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ABSTRACT

Pollen from Laguna Verde, Blue Creek, Belize: Implications for Paleoecology,
Paleoethnobotany, Agriculture, and Human Settlement. (August 2009)
Mckenzie Leigh Morse, B.A., Grinnell College
Chair of Advisory Committee: Dr. Vaughn M. Bryant, Jr.

This dissertation is a palynological examination of the Mayan archaeological site
at Blue Creek, northwestern Belize. This study uncovers more than 4,500 years of
environmental and agricultural history of the region, which can be related to human
incursion, habitation and plant use, abandonment, and reoccupation of the region.

After an historical and ecological overview of the study site, there follows an
explanation of procedures for collecting, sampling, processing, identifying, and counting
the fossil pollen from the area. Evidence from archaeology, paleoecology, and physical
anthropology is used to construct a model for the first entry of humans into the Maya
area. Examinations are made of Archaic Period paleoecology and the cultural
developments that set the stage for the advancement of Maya culture.

Next, the physical environment of Blue Creek is explored, and its stability is
assessed. This information leads to an assessment of the possibility of drought or soil
degradation during the height of Mayan civilization, and contributes to the current
understanding of the Maya Collapse at Blue Creek.

Mayan agricultural methodologies are explained, and the changes to traditional
production systems that resulted from European colonization are described. A model of
agricultural development is proposed.

The plant taxa identified in the Laguna Verde pollen core are listed and
described. Finally, the Laguna Verde pollen core is interpreted in terms of the

vegetation associations and environmental conditions represented by each stratum.



This study, first, forms a paleoethnobotanical interpretation of pollen samples
from the Laguna Verde pollen core by placing the identified taxa in the context of
existing research into Maya cultivation, agriculture, and ethnobotany. Second, this study
forms an environmental interpretation of the pollen samples by placing the identified
taxa in the context of what is known about regional paleoecology and its effects on the
history of human occupation. It is concluded that the pollen samples document a mixed
signal from local and regional vegetation associations, and that different vegetation
associations have fluctuated constantly in dominance throughout the most recent 4,500

years.
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CHAPTER
INTRODUCTION AND METHODOLOGY

INTRODUCTION AND PROJECT RATIONALE

This dissertation is apalynological examination of the Mayan archaeological site
at Blue Creek, northwestern Belize. This study uncovers more than 4,500 years of
environmental and agricultura history of the region, which can be related to human
incursion, habitation and plant use, abandonment, and reoccupation of the region. In this
introductory chapter, the background of this dissertation is given, along with a historical
and ecological overview of the study site. Proceduresfor collecting and sampling,
processing, identifying, and counting the fossil pollen from the area are a so discussed.

The Maya people are one of few examples of a state-level society to develop in
the precolumbian New World. As such, archaeologists want to find out which factors
enabled the Mayato achieve ahigh level of civilization. Chief among theseisthe
Maya s commencement and advancement of agriculture. The Maya s adoption of
agriculture was afeat which advanced the Maya beyond their foraging predecessors,
enabling the Maya to establish long-term settlements of high population density, where
the people could specialize in various occupations and accumul ate wealth. This project
focuses on the ecological factors that enabled a Maya community to develop and
succeed at the site of Blue Creek.

In this project, archaeological palynology (the study of fossilized pollen from
archaeological sites) is employed to expand our knowledge of Maya pal eoethnobotany
(past human-plant interactions) and paleoecology (past physical environment). In
addition to the presentation of original pollen data collected at Blue Creek, the present
study findsits place in the context of existing research in the realms of Mesoamerican
archaeology and ecology through itstwo lines of inquiry. First, this study formsa
pal eoethnobotanical interpretation of the pollen samples (i.e. examines the waysin
which the plants represented by the pollen in this study might have been used, as through

This dissertation follows the style of American Antiquity.



agriculture or product manufacture) by placing the identified taxa in the context of
existing research into Maya cultivation, agriculture, and ethnobotany. Second, this study
forms an environmental interpretation of the pollen samples by placing the identified
taxain the context of what is known about regional paleoecology and its effects on the
history of human occupation (i.e. human incursion, habitation, abandonment, and
reoccupation) at Blue Creek.

Pollen analysis, combined with a synthesis of the current knowledge of Maya
environment and plant use, enable me to make contributions to the existing body of
research on the ancient Maya people: Where did they come from, and when? What
made the environment at Blue Creek suitable for habitation? What plants did the Maya
cultivate extensively or intensively while they were there? What plants did the Maya
use, and how did they choose to use those plants? Did any ecological factors contribute
to the abandonment of the Blue Creek area during the storied “Maya Collapse,” or to
subsequent human reoccupation of the area? These questions are addressed during the

course of this dissertation.

Purpose of the Present Palynological I nvestigation

Human presence and activity in an areainevitably leaves a mark on the
surrounding natural environment. Paleopalynology (the study of fossil pollen) isa
suitable vehicle for investigation of the history of human impact because pollen provides
arecord of the plants that grow in an area at a given point intime. Pollen can survive
thousands of years, even when other evidence of plant life (such as seeds or leaves) has
naturally degraded. When correlated with the stratigraphy of the sediment column in
which the pollen was deposited, change in the local vegetation community can be
observed over time. The purpose of thisfossil pollen project isto use pollen to track
changes in the environmental record that correlate with, and further explain, human
activity in the Blue Creek region.

Various types of ecological change may become evident upon closer examination

of apalynological record. Such a study can uncover environmental change at the points



of first human incursion into aregion and the first local clearing of land. New plants
may have been introduced, accidentally or as cultigens, and increases or decreases in
numbers of certain native plants may have occurred. During the time of occupation,
humans continue to affect their environment through the creation of open areas (as
through burning, evidenced in the forms of particulate carbon and an increasein pollen
taxa of plants that colonize open or disturbed habitats), the preferential selection of
certain plants for economic uses (such as food or firewood), and the preferentia
destruction of undesirable plants (“weeds’). Changesin a pollen record may give
evidence for larger-scale environmental alterations that can affect human societies on a
broad scale (e.g. playing a part in the collapse of Maya Civilization in general), and of
smaller-scale environmental problems (e.g. the Maya s temporary abandonment of the
Blue Creek site during the Terminal Classic Period). This dissertation interprets the
environmental significance of the palynological evidence for the full Mayan tenure at
Blue Creek.

Chapter Layout

This chapter begins with an introduction to the Maya Research Program, the
agency under which the Blue Creek archaeological project is carried out. | move on to
locational descriptions relevant to this project, starting with definitions of Middle
America, Mesoamerica, and the Maya Area, then zeroing in on the of the Blue Creek
archaeological project and the Laguna Verde pollen core site. Next, the theoretical and
methodological foundation for this dissertation is established with an introduction to the
practice of paleoethnobotany. The direct and indirect forms of evidence
pal eoethnobotanists use to learn about past environments and agricultural practices are
described. The latter portions of this chapter are dedicated to the specific methodol ogies
employed in the Laguna Verde pollen project, including pollen sampling, sample dating,

sample processing, pollen identification, and pollen counting.



Maya Resear ch Program

This pollen study was conducted under the aegis of the Maya Research Program
(MRP), anot-for-profit research program affiliated with Texas Christian University, Fort
Worth, Texas. The aims of the MRP are to understand the Mayan past through
excavation, protection, and preservation of Mayan ruins; and to share the resultant
knowledge with the public. To this end, the MRP has sponsored the Blue Creek Project
(in Blue Creek, Orange Walk District, Belize) since 1992. Annual excavations are
ongoing. The Blue Creek Project (BCP) draws together volunteers, field school
students, and local Belizeans to work under the direction of archaeological specialists.

The purpose of the BCP is multifold, seeking understanding of the internal
structure and temporal and functional dynamics of a particular ancient Mayan city, as
well as the broader external social, political, and economic relationships that comprised

Mayan society in genera (Guderjan 1999:v; Maya Research Program 2002).

Definitions: Middle America, M esoamerica, and the Maya Area

The Blue Creek site area should be considered in its geographical and cultural
contexts. The Blue Creek areais situated within the Middle American geographic
region, and within the southern Maya L owland subdivision of the Mesoamerican culture
area. Figure 1 differentiates Middle Americafrom Mesoamerica.

Middle Americais geographically defined as the New World land mass
stretching from the Rio Grande and the United States-Mexico border, south through the
Isthmus of Tehuantepec, to the Panama-Colombia border. This dissertation uses the
term “Middle America’ to refer to that geographical area. Although the focus of this
dissertation is the smaller Maya area (delimited below), some consideration of the
archaeology and pal eoecology of the broader region of Middle America gives context to
the environment in which the Mayan culture developed. The bulk of the archaeol ogical
work conducted in Middle America has taken place in the country of Mexico, but this

paper focuses only on the sites that have been found in the Maya area. No
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Figure 1. Mesoamerica and Middle America.




Palecamerican sites have yet been recorded for the country of El Salvador (Pearson
2002: Chapter V).

Paul Kirchoff (1943) coined the word “Mesoamerica’ to describe a culture area
contained within, but not itself encompassing, the Middle American geographic region.
This dissertation uses the term “Mesoamerica’ to refer to that culture area. The
indigenous peoples of Mesoamerica shared some cultural traits that were absent or rare
elsewhere in the New World (Coe 2005:13). These included hieroglyphic writing,
books, a calendar, astrological knowledge, aball game, human sacrifice and self-
sacrifice; adiet based on maize, beans, squash, and chili peppers; and a complex
pantheistic religion with reference to the “cosmic cycle’ and a universe oriented toward
the four cardinal directions (Coe 2005:13). Archaeologists largely agree that the
complex Mesoamerican cultural elements probably originated among the Olmec, who
began to exhibit these traits over 3,000 years ago (Coe 2005:14). Over the years,

M esoamerican elites created and maintained cultural homogeneity throughout the area
through the continual exchange of ideas and goods (Coe 2005:14).

The Maya areais amajor subdivision of the Mesoamerican culture area.
Geographically, it includes the Y ucatan Peninsula, Guatemala, Belize, western
Honduras, western El Salvador, and parts of the Mexican states of Chiapas and Tabasco
(Coe 2005:11). Inthisarea, thereisagood fit between the Maya language and Mayan
cultural elements (such as shared dietary staples, and the location of Mayan ruins; Coe
2005:11). Mayanist scholars differentiate between the “Maya Highlands” and the
“Maya Lowlands,” which differ in terms of geography, biota, and cultural expression.
The “highlands’ encompass the vol canic montaine areas of Chiapas, southern
Guatemala, southwestern Honduras, and El Salvador (Hall & Pérez Brignoli 2003:59).
Scholars a'so divide the Maya areainto southern, central, and northern areas, the latter
two of which lie entirely within the lowlands. The southern, central, and northern areas,
aswell asthe highlands vs. lowlands, are pictured in Figure 2. The central areawas the
core of Mayan civilization, with all characteristically Mayan traits present. Thetrue

southern lowlands would indicate only avery small area around Copan, Honduras. |
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(and many others) circumvent the use of the term “ central lowlands” by preferring the
term “southern lowlands’ to indicate all parts of the Maya Lowlands except northern
Yucatan. The southern lowlands are thus considered to include Tabasco, the Lacanddn
Forest of Chiapas, the Petén, and Belize.

Definition of the Blue Creek Area

In both natural and archaeological terms, the Blue Creek areais defined as a 150
km? area surrounding the Blue Creek site core, bounded by rivers and canyons. The
Maya Research Program holds a permit to conduct archaeological work on over 100,000
acres of land (about 405 km? Guderjan et al. 2003:91). In Belize, permits for
archaeologica work are granted from the Department of Archaeology, Government of
Belize, Belmopan. The Maya Research Program permit areais the area of northwestern
Belize north of Programme for Belize' s Rio Bravo Conservation Area, extending north
and west to Belize' s national boundaries with Mexico and Guatemala. 1n terms of
physiographic borders, Booth’s River forms the eastern boundary of the permit area; Rio
Hondo forms the northern boundary; and Rio Bravo and the conservation areaform the
southern boundary. The areaframed by these threeriversis called the “ Three Rivers
Region,” and is pictured in Figure 3. The Three Rivers Region includes asmall part of
southern Campeche and the northeastern corner of Petén, though the Maya Research
Program permit areais confined to the country of Belize. Geological origins and
topographic features are shared throughout the Three Rivers Region (Barrett 2004:86).
The ancient Maya who lived within natural boundaries formed by the rivers and canyons
are believed to have been the ones responsible for the construction of the monumental
architecture in the Blue Creek site core (Guderjan et al. 2003:77). Blue Creek wasthe
only substantial Maya center within its 150 km? area, but it was only a medium-sized
site compared to othersin the Three Rivers Region (Barrett 2004:125; Guderjan
2004:237; Lohse 2003b:7, 12).
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Brief History and Ecological Setting of the Blue Creek Area

To contextualize this study, | offer here aterse introduction to the ecology and
history of Blue Creek. The site's setting in the Three Rivers Region is unique for
harboring the union of two very different ecological zones, with a 300-foot forested
escarpment toward the west, and the Caribbean coastal plain toward the east. Both
regions adapt well to agriculture, asthe Maya discovered. On top of the escarpment, the
uplands are comprised of karstic formations, with well-drained areas conducive to the
growth of hardwood lumber and fruit trees, and numerous bajos (lowlands) suitable for
agriculture (Guderjan & Driver 1999:1). To the east, at the base of the escarpment, is
found evidence of raised- and drained- agricultural fields, built by the Late Classic Maya
as an adaptation to spring-fed flooding (Guderjan & Driver 1999:1; Lohse 2003a:6).
Most of the Three Rivers Region is currently occupied by Mennonite farmers of
European descent. Areas within the Blue Creek site are mapped in Figure 4.

