of éuedlFD

IDD, as well as to take synchronic snapshots at specific points in culturey hastor

explore abrupt and discontinuous processes of societal change such as the development of
new technologies and food production techniques, resource intensification, migration,

colonization, and the emergence of social inequality.

Archaeological Applications of the IFD and IDD
Most applications of IFD and IDD models to archaeological problems have been
carried out by D.J. Kennett, B. Winterhalder, and their colleagues, prirapplied to
hunter-gatherer groups on California’s Northern Channel Islands (Kennett 2005:32-36,
229-233; Kennett et al. 2009; Winterhalder et al. 2010), to agricultural societies in
Polynesia (Kennett and Winterhalder 2008; Kennett et al. 2006), and to diachronic
patterns of trade and interactions between coastal and island populations alorgj the we
coast of North America (Fitzhugh and Kennett 2010). Although these case studies are
largely in island contexts at scales ranging from individual islands (egg) Rasmall
nearshore groups (e.g., California’s Channel Islands) to multiple and geagibphi
dispersed groups (e.g., Polynesia), the IFD and the IDD are equally bfgta
mainland continental settings as an early application of the IFD model to @tioniz
and expansion of Neolithic populations in Spain has demonstrated (McClure et al. 2006).
On California’s Northern Channel Islands, the IFD and IDD models have been
articulated with principles of Central Place Foraging theory (which guidbitat
definition by characterizing the size and content of resource patches; @rthRearson

1979; Stephens and Krebs 1986) to explore the process of settlement expansion through
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the Holocene in terms of resource intensification, technological innovation, angegne
social inequality. In the earliest work, predictions of an IFD model for the Channe
Islands that evaluated settlement location (habitat suitability) irstefraccess to fresh
water (using drainage size as a proxy), extent of shellfish-rich rocktidalezones
foraging locales, and area of kelp forest for fishing, indicated that theseadmupation
sites should be located at the mouths of the largest drainages on the islands and these
should also host most persistent settlements (Kennett 2005). Early and persistent
settlements at Arlington Canyon, Cafada Verde, Lobo Canyon, and Old Ranch Canyon
on Santa Rosa, and Central Valley and Prisoner’s Harbor on Santa Cruz conform to these
predictions (Kennett 2005:230). Establishment of other primary village sites on the
islands appears by the middle Holocene in what would be secondary habitats: those
associated with moderately sized drainages and less access to marimg foaéches. A
process of infilling tertiary habitats on the islands appears to have ocbyrtieel
Middle-Late Period Transition (~1500 BP) when the islands entered the period ot highes
population density since their colonization in the Terminal Pleistocene. This tivas
of great social and technological change, when a shell bead currency&naedjase of
the more seaworthipmol plank canoe and fishing technologies both increased trade with
the mainland and led to intensive exploitation of offshore fisheries (Arnold 2001; tkenne
2005). Along with resource intensification and increasing diet breadth come signs of
growing status differentiation, increased evidence for interpersonal viplmte
osteological evidence of nutritional stress (Lambert 1994).

Kennett argued that the expression of social conflict, as reflected blydatha

sublethal violence, as groups colonized the lowest ranked habitats is more nbnsilste

128



the despotic variant of the IFD (Kennett 2005; Kennett et al. 2009; Winterhalder et a
2010). Thereby the emergence of social inequality is tied directly to paputnsity,
resource intensification, and technological change at a specific pointunathitstory.
The original Channel Islands model has since been further refined with betgeatiote
of ecological, temporal and spatial data in a GIS system (Kennett et al. 20D8); a
incorporating a Bayesian approach to the chronological and geographicrgathati
minimizes the effect of missing data in the record (Winterhalder et al.,20d@ating
directions for applications in other archaeological settings and geogsapites.

The record of episodic expansion of Polynesian peoples across the Pacific has
also been explored in terms of the IFD (Kennett et al. 2006) and the IDD (Kennett and
Winterhalder 2008), with population pressure, agricultural intensification and eadlog
degradation considered as key factors in both triggering pulses of migration and the
emergence of status differentiation in the form of hereditary chiefdosmssumarized
by Anderson (2001), the initial colonization of Polynesia is signaled byptlead of
Lapita culture into Fiji and West Polynesia between ca. 1300 and 600 BC, which is
considered part of a broader dispersal of speakers of Austronesian lan@iageond
and Bellwood 2003). Archaeologically, Lapita culture is recognized by tlsemre of
distinctive dentate-stamped pottery that is distributed into Remote Oesdiaiaas
Tonga and Samoa, and early footholds on these islands are primarily assoithated w
coastal rather than interior settlements (Anderson et al 2001; Kirch and Hunt 1988)
Further expansion appears to have stalled for roughly 1600 years before the earliest
documented settlements in East and South Polynesia (AD 1100-1000; e.g., Society

Islands, Marquesas, Hawai'i), with more remote islands such as Rapa Ner (Easd),
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Rapa, and New Zealand settled by about AD 1200 (summarized in Kennett and
Winterhalder 2008).

Kennett et al. (2006) view the hiatus as the result of a period of demographic
infilling in the islands of Fiji and West Polynesia as colonizing populations sedea
over time. Evidence for increasing population density is inferred from a r&nge o
archaeological indicators: larger site sizes; decreased resideabdity; settlement
expansion into island interiors; and agricultural intensification indicatedtacteg and
irrigation systems (Kennett and Witnerhalder 2008). Considering this prochsssatite
of individual islands, this settlement progression is consistent with predictionsibithe
In a mixed foraging/agricultural economy, coastal settlements thatopffienal access to
both marine and terrestrial resources would be higher ranked than interior hatats, a
therefore should be occupied first. When population densities increased to the point
where habitat suitability declined for the highest ranked habitats the digades of
interior settlements became less significant, and migration occurecerkeK et al.
(2006) note, and Kennett and Winterhalder (2008) develop more fully, this process also
likely involved some aspects of despotism as well, pointing to Kirch’s (2000) iogeren
from linguistic evidence that hierarchical sociopolitical traditionstexi among Lapita
groups. Access to the best settlement locations in such a society could beedffecti
restricted by certain individuals or groups (and also vigorously contested through intra
group conflict), leading to a population distribution and land-use pattern more consistent
with the IDD. Another crucial aspect of density-dependent declines in habitedilsty
in the Polynesian case is the environmental consequence of resource iatensifinat

led both to loss of island flora and fauna targeted by foragers, and increaseaissmil er
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in agricultural contexts. As Lapita populations in-filled the islands, somesprim

settlement locations became restricted, and more marginal ones beaaded; as
equilibrium population distributions free or despotic— were reached after more than a
millennium in West Polynesia. Within this context, another wave of exploration and
migration to new island habitats began. Conceived of in this way, the tempo and mode of
Polynesian expansion can be understood through the integration of ecological, cultural
and ideological factors using a generalizable model that is at once diaclspatially

scalable, and open to inclusion of a variety of new archaeological and ecdologica

observations (Kennett and Winterhalder 2008; Winterhalder and Kennett 2006).