The original (pre-Maya) human inhabitants of Blue Creek remain unknown, but
the Maya Lowlands were sparsely populated by nomadic hunter-gatherers prior to ca.
7500 B.C. (Coe 2005:26, 44). The ensuing Archaic Period, which lasted until ca. 2000
B.C., saw the development of simple horticulture focused on root crops and fruits,
increased sedentarism, and arising population (Coe 2005:26; Hall & Pérez Brignoli
2003:57; Sanabria 2007:55). The Preclassic Maya moved into the Blue Creek area
around 900 B.C., bringing with them the concept of maize-focused village farming and
extensive hydraulic works (Guderjan & Driver 1999:1; Lohse 2003a:6; Maya Research
Program 2002). Blue Creek became a significant medium-sized political, economic, and
ceremonial center during the Late Preclassic or Protoclassic period, and remained such
until A.D. 500, during the Early Classic Period (a period which lasted from
approximately A.D. 250 to 600; Guderjan 1999:v; Guderjan & Driver 1999:1). During
the Late Classic Period (A.D. 8"-9" ¢.), acombination of rising Maya population,
environmental degradation, internal warfare, a breakdown of alliances and trading
relationships, and invasion by people from central Mexico (or perhaps Mexicanized

Maya; Coe 2005:164-165), lead to widespread decline in Mayan culture and language
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that peaked in the Terminal Classic Period (A.D. 800-925). Thisdeclineistermed the
“Maya Collapse,” and it affected the Maya at Blue Creek, who abandoned Blue Creek
around A.D. 900 (Maya Research Program 2002). In the Early Postclassic, the Blue
Creek Maya restructured their society, and they established a Postclassic settlement
along the Rio Hondo (Guderjan 2006:2).

A complete ecological description, along with an investigation of the Maya
Collapse at Blue Creek, is given later in Chapter 111. Further details on theinitial human
settlement of Blue Creek are given in Chapter 11.

PALEOETHNOBOTANY

Paleoethnobotanical studies can help fulfill the goals of many types of
archaeological investigations, particularly when the project goals include the ability to
make statements about human diet and health; social and political systems; past
environmental conditions; environmental change; human landscape modification,
agricultural practices, and crop use; and plant use and storage. The conduct of a
pal eoethnobotanical study should include more lines of evidence than plant remains
themselves. Each form of evidence has potential benefits and pitfalls, but all can be
combined to produce aricher picture of the past. Each line of evidence can support or
refute the evidence provided by the others.

The purpose of this section is to introduce the forms of [chiefly
pal eoethnobotanical] evidence that are used in this dissertation to tell the story of
ecological change related to the ancient Maya occupation of Belize. Some of this
change was due to natural, climatic factors, while the remainder is attributed to
anthropogenic factors, mainly forest clearance for agriculture and intensification of
agriculture. In addition to paleoenvironmental change and agricultural development
(cultivation methods and plants cultivated), this dissertation is concerned with the usesto
which the Maya put food- and non-food (other economic) plants. These matters are
explored, in this dissertation and in the literature in general, through the types of

evidence addressed in this section. This section emphasi zes the means by which
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scientists have learned about Mayan cultivation methods, plants cultivated, and plant
uses. Theremainder of this chapter builds on the types of pal eoethnobotanical and
archaeologica dataintroduced in this section to give further details about the

agricultural practices of the Maya and the particular plants grown and/or exploited by the
Maya.

Direct vs. Indirect Evidence of Mayan Agricultural Practices

Turner (1985) pointed out that evidence of ancient Mayan agricultural practices
comes in both direct and indirect forms. “Direct evidence” includes remains of tools and
technologies; Mayan referencesin art and writing; and botanical remains (Turner
1985:197). Even though direct evidence appears to be the soundest means of
investigation, it cannot tell us about such social and political factors as frequency of
cropping, division of labor, output levels, etc. These factors may instead be explored
through indirect evidence, via ethnographic analogies and “environmental possibilities.”
Sixteen lines and subtypes of direct and indirect evidence are considered here, in turn.

When it comesto indicators of diet and health (factors related to agriculture and
plant use), the line between direct and indirect evidenceis strictly delimited. Direct
indicators of human diet and health are obtained from skeletal data (including trace
elements and stable isotopes), coprolites, and gut contents. Indirect indicators of human
diet and health are food remains and residues, and “implements and activities
surrounding the food quest” (Pearsall 2000:499). Indirect indicators of diet and health
include soil pollen and phytoliths; macrobotanical remains; tools and cooking vessels;
cooking residues; and extra-rindividual considerations, such as water control features, site
Size, site location, agricultural features, sediment cores, and other indicators of diet and
health with less relation to matters of agriculture and plant use (Pearsall 2000:500). This
dissertation is less concerned with matters of individua diet and health than it iswith

agricultural practices and general plant consumption.
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Direct Evidence: Material Remains of Toolsand Technologies

Materia remains provide direct evidence of ancient agricultural practices, crop
cultivation, and plant use. Materia remains may take the forms of technological
systems, such asterraces, dams, or canals. Other materia remains take the form of
tools, such as ground-stone handaxes or chipped-stone hoes. Tools sometimes suggest
the manner of usage of a particular plant. For example, ground-stone manos and metates
were made and used by people who processed grain; these tools may be tested for the
presence of microbotanical remains to discover which particular type of grain that was.
Some ceramic vessels have a unique form that suggests a particular function, such as the
spouted vessels found at Mayan sites and tombs. Some of these have tested positive for
cacao residue, and are believed to have been used in serving a chocol ate beverage during
the Preclassic and Classic Periods (Henderson et al. 2007; Hurst et al. 2002; Powiset a.
2008, 2002). Asthefocal point of most surveys and excavations, material remains such

asthese are at the heart of the archaeological profession.

Direct Evidence: Art and Writing

Written records created by the Maya, and by European explorers who came into
contact with them during the early colonial period, provide direct evidence of Mayan
agricultural practices, crops, and plant uses. The same type of evidence is provided by
Mayan art and iconography, and by illustrations (for example, depicting plant use via
drawings of Mayan houses with thatched roofs and wooden structures for storing corn)

in some of the European texts.

Written Records of the Maya

Maya hieroglyphic writing and calendar development began during the Late
Preclassic Period, perhaps as part of an obsession with recording kings, dynasties, and
events surrounding the royal house (Coe 2005:59, 85). The earliest inscribed objects
date to about 50 B.C. (Hall & Pérez Brignoli 2003:58). Except for the dates, the very
earliest Maya hieroglyphics are still undeciphered (Coe 2005:59).
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The calendrical system was important in marking or recording critical political
events, celestial motions, and points in agricultural and ceremonia time (Coe 2005:60).
The Long Count calendar, which reckons time in units of Great Cycles (probably lasting
5,125 1/4 years and beginning in 3114 B.C.), is found throughout Mesoamerica (Coe
2005:64, 213; Hall & Pérez Brignoli 2003:58). It was first developed by the first century
B.C. by people who were under strong Olmec influence, possibly the Mixe-Zoque
speakers of Chiapas and the Isthmus of Tehuantepec, where the monuments with the
earliest dates have been found (Coe 2005:64). The most ancient object yet uncovered
that features a Long Count date is Stela 29 from the site of Tikal, Guatemal a; it dates to
A.D. 292 (Coe 2005:87; Hall & Pérez Brignoli 2003:58). Writing and the calendar
spread from the Pacific Coast into the Maya Highlands, then into the lowlands (Coe
2005:64). The Long Count calendar was later refined by the Maya of the central
lowlands (Coe 2005:63). The obsession with hieroglyphic writing and Long Count
dates, to document “the life and times of the royal house,” heightened in the Early
Classic Period (Coe 2005:85). The Classic Period is defined by the use of the Long
Count calendar on the monuments of the lowland Maya (Coe 2005:87). Because dated
monuments can be correl ated with archaeological dirt and architectural strata, the
archaeologica sequence of many Classic Maya sites can be closely dated (Coe 2005:87).

The Maya developed a hieroglyphic writing system, though it remains
incompletely interpreted by modern scientists. Mostly, the Maya wrote to document
matters of religion, ritual, astronomy, and dynastic history; to recognize spiritual alter-
egos, and to label items. Fragments of Classic Period bark-paper books or “codices”
have been found in afew tombs (Coe 2005:125). Four bark-paper codices have survived
into the present from the northern lowland Maya of the Postclassic Period. These deal
with religious ritual and rituals related to astronomy (Coe 2005:212). Some of the
information in the codices is useful for understanding agricultural matters. For example,
two of the codices contain “farmer’s almanac” information about the timing of planting
crops (Coe 2005:204).
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Most significant among the Mayan texts from the early post-Conquest period are
the Popul Vuh (by the K’iche Maya of the southern Guatemalan highlands), the Annals
of the Kaqchikels (or Kakchiquels, or Cakchiquels, aso of the southern Guatemalan
highlands), and the Books of the Chilam Balam (or Bahlam, by the Y ucatec Maya). In
the early sixteenth century, these books were transcribed into the Latin aphabet by
Spanish explorers, and were thus preserved (Hall & Pérez Brignoli 2003:58). These
books combine myth with history, according to the Maya concept of cyclical time, and
emphasize religious-ritual behavior. Information on Mayan agriculture and plant use
can be gleaned from references to agricultural rituals and beliefs related to plants (See
“Mayan Art and Iconography,” below.).

Mayan Art and Iconography

V egetation sometimes figured into ancient Mayan art (including religious
iconography), giving usinsight into Mayan beliefs and values in general, and the
significance of certain plantsin particular. For example, even though no material
remains of such objects have survived into the present, we know that the Maya blew
wooden trumpets because the Bonampak murals (in Chiapas) show musicians blowing
“long war trumpets of wood or bark” (Coe 2005:126). That the Pipil, Mexicanized
Maya of southern Guatemala, highly esteemed cacao is seen in Pipil carvings, in which
the bodies of gods and men spouts fronds and pods of cacao (Coe 2005:176). The Pipil
produced cacao for use in drinks and as a currency (Coe 2005:174). The appearance of
the mushroom and the water lily (Nymphaea ampla) in Maya art (* mushroom stones”
and pottery) and iconography; their reference in the Popul Vuh and the Annals of the
Kagchikels in association with religious activity; and ethnographic analogy with modern
Mexican populations, suggested to one researcher that they may have been used
psychotropically by the ancient Maya (Dobkin de Rios 1974).

Significant in Maya spirituality and cosmology is the relation between the
agricultural cycle and the supernatural world (Coe 2005:211). The Maya conceived of

time as cyclical (i.e. non-linear), and the agricultural cycle symbolized the ongoing
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cycles of creation and destruction of the entire universe (Coe 2005:211). In the creation
of the present universe, the resurrected Maize God re-created the stars and “raised a
great World Tree” (Coe 2005:214). Religiousiconography of the ancient Mayais
underlain by agricultural themes surrounding the annual planting and harvest of maize
(Coe 2005:65). An important religious text, the Popul Vuh of the K’iche’ Maya, tells of
aMaize God whose twin sons slay monsters in order to secure his rebirth (Coe 2005:65-
66). TheK’iche' carried this story over into their daily lives with the belief that, by
planting a seed, afarmer symbolically sent it to its temporary death in the Underworld;
with the intervention of the Hero Twins, the maize could be reborn as a young sprout
(Coe 2005:66). Colonial-period Maya were thus able to draw parallels between the
Maize God and the risen Christ (Coe 2005:66).

In the pantheon of Maya deities, there were patron gods of hunters, fishers, and
beekeepers, anong others (Coe 2005:217). This suggests that people procuring food
were worthy of protection by the gods, and felt a need to ensure success in their pursuits.
Maya rulers were sometimes portrayed as the Maize God, who symbolized and
celebrated “resurrection and apotheosis’ (Coe 2005:173).

Sometimes Maya art and iconography featured plants in a manner that does not
suggest a discernable spiritual or symbolic meaning. For example, religious texts and
iconography, the Hero Twins slew Wuqub Kaquix or 7 Macaw, the gigantic, bejeweled
Principal Bird Deity, when it landed to eat the fruit of the tree Byrsonima crassifolia
(Coe 2005:66). To me, this suggests only that the Maya recognized the tree.

Mayan tombs are special repositories of information about plant use and plant-
related ideologies, as plant remains and pictorial ceramics are sometimes splendidly
preserved in the closed, dry tomb environment. Many of the Classic Maya pictorial
ceramics served funerary functions, often holding food and drink in the tombs of the
royal deceased (like the maize tamales and the cacao beverage that often accompanied
the royal dead of the Petén sites; Coe 2005:99, 218). Some ceramics picture the taking
of ceremonial enemas, and glyphs indicate that the liquid injected may have been the
intoxicating fermented agave beverage, chih (Coe 2005:219). At Calakmul, Campeche,
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the royal corpse of kind “Fiery Claw,” who died in A.D. 700, was found wrapped in
“layers of lime, palm, and fine cotton textiles’ (Coe 2005:125). This exemplifies some
ways in which plants could be used, and proves that cotton was cultivated and textiles
were manufactured by the Maya before this time. Among the funerary offeringsin the
tomb of Fiery Claw was a chocolate vase (Coe 2005:125). At the Y ucatan site of

Ek’ Bahlam was uncovered arich buria of king Ukit Kan Le'k Tok’, who was buried
around A.D. 814 (Coe 2005:173). A stuccoed chocolate vase was found near his head
(Coe 2005:173). On the room’ s capstone, the king was portrayed as the Maize God (Coe
2005:173).

Written Records of European Explorers

Written records made by the first European explorers of the Mayan ream
provide direct evidence of the lifeways of the Maya (including agricultural practices and
plant-use habits) at the time of contact. Some of the early Spanish colonizers were
Catholic priests or missionaries. Some of them sought to understand the native peoples
of the New World, perhaps to facilitate their conversion. Such missionariesfilled the
role of ethnographer, and much of what we know about the Maya at the time of conquest
comes from them (Coe 2005:204).

Sixteenth-century Spanish explorers were simultaneously impressed by the
material and artistic accomplishments of the Maya civilization, and horrified by their
religious practices, which included human sacrifice (Hall & Pérez Brignoli 2003:6). The
most noted of these explorers was Diego de Landa, Franciscan bishop of Y ucatan, who
wrote Relacidon de las Cosas de Yucatan around A.D. 1560. Thiswas an early
ethnographic account, and an attempt to transcribe the Mayan language, number system,
and calendar. At the same time, Landa expressed his own religious devotion and his
rejection of Mayan religion by burning many of the Maya bark-paper codices (Hall &
Pérez Brignoli 2003:58).

In the 18™ century, George Henderson, a captain in the [British] West India
Regiment, wrote an account of Belize (Hall & Pérez Brignoli 2003:9). In 1773 AD,
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Bryan Edwards published History, Civil and Commercial, of the British West Indies,
which contains information about Belize (Hall & Pérez Brignoli 2003:9).

Modern Maya archaeology was initiated by the 1839-1842 explorations by
American lawyer John Lloyd Stephens and British artist Frederick Catherwood (Coe
2005:24; Hall & Pérez Brignoli 2003:11, 58). They visited Belize and explored Mayan
ruins in Honduras, Guatemala, and Mexico, taking the first measurements and drawing
the ground plans of the monuments (Hall & Pérez Brignoli 2003:11). The two were the
first Europeans to associate the ruins of Maya cities with the people who still lived near
them (Coe 2005:25).

The writings of the earliest European colonizers expose elements of Mayan
agricultural practices that |eft little trace in the archaeol ogical record. For example, the
Europeans recorded that the Maya of the Y ucatan stored crops in wooden cribs above
ground, and also in underground places, perhaps chultuns (Coe 2005:204). Some
information is also suggested by the elements that are missing from the European record.
For example, there is no written record of tortilla production in the pre-conquest Maya
Lowlands (Coe 2005:204). Does this mean that tortillas are anovel invention?
Although clay griddles were found at the site of Lamanai, Belize, these may have been
used to roast cacao beans (Coe 2005:204). Instead of making tortillas, the contact-era
Maya made tamales; cornmeal gruel with chili peppers for breakfast; and sourdough was
carried into the fields in gourds for lunch (Coe 2005:204). They aso cooked stews with
meat, peppers and other vegetables, and squash seeds (Coe 2005:205).

Direct and Indirect Evidence: Botanical Remains

Many types of botanical remains, particularly macrobotanical remains, pollen,
silicaor calcium oxalate phytoliths, and starch grains, show fairly consistent
morphology, and often size, within ataxon, so they can often be identified to genus or
species. Examination of macro- and micro- botanical remains should be conducted as
part of any archaeological project, particularly when the project goas include the ability

to make statements about past environmental conditions; environmental change; human
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landscape modification and crop use; human diet and health; plant use and storage; and
socia and political systems. Within the project, studies of macro- and micro- botanical
remains should ideally be combined, because each can support or refute the evidence
provided by the others. In reality, multifaceted analyses are difficult to accomplish
because few analysts can become experts in more than one botanical realm, and funding
to pay multiple analysts can be tricky to secure. Those are reasons why this dissertation
includes only a palynological anaysis.

Several classes of botanical remains provide evidence of crop cultivation and
plant use by the ancient Maya. This evidence may be of adirect form or an indirect one,
depending on the form of the evidence and the context from which it is recovered. For
example, sediment samples taken from an ancient agricultural terrace may contain a high
relative percentage of pollen of Cucurbitaceae (the squash family). Because cucurbits
are pollinated by butterflies and bats, and are thus typically underrepresented in the
pollen rain, a high relative percentage of squash pollen in the samples would seem to
directly indicate the function of the terrace as a squash field. However, the sediment
samples are only indirect indicators of diet; only pollen samples taken from human
coprolites or gut contents could prove that squash was part of the human diet and was
not grown for another purpose (perhaps for use as storage containers).

The mere presence of any class of botanical remains on an archaeologica site
may represent human use or consumption of the represented plants, but alist of botanical
remains recovered from a site should not be interpreted as alist of plants eaten or used at
the site. The remains may have found their way to the site through natural or accidental
means. Only botanical remains contained within coprolites and guts are direct evidence
of foods consumed (though remains recovered from food-preparation-type vessels and
tools may aso have a high statistical probability of derivation from food plants).
Ethnographic analogies and statistical analyses of patterns observed in botanical data
help support interpretations made from botanical data.
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Palynology and Paleolimnology

This dissertation explores, palynologically, the types of environmental change
that can result from aterations in climate or from anthropogenic causes (namely,
clearance of land and introduction and intensification of agriculture). It exemplifiesthe
venues in which palynology allows the exploration of agricultura methods, plants
cultivated, and plants consumed. It seeks environmental change related to human
settlement, arising population, and the local clearing of land. These are the types of
contributions that palynology can make to any pal eoethnobotanical study.

Pollen grains are manufactured by seed-producing angiosperms and
gymnosperms. Pollen is produced in the (male) cone or flower anther, and upon
maturity is transported by wind, water, insects, or animals to the female part of the plant,
whereupon fertilization produces aseed. Any pollen that missesitstarget is distributed
across the landscape by wind and water in a“pollen rain.” Pollen grains have very
durable outer walls (exines) that can survive for thousands of years, even when other
evidence of plant life (such as seeds or leaves) has naturally degraded. Over time, the
pollen sequence that builds up in sediments records vegetation at the time of deposition
(Pearsall 2000:249). The vegetation record, when considered alongside other factors, is
an index of environmental and climatic conditions. Palynologists come to understand
this record by extracting pollen grains from sediment and examining them under a
microscope. The size, shape, aperturation, and scul ptural elements of pollen grains vary
from taxon to taxon, enabling the palynologist to identify the taxon from which a pollen
grain derived. When correlated with the stratigraphy of the sediment column in which
the pollen was deposited, changesin the local vegetation community can be observed
over time, indicating any climatic change or anthropogeni c effects upon the landscape.

Pollen grains have two special characteristics that assist in the detection of
economic plants. First, over time, genetic changes may accrue in a domesticated species
that result in changes in the size or morphology of its pollen grains. Such changes can
differentiate awild species from its cultivated form and indicate the point at which

domestication cameinto play. Second, plants differ in their reproductive biology (being
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dioecious, monoecious, or hermaphroditic) and in the mechanism by which they achieve
pollination (viawind, insects, animals, or cleistogamy/self-pollination within a closed
flower). Wind-pollinated (or anemophilous) plants (especially dioecious ones) tend to
produce much more pollen, and to distribute it over larger areas, than other plants.
Anemophilous plants are thus over-represented in the pollen rain. For example, in the
Neotropics, only about 2.5 percent of trees are wind-pollinated, but their pollen accounts
for around 27 percent of the pollen rain (Bush 1995:594). Therefore, the finding pollen
from plants that are not wind-pollinated is generally taken by palynologiststo be an
indicator of human plant use, because that pollen ordinarily makes up avery small
percentage of the natural pollen rain (Pearsall 2000:505). This generalization does not
always hold true in the Neotropics, where most plants are pollinated by insects or
animals (Bush 1995). It istrue that some economic plants, like maize, have an
anemophilous pollen syndrome. Still, the general ruleis a good starting point for
considering the appearance of economic plants in the pollen record. If the pollen of a
non-anemophilous plant appears in a pollen sample at a much higher percentage than
would be expected based on its reproductive biology and pollination mechanism, human
interferenceis likely indicated.

The palynologist can collect samples for pollen analysis from avariety of
locations, depending on the goals of his project. A palynologist interested in
documenting environmental change, agricultural development, and plant use may choose
any of the following sampling tactics (though these are not the only sampling strategies
that palynologists, in general, employ). In addition to these tactics, control samples must
be taken from outside the target sampling location. Control samples can document the
modern pollen rain, and can help the palynologist distinguish significant differencesin
the pollen record from areato area, and through time.

1. Artifact washes: First, pollen (along with phytoliths and starch grains, types of
microbotanical remains addressed below) can be washed off artifacts, such as manos and
metates, ceramic vessels, baskets, and other implements used in processing or preparing

food. Pollen demonstrates the presence of flowers, parts of flowers, and other plant parts
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where plants were used in food or as spices, medicine, or tea. Microbotanical remains
can indicate the contents of the storage vessels and the usages of the tools. Crops
cultivated (or perhaps obtained through trade) and methods of food storage and
preparation are thus suggested.

2. Blanket sampling of an archaeological site: Second, pollen samples can be
taken from the sediments in different areas of an archaeological site. This helpsto
define activity areas, and to discover which crops may have been grown on ancient
fields. Special samples should be taken from unique features. For example, samples
taken from the area of a burial may indicate the use of flowersin ritual; sediment
samples taken from the gut area of an intact burial may contain grains of pollen ingested
by the individual.

3. Off-site coring: Finaly, off-site cores for pollen (and phytoliths) can document
environmental change due to climatic change or to anthropogenic causes.
Anthropogenically-induced environmental changes often have root in agricultural
processes. A pollen core may reveal “vegetation changes associated with agricultural
clearings...[and] help us address not only when crops appear, but when they become
important. A record of forest clearing and growth of weeds, succession plants, and crops
provides direct information on agricultural activities” (Pearsall 2000:507). The pollen
record can detect the adoption and intensification of agriculture through indicators of
forest clearance and the presence of crop plants (Pearsall 2000:265).

Off-site cores are usually taken from lakes or swamps because pollen grains are
best preserved in permanently-waterlogged environments, where anaerobic conditions
prevent decomposition (Pearsall 2000:249). Off-site coring of a swamp was the
sampling method chosen for this dissertation, with the goal of documenting both natural
and anthropogenic environmental change. Only afew others (Hansen 1990; Jones 1991;
Pohl et al. 1996; and Turner & Harrison 1983) have cored swamps in Belize for
palynological analysis. More coring for palynological and paleolimnological study has
taken place in the Guatemalan Petén, which is home to most of the few lakesin the

Maya Lowlands lakes. See the sections “ Soil, Anthropogenically-Induced Erosion, and
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the Maya Clay,” “Introduction to Palynological and Paleolimnological Studies Relating
to the Late or Termina Classic Drought,” and “Paleolimnological Studies from the
Petén” in Chapter |11 for references and details on the Petén paleolimnological studies.
Many of the paleolimnological studiesinclude not only pollen analyses, but also such
modalities as stable isotope analysis (from gastropods, ostracods, and |ake water),
elemental geochemistry (from sediments), magnetic susceptibility, mineralogy, and
sediment density. Multi-proxy analyses offer arich picture of environmental change and
an opportunity to support or refute hypotheses through multiple lines of evidence.

Phytolith Analysis

Opaline silica phytoliths form when monosilicic acid obtained through
groundwater is deposited within a plant (Pearsall 2000:356). Calcium oxalate phytoliths,
instead, form in select plants. Phytoliths accumul ate within the cells and in the spaces
between the cells of plant flowers, roots, leaves, and stems. The phytoliths can take
distinctive shapes, depending upon the part of the plant in which they form, and upon the
genus or species, thus enabling the phytolithologist to identify the taxa from which
phytoliths derive.

Phytoliths are very durable, even more durable than pollen under many
circumstances. Microbes and most flames do not destroy phytoliths, as they do pollen.
They can aso be obtained from hearths and burned areas, agricultural fields with wetting
and drying, and garbage middens, situations which destroy pollen. Because phytoliths
are deposited as plants decay in place, they are best-preserved in sheltered environments.
Phytoliths may be found in the plant temper of some pottery, and, like pollen, can be
extracted from ancient rock. Phytoliths can be found in coprolites; in residues from
storage or food preparation vessels; and on stone tools used for food preparation, getting
at ancient diet. Isotopic analyses of phytoliths may be used in paleoenvironmental
reconstructions (Pearsall 2000:356). Because differencesin size and quantity are
evident between the phytoliths produced by plants with the carbon-3 vs. carbon-4



25

(grasses) photosynthetic pathway, phytoliths can indicate different vegetation zones,
level of moisture, and the rise of agriculture.