Applying the IFD to Household Settlement at Uxbenka

At Uxbenka in southern Belize the establishment of household settlement groups
should proceed from the highest ranked habitats in the Late Preclassic gndl&ssic
into lower ranked habitats as the landscape fills through the Classis periads8ec
settlement mobility becomes reduced due to political and social circunacript
throughout the Classic Period, intensive strategies will be employed to offset
climatically-driven and density-dependent habitat degradation around sgttlgroups.
The model predicts that higher ranked settlement groups will have @atled dates of
occupation and longer periods of occupation, and those lower ranked will havetater d
of initial occupation and will have been occupied for a shorter period. Chronologigal da
to test these predictions are drawn from a combination of archaeological and
chronometric research, including: AM& radiocarbon dated samples recovered from

excavations; Bayesian modeling of selected sequences from Groups A and BGaillet
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al. 2012); temporally diagnostic ceramics recovered from deposits; dedidatesyon

stelae (Group A); and the presence of architectural features such as tmligbigh are
typically assigned to the Late Classic Period. These data for the laiggeeriemonial
architectural groups and the domestic settlement groups (SG) are susdnmaiiable

5.1. Cases where the archaeological data contradict the model expectdtipasiio

other factors affecting settlement choices that need to be considered, thehode of
competition and social dominance described by the despotic variant of the IFD (Kennett

et al. 2006, 2008).

Table 5.1.Chronological data on 22 settlement groups (SG) and core groups considered
in IFD modeling.

Latest Early Classic Early Classic
Preclassic | Il Late Classic

SG (AD 1-300) (AD 300-425) (AD 425-600) (AD 600-800)
1 C C Cc Cc

3 R

R C CR C

5 R R

20 C,R

21 R R
23 R
24 R

36 -

38 R R
39 R
50

51

53

54 R
55

56
57

Core
Group

A R D,R D,R D,R
B R R R ACR
G

| R R R A

Chronological attribution based on : A. architecture (e.g., ballcourt); C: diagnostic
ceramics; D: dedicatory date on stela; R: radiocarbon date or modeled event; -:
no data for site.
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Key environmental parameters influencing settlement decisions around Uxbenka
are considered to be agricultural potential, hydrology (i.e., accesshwétes), and
linear distance from the site core as measured from Group A (specifi@ibgak of
Structure Al). Similar to the approach of Kennett et al. (2009), the selection of these
particular model variables is supported by knowledge of ancient and modern Maya land
use and custom, as well as personal experience on the landscape during serseddl y
fieldwork. Each variable is discussed below to develop the decision-making caordext a
provide a rationale for its inclusion in the IFD model. All of the environmentalvdaia
incorporated into a GIS for quantification and analysis along with the setttesarvey

data gathered by the Uxbenké Archaeological Project since 2005 (Figure 5.2).

Agricultural Productivity

The ancient Maya inhabitants of Uxbenka, like their contemporary Maya
counterparts in the village of Santa Cruz, were primarily subsistence fasmerglied
heavily upon maize as a staple crop along with secondary crops such as manioc, beans,
squash, and cacao. As such, proximity and access to the most productive lands is
expected to be one of the main criteria for household site selection (or extended
household group). A measure of soil productivity around Uxbenk& has been developed
from empirical data on maize yields in the contemponaifgascleared and planted by
Santa Cruz farmers in 2009 and 2010 (see Chapter IV). Yields from each plot @xpress
as bulk maize yields normalized to account for planting density; kg/ha/plawieng)
used to interpolate the productivity across the landscape with the Spalgsioolset

in ArcGIS using a Nearest Neighbor method. The result is a rasteresuitaca
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Figure 5.2.Composite showing ecological variables incorporated into the IFD model of
settlement at Uxbenka: agricultural productivity (raster gradieptdhogy; and

distance from the site core. Periods of earliest occupation for settlendectrangroups

are noted where data exist (image created by B. Culleton and C. Ebert).

resolution of 18.5 m where each 18.5 x 18.5 m (0.034225 ha) cell has an associated yield
index value ranging from 11.8 — 92.9 kg/ha/suk’ub, with an average value of 47.9
kg/ha/suk’ub (see Chapter IV). There is a clear north to south gradient ardgoelgisser

maize yields and this maps on to the known distribution of more grmetl’um(dark

soils) and less productivahik lu'um(red soils) as described by modern farmers in Santa
Cruz village. Thechik lu'umis located primarily between the village and the Rio Blanco.

A 0.5 km-radius catchment was defined around each settlement group and core group

completely within the raster coverage, and the individual yield index valuedocetd
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(~2300 cells within each catchment) was compiled in a database and the avelichg
value was used to rank each SG and Core Group in terms of agricultural productivity.
Agricultural productivity is assigned a 50% weighing in the determination of bvanil

due to its perceived importance.

Hydrology

Compared to California’s Northern Channel Islands, access to freshwater i
tropical southern Belize is considered a less crucial but still impdaetatr in settlement
decisions. The presence of the relatively large drainage of Rio Blanco and sitesne of
main tributary streams would provide access to water even during the depths of the dry
season and the time and effort involved in transporting water during the driesiofim
the year would still make locations near larger streams more favoraietlement, all
other things being equal. To quantify the hydrologic potential of each SG and Core
Group, all of the stream segments in the Uxbenk& vicinity were ordered accorthieg t
Strahler’s (1957) method. The locations of these streams (and by extension, what is
defined as a stream) are taken from a digitized and orthorectified bgr@I1S layer
derived from the 1950s British Ordnance Survey maps for Belize. Stream-grigeain
convenient approach for characterizing the relative discharge betweeagésiand
watersheds from essentially analog geographic data, especiallyabséece of a higher-
resolution digital elevation model (DEM) from which the areas of watdssbeuld be
more accurately defined and quantified. The approach is as follows. Any &trézen
broader hydrological system with no tributaries (i.e., those at the heaaivater-sized

drainage) is designated & drder stream. Where twS'brder streams join the segment
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downstream from the confluence is designate ar2ler stream. When two streams of
differing order meet, the downstream segment remains the higher orderwbthe t
Where two equally ordered segments meet, the downstream segment is of the next
highest order. For example, if & and & order stream meet, the next segment remains
3" order; if two & order streams meet the downstream segmefitdsder.

After ranking each segment, the same 0.5-km radius catchment was applied to
each SG and Core Group, and the length of streams of each order was quantified. Though
Strahler’s (1957) method does not perfectly correlate with overall dischargaershed
area in every case, a hydrological value was devised that weightad &regths
geometrically by order to reflect the geometric nature of both hydoallogyoss-section
and watershed area, and their relationship to discharge. Lengtloafet streams was
weighted at x1,® order at x2, and®Border at x4 (i.e., ¥2 x2*, x2?) and summed, and
the sites were ranked in terms of hydrology based on this value. It is worth thating
only two sites, SG 56 and Group I, both to the west of the site core, faordeB stream
within their catchment. Hydrology is given a 30% weighting in the ovenalll far each

location.