There are some pitfalls to phytolith analysis. Unfortunately, there are few
available keys for phytolith identification, and few phytolith experts. Methods of
phytolith analysis are not yet standardized. Phytoliths are difficult to identify to genus or
species. Morphology and size of phytoliths varies within a species, and even within a
single plant. Not all plants produce phytoliths, and some produce more than one type.
Thus, plants are not evenly represented in the phytolith record. Multivariate statistical
methods must often be applied to the entire phytolith assemblage; because it is difficult
to identify phytoliths to the specieslevel, it is usually the patterning that indicates a
group of representative plants.

Among Mayanists, phytolith analysisis still in itsinfancy, and phytolith studies
arerarein the literature relevant to this dissertation. However, Steve Bozarth of the
University of Kansas has been studying Blue Creek phytoliths and other biosilicates
since 1999. He has reported finding phytoliths from maize (Zea mays), squash
(Cucurbita sp.), bottle gourd (Lagenaria siceraria), and beans (Phaseolus sp.) at Blue
Creek (Bozarth & Guderjan 2002, 2004). Inside vessels from ritual caches (possibly
associated with ritual bloodletting), he found marine sponge spicules and phytoliths from
mai ze, squash, and other plants with possible economic uses, including Agave sp. and
the palms of the family Arecaceae (Bozarth & Guderjan 2004).

Starch Grain Analysis

Starch, aform of energy for plant growth, is stored in various parts of plants,
including seeds, tubers, roots, and other fleshy parts (Gott et a. 2006:36-40; Pearsall
2000:178). The structure, shape, and size of starch grains vary among species, and these
features can sometimes be used to identify the plants from which the starch derived
(Gott et al. 2006:40; Pearsall 2000:178). Starch grains (though not always preserved
within the structure) can sometimes be used to identify macrobotanical remains, such as
seeds, fruits, and tubers.
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The preservation and analysis of starch grains, addressed in depth by Huw Barton
and Peter Matthews (2006), can be hampered by several factors. Exposure to heat,
humidity, oxidation or reduction, and water can cause starch grains to become distorted
or lose their structure. Dehydration breaks starch grains, and fungus destroys them. As
with phytoliths, morphology and size of starch grains varies within a species, and even
within asingle plant, making it difficult to determine the taxa from which the starch
derived.

Like phytolith analysis, starch grain analysis has more potential for contribution
to paleoethnobotanical studies than has yet been achieved. Morphological changesin
mai ze starch grains resulted from genetic changes as the plant underwent domestication;
mai ze starch grains are thus a better indicator of domesticated maize than are the pollen
grains of early domesticated maize (Holst et al. 2007). A finding of maize starch could
thus confirm the identification of maize pollen. Starch grain analysisis useful in the
detection of potential crop plants which do not |eave well-preserved macroremains or
pollen, such as roots and tubers. Starch grains may be recovered from sediments, or can
be washed off artifacts. Studies of archaeological starch grains are still in the pioneering
stages, but have proved useful in determining stone tool function and demonstrating
human association with the microbotanical remains. So far, starch grains have been
collected by washing them off of ground stone tools, particularly the tool crevices
(Pearsall 2000:180; Piperno 1998; Piperno et al. 2000).

To my knowledge, no starch grain studies have yet been conducted at Blue
Creek.

Macrobotanical Remains Analysis

Macrobotanical remains are plant remains large enough to be visible to the naked
eye and to be identified under low-power magnification. These include seeds, fruits and
nuts, wood/charcoal, roots and tubers, fibers, leaves, non-woody stems, flowers, and
cultivated plant material that served an economic function (e.g. bark paper, pam thatch,

cotton cloth).
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More so than for pollen grains, phytoliths, or starch grains, the preservation of
macrobotanical remainsis heavily dependent upon environmental conditions. Pearsall
says, “[w]ith the exception of situations of extreme aridity or waterlogging...most
macroremains are preserved through human action that led to charring (2000:247).”
Charring can provide adirect link between plant remains and human behavior,
depending upon the context; instead, charred remains may represent natural forest fires.
Archaeological determination of the extent of charcoal should make the distinction. The
charring of botanical remains creates specimens that can be used for carbon-14 dating
and protects remains from microbial growth. Whole fruits may be found at dessicated or
waterlogged sites, but inedible portions of charred fruit are more likely to be found
(because the edible portions have presumably been eaten; Pearsall 2000:140). Roots and
tubers are occasionally recovered as macroremains, particularly when discarded as
spoiled in waterlogged or dessicated settings, when charred during roasting, or when
burned as fuel (Pearsall 2000:157, 161). Unfortunately, charring can aso distort
macroremains, complicating identification.

Macrobotanical remains analysis has a number of potential benefits. The
presence of macroremains in an archaeological context could (depending upon the
context) indicate which plants were grown, eaten, or otherwise used by site inhabitants,
which plants were simply growing in the area, or which non-local plants were obtained
through trade. During domestication, plants undergo genetic changes that may manifest
as changes in the size, morphology, or anatomical characteristics of plant parts (Pearsall
2000:168). Thus, macrobotanica remains from cultivated popul ations may sometimes
be distinguished from wild populations.

Macrobotanical remains in the form of plants fulfilling an economic purpose
have been recovered from Mayan sites, and can tell us about Mayan plant use. For
example, at Tikal, plastered rooms of palaces had “ sapodilla-wood spanner beams which
had only a decorative function” (Coe 2005:124). Morphologica features allow wood to
be identified to species, which can help determine the location of origin of the wood, the

species that grew at the site in ancient times, patterns of firewood selection, and woods
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chosen for construction or tool manufacture. Softwoods (from conifers) have been used
for making paper, while hardwoods have been used for construction (furniture,
buildings, etc.)

Economic uses of other macroremains are wide and varied. Bark was used
particularly prevalently in precolumbian northeastern United States and in South
Americain the construction of canoes, longhouses, and roofs. Other macroremains have
been discovered in various archaeological contexts around the world. Roots, in addition
to their function as food, have been used to make baskets, battle shields, and boat
paddies. Flowers and stalks have been used as kindling, arrow points, and dye. Seeds
have been used as food and jewelry. Larger seeds and seed husk fibers have been used
for life preservers or floats, weaving, kindling, and (in the case of the coconut) to make
shoes. Spines have been used in blowguns and as fish hooks, needles, and darts.
Willow (Salix sp.), jute (Corchorus sp.), hemp (Cannabis sp.), bamboo (Poaceae), and
other long, flexible stems have been used for weaving, whips, and rope. Leaves and
other plant parts recovered from archaeol ogical deposits have been used as poisons,
hallucinogens, fragrances, and insecticides. These uses may be discovered during
macroremains analysis, or in the form of chemical residue. Note that the Maya did not
necessarily use plant partsin all of these ways, and that specific details on the
Mayan/M esoamerican uses of the plants represented in the Laguna Verde pollen core are
given in Chapter V of this dissertation.

| know of no macrobotanical studies underway at Blue Creek. It is possible that
intentionally charred macrobotanical remains could be recovered from the site. Humid
environmental conditions rule out the possibility of remains being recovered from
permanently arid settings. Permanently waterlogged vegetation exists as peat in the
swamps, but it would be difficult to draw a connection between such peat deposits and

ancient human activities.
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Coprolite Analysis

Coprolites (fossil feces) are good sources of al sorts of faunal and floral (both
micro- and macrobotanical) remains, including pollen, phytoliths, plant fibers and cutin,
seeds, starch, bone, fur, hair, and so on. The contents recovered from coprolites and
mummy gut can provide adirect record of foods ingested. Coprolites can reveal which
foods were eaten together and the season of the year when the meal was consumed (e.g.
Williams-Dean & Bryant 1975; Reinhard & Bryant 1992:266-268). |If foods available at
different seasons were eaten together, food storage practices are implicated (Pearsall
2000:520; Reinhard & Bryant 1992:270-272). Coprolites and mummy guts can indicate
health status (e.g. parasites, diarrhea, diet composition) or cause of death (hanging or
suffocating). Comparisons of |atrine deposits in separate locations can indicate
differencesin diet related to economic status (e.g. Marshall 1999).

Before starting a coprolite project, several caveats arein order. Thefirst possible
mistake in coprolite analysis might be to misinterpret an animal coprolite as having a
human origin. One should determine whether the coprolite came from a human or from
another animal before interpreting its contents! Furthermore, while coprolites can be
sources of direct dietary evidence, their interpretive potential must not be overestimated.
The natural pollen rain may have introduced non-economic pollen into foods and
beverages before they were ingested. It may not be possible or valid to determine the
original number of plants or animals (or the caloric intake) represented in a coprolite.
Signs of consumption of large game may not be evident at all. Latrine deposits cannot
be traced to particular individuals. So, for example, the diet and health status of an
individual cannot be determined, and comparisons among group members cannot be
made.

Genetic Studies
Genetic studies in archaeobotany are in their infancy. DNA may be preserved in
macrobotanical remains. Ancient DNA can be amplified and the nucleotide sequences

can be compared to the sequences of known plantsto identify the ancient remains. DNA
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from ancient and even extinct plants has been recovered from amber (e.g. Poinar et al.
1993). Genetic studies have been used to determine the ancestry of domesticated maize
(e.g. Hilton & Gaut 1998; Matsuoka et a. 2002; Wang et a. 2005). DNA may aso be
extracted from coprolites to learn about individuals who deposited coprolites and the
plants and animals ingested (e.g. Poinar et a. 2001). Asthe methodology of this
discipline continues to devel op, genetic studies of archaeological sediments may

someday replace microbotanical analyses (Bryant 2003)!

Molecular Studies

Some pal eoethnobotani sts have detected the ancient presence of plants at the
molecular level, focusing on proteins, lipids, and other compounds found on artifacts or
extracted from macrobotanical remains (e.g. Lucquin et al. 2007; Pearsall 2000:183-
184). An example of molecular studies that appears in this dissertation involves the
detection of theobromine residue in ceramic vessels, which helped archaeol ogists to
determine that the vessels were used as chocolate pots (Henderson et al. 2007; Hurst et
al. 2002; Powis et al. 2008, 2002).

| sotopic Analysisand Trace Element Studies

The carbon and nitrogen isotopes in macrobotanical remains (even fragmentary,
visually unrecognizable ones) and cooking residues can be studied to determine their
photosynthetic pathway (C3 or C,/CAM).

| sotopes extracted from skeletal collagen can determine the “relative
contributions to diet of marine and terrestrial foods, or of plants of different
photosynthetic pathways” (Pearsall 2000:522). MaizeisaC,4crop, while forest plants
follow the Cg pathway, so an enriched carbon signature can indicate reliance on maize
agriculture, as opposed to reliance on plants gathered from the forest. In Mesoamerica,
mai ze was the only major source of plant food that followed the C, pathway (White et a.
2006:143). A C, signature can appear in the bones of people who eat maize or maize-
fed animals, and/or marine reef food sources (White et al. 2006:144). The Maya,



31

especialy those living in coastal Belize, had access to marine reef foods (White et al.
2006:144). However, physical anthropologists can compare the ratio of carbon and
nitrogen isotopes in human skeletons to expose the relative percentages of maize vs.
marine foods in the diet (White et a. 2006:144). Isotope studies of skeletal populations
can help determine the level to which a population relied on maize agriculture, and can
determine whether members of a population had differential access to a maize-based
diet.

I sotopic analysis can help identify the location of ancient agricultural fields:

Organic matter derived from the roots and residua plant materials
left in the fields after harvesting of maize cropsis enriched in **C
relative to the native forest vegetation...Studies at sitesin Belize
and Guatemala show that humic matter enriched in **C occurs
only at depths about 60 centimetersin the soil. Thisis because,
after Maya farmers abandoned the soils, wild C; vegetation
invaded the fields, and bioturbation has presumably translocated
this later **C-depleted humic component downwards. ..the
presence of humic substances, which are enriched in **C, can
indicate that the soil was formerly used for maize agriculture
(Schwarcz 2006:319).

Other trace elements can be detected in skeletal populations. Low levels of the
periodic elements become incorporated into the human body through ingestion of food,
water, and (usually accidentally) soil. “Because foods at different trophic levels and
from different environments may contain different concentrations of trace elements,
dietary patterns influence the concentrations of trace elements in human tissue” (Pearsall
2000:535). Skeletal hydroxyapatite, tooth enamel, and hair record ingestion of trace
elements, such asiron, strontium, barium, zinc, and magnesium. These can be studied to
indicate an individual’ s trophic level (i.e. reliance on adiet of cereal crops, leafy
vegetables, fish, meat, or dairy products).
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Indirect Evidence: Ethnographic Analogy, Experimental Archaeology, and
Ethnomedicine

Ethnographic anal ogies make proposal's about ancient Mayan agricultural
practices and beliefs, based on comparison to historic or modern populations living in
the same area, or in asimilar area (Turner 1985:196). Because the application of such
proposals usually cannot be proven to have applied to the Mayan case, ethnographic
analogies are considered to be an indirect form of evidence about the past. till,
ethnographic anal ogies are sometimes useful in supporting the interpretations made from
other types of evidence. For example, ethnographic analogies can help determine the
possible uses of plants represented by macro- or micro-botanical remains. which plants
were likely used asfood vs. fuel? | use ethnographic analogies at various, relevant,
points during this dissertation; for example, in Chapter 1V, | tell how modern milpa
farmers operate in Belize, and suggest that ancient Maya farmers operated in a broadly
similar manner.