Distance from the Site Core

Proximity to the site core is a variable that incorporates both social alugjieal
aspects of settlement decision-making into the model, and presumes an added resourc
potential provided by the urban center of Uxbenka (or any urban center) and what this
offered people in terms of social, commercial, ideological, or subsistence opjpestuni

and their desire to be located near them. Some of the attractions an urban cgnter hel
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would likely be greater access to: 1) rarer goods not produced in household economies,
such as salt, cacao, obsidian, or finer pottery in markets; 2) the exchange oftioforma
and maintenance of social ties among commoners; and 3) participation in social and
religious events conducted by elites and specialists (a “theater, latearest
2004:149-160; Zimmerman Holt 2009). On the broader regional scale, closer proximity
to the site core could offer households greater protection from aggression by outside
groups. At the same time, we should keep in mind the possible desire of some individuals
to settle farther from the reach of ruling elites and their abilititensl physical,

economic and social influence over commoners. Proximity to the site core wagetea

as the linear distance of each SG or Core Group to the peak of Structure Al gle larg
structure in Group A, which is the location of the earliest known activities lzrké
(Culleton et al. 2012). Sites were then ranked in ascending order according tcedistanc
from Structure Al. The choice of linear distance in this hilly and incised landsstape r
than a least-cost path is justified by a comparison of established faroags (i.e.,

trails) emanating from nearby Santa Cruz village with a seriessfft®st paths

generated using the 30 m-resolution DEM for the area (E. Kalosky, pers..cp0i).

The roads, which farmers travel on foot to reach distalpias (often backing loads in
excess of 50 kg), radiate as nearly linear paths from the village and igiopagad

terrain features, contrary to what would be predicted from an slope/elevatieedderi
least-cost model. Practical experience cutting trails through bushhegh farmers also
indicates that most will choose the shortest path in terms of distance rathtretloame

with the gentlest slope and | suspect that the same strategy way tisedabcient Maya
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as they traversed this landscape. Distance from the site core is assRfitédveighting

in the overall rank for each location.

The Model
Values and rankings for each of the three variables, and the overall rank for each
SG or Core Group location are presented in Table 5.2. Overall rank is calculated as the

weighted average of each rank where:

Weighted Score = (Productivity Rank x 0.5) + (Hydrology Rank x 0.3) + (DistRaok x 0.2).

Examples of high-and low-ranked settlement groups are depicted in Figure 5.3.

The highest ranked site location in the available sample is Group A itselfy vamiks in

the first quartile for productivity (at 4) and proximity to the site cotd.Jaand at the top

of the second quartile for hydrology (at 6). The proximity rank is problematie sinc

Group A is the datum from which all the other distances are measured, so obvisusly it’
the closest site to itself. Other settlement groups close to the sit@reatso ranked
relatively high, such as SG 20 (ranked #3), which is located on the ridge between Groups
A and B and contains a late Preclassic deposit buried under a large mound affél (Pr

et al. 2011, cf. Chapter Ill), and SG 21 (ranked #6), which is a small settlement group se
on a finger ridge near Group F. In these two cases proximity to Group A also maps onto
the northerly distribution of highly productive soils and this contributes to their hgh ra
along with proximity. In contrast SG 5, located immediately to the south of Group A and

ranked &' in proximity, is on poorer land that is only ranked'16 this sample (i.e.,
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Table 5.2.Environmental parameters used to rank settlement groups and core groups at
Uxbenka.

Maize Distance
Productivity Hydrology, Length of Ordered Streams from Group A Overall
Bulk 1% 2" 3 Wtd
kag/ha/ Yield Order Order Order Wtd Scor
SG planting Rank (m) (m) (m) Value  Rank km Rank e Rank
1 63.37 1 536.5 638.3 0.0 1813.0 8 1.73 12 5.3 2
40.63 18 649.9 0.0 0.0 649.9 17 2.06 15 17.1 20
4 36.52 19 572.8 0.0 0.0 572.8 18 1.86 13 17.5 22
5 47.08 16 1237.1 0.0 0.0 1237.1 13 0.45 4 12.7 14
20 54.38 5 1731.7 0.0 0.0 1731.7 9 0.38 2 5.6 3
21 50.73 10 1280.1 0.0 0.0 1280.1 11 0.44 3 8.9
23 47.47 15 1084.3 840.7 0.0 2765.7 4 0.82 7 10.1 9
24 50.74 9 981.7 518.4 0.0 2018.4 7 1.00 8 8.2 5
36 36.51 20 604.2 1158.9 0.0 2922.1 2 1.06 9 12.4 12
38 34.09 22 625.6 1101.9 0.0 2829.3 3 1.17 10 13.9 15
39 34.73 21 517.4 1046.2 0.0 2609.8 5 1.20 11 14.2 16
50 47.70 14 390.4 0.0 0.0 390.4 22 2.23 18 17.2 21
51 48.09 13 512.9 0.0 0.0 512.9 20 2.41 20 16.5 18
53 52.80 6 1299.1 45.9 0.0 1390.8 10 2.59 21 10.2 10
54 50.01 11 572.7 0.0 0.0 572.7 19 2.36 19 15 17
55 54.61 3 1119.0 0.0 0.0 1119.0 15 2.16 17 9.4 8
56 61.85 2 806.6 774.6 1489.9 83154 1 2.82 22 5.7
57 51.18 7 500.4 0.0 0.0 500.4 21 1.94 14 12.6 13
Core
Group
A 54.55 4 2047.3 221.2 0.0 2489.7 6 0.00 1 4 1
B 51.01 8 1179.8 0.0 0.0 1179.8 14 0.60 5 9.2
G 49.72 12 1276.4 0.0 0.0 1276.4 12 0.73 6 10.8 11
[ 43.63 17 385.7 0.0 128.7 900.4 16 2.13 16 16.5 19

close to the bottom of the third quartile). In general, sites to the north are ragked hi
than those to the south reflecting the heavier weighting of productivity in the overall
model.

The predictions of this model are that if IFD conditions prevailed during the
establishment and settlement expansion of Uxbenkd, then the earliest sedtmaitd
be found in the highest ranked habitats in terms of agricultural productivity, hggrolo
(i.e., access to freshwater), and proximity to the site core. Furthermohagtiest

ranked sites should show more persistent occupation throughout the Classic Period.
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SG1: High-ranked (#2) settlement group SG 4: Low-ranked (#22) settlement group

63.37 kg/halpltg  Agricultural productivity 36.52 kg/ha/pltg
_Stream length

Maize Yield 536.46 m 1st order 572.84m
- High 638.28 m 2nd order 0.0m
1.73 km Distance from Site Core 1.86 km Stream Order
~———— 1st Order
- 0 1 = 2nd Order
e km e < 3rd Order

Figure 5.3.Examples of high and low ranked settlement groups based on the ecological
variables within a 0.5 km catchment radius.
Chronological data to test these predictions were summarized above irbTalaled is
integrated in with the habitat rankings in Table 5.3 below to allow for comparisons
between individual variables and composite rankings.