In addition to offering hints about past agricultural practices, ethnographic
anaogies may help to reveal the conceptions, ideas, beliefs, spiritual practices, etc. the
ancient Maya had regarding agriculture. For example, there are many farming ritualsin
the modern Y ucatan (where soil isthin and rainfall sparse), indicating anxiety about crop
success (Coe 2005:251). Y ucatan [State] Maya, such as the people of Chan K’om,
believe that the gods of nature must be asked to provide favors for man, and must be
“repaid through prayers and offerings, including sacred foods and the first-fruits of the
harvest” (Coe 2005:25). Ritualsinclude a ceremony to bring rain, and divination
through the casting of maize kernels (Coe 2005:251-252). Might Late Classic Period
Maya, experiencing environmental stress, have engaged in similar rituals?

Experimentation can be a source of ethnographic analogy, in which
archaeol ogists assess the procedures and probabilities of growing, storing, or cooking a
certain plant (e.g. Dering 1999; Puleston 1971, 1977a; Thoms 2008).
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Ethnomedicine

The field of ethnomedicine is amajor source of the ethnographic analogiesin this
dissertation. Ethnographic analogy to modern ethnomedical practices suggests ancient
Mayan medicina uses for, and beliefs surrounding, plants.

Ethnomedicine comprises the traditional, culturally-specific healing practices of
non-Western (i.e. traditional or indigenous) societies (Sanabria 2007:214). In contrast
with Western biomedicine, which focuses on the diagnosis and curing of physical
diseases, ethnomedicine often treats culturally-perceived illnesses that may result from
an imbalance between humans or between humans and the supernatural (Sanabria
2007:215). Many indigenous peoples do not perceive a separation between mind (or
spirit) and body in the same way Westerners do (Sanabria 2007:232-233). Thisistrue
among Belizean ethnomedical practitioners, who distinguish physical disease from
spiritual diseasein a different manner than Western doctors do (Arvigo & Balick
1993:8). In Belize, spiritua health isinterconnected with physical health, so a
seemingly physical disease may have a supernatural cause (Arvigo & Balick 1993:8-9,
14). To preserve their indigenous identities during the Conquest, many Central
Americans combined their traditional ways with the new teachings of Christianity
(usualy Catholicism; Arvigo & Balick 1993:1). Therefore, many extant ethnomedical
practices have roots in both indigenous and Christian beliefs (Arvigo & Balick 1993:1).
Ralph Roys' (1931) The Ethnobotany of the Maya discusses Conquest-era acculturation
viathe Mayan usage of both native and European medicinal plants.

Prayer or the burning of incense may be an integral part of the cure for a physical
disease (Arvigo & Balick 1993:8-9). Prayersfor healing are offered to the Nine
Benevolent Maya Spirits (Arvigo & Balick 1993:9). Nine has long been a number
sacred to the Maya, symbolizing the connections between heaven and earth (Arvigo &
Balick 1993:13-14). Prayers of thanksgiving are offered while the healer collects the
plant, so that the healing spirit of the plant will help the patient and not stay in the
ground (Arvigo & Balick 1993:10). Other Belizean ethnomedical healing methods

include the use of charms, amulets, herbal baths, herbal teas, poultices, powders,



tinctures, salves, oils, smoking, massage, chiropractology, and acupuncture (Arvigo &
Balick 1993:5-8, 19-22). Mayan ethnomedicine includes aimost 200 types of leaves, or
xiv, used in these types of healing practices (Arvigo & Balick 1993:13).

A healing tradition has been in place in Central Americafor thousands of years.
People may have first discovered the medicinal possibilities of plants when the scent of a
plant attracted people to taste the plant, and upon tasting the plant discovered that their
symptoms were relieved (Arvigo & Balick 1993:2). Those interested in healing may
then have conducted experiments (Arvigo & Balick 1993:2-3). People may aso have
observed which plants were eaten by sick animals (Arvigo & Balick 1993:3). In Central
America, ancient medical schools “taught the role of plantsin health care” (Arvigo &
Balick 1993:xi). The Maya codices, which were destroyed by Spanish conquistadores,
contained information about the medicinal uses of plants (Arvigo & Balick 1993:xi).
Modern Belizeans learn home remedies from their parents and grandparents (Arvigo &
Balick 1993:4). Some healerslearn about healing methods through their dreams of God
or the Maya spirits (Arvigo & Balick 1993:4).

Today, individuals turn to ethnomedical practices when they view an illness as
having a supernatural cause; when they lack access (e.g. transportation, health insurance)
to Western-style health care; and when ethnomedical practitioners (e.g. shamans, grannie
healers) share the individual’ s language and beliefs (Sanabria 2007:222).

Though some plant lore has been preserved orally throughout the centuries,
traditional ethnomedicineis now on the decline (Arvigo & Balick 1993:xi, xiv, 5).
Traditional healers still play important rolesin rural villages, where thereis no access to
modern Western medicine, and can also provide first aid care (Arvigo & Balick
1993:24). Avenuestoward the preservation of ethnomedical knowledge, simultaneously
adding to economic devel opment, include “ education, agricultura trials with native
plants, development of new non-timber forest product industries, seminars and lectures
to the lay public, interaction with medical professionals, and ecological- and scientific-
based tourism” (Arvigo & Balick 1993:xvii).
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Indirect Evidence: Environmental Possibility

The final form of indirect evidence of ancient Mayan agricultural practices and
plant usesis “environmental possibility.” “Environmental possibility searchesthe
modern environments...for cultivars...that the Maya could have utilized,” and reasons
how the cultivars could have been produced in ancient times (Turner 1985:196).
Environmental possibility is useful for forming hypotheses about practices (like weeding
and mulching) that are not archaeologically visible, but were environmentally feasible.

An example of the application of environmental possibility and experimental
archaeology comes from archaeol ogist Dennis Puleston (1971, 1977a). Puleston
suggested that the Classic Maya may have been as dependent upon the cultivation of
Brosimum sp. (“breadnut”) as they were upon maize, since breadnut storeswell and is
often found growing near Maya ruins. However, others believe that breadnut was only
famine food for the Maya, and edaphic factors (i.e. disturbed soil) lead the tree to grow
near Maya ruins (Coe 2005:21; Lambert & Arnason 1978, 1982; Miksicek et al. 1981).
Environmental possibilities are good starting points for experiments or for making
hypotheses that can be investigated by other forms of evidence.

METHODOLOGY
Pollen Sampling

The samples considered in this report were collected from a sawgrass (Cladium
jamaicense) swamp adjacent to a small lake known as Laguna Verde. The swamp was
“discovered” during adrive intended to acquaint me with the archaeological sites and
ecological zones surrounding Blue Creek as | sought a site for pollen coring. | sought an
undisturbed site that was likely to have good pollen preservation, in alocation that could
have been a catchment area for palynological markers of human activity at, and near, the
Blue Creek site. Field personnel were attracted to the Laguna Verde swamp by its
sulphurous odor, which indicated that it provided an acidic, reductive, fungistatic, and
bacteriostatic environment conducive to the preservation of organic materials, such as

pollen (Faegri & Iversen 1989:146). Furthermore, sediment lying beneath the waterline
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in aswamp provides a permanently moist environment, which favors pollen preservation
(as compared to sediments that aternate between moist and arid conditions; Faegri &
Iversen 1989:146). The swamp islocated approximately 1 km south of the Blue Creek
Site core area, but is not known to have been part of any archaeological site or wetland
agricultural field. It was aso free from disturbance by modern human [i.e. agricultural]
activity. Therefore, it was considered an appropriate location for taking a sediment core
that would provide information about the general environmental history of the Blue
Creek region.

Samples for pollen analysis and radiocarbon dating were taken from asingle
sediment core (UTM Easting 16Q0299504/UTM Northing 1974167, corresponding to
Latitude 17°50’ 45.7441” /Longitude 88°53 31.2349"; see Figure 4). A 3 mlong metd
pipe with atwo-inch diameter was manually driven vertically into the ground. When the
bottom of the pipe reached a depth of 261 cm below the water line, the remaining length
of pipe wastoo short for further driving. The excess piping was sawed off. Water was
added to fill the top of the pipe, creating a vacuum to prevent loss of sediment during the
extraction of the pipe. A rubber cap was applied and secured with duct tape. The pipe
was then manually pulled out of the ground, the hole in the ground was marked, and the
remaining open end of the pipe was capped. A second, longer pipe was inserted into the
same hole until the bottom of the pipe reached a depth of 373 cm below the water line,
after which it struck rock and could be driven no further. The same procedures,
explained above, were followed to remove and seal this deeper core. Both pipes were
appropriately labeled, with top and bottom ends indi cated.

To permit comparison of the pollen contents of the core with those of the modern
surface, a surface control “pinch” sample was taken at the swamp. An additiona
modern reference sample representing an open, disturbed environment comes from a

modern, plowed cow pasture in the vicinity of Blue Creek.
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Areal Vegetation

To enable comparisons between modern and past vegetation, | made notes on the
current, modern vegetation | observed both in the herbaceous (sawgrass) swamp, and the
nearby (just outside the area dominated by sawgrass) swamp forest. Other (unobserved
or unidentified) taxa may exist in this particular herbaceous swamp and swamp forest,
and many additional taxatypically grow in those two ecotypesin Belize; the vegetation
associations of the local ecotypes are explained fully in the environmental interpretation
in Chapter V1. Thetaxal observed arelisted in Tables 1 and 2, respectively.

Table 1. Herbaceous Swamp Vegetation.

Family Genusor Species Common Name

Anacardiaceae

Metopium brownei

Chichem

Apocynaceae Not determined Frangipani family
Arecaceae Acoelorraphe wrightii Tasiste palm; pa metto
Cryosophila stauracantha  Give-and-take palm
Bombacaceae Pachira aquatica Provision tree
Boraginaceae Cordia sp. -
Bromeliaceae Not determined -
Burseraceae Bursera simaruba Gumbolimbo
Combretaceae Bucida buceras Bullet tree
Cyperaceae Cladium jamaicense Sawgrass
Fabaceae Acacia sp. Cockspur
Erythrina sp. Coral bean
Other genre of Fabaceae -
Myricaceae Myrica cerifera Wax myrtle
Polygonaceae Coccoloba sp. Bob; wild grape
Polypodiaceae Not determined Fern

Rhizophoraceae

Rhizophora mangle

Red mangrove
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Table 2. Swamp Forest Vegetation.

Family Genusor Species Common Name
Annonaceae Annona sp. Custard apple
Apocynaceae Not determined Frangipani family
Arecaceae Desmoncus orthacanthos Basket tie-tie
Burseraceae Bursera simaruba Gumbolimbo
Fabaceae Erythrina sp. Coral bean
Moraceae Ficus sp. Fig
Pinaceae Pinus caribea var. Pine

hondurensis

Pinus oocarpa Pine
Sapotaceae Not determined Family includes chicle and
sapodilla

Pollen Core Stratigraphy

Back at the field station, the pipes were cut into seven shorter segments. The
sediments were carefully extruded onto plastic sheeting, and the strata were measured
and described. The depth measurements, sediment descriptions, and interpretations of
the core are given in Chapter 111. There, the strata from the core are also compared with
published stratigraphy from local archaeological sites (e.g. Lohse 20033, Beach &
Luzzadder-Beach 2003).

Working within the strata, the columns of sediment were cut one by one, at
measured intervals, into sixty-six disks (fifty-nine for pollen sampling, six with potential
for radiocarbon dating, and one suitable for both). When possible, the top, center, and
bottom of each stratum were sampled. The outer edge of each disk was cut away and

discarded to prevent contamination from other levels. Disks were sealed in Whirl-Paks
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and labeled according to the depth from which they had come. All samples were boxed
and transported via personal truck to the United States.

Dating Terminology

This dissertation reports radiometric dates according to the conventions specified
by the style guides of the Society for American Archaeology and the American
Anthropological Association. The words “before present” are abbreviated as “B.P.” for
calibrated dates, and as “b.p.” for uncalibrated dates and to reference general time
periods.

The abbreviation “B.C.” is sometimes used in this dissertation to facilitate
comparison with other works reporting dates in such terms. Radiometric dates originally
reported only as “cal B.C.” are given here in that origina format.

Most non-radiometric dates of less than two thousand years of age are reported as
“A.D.” The abbreviation precedes the numeral.

Accelerated Mass Spectrometer Dating

Samples for AMS dating were collected, cut, and stored along with the pollen
samples, as described above. Seven samples were noted for their content of relatively
large pieces of charcoal, and these were retained for accel erated mass spectrometer
(AMYS) dating. The Maya Research Program funded the AMS dating of one sample
from the lower portion of the sediment core (368-369 cm below the surface of the
swamp water, hereafter abbreviated “cmbs’). A Texas A&M University Anthropology
Department Travel and Research Grant provided funding for the AMS dating of two
additional samples (from 360-361 and 312-313 cmbs). Samples were submitted to Beta
Analytic, where they were pretreated with acid/alkali/acid washes to remove carbonates
and secondary organic acids. Sample numbers and proveniences, and uncalibrated and
calibrated dates are given in Table 3.