In Table 5.3, a settlement chronology consistent with IFD predictions would be
represented as the earliest and most continuously occupied sites to thghekt(hi
ranked), and sites occupied later in time to the right (lower-ranked). That is, the dots
each matrix would tend to fall above and to the left of a diagonal from bottom left to

upper right. The overall picture of habitat suitability proposed here is somewhat
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Table 5.3.Chronological data and site rankings by individual variables and overall rankings.

Ranked by Yield First Quartile Second Quartile Third Quartile Fourth Quartile

Late Classic - - [ [ ) [ ) - - - [} ) - ° [
E Classic Il [} - - - [
E Classic |

L Preclassic

- | ® & e
> e @ 00
[ ]
-
T e @@
[ ]
|
|
[ ]
> oo @

SG or Group 56 55 20 53 57 24 21 54 G 51 50 23 5 | 3 36 39 38

Ranked by
Hydrology

Late Classic - - ° ° °
E Classic Il - - °

E Classic | - -

L Preclassic - -

> e @ 0@
~ e @ @ @
.

W e @ 0 @

oo 0 o
> o0 0@
.

SG or Group 56 36 38 23 39 24 20 53 21 G 5 55 | 3 54 51 57 50

Ranked by Dist to
Core

Late Classic
E Classic Il
E Classic |
L Preclassic

SG or Group A 20 21 5 B G 23 24 36 38 39 1 4 57 3 | 55 50 54 51 53 56

Late Classic Period, AD 600-800; Early Classic Period Il, AD 450-600; Early Classic Period |, AD 300-450; L Preclassic, Latest Preclassic Period (AD1-300). ®: Evidence for
site use;
-: no chronological information for the site.
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Table 5.3. (cont.)Chronological data and site rankings by individual variables and overall rankings.

Ranked by Yield
and Hydro, Unwtd First Quartile Second Quartile Third Quartile Fourth Quartile

Late Classic - [ [} - - ° [ ) - - [ ° - [ - [ ) -
E Classic Il -
E Classic | -

)
[ ) -
L Preclassic - )

- | & @
> e @@
[ ]
o
[ ]
W e e 00
|
|
|
|
~ |00 00

SG or Group 56 20 24 53 55 23 21 36 G 38 39 57 5 54 51 | 3 50

Overall Rank,
Unweighted

Late Classic
E Classic Il

E Classic |
L Preclassic

> e o @

- e e @& @
'

W e e o O
'
'

> oo 00
'

SG or Group 20 21 24 56 23 51 50

Overall Rank,
Weighted

Late Classic
E Classic Il
E Classic |

L Preclassic [} - ) - - - - - ° -

-~ e & @ @
> @6 06 0 0

SG or Group A 20 56 24 21 B 55 23 53 G 36 57 5 38 39 54 51 | 3 50

Late Classic Period, AD 600-800; Early Classic Period Il, AD 450-600; Early Classic Period I, AD 300-450; L Preclassic, Latest Preclassic Period (AD1-300). ®: Evidence for
site use;
-: no chronological information for the site.
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more mixed, suggesting that unaccounted factors need to be considered. The earliest
occupied sites documented at Uxbenka are the main Groups A, B, D (not ranked here),
and I, and settlement groups 1, 4, 5, 20, 21, all of which indicate occupation during at
least the latest phase of the Late Preclassic, ca. AD 1-300 (Culleto2@t | Prufer et

al. 2011). As noted, several of these are relatively close to the site Gofe 28 and 21),
which would suggest that proximity predicts habitat suitability fairly.wédwever, SG

1, SG 4 and Group | are located relatively distant from Group A, suggesting that these
earlier sites were selected for reasons other than proximity to Grouprd doei

Preclassic Period. SG 1 is ranked highest in terms of yield, and in the top gnartile i
weighted and unweighted overall ranks, suggesting that the choice to settleatere w
guided largely by agricultural concerns rather than association with thareareGroup |
and the nearby SG 4 are located to the west of the site core, and rank in the lowest
quartile overall, largely due to the low ranking in productivity and hydrology, but als
affected by distance from the core. The early settlements near thersitee consistent
with the IFD model, but Group | and SG 4 do not simply conform poorly to the model
predictions, their low rankings contradict the model outright. This leads to kevera
considerations of the model and the specific nature of Group | as a main arditectur
group.

The large, highly visible architectural groups that are concentratbd sote of
Uxbenka (Groups A-G and K) are practically contiguous along two ridgelineswithi
sight of each other. Groups A and K form the eastern complex, and Groups B-G form the
western complex. Bayesian analysis of the radiocarbon evidence from Groups A, B, and

D indicate that initial clearing and construction at these sites occurrea) diuei latest
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part of the Late Preclassic. In contrast, Group | appears from the pras@y af the
area to be a rather isolated group, but definitely a substantial one withegmretiénce
(Reith et al. 2011). AMS dates on early deposits suggest a Late Precléss$ar datial
construction, i.e., probably contemporary with the construction of groups in the care are
and dates on a tomb containing finely made ceramics vessels, jade beads and earspools
indicate an elite presence there during the Early Classic Period. A bafluggsdsts that
Group | served as a locus of civic and/or ceremonial activities during teeClagsic
period as well (Reith et al. 2011). The picture that emerges from these ofaga is
detached center developed during the Late Preclassic by, perhaps, a groupngompet
with those that established and expanded the main core area of Uxbenka. From this
perspective, Group I's lower-ranked location would be more consistent with a despoti
distribution, suggesting that individuals involved in settling and elaborating the core
groups prevented these people from establishing themselves in the core ducatg the
Preclassic. That is, the early presence of Group | in a relatively mianginitat is
consistent with the IDD more so that the IFD. Aside from the lack of known stelae a
Group |, similar features of elite expression are found at Groups A, B Aralighout
the Classic Period, suggesting that status rivalry and competition persistedrpéte
core and this detached faction after the Preclassic Period. However, nothingms know
about the political history of this inferred rivalry, and it is possible thaglites living in
the site core established and maintained hegemony over the Group | faction at various
points during the Classic Period.

If such a rivalry existed including proximity to Group A as a variable in the IFD

model should be reconsidered. If some form of despotic behavior existed during the Late
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Preclassic and it constrained free settlement then, proximity to a ditzaiter like
Group | might figure more prominently in settlement decisions. Although Groupdss
extensive and elaborate than the groups in the core area, it likely would have offered
similar benefits of social, economic, and ideological interaction for pebpkiteements
more distal to the site core. Accounting for this sort of “social gravityiémodel could
be done by proposing the presence of Groups, A, B, | and sopoiori during the Late
Preclassic, and reckoning settlement group distances from the nearegtaupirrather
than only Group A. This would help explain the early and persistent occupation of a site
like SG 4, whose proximity to an already established Group | would raise itsthabita
suitability. Under this revised model, the early settlement of SG 1 woulBesttimarily
explained by the highly ranked agricultural potential of its relativelyterocation.

It is also possible that other factors influencing site selection need to be
considered to explain the relatively early establishment of Group | and SG Ardée t
factors involved in the proposed IFD model are primarily oriented towardsativey
habitat suitability with respect to internally-oriented criteria. M@izeductivity relates
most directly to the commoner household subsistence economy, and then secondarily
toward the broader polity as surplus maize is given in tribute to elite functi®oarie
bartered for other goods. Hydrology, or water availability, is also dyrget to the
concerns of the household economy in terms of labor required to obtain suffiencient
water for daily needs. Distance from the site core, as described abovestond®yeral
social and economic advantages of access to the concentration of civic amohialre
power that made Uxbenka a sociopolitical entity — a small city — in andetf Esirning

to interactions with people and polities outside of Uxbenka, peripheral outposts might
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offer individuals the opportunity to observe and mediate access to the site cgre alon
transport routes between other polities. Group | and SG 4 are on either side of the
existing San Antonio-Jalacte Road to the west of Santa Cruz village, anddsiast
models of area suggest that the same route would have been favored for travel to and
from what is now eastern Guatemala (K. Prufer, pers. comm. 2012). The ability to
influence commerce and diplomacy by restricting trade routes is a eofsgitar that

might raise the habitat suitability of the Group | locality despiteegadly lower

agricultural productivity. If the area served as one of the entrancespolitye however,

it seems more likely that the elites at Group | would have been politicalyrated with

the elite apparatus in the site core, rather than a competing rival factiedin€rof

thinking also raises the question of whether there would have been other potensal route
to access the core area — e.g., across the Rock Patch to the south towardoPtesilha
the northeast towards Lubaantun and Nim Lit Punit - and whether there deg simi

outposts or garrisons controlling access there as well.

Further Work towards Understanding the Ideal Free and Despotic Setdment
Models for Uxbenka

A focus of ongoing work at Uxbenka is augmenting the chronological records for
many of the sites in the sample. It is clear that Groups A, B, and | have tengats of
occupation than most settlement groups. Much of this is owed to better documentation at
those locations because of the larger effort devoted to their excavation oveartheage
well as the greater frequency of secure contexts within largewtes from which to

collect radiocarbon samples to establish absolute chronology (e.g., pit feplasesr
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floors, rebuilding events, tombs; Culleton et al. 2012; Prufer et al 2011). Smaller
settlement groups with less elaborate architecture and simpler ctinosthistories often

do not provide adequate contexts for sampling because Late and Terminal Classic
deposits, if they exist, are also mixed by bioturbation and other processes into the
present-day A Horizon (Culleton et al. 2012; Webster et al. 2004). There is no way
around this obstacle for radiocarbon dating in many settlement groups, but the problem
may be ameliorated through the ongoing research of ceramic types pnebesei

deposits. Preliminary work on the ceramic assemblages of SG 1 and SG 4, for example
documents components attributed to the Late Preclassic Period through tie Class
Period. This is also supported by ANFE dates from the site. Further refinement of the
diagnostic ceramic sequence will help flesh out the settlement chronologyoartke@
stronger test of the IFD model presented here.

Additional fieldwork is being conducted to expand the database of maize yields
surrounding Uxbenk& and Santa Cruz. These new data may alter the rankings for
individual settlement groups, but the general pattern of greater produtittiy north
and lower productivity to the south will likely remain unchanged. The broadér area
coverage will, however, extend the yield raster and allow for additional knowensatt
groups with existing chronological data to be included in the sample of sites cedside
in this analysis. With a larger sample of sites further complexities isettiement

history of Uxbenké& can be explored within the IFD and IDD models developed here.
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Conclusions

An IFD/IDD model of habitat suitability and settlement expansion was developed
for the ancient Maya center of Uxbenka and tested against settlemenbdathdrend
of the Late Preclassic Period (AD 1-300) through the Late Classic Peiib@(@-800).
A sample of 22 known civic/ceremonial architectural groups and household settlement
groups was ranked in terms of three variables: agricultural potential, acgexdable
water, and proximity to the site core. These variables were quanttimdeimpirical data
on contemporary maize yields in the area, stream ordering, and linearalistan¢he
core area, incorporated into a GIS database along with archaeologiegl soverages
of known settlement sites. These variables were combined into a weighted overall
ranking of habitat suitability for each settlement location in the sampleprédection of
the IFD model is that the highest ranked habitats should be settled first, and asgropula
density increases, settlements will expand into less favorable habitatsyoer

Comparison of the existing archaeological chronology with settlement ranks
shows a general conformity with the IFD, in that several of the earliedtgte
Preclassic) settlements are found in high-ranked locations near thersit@.g., SG 5,
SG 20, and SG 21), and in the most agriculturally productive areas away from the site
core (e.g., SG 1). Two other Late Preclassic settlements — civicar@edi@roup | and
a smaller household settlement SG 4 — defy the predicted pattern and are found in much
lower-ranked (% and 4" quartile) habitats to the west of the Uxbenka’s urban core. The
presence of these sites in marginal habitats early in the settlentent bfsUxbenka
may be interpreted as evidence for early despotic behaviors practicebgetking to

exclude certain segments of the population from establishing settlementsensite t
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core. If so, this suggests that competition and status rivalry developed bet\ssest a
two competing elite groups: one located in the site core and the other in the detached
center at Group |. Alternatively, Group | may have been positioned to madass to

the site core from travellers outside of the polity, and functioned as a garrisotpost.

In that case, the Group | population was more likely to have been politicatiyated

with core elites, rather than a competing rival faction. Further work dedde improve
the archaeological chronology and incorporate more sites into the analysise begults
demonstrate the utility of formal IFD and IDD models for exploring theogpcdl and
social factors affecting population distributions in the past and for idergigmd

explaining instances of status competition in the archaeological record.
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CHAPTER VI

CONCLUSIONS AND PROSPECTS

The archaeological research presented in this dissertation is the outcome of
several years of collaborative work with colleagues in the field and labivetaim of
understanding the connections between land use, ecology and settlement aettte anci
Maya center of Uxbenkd, Belize. It is the result of the kind of interdisciplieféort that
marks the higher ambitions of archaeological research, which, as vlaeedsv and
Redman (2002) argue, is to place “archaeology at the center of socionaities. 5t
Doing so means attempting to bridge methodological, theoretical and cultural gaps
between disciplines, and a willingness to share our data, expertise, and to help shoulder
the burdens of interpretation and analysis. My work at Uxbenka is a small contriloution t
the larger on-going research project there, and to Maya archaeology ialgeuaer
several of the approaches outlined here may show promise for broader apphsati
collaboration continues.