Table3. AMS Datesfor the Laguna Verde Pollen Core.

40

Beta Sample Measured 206 26 13c/12c
Number Depth Radiocarbon Calibrated Calibrated Ratio
(below Age Date, B.P. Date, B.C.
water line,
in cms)
176285 368-369 4140+40 cal B.P. cal B.C.2880 &°C=-
4830 to to 2580 25.9 0/00
4520
243498 360-361 4010+40 ca B.P. cal B.C. 2610 &%C=-
4560 to to2600and  25.6 0/00
4550 and 2590 to 2460
4540 to
4410
243497 312-313 2780+40 ca B.P. cal B.C.1020 &%C=-
2980 to to 840 24.2 0/00
2790

The slight overlap in the confidence interval for the two earliest dates, from the

core’ stwo earliest sediment strata, shows that those strata were deposited rapidly. This

may account for the low pollen concentration values in samples from those strata.

The significance of the AMS dates is applied throughout this dissertation,

particularly in the environmental interpretation of the Laguna V erde pollen core.
Four final samples (from 258-260, 285-287, 290-291, and 343-346 cmbs) have

been retained for AM S assays and will allow for an extension and refinement of the

chronology, pending funding. This dating will provide terminus ante quem dates for

additional cultivars. Furthermore, it will provide checks on the sedimentation rate,

which is believed to have been great during the height of Mayan land clearance for
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agriculture (as demonstrated by the 3000-400 b.p. deposition of Maya clay in the Petén)
and aperiod of local water table and ground surface aggradation (during the Late
Preclassic through Late Classic Periods, Beach & Luzzadder-Beach 2003:32;
Luzzadder-Beach & Beach 2009). It would be interesting to find out whether or not the
samples barren of pollen (from 228-229 until 202-203 cmbs) were an artifact of rapid
sedimentation during that time, although the samples reserved for dating unfortunately
do not bracket the barren segment. The enmeshed issues of water table rise, erosion, and
sediment aggradation are further addressed in the “ Geology and Soils” section of
Chapter 111. Finaly, further dating may show whether palynological evidence for
agriculture reduced around the time of the Maya Collapse (A.D. 900 at Blue Creek).

Pollen Extraction: Initial Processing

Upon arrival in the United States, each sample was assigned a laboratory
number. A volume of sediment was measured with an injection syringe, with the tip cut
off to form ablunt end. This method of volume sampling is described by geologist
Louis J. Maher, Jr. (1981:159-160). The size of most samplesin the present study was
one cubic cm. However, after it was determined that samples from the range of 219-243
cmbs had low pollen content, larger samples of two or three cubic cm were taken from
some of the overlying samples.

After the samples had been measured out, tablets of tracer spores were added to
each to check for loss of pollen during processing and for the later calculation of pollen
concentration values (number of grains per volume of sediment). Pollen concentration
values can help assess the productivity of the depositional environment and the level of
post-depositional preservation. Pollen concentration values can be used to compare
levels of preservation from site to site, and from different levels of the same site (Bryant
& Holloway 1983:208). When geological strata can be dated, tracer spores can be used
to estimate pollen influx (number of grains deposited per square cm per year; Maher
1981:153, 188-190). Changes in the concentration value of a single taxon also indicate
changes in environment and deposition (Maher 1981:154). Specifically, an increased
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number of grains of a particular taxon per volume of sediment processed can indicate an
increase in the number of plants of that taxon contributing to the depositional
environment, or can indicate a slowing of sediment accumulation (Maher 1981:154).

Even though most of the samples were very small in size (one cubic cm), good
preservation and high pollen content were expected, so two tablets of Lycopodium
clavatum tracer spores, each containing 13,500 spores, were added to each sample. Club
moss of this species does not grow in modern Belize, athough seven species of the
family Lycopodiaceae do grow there. Those available for viewing on reference slides
(Huperzia linifolia, Lycopodiella caroliniana, and Lycopodiella cernua) were not similar
in appearanceto L. clavatum. Dr. Vaughn Bryant (personal communication, 2007b)
believes that misidentification of spores from naturally-occurring plants as being tracer
spores rarely happens. Even in boreal forests, where Lycopodium sp. grow with greatest
abundance, Lycopodium sp. spores do not contribute more than 1-2 percent of the total
pollen load.

Later, it was discovered that the use of two tracer spore tablets created an
inappropriate ratio of too many tracer spores to too few pollen grains. This meant that
many extra hours were required to count the palynomorphs on multiple slides to achieve
a 200-grain count for any one sample. Attemptsto correct thisimbalance were made
when some samples were reprocessed (see below): following the recommendation of
Maher (1981), only enough spores were added to achieve a1:1 or 2:1 ratio with the
pollen.

The samples were treated with 10 percent hydrochloric acid (HCI) to dissolve the
Lycopodium tablets and carbonates, and to liberate pollen from any carbonate
aggregations. Most of the samples reacted very little with the HCI, thus revealing their
low carbonate (high organic) content.

When the reactions stopped, purified water was added to each sample. Samples
were “swirled” and passed through 150-micron (u) screen to separate small (pollen)
from large (debris) fractions. The large fraction was discarded, while the supernatant

was centrifuged and condensed for pollen extraction.
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All samples were dehydrated with glacial acetic acid. To remove unwanted
organics, pollen samples were treated with an acetolysis solution (90 percent acetic
anhydride, 10 percent sulfuric acid), as recommended by Erdtman (1935, 1960).
Acetolysis destroys cellulose by breaking its molecular bonds and binding with the
resulting molecules to yield acetic acid and/or simple sugars or short-chain sugar
polymers, which are soluble in the acetolysis solution (Marshall 2007). Though the
acetolysis procedure removes unwanted organics that would complicate the clear
observation of pollen grains during analysis, it leaves intact the sporopollenin that
constitutes the basic structure of the pollen grains so that pollen grains can still be
observed and identified. Samples were heated in a heating block and stirred for ten
minutes. Glacial acetic acid was added to stop the exothermic reaction of the acetolysis,
to continue the removal of reactionary byproducts; and to lower the specific gravity of
the sulfuric acid.

It was observed that, after acetolysis, some samplesin thefirst batch processed
(laboratory numbers 1-24) still had a high organic content. Therefore, they were
subjected to 5 percent potassium hydroxide (KOH) to destroy humates and some
organics. Dehydration in glacial acetic acid and acetolysis were repeated for al samples
in the first batch except those numbered 23 and 24. All samplesin the other two batches
to be processed were rinsed in KOH before they were acetylated. Some samples
(laboratory numbers 29, 30, 33, 34, 35, and 37-41) with particularly high organic content
were acetylated twice in an effort to destroy excess organics. Five months after the
initial processing, it was determined that some samples still contained so much organic
“garbage” that the pollen could not be counted. Some samples (laboratory numbers 3, 5-
12, 15-22, 29, 34, 35, 38, 57, and 59) were acetylated yet again.

After acetolysis, samples were centrifuged, decanted, and rinsed severa timesin
purified water. All samples were subjected to heavy density separation with zinc
bromide (ZnBr,), specific gravity 2.0. Heavy density separation forces objectsto float if
they have a specific gravity lower than that of the heavy density liquid, or to sink if they
have a higher specific gravity. Pollen has a specific gravity of 1.0-1.5, and will float in



ZnBr; (specific gravity 2.0), while silicates and other minerals of high specific gravity
sink to the bottom of the test tube. Samples were centrifuged at 1,500 rotations per
minute (rpm) for one minute, then at 3,000 rpm for six additional minutes. The light
fraction containing the pollen was pipetted off for continuing pollen extraction and
anaysis.

Next, Safranin O was added to stain the pollens’ cellulose and protein, and the
stain was set with 10 percent ethyl alcohol (EtOH). Samples were again rinsed and
dehydrated in EtOH, and were curated in glycerine. One slide was initially made of the
pollen from each sample, though some samples later required the making of additional
slides to achieve a 200-grain count. This proved problematic. Because the samples had
such high content of seemingly indestructible non-pollen organics, and because so many
tracer spores had been added to the samples, too much time was expended searching for
pollen on the “dirty” dlides, and making and examining multiple slides per sample. In
preliminary counts of samples 1, 3, and 5, up to 500 Lycopodium spores were counted in
conjunction with as few as thirty pollen grains (sample 1).

To facilitate the pollen counting, a new processing method was devised and
tested on two samples, laboratory numbers 3 and 5. These samples were selected for
retreatment because they seemed to be the earliest samples with sufficient pollen to merit
counting. One cubic cm of each sample was measured out. Approximately six mL of 5
percent KOH was added to each sample, and the samples were placed in a heating block
and stirred for ten minutes. This softened and broke apart the organics. Samples were
then rinsed with purified water. One tracer spore tablet was added to each sample.
Tablets were dissolved with 48 percent hydrofluoric acid (HF). HF would also have
destroyed any silicates present, but the samples were observed to have low silicate
content anyway. After soaking in HF for approximately twenty-four hours, samples
were rinsed thoroughly. The samples were placed into 50 mL Nalgene centrifuge tubes
and filled with water mixed with avery small (approximately 1 mL) amount of Amsco
Sonic Detergent. This detergent cuts grease and facilitates sonication. Samples were

sonicated for approximately 15 seconds to shake apart organics. Next, samples were
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rinsed through a 150 u mesh screen, condensed into 12 mL glass centrifuge tubes, and
dehydrated with glacial acetic acid. A strong acetolysis solution was prepared to speed
hydrolysis and removal of cellulose (Bryant 2006). Samples were placed in a heating
block and stirred for ten minutes, then rinsed in glacia acetic acid, followed by water.
Finally, the samples were stained and curated in 1 dram vials, as described above.

This new processing method evened out the ratio of pollen grains to tracer
spores, and removed unwanted organics. Unfortunately, it was still necessary to prepare
multiple slides to achieve a 200-grain count for Sample 5. Sample 3 appeared to contain
so little pollen that counting of the reprocessed sample was not attempted. Also, the
sonication may have torn some of the palynomorphs; alarge number of torn Lycopodium
spores and loose Pinus bladders were observed. Some pollen grains also appeared
collapsed or sunken inward, but it is unknown whether thisis aresult of the processing
method. Later, this processing method was honed in afinal processing of some samples
so that the non-pollen organics could be more successfully destroyed, while the pollen

grains remained unharmed.

Pollen Extraction: Final Processing

In September 2004, final processing of the remaining uncountable samples took
place. By thistime, two years after the samples had been collected in the field, the
sediment had dried and hardened, and so could not be measured in cubic cm with the
modified syringes. Instead, samples were weighed in grams. Because most samplesto
be subjected to thisfinal processing were known to have alow pollen concentration, the
full remainder of the original sample sediment disks was processed. Varying amounts of
sediment remained, and differencesin initial water content of the now-dehydrated
samples meant that the final sample sizes varied from one another. Since it had been
ascertained that most samples had low pollen concentration values, only one
Lycopodium clavatum tracer spore tablet was added to each sample during the final
processing. Thiswasas close as | could cometo attaining Maher’s 2:1 tracer spore-to-

pollen ratio.
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It would have been desirable to make another attempt to reprocess samples with
laboratory numbers 3, 5, 7, and 9, but insufficient quantities of sediment remained from
previous processing. Samples 3 and 5 had already been processed twice.

The new samples were treated with 10 percent hydrochloric acid (HCI) to
dissolve the Lycopodium tablets and carbonates, and to liberate pollen from any
carbonate aggregations. Following awater rinse, samples were “swirled” and screened
through 150 p screen. The small (pollen) fraction was condensed in 50 mL centrifuge
tubes and rinsed again. Hydrofluoric acid (48 percent HF) was added to the tubes and
allowed to soak into the samples for one hour. Samples were rinsed once with water,
then once with hydrochloric (36 percent HCI) acid to prevent the formation of
fluorosilicates. Samples were rinsed three or more times (until the water ran clear), then
condensed into 12 mL glass tubes and dehydrated with glacial acetic acid. Samples were
heated for 10 minutes in a strong acetolysis solution made from seven parts acetic
anhydride and one part sulfuric acid. Next, sampleswere rinsed oncein glacial acetic
acid, and then in water until the water ran clear. To oxidize non-reactive unsaturated
organic soil colloids (or “humic acids’; Bryant 2006), samples were covered with
potassium hydroxide (5 percent KOH) and heated in a heating block for ten minutes.
Following one water wash, samples were rinsed once in 36 percent HCI to remove the
hemicellulose that had been destroyed by the KOH. Samples were then rinsed in water
until the water ran clear. Samples were rinsed once or twice in 36 percent HCI, and
again rinsed in water until the water ran clear. Samples were then subjected to heavy
density separation with zinc bromide (ZnBr,), specific gravity 2.0, centrifuged at 1,500
rotations per minute (rpm) for one minute, then at 3,000 rpm for nine additional minutes.
The light fraction (containing the pollen) was pipetted off, rinsed in water, and
dehydrated in 95 percent ethyl alcohol. Pollen was stained with Safranin O, transferred

to one-dram vials, and curated in glycerine.
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Pollen Identification

The first step in the taxonomic identification of the pollen in this study was
familiarizing myself with the most common pollen types of the Neotropics, and with the
pollen of the present-day plant taxa that were identified in the areain which samples
were collected (listed in Tables 1 and 2). | did this by drawing, measuring, and
photographing several hundred reference specimens from the Texas A&M University
Anthropology Department Palynology Laboratory reference collection. | also consulted
many published light micrographs of pollen grains, and their companion written
descriptions. No pollen atlas (a book featuring light micrographs or scanning electron
micrographs of pollen grains) has been published for the flora of Belize. Therefore, |
consulted atlases from other Neotropical locations with similar florisitic compositions.
Particularly useful were Atlas de las plantas y el polen utilizados por las cinco especies
principales de abejas productoras de miel en la region del Tacana, Chiapas, México
(Martinez-Hernandez et al. 1993), Flora Palinologica de la Reserva de la Biosefera de
Sian Ka’an, Quintana Roo, Mexico (Palacios Chavez et a. 1991), and Pollen and Spores
of Barro Colorado Island (Roubik & Moreno 1991).