The Bayesian chronology developed here provides new insights into the
developmental history of Uxbenka’s urban core and provides a statistical franfework
future chronological refinement. The earliest leveling and clearing apQGtdthe Stela
Plaza) began during the Late Preclassic at cal 50 BC — AD 220, roughly 100a?260 ye
earlier than previously thought (Prufer et al. 2011). This was followed by simila
landscape modifications at Group D (cal AD 20-240) and Group B (cal AD 60-310) and a
period of multiple plastering and remodeling episodes in both plazas. The leveling and

construction during the Late Preclassic and the Early Classic thiatiskstd the nascent
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urban core of Uxbenka preceded all evidence for dated stone monuments at the site, as
the earliest known stela was dedicated in AD 378. Based on the available evideace t
is relatively little construction in the site core that dates after #énky Elassic Period
from ca. AD 400-600. However, the Group A plaza was substantially replastered in the
Late Classic at cal AD 550-770 along with the construction and dedicationaifcasé
in Group B (Structure B1; cal AD 650-770). These events coincide with the dedioéti
stela at Uxbenka and the appearance or expansion of other regional polities (¢hg., Pus
Lubaantun, Nim Li Punit) that is possibly tied to increased interaction with tha Pe
region in Northern Guatemala (e.g., Tikal). Secure Terminal Classicxt®hee/e been
difficult to identify, but remain a focus of ongoing investigations at Uxbenka.

The geoarchaeological work at Uxbenka has defined two episodes of cultural
activity that precede the earliest evidence for the leveling and cctistrof buildings in
the urban core. Non-diagnostic ceramic sherds recovered from these A horizons provide
the earliest evidence for human occupation in what later became the urlsEanTeistis
currently the earliest evidence for human activity in the area and is eosigth the
hypothesis that a small farming population first colonized the area betweenneb800a
BC. This pioneering agricultural activity also occurred during a dry clomaterval that
may have destabilized the landscape further. Soil stability during the Mideliéassic
(=770-520 cal BC) occurred during a drying trend that was punctuated by several se
dry periods. This suggests that the landscape is fairly resilient under naduyally
conditions. Destabilization again coincided with the appearance of pottery andostisne t
in the sediments at ~300 cal BC, but also with one of the more severe drying trénds tha

likely contributed to deforestation and erosion. | argue that the absencéaftagl
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terraces and other solil retention features in the area surrounding the urbasuitse re
from naturally occurring soil retention features and the rapid decompositibe of t
mudstone bedrock favoring soil replenishment. | also argue that the overdillystébi

the landscape in the urban core between ~60 BC and AD 900 resulted from the absence
or reduction of swidden cultivation in what was essentially an urbanized landsedpe us
for civic-ceremonial activities and possibly stabilized by urban gardensiand t
cultivation of economically valuable tree crops. An episode of mass-wasting irbtre ur
core occurred during the Early Classic sometime between cal AD 280-618, and i
attributed to possible tectonic activity and associated hillslope failuherrdtan human
activities in the site core. Increased erosion and the burial of the Lasecasiod
landscape is coincident with increasing evidence for swidden agricultre sité core,
possibly by a remnant or returning population of farmers after the politkapse of
Uxbenka that occurred in the context of climatic and social instability during the
Terminal Classic Period.

The results of the geoarchaeological work suggest further avenues to ekptore
presence of pottery in the early paleosols is currently the earliest evidegegamics in
southern Belize. They are Middle Preclassic in age and this is consisteritevith t
relatively late adoption of ceramics elsewhere in the eastern Maylandas. The lack of
diagnostic slip or discernable vessel form leaves these sherds asitanéalidence of a
human presence, but with no indication of cultural or geographic origin. Thin-section
studies and element analysis of the ceramic paste holds the possibiléptifiyidg a
local or exotic origin for the pieces, and might allow their age to be comfibye

comparison to better preserved specimens from areas such as the Peténlaethe Be
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River Valley. Also the interpretation of changing land use in the site core, fr

agricultural to urban during the Classic Period, and returning to swidden cattifraim

in the Terminal Classic might be tested through palynological and paleolabttnities

on sediments recovered from the paleosol sequences. Shifting land use in the site core

should be identifiable by changing abundances of arboreal and disturbancadaxga, a

the presence or absence of economic cultivars throughout the sequence. tRmally

development of a high precision speleothem precipitation record from Yok Balum Cave

in the karst ridge roughly 1.5 km south of Uxbenk& may clarify the relationship between

the climate change and landscape stability that is somewhat obscured by the

contradictions in the three existing climate records considered in thys stud
Contemporary Maya subsistence practices and maize productivity in theeaeea

used to estimate maximum population potential for the ancient Maya center of Uxbenka

Maize yields ilmilpasplanted by farmers around the village of Santa Cruz were

guantified during the 2009 and 2010 harvest seasons, and compared with environmental

variables including soil nutrients (e.g., N, P, K, pH, organic and inorganic canbn) a

landscape attributes (e.qg., slope, aspect, distance from the villageg. Wsdils were

found not to correlate with measured variables, with the exception of a very weak

positive correlation with distance from the site core. Planting density, whiigs wath

the type of maize planted, was found to heavily influence yields and is dependent upon

intercropping with other cultivars and the presence of physical obstaclearedcle

milpas The lack of correlation between yields and a range of environmental vaigables

consistent with other ethnographic studies on maize production that suggest a range
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confounding factors of soil, weather, maize variety, pests, and farmingengethat
ultimately dictate the outcome at harvest.

Taking the average maize yield per area and assuming daily caloridoreeds
ancient inhabitants, the maximum sustainable population of the Uxbenka polity during
the Classic Period is estimated to be between 7500 and 13,000 people within a 6 km
radius. This population is modeled at a five-year fallow period, just on the cusp of a short
fallow system suggestive of low level agricultural intensification. &lck bf
archaeological evidence for intensive farming strategies (e.@citay, field
demarcation, irrigations systems) in the vicinity of Uxbenkd is consistenthistimbdel
result. Assuming the elite population resided in the urban core of the site and tmat it w
5% of the total population, the model predicts the presence of ~525 elites.

A productivity-derived prediction of household density within the ancient
Uxbenka polity provides expectations that can be tested with future archeblogika
The factors affecting maize yields will continue to be investigated byaakort of
anthropologists working with farmers in Santa Cruz village. Further director
research into past population size include incorporation of more realistic demographic
profiles for the ancient population (i.e., accounting for the distribution of thenalggea
classes of the modeled population with life tables), and the development of morexcomple
computational models of demographic change over centuries and millennia of land use
and social change.

An IFD/IDD model of habitat suitability and settlement expansion was developed
for the ancient Maya center of Uxbenka and tested against settlemembdathd end

of the Late Preclassic Period (AD 1-300) through the Late Classic Peiib@(@-800).
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A sample of 22 known civic/ceremonial architectural groups (n=4) and household
settlement groups (n=18) was ranked in terms of three variables: agriqodtienatial,
access to potable water, and proximity to the site core. These variableguartiéed
from empirical data on contemporary maize yields in the area, strearmgraerd linear
distance incorporated into a GIS database along with archaeological surveagesvaf
known settlement sites. These variables were combined into a weighted owdraty ra
of habitat suitability for each settlement location in the sample. The poedadtihe IFD
model is that the highest ranked habitats should be settled first, and as populatign densit
increases, settlements will expand into less favorable habitats over time.

Comparison of the existing archaeological chronology with settlement ranks
shows a general conformity with the IFD, in that several of the earliedtgte
Preclassic) settlements are found in high-ranked locations near thersit@.g., SG 5,
SG 20, and SG 21), and in the most agriculturally productive areas away from the site
core (e.g., SG 1). Two other Late Preclassic settlements — a civinereat group
(Group I) and a smaller household settlement (SG 4) — defy the predicted patteare
found in much lower-ranked '€3and 4" quartile) habitats to the west of Uxbenk&’s urban
core. The presence of these sites in marginal habitats early in teensetthistory of
Uxbenk& may be interpreted as evidence for early despotic behaviors pragtatitelsb
seeking to exclude certain segments of the population from establishingneetienear
the site core. If so, this suggests that competition and status rivalry devbiipeen at
least two competing elite groups, one located in the site core and the other itathede
center at Group I. However, it is also possible that peripheral settlethanéexhibit less

favorable habitat suitablity rankings in the proposed model may offer other agesi
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the broader sociopolitical context that have not been accounted for. Peripheraksgstiem

located at points of strategic access to the site core may have servedsaSguimhich

to observe and mediate travel and trade between other regional polities, possity se

as garrisons or checkpoints. In such a scenario, the existence of a retatbstgntial

elite presence at Group | may be interpreted as an extension of etitapotintrol

throughout the Uxbenké area rather than the center of a competing rival faction.
Further work is needed to improve the archaeological chronology of the

settlement groups around Uxbenka so that a larger sample of sites in a brogelef ran

habitat types can be incorporated into the analysis to test model predictioher Furt

methodological refinements would include the use of Bayesian sampling techniques to

develop finer chronological resolution in the order of settlement expansion, and also to

account for the effects of incomplete settlement survey coverages. Even ssuliseofe

a relatively simple model formulation demonstrate the utility of form@ldRd IDD

models for exploring the ecological and social factors affecting populdistributions

in the past and for identifying and explaining possible instances of status danpeti

the archaeological record. A broader application of ecologicallydifaseal models

holds promise for addressing questions of ancient Maya human-environment imsracti

over a range of temporal and spatial scales.

Broader Relevance to Lowland Maya Archaeology
The work presented here on the archaeology of land use at Uxbenka is
fundamentally aligned with the research tradition of cultural ecology in tha May

Lowlands, while also incorporating more recent theoretical developments innHuma
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Behavioral Ecology (HBE). As outlined by Demarest (2003:22-24), cultuotdg@g and
economic approaches to understanding Maya culture history, and Mesoamerican
archaeology in general, were widely adopted in the 1960s and influenced research
designs and objectives heavily into the 1970s and early 1980s. The emphasis on
ecological constraints on cultural adaptations as well as attempts to éngptuhesis
testing in research agendas characterized much of Mayanist arclyaduliog those
decades, leading to an expansion of data-driven empirical work on settlentemtspat
paleodemography, and food production systems at Lowland Maya sites. Bieth838s
critiques of cultural ecology as being overly deterministic in explangimmer, and
perceived inability to address or explain apparently non-ecologicalésabf ancient
Maya society, such as the ceremonial-religious apparatus of Maya ndettse@r elites,
gained ground as an element of the broader post-processual backlash withiraAisteric
archaeology. The desire to understand the political and social aspects of klaa so
that at first glance are less empirically tractable - butlgieancial to explaining the
emergence, maintenance and eventual decline of Classic Period Mays patitove
research into the arena of political economy of theather states (R¢2@0d; Masson
and Freidel 2002).

As ecological approaches to Mayanist archaeology were gradually keeing d
emphasized from the early 1990s on, advances in climate science led to more precise
climate records (primarily lake cores) recovered from Central &aefhe role of
climate change, specifically drought, in the decline of Maya civibmatame to the fore
again (e.g., Hodell et al. 1995), bouyed by the increasing concern about the social

consequences of environmental change among natural and social scientista) politi
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entities, funding agencies, and the general public. This shift back towards ealblogi
explanation continues to the present, but poses a challenge for archaeologists to
collaborate effectively with climate scientists that desire therkwo have broader social
relevance, but may not (yet) be well versed in anthropological theories dascbenge.

Much of my research at Uxbenk& has attempted to develop the site’s temporal and
ecological context to bridge the gap between archaeological and envirohiisntées,
so that the effects of human land use and ecological change can be betteoothderst
Working in collaboration with members of the Uxbenka Archaeological Project and
Maya Socioeconomic Dynamics project, | have helped build the Uxbenka site chronology
using Bayesian techniques, studied the unique geoarchaeological setting eathe ar
investigated contemproary maize yields and their implications for past popwdad
land use, and incorporated these data into a preliminary settlement decision nmgdel us
concepts of the Ideal Free and Despotic Distributions from population ecology. This
work complements and augments the more strictly archaeological andieablaork
being conducted by the broader research teams. The approach is not new to Mayanist
archaeology, but can be seen as part of the growing return of ecologicatitedri
research of past decades into contemporary research agendas, while employing ne
analytical techniques to the study of human environment interactions.

As climate records gain resolution through advances in chronology and sampling
techniques, periods of rapid climate change come into focus and understanding human
responses to them have become more pressing topics of study. Improving the
chronological resolution of Maya culture histories is key if they are to be cabipdo

newer climate records so that cause and effect relationships betweemmavital and
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cultural change may be properly understood. The use of Bayesian chronology hatilding
Uxbenkd is one example of how existing chronometric and archaeological data can b
integrated to improve site chronologies, and these may be more widely applied
throughout the Maya Lowlands. While ceramic seriation and epigraphic texts have
formed the backbone of Maya site chronologies for decades, better integralidmglvit
resolution AMS™C dating in a Bayesian framework may yield much tighter absolute
chronologies that are required to test hypotheses of climate-driven duaige

throughout the Preclassic and Classic Periods. Given the large body of existing
chronometric data from these various sources at hundreds of Maya centelis, dhesaie
potential to re-evaluate Maya culture history using Bayesian analysis.

The geoarchaeological work at Uxbenka has demonstrated the importance of site-
specific geology and soil formation processes, as well as the value ofctogdff-site
investigations. When discussing the ecological setting of the Maya Ldsyleeference
to the limitations of thin limestone soils for maize farmers is extggwhmon, and of
course it is a broadly accurate description of much of the Maya Lowlands. However
mudstone- and sandstone-dominated Toledo Beds on which Uxbenka sits produce
relatively thick soils, and appear to be fairly resilient in the face of swiddgculture.