After achieving familiarity with the most significant pollen types from the
region, it was possible to make taxonomic identifications of many grains encountered
during sample counting, and | was often able to guess correctly the family in which
unknown grains might be placed. This procedure led to faster and more precise genus-
or species-level identifications.

Whenever possible during sample counting, light micrographs were taken of the
polar and equatorial views of at least one grain representing each taxon that was
identified. Identifications, even those made by an expert, based only on light
micrographs are potentially less accurate than those based on interaction with original
paynomorphs. Palynomorphs in light micrographs may appear small or blurred. They
cannot be manipulated for observation from multiple angles. Still, it is hoped that these
light micrographs will give other palynologists a basis for agreement (or disagreement)
with identifications made in this study, and may allow others to help me identify the
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remaining unidentified grains. Photo plates of the most significant pollen types

encountered are given in Appendix A.

Taxonomy

This dissertation follows the taxonomic scheme of the book Checklist of the
Vascular Plants of Belize with Common Names and Uses (Balick et al. 2000) for its use
of generic and specific names, and its grouping of plantsinto families. Recent genetic
evidence has clarified vegetational relationships, enabling plant taxonomists to reclassify
some plantsinto different families (or other taxonomic categories). Significant cases of
reclassification are noted below in the section “Taxonomic Discrimination,” and in
Chapter V. Out of the necessity to follow a standardized scheme, this dissertation
continues to follow Balick et a. even when reclassification could apply.

Taxonomic Discrimination

Some pollen grains are similar in appearance to other pollen grains. Although
similar-looking grains are often produced by plants of the same genus or the same
family, thisis not always the case. This section explains how similar-looking grains
were identified, labeled, and in some cases grouped, for this dissertation. Although |
may seem to disclose many doubts about the identities of some pollen grains, | am
confident in the quality of my work, and believe | had no more doubts or difficulties than
any beginning tropical palynologist. The differenceisthat | am open to discussing these
issuesif | may thereby contribute to an improved science.

This section covers only the pollen taxa whose identification merits special
mention. A completelist of pollen taxaidentified in the Laguna Verde coreis available
in Chapter V. Descriptions and economic uses of all represented plants are also givenin
Chapter V. An ecological interpretation based on represented taxa is made in Chapter
V1.

Acanthaceae: Of the Belizean species of Bravaisia, no reference slide or light

micrograph was available for the pollen of B. grandiflora. The grains and fragments
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observed closely resembled the pollen of B. berlandieriana as published by Palacios-
Chavez et a. (synonym B. tubiflora; 1991:37, Lamina XVII1).

Anacardiaceae: Some pollen grains were noted that (in terms of the shape and
Size of apertures, surface ornamentation, and general size) bore similarity to known
members of the Anacardiaceae family but could not be identified to genus (perhaps
because degradation marred some characteristics). These were tallied under the heading
“Anacardiaceae.”

In most cases, the Spondias sp. pollen grains observed were identified to genus,
and 13 grains were thus labeled. 1t islikely that most of these belonged to the speciesS.
mombin. Inafew cases, it was possible to easily identify the grains to species. One
grain in Sample 13 wasidentified as S. mombin, and one grain in each of Samples 4 and
49 was identified as S. purpurea. No grainswere labeled as S. radlkoferi, though grains
from this species may be included under the generic label.

Apiaceae: Severa battered pollen grains were tentatively identified as Apiaceae,
with one grain counted in Sample 43 and two grains counted in Sample 56. Many
Apiaceae (e.g. Daucus, Coriandrum, Anethum) produce dumbbell-shaped, tricol porate
pollen grains of similar size, and it is difficult to make generic distinctions among them
by using standard brightfield microscopy. Therefore, the (possible) Apiaceae grains
observed in this study were identified to family level only.

Apocynaceae: Of the four Belizean Tabernaemontana species, | was able to view
light micrographs or reference slides only of the pollen of T. alba and T. arborea.
Therefore, | identified the grain from Sample 43 to genus-level only. It bore
resemblance to the pollen of T. alba.

Aquifoliaceae: Three grains of tricolporate, clavate (Colinvaux et al. 1999:192,
251) pollen were identified as llex pollen during the present study, with one grain
counted in each of Samples 19, 30, and 46. | do not have access to light micrographs or
reference slides featuring the pollen of the three Belizean llex species (I. belizensis, 1.
guianensis, and I. tectonica; Balick et al. 2000:106), so the observed grains were
identified to the genus level.
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Araceae/Arecaceae: The Arecaceae produce pollen of two forms, monosul cate
and trichotomosul cate (Roubik & Moreno 1991:55-56). The trichotomosulcate grains
may easily be mistaken for spores with trilete scars. The smaller monosul cate grains can
be fragile and may easily be mistaken for spores, “plant junk,” or unidentifiable pollen
grains. All three species of Arecaceae pam trees that were observed growing in the
vicinity of the Laguna Verde core site (Acoelorraphe wrightii and Cryosophila
stauracantha among the sawgrass swamp vegetation, and Desmoncus orthacanthos
among the upland swamp forest vegetation) produce monosulcate grains. Therefore, it is
possible that more Arecaceae pollen grains were present in the pollen core than could be
accurately tallied.

Bactris major produces trichotomosul cate pollen with a baculate exine and
perforate tectum (Roubik & Moreno 1991:55) that render it distinguishable from the
other Arecaceae grains with which | am familiar.

One battered, reticulate, monosul cate pollen grain was observed in Sample 46.
This grain broadly resembled the pollen of Arecaceae or perhaps Araceae.

Aristolochiaceae: In the present study, one grain in Sample 61 was identified as
Aristolochiaceae. Light micrographs or reference slides were not available for the pollen
of most of the ten Belizean species of this family, but the observed grain bore some
resemblance to the pollen of Aristolochia pilosa as published in Roubik & Moreno
(1991:66, 188).

Asteraceae: Each species within the Asteraceae has a unique pollen morphol ogy,
but the very subtle differences among species make grains difficult to identify to species
level with standard brightfield light microscopy (Bryant, personal communication,
2008). Palynologists usually divide the Asteraceae into four groups.

The first group, the “high-spine Asteraceae,” are mostly produced by the tribe
Heliantheae. These plants are mostly pollinated by insects, but aso by the wind
(Mabberley 2008:210). They may be encountered in the pollen record less often than
other types of Asteraceae, and are more likely to have been used economically (Maher
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1964). High-spine pollen grains are so called because they are ornamented with echinae
that measure longer than 2-3 .

The second group, the “low-spine Asteraceae,” come mainly from the
Ambrosininae, a subtribe of the Heliantheae. Low-spine plants produce large quantities
of small, wind-pollinated grains (Bryant, personal communication, 2008). The pollen
grains are ornamented with echinae that measure less than 2-3 p in length.

The third group comes mostly from Lactuceae tribe of Asteraceae. These plants
produce fenestrate pollen. Most members are insect-pollinated (Mabberley 2008:210).

The fourth group, identified to genus level, isthat of Artemisia. Wind-pollinated
Artemisia plants are common in hot, dry areas (Bryant, personal communication, 2008).
No grains of this type were observed during this study.

Betulaceae: One pollen grain identified as Ostrya sp. or Carpinus sp. (which are
mutually indistinguishable by standard brightfield microscopy, if at all) was observed in
each of Samples 16 and 60. These trees are usually found in northern temperate regions,
but sometimes occur in montaine areas of the tropics. Nevertheless, no member of the
family Betulaceae is known to grow in modern Belize. These grains must have arrived
at Laguna Verde vialong-distance transport.

The pollen of another genus of Betulaceae, Alnus, was identified at steady, low
levels throughout the core. Alnus is purely a high-elevation genus (Bush 1995:600), so
the Alnus grains must have blown (or washed) into my samples from elsewhere.

Bignoniaceae: Some prolate tricol porate grains were observed that likely came
from plants of the family Bignoniaceae. These grains did not exhibit distinguishing
features and cannot be identified to genus.

Boraginaceae: Of the 13 Belizean Cordia species, | could not access light
micrographs or reference slides for the pollen of two species (C. bullata and C.
diversifolia). Though only one pollen grain, in Sample 9, was directly identified to
specieslevd, it is believed that most of the Cordia grains observed during this study
belonged to the species C. alliodora and C. gerascanthus (the latter resembling the type
from areference slide more than that pictured in Palacios Chavez et a. 1991).
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Campanulaceae: One pollen grain from Sample 51 was identified as
Campanulaceae. No published light micrographs were available of any of the four
Belizean Campanul aceae species. Reference slides were available for the pollen of only
one species, Lobelia cardinalis. The grain observed in this study did not resemble the
pollen of L. cardinalis. Instead, it resembled the pollen of several types of Campanula
and Phyteuma (as published in Reille 1999:389-391), genera of Campanul aceae which
are not known to grow in modern Belize. Thisidentification is uncertain.

Celastraceae: One pollen grain in Sample 34 was identified as Celastraceae
pollen. However, no light micrographs or reference slides were available for some
members of the family, and it is possible that the grain has a different identity.

Chenopodi aceae/ Amaranthaceae: Recent molecular evidence may reclassify the
Chenopodiaceae as a subfamily of the Amaranthaceae. This dissertation follows the
older classification scheme (after Balick et al. 2000) that considers the two families to be
separate from each other. However, many genera of Amaranthaceae produce periporate
pollen that is indistinguishable from that of Chenopodiaceae. The pollen of the two
Belizean species of the Chenopodiaceae family is indistinguishable with alight
microscope. Together, Chenopodiaceae (sensu stricta) and Amaranthus sp. pollen grains
areidentified as“Cheno-Ams.” It isimpossible to distinguish pollen of the cultivated
forms of Cheno-Ams from that of the wild forms.

Chrysobalanaceae: | lack light micrographs or reference slides of the pollen of
many members of this family, but those with which | am familiar bear some common
characteristics: they are tricolpate or tricol porate, are suboblate, and have angular or
triangular ambs and irregular margins at their apertures. In this study, one grain with
these characteristics was observed in Sample 3 and was identified to the family level.
Three additional grains, one in each of Samples 7, 28, and 29, were identified as
members of the genus Licania. Three species of Licania (L. hypoleuca, L. platypus, and
L. sparsipilis) grow in modern Belize (Balick et al. 2000:81-82). | am unfamiliar with
the pollen of L. sparsipilis.
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Combretaceae/M el astomataceae: M ost species within the Combretaceae and
M el astomataceae families produce heterocol porate pollen that cannot easily be identified
to genus level with a standard brightfield microscope, if at al. In paynological
literature, pollen of Combretaceae/M el astomataceae is referred to variably as
“Melastomataceae” or “Terminalia” (Pohl 1985:61). The pollen of Bucida buceras was
probably present in the Laguna Verde pollen core, since common swamp forest trees of
that species were observed growing in the vicinity.

Laguncularia racemosa (Combretaceae) produces atricolporate pollen type that
is distinguishable from other Combretaceae and M elastomataceae pollen. Three grains
of thistype were identified to species level.

Corylaceae/Betulaceae: Two pollen grainsin Sample 54 of the present study
were identified as the pollen of Corylus or as similar-looking pollen from the Corylaceae
(“hazelnut” family) or Betulaceae (“birch” family). The Angiosperm Phylogeny Group
has reclassified the Corylaceae as a subfamily of the Betulaceae, though this dissertation
continues to employ the taxonomy of Balick et al. (2000). Neither family isknown to
grow in modern Belize. These familiesinclude trees that produce abundant quantities of
anemophilous pollen, so it is probable that the observed pollen grains blew in from a
distant or mountainous | ocation.

Cucurbitaceae: Two pollen grains were counted (one grain in each of Samples 28
and 60) that compared favorably with pollen from the family Cucurbitaceae. The pollen
grains were medium-large and periporate, with short spines, but could not be identified
to genus-level with certainty, perhaps for lack of light micrographs of the corresponding
Species.

Cupressaceae: One pollen grain in Sample 12 of the present study was identified
as“TCT” pollen. TCT pollen includes visually indistinguishable grains from the
families Taxodiaceae, Taxaceae, and Cupressaceae. The only species of any of these
three families to grow in modern Belize is Platycladus orientalis (Cupressaceae), which
grows in cultivation (Balick et al. 2000:49). However, the TCT familiesinclude trees

that produce vast amounts of anemophilous pollen, so the grain under consideration may



have blown in from a distant location. Juniperus grows in association with pine at
elevations above 1500 m in Veracruz, Mexico (Leyden et a. 1993:167), and it is
possible that the identified grain blew in from that location.

Cyperaceae: No attempt was made to sort the Cyperaceae by genus or species,
but some Cyperaceae grains with “pointy” distal ends were observed. These were the
sort produced by Cladium jamaicense, the species that dominates the marsh where the
core was col | ected.

Euphorbiaceae: Because | do not have light micrographs or reference slides of
the pollen of each of the thirteen Belizean species of Acalypha, | identified Acalypha
grainsto genus level.

Due to general similarity of appearance of Croton pollen types, the two grains
observed were identified to genus level.

Of the three Belizean species of Sebastiana, only Sebastiana adenophora pollen
ispictured in any of my pollen atlases. None of the species are present in the reference
dlide collection. The Sebastiana pollen in my samples looked more like that of S.
fruticosa (which is not known to grow in modern Belize) than like that of S. adenophora.
Possibly it was the pollen of S. confusa or S. tuerckheimiana, which grow in modern
Belize but which were not available for viewing.

Fabaceae: | am doubtlessly not familiar with the pollen of al 295 taxa within the
Belizean Fabaceae. Many of the unidentified tricolporate pollen grains from this study
probably came from insect-pollinated trees of this family.

Three pollen grains resembling Melilotus sp. were observed in sample 49. Only
one species of Melilotus, a cultivar, isknown to grow in Belize. The pollen may have
come from ataxon that produces pollen that resembles the pollen of Melilotus sp.

Light micrographs or reference slides of six Desmodium species (D. barbatum,
D. infractum, D. intortum, D. macrodesmum, D. metallicum, and D. obtusum), and of
some species of Senna, are not availableto me. Therefore, Desmodium and Senna grains
were identified by their genera.
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Fagaceae: No attempt to identify Quercus sp. pollen to the species level was
made during the present study.

Flacourtiaceae: In this study, one pollen grain comparing favorably with the
pollen of Banara guianensis (as described in Roubik & Moreno 1991: 90, 211) was
counted in Sample 46. This speciesis not known to grow in modern Belize. Banara has
recently been re-classified as a member of the Salicaceae, though this dissertation
continues to use the taxonomic scheme of Balick et al. (2000).

Juglandaceae: One pollen grain in Sample 4 was identified as Carya pollen.
Neither Carya nor any member of the Juglandaceae is known to grow in modern Belize.
Carya spp. is native to temperate regions. It produces large amounts of anemophilous
pollen, but the pollen is relatively large and heavy and tends not to travel far upon
release (Bryant, personal communication, 2008). Still, it is probable that the grain under
consideration here blew into the study site from a distant location.

Lamiaceae: Two stephanocol pate pollen grainsin Sample 60 were identified as
grains of Hyptis, which includes twelve species that grow in modern Belize (Balick et al.
2000:35, 133). Grains of the six species of Salvia that grow in modern Belize (Balick et
al. 2000:35, 133-134) look similar.

Lentibulariaceae: One grain in Sample 6 of the present study was identified as
Utricularia pollen. Dueto alack of light micrographs or reference slides featuring the
pollen of most of these species, the pollen grain was identified to genus level.

Liliaceae: One pollen grain in Sample 29 was identified as resembling the pollen
of Lilium sp., though this speciesis not known to grow in modern Belize. Duetoits
relatively large size and relatively low production volume, Lilium pollen is unlikely to
have entered this sample vialong-distance transport. Perhaps the grain under
consideration came from another member of the class Liliopsida (including 22 Belizean
species presently re-assigned to the families Agavaceae, Alstroemeriaceae,
Amaryllidaceae, Asteliaceae, Dracaenaceae, or Hypoxidaceae, Balick et al. 2000:3)

which does grow in Belize, or perhaps it has been misidentified.
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Loranthaceae: Due to the general similarity between the grains of the two genera
of Belizean Loranthaceae, and due to the lack of light micrographs or reference slides for
some species, Loranthaceae grains were identified to family level.

Malpighiaceae: The two species of Belizean Byrsonima bear similar-looking
pollen (Palacios Chavez et al. 1991:96). Therefore, Byrsonima pollen was identified to
genus level.

Four pollen grainsin Sample 13 closely resemble the pollen of Bunchosia
lindeniana, though other periporate grains of the Malpighiaceae are also similar.

Malvaceae: One pollen grain that appeared to belong to the Malvaceae was noted
in Sample 24. Though periporate and long-spined like many grains from the Malvaceae
family, the observed grain was fragmented and so could not be identified to genus- or
species-level. Although | would like to believe that this grain represented Gossypium sp.
(wild or cultivated “cotton”), this cannot be verified. Since Gossypium sp. isinsect-
pollinated, its pollen is most likely to be found where its flowers have fallen directly on
the ground. The pollen of cultivated cotton cannot be distinguished, by standard
brightfield microscopy, from the pollen of wild cotton or other members of the family
(Pohl 1985:38). Furthermore, the Malvaceae includes non-economic plants that produce
pollen that looks much like that of cultivated Gossypium sp., such as Sida sp. An
additional (complete) grain of Malvaceae pollen was found in the reference sample from
amodern cow pasture.

Meliaceae: In this study, eight pollen grains (most with tetracol porate apertures)
had an ambiguous appearance that could have matched the pollen from the species of
multiple genera. These, including three grainsin Sample 4, two grainsin Sample 12,
and one grain in each of Samples 1, 31, and 54, were |abeled by the family name.

A type of tetracolp(or?)ate grain, resembling grains of Swietenia macrophylla but
having unusually indistinct pores, was found in Samples 9 (five grains) and 12 (24
grains). Thistype wastallied separately from the grains that more convincingly came
from S. macrophylla.
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One grain of Trichilia hirta pollen was noted in Sample 9. | have light
micrographs or reference slides of five of the nine Belizean Trichilia species. Itis
possible that the grain | observed was not from T. hirta but instead came from one of the
four species (T. breviflora, T. erythrocarpa, T. minutiflora, or T. moschata) whose pollen
| have not seen.

M oraceae and Cecropiaceae/Urticaceae: A new clade, called the “urticalean
rosids,” has been established on the basis of recent genetic studies. It includes
Moraceae, Ulmaceae, Celtidaceae, Cannabaceae, and Urticaceae. Cecropia sp., once
believed to belong to the Moraceae or Cecropiaceae, are now placed in the Urticaceae.
This dissertation continues to consider members of the forementioned families as
classified by Balick et al. (2000). For example, Balick et al. consider the Cecropiaceae
to be afamily of its own (2000:29, 58).

Some palynologists (e.g. Bush 1995; Bush 2002; Dunning et a. 1998b) do not
distinguish between the pollen of Moraceae and that of Urticaceae. | believe that this
distinction can be made (because the pore morphology differs), aslong as the Moraceae
pollen is not too degraded.

In three samples, a diporate grain was observed that bore resemblance to other
Moraceae grains, but could not be positively identified as Brosimum pollen; nor could
this type be identified as Trema (Ulmaceae) pollen, which is also diporate and similar in
sizeto Brosimum. Three of these grains were counted in Sample 31, and one grain was
counted in each of Samples 9 and 13. These grains were tallied under the | abel
“Moraceage, diporate.” These may instead have been Urticaceae.

A triporate form of Moraceae pollen was observed in the deeper half of my core,
with two grains occurring in each of Samples 12 and 23, and one grain in each of
Samples 3, 7, 11, 15, 16, 21, 24, and 25. This may have been the pollen of Castilla
elastica, C. tunu, Maclura tinctoria, or Poulsenia armata. All four types of trees bear
globular triporate pollen and grow in modern Belize. Though the pollen of these species
could be differentiated by size, species-level identification was not attempted during the

present study.
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No reference slides or light micrographs were available for the genus
Pseudolmedia.

Myricaceae: The pollen of Myrica sp. resembles that of Casuarina sp.
(Casuarinaceae). | did not become familiar with Casuarina pollen until late in my
counting. Fortunately, Casuarina sp. has only recently been introduced to Belize, and its
pollen should not be expected to have been present in most of my samples. Two species
of Casuarina grow in modern Belize (Balick et al. 2000:61). C. equisetifoliaisa
relatively recent introduction from Australia or southeastern Asia, planted as an
ornamental shade tree and timber source. The species was not introduced into the
United States until the 20" century, whereupon it became an invasive in the subtropical
states (Bryant, personal communication, 2008).

Myristicaceae: | have been unable to access light micrographs or reference slides
of the pollen of the three species of Belizean Myristicaceae (Compsoneura sprucei,
Virola koschnyi, and V. multiflora), but two pollen grains from Sample 24 compare
favorably with light micrographs and reference slides of Compsoneura debilis and
Virola sebifera. These grains have therefore been identified to family level.

Myrtaceae: Some of the Belizean Myrtaceae (Eugenia sp., Myrcianthes fragrans,
Pimenta dioica, and Myrcia sp., the latter being distinct from Myrica sp. of the family
Myricaceae) produce a small, syncolporate type of pollen that was observed during this
study and identified to family level.

While syncol pate Myrtaceae pollen was observed at low levels throughout my
column, afew grains of tricol porate Myrtaceae pollen were also observed. These were
distinguishable from the pollen of Loranthaceae, which can resemble syncol pate
Myrtaceae pollen but lack the “polar triangle” characteristic of most Myrtaceae pollen.
Two grains of tricolporate Myrtaceae pollen, with no observable polar triangle, were
counted in Sample 9. Severa genera of Myrtaceae produce grains of this sort, so they
have been placed under the heading “Myrtaceae, tricolporate.”

Orchidaceae: Several Orchidaceae grains were tentatively identified during this

study, with one grain counted in Sample 24, three grains counted in Sample 26, and four
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grains counted in Sample 45. Orchidaceae grains have unusual elongated, inaperturate
forms, and occur in groups (pollinarium) of two, four, or eight pollen sacs (pollinia),
each containing millions of pollen grains. With pollen grains trapped in polliniato be
transported by insects, the chances of pollen grains entering the general pollen rain or
falling into lake sedimentsis very small (Bush 1995:602-603). Pieces of plant matter
resembling polliniawere identified as Orchidaceae pollen. Upon further consideration,
these may not be Orchidaceae pollen because they are probably too small insize. The
smallest dimension of any Orchidaceae polliniafeatured in any of my available atlasesis
atlasis.2 mm, or 200 p (featured in Roubik & Moreno 1991). Not only were the
identified grains much smaller than 200 p, but all pollen samplesin this study were
passed through a 150 p mesh screen during processing, which should have prevented any
Orchidaceae pollen from entering the samples that were finaly analyzed. Certainly the
pollen of every one of the 297 Belizean orchid speciesis not featured in the atlases;
smaller forms could exist.

Piperaceae: Because pollen grains of both Belizean Piperaceae genera
(Peperomia and Piper), are very small (12 p or lessin diameter), it is difficult to observe
their details with alight microscope. The grains could easily be mistaken for fungal
spores, and ignored. Therefore, it is possible that more Piperaceae grains were present in
the Laguna Verde core than were properly identified. In spite of their small size, itis
possible to differentiate the pollen of the two genera because grains of Peperomia are
inaperturate, while grains of Piper are monosulcate (Roubik & Moreno 1991:128-130).
One pollen grain in Sample 34 was identified as Piper.

Poaceae: During the identification and counting phase, | noted the approximate
long axis diameters of the observed Poaceae grains. Although there is much overlap in
the size ranges of the pollen of different Poaceae species, size can help to discriminate
between the pollen of wild vs. cultivated grasses. For reporting in this dissertation,
measured grains were sorted into four size categories. The smallest size category,
containing grains with long axis measurements of less than 50 p, are assumed to have

come from wild grasses. The largest size category, containing grains measuring greater
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than 100 p, are assumed to have come from Zea mays. The intermediate size categories,
containing grains of 50-69 u and 70-100 p, may contain grains derived from wild
grasses, Zea mays or primitive maize, or other non-maize cultivars. For example, the
pollen of Saccharum officianarum (“sugar cane”) measures 51-56 p in diameter (Roubik
& Moreno 1991:44-45), and may account for some of the Poaceae pollen in the upper
(postcolumbian) portion of the Laguna Verde column. More information about the
characteristics of Poaceae pollen may be found in Chapter 1V.

Polygonaceae: Dueto lack of reference slides or light micrographs of the pollen
of some Belizean Polygonaceae, grains bearing a similarity of appearance to pollen of
that family were identified to family level only.

Rubiaceae: Several species of Spermacoce, such asS. densiflora and S.
verticillata, produce pollen grains with 7-9 colpi and a circular amb measuring
approximately 25 p in diameter. It was this pollen type that was most often observed
during this study. One smaller grain of that compared favorably with S. assurgens,
which sometimes has as few as four colpi, was noted in Sample 23.

One Faramea grain was noted in Sample 4. | have not been able to access alight
micrograph or reference slide of the pollen of one of the three Belizean species of
Faramea (F. brachysiphon), so the grain was identified to genus level.

Three grains of the genus Psychotria were counted in each of Samples 13 and 46.
Light micrographs or reference slides of some Belizean species of Psychotria were
unavailable, so grains were identified to genus level.

Rutaceae: In spite of the relatively easy generic distinction of Rutaceae pollen,
the Zanthoxylum grains observed during this study could not be identified to the species
level dueto alack of light micrographs