That, coupled with the presence of deep joints and fissures in bedrock that act as soil-
retaining structures, appears to have obviated the need for heavy investment in
constructed soil management features during the site’s history. Without exgava
trenches in areas away from the main architectural groups at Uxbenka,diaé regteire

of the local soils and geology were understood in a way that would have remained

unknown. Further, the record of geomorphic stability and instability in response to land
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use and climate change was produced in an area where other local proxies of land us
specifically lake sediment cores — are unavailable or poorly resolvedit®©ffork is
extremely valuable for providing proximate records of landscape response wkiag ma
comparisons to environmental records derived from other parts of Mesoanmerica o
further abroad. Humans respond to the local effects of global environmental change, and
local proxies serve as a test for hypotheses of social change deriveddrendistal or
regional records.

Interest in estimating ancient Maya population sizes has waned sineglthe e
1990s as a result of the shift away from the larger settlement surveys reduared w
estimating population from known structural remains, itself part of the detemiane of
ecological approaches to Mayanist archaeology. In so far asagssiof population size
and density directly relate to questions about capacity for food production and level of
agricultural intensification, they are crucial for developing the comtewhich climate
change (e.g., periods of drought) could have altered the economic basis of angent Ma
societies. The fact that the lands around Uxbenka are currently beingl fayrttee
modern Maya community of Santa Cruz offered the opportunity to gauge the productive
capacity of the land in a non-mechanized swidden farming system today, and from tha
develop maximum population estimates for the ancient polity. The results provtee fur
predictions about potential settlement densities that can be tested in the €these o
ongoing settlement survey and excavation work by the Uxbenka Archaeolawiesit P
By estimating possible fallow periods at the site’s peak during the CRasad, |
suggest that the population may have been just on the cusp of needing to shift to more

intensive agricultural practices, and were engaging in a level of intatiih that would
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typically leave very little archaeological trace. This opens the questioovointensive
Maya agriculture was at any given polity that lacks obvious signs ofraotesd terraces,
raised fields, and similar adaptations. The lack of such features does notnilgcessa
equate to extensive land use, but indicates the spectrum of intensification passible
the margin of land use flexibility and adaptability inherent in the Mayaifey system to
cope with human-induced and external environmental change. Likely many secondary
polities without elaborate soil management structures were indeed stitigriand use
decisions within that archaeologically obscure margin of intensification.

The application of HBE models to land use and settlement decisions in the Maya
Lowlands is a new approach to understanding land use decisions and dynamics of social
and ecological change. Viewed as an outgrowth of earlier Cultural Eqodoggligms it
offers explicit connections between the socioeconomic context in which individuals
operated and allows predictions of the outcomes of their decision-making piiarcies
archaeological record. By focusing on individuals, HBE models have the pbfenti
addressing issues of agency among the commoners that comprised the bulk of ancient
Maya society. Further, by emphasizing the ecological context of humarodeuiaking
the integration of HBE into Mayanist archaeology has the potential to bridge
archaeological and anthropological data and theories with those of other nraaneds
including tropical ecology, hydrology, geomorphology, and climate systerttsisisense
HBE may serve as a crucial tool for the broader interdisciplinary endeavbasdha
required to address current problems of human responses to enivronmental change by
providing a mutually intelligible framework for communication between disparat

aspects of collaborative projects. The ability to accomodate aspectnafecthange
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with the complexities of human social behavior - particularly in the case ahthent
Maya where cultural features of religion, ceremony and statecrafteeay acologically
intractable and therefore inexplicable — is key to understanding the dynaintine
emergence, maintenance and dissolution of ancient Maya sociopolticaksiABE
offers the potential for broader application and multiple spatial and tempdesd aca

should be a productive vehicle for future work in the Maya Lowlands.

The Archaeology of Uxbenka and the Community of Santa Cruz

My work at Uxbenk& and the surrounding lands has been conducted with the
permission and and assistance of the Maya community of Santa Cruz, on whose land the
ruins of the ancient polity are found. The Uxbenka Archaeological Project hdspkzle
an excellent working relationship with community members, and helped develop a
community-based organization for the management of cultural tourism related to the
lands and the ruins of Uxbenka, the Uchbenkah K’in Ajaw Association. Because of the
close collaboration with the community members | have been mindful of what
contribution my work could make to the people of Santa Cruz, beyond providing the
short-term economic benefits of wage labor during surveys and excavaisoa viéxing
problem in any circumstance to argue for the practical benefit of aicigaeal
knowledge for society as a whole, but more so when those benefits to society nay appe
to be largely abstract and refer to Euro-American Enlightment gathisrrthan practical
applications for indigenous farmers.

The men that did the bulk of the physical work excavating with me at Uxbenka

are all farmers engaged in subsistence and cash cropping, and we spent a great deal of
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time talking about farming and soils. The aspects of my work that deal wighaadi
maize productivity probably have the most direct relevance to their concearmasst
and householders. One issue that they confront is the long-term sustainabiliftirag shi
swidden agriculture on their communal lands, which they won the right to in the Supreme
Court of Belize in 2007. The geoarchaeology of Uxbenka suggests that since atleast t
Middle Preclassic Period, people have engaged in a form of swidden agriatilture
various times and with varying intensity, and that the land responded with periods of
erosion and stability depending on climatic conditions and local land use decisions. This
record exists because the character of the local bedrock provides wasdeamngally
sediment traps that retain large volumes of soil that today must contribute to tié over
productivity and resilience of the soil to swidden farming and the effects oberasd
slopewash. In addition, when the mudstone and sandstone bedrock is exposed by forest
clearing it quickly breaks down to form new soil, so that topsoil is relatively yapidl
replenished. Together these aspects of the Santa Cruz lands lend thernsethags t
Hartshorn et al. (1984) referred to as the “paradoxical fertility” of thedboBeds.

There is not yet enough data to argue that this resilience will persiBnitede
under current land use practices, which would be one way of defining sustainability
Longer term study of the local ecology, fertility, dynamics of fosestession and
recovery will be needed to make this argument. However, | would note that the continued
ability to grow maize, rice and other crops on Santa Cruz lands without the emerfjence
a grassy wasteland, as feared by Wilk (1991) in the region, is suggestivht &Viad)’s
(1959) land use recommendation for the area was to log the remaining stands of forest,

clear the bush for pasture and graze cattle for several years, and then deaoig tine |
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tree crops such as citrus. He argued that there was very little pidi@ntither economic
uses. By the time of Wright's contribution to the Hartshorn et al. (1984) field study, he
apparently recognized the aforementioned paradoxical fertility of ¢hereHowever,
almost 30 years later it appears that the resilience of the areas aaitént land use
practices continues. Again, this is attributed to a balance between the advahthges
local geology and the nature of the communal land use practices, and can’t be said to
apply to every part of southern Belize. However, the geoarchaeological evidggests
the capacity of the land to continue to support swidden farming around Santa Cruz with
communal decision-making regarding land use practices. The ongoing work of
archaeologists, ethnographers and ecologists in the Santa Cruz communitywapaira
the geoarchaeological presented here as a baseline for comparingdtseoéfieodern

land use over the longer term. In a small way, perhaps this work can also offer the
community a sense of their place in the longer historical legacy of peopleswbdtden

making a living farming the land over the last 3000 years in southern Belize.
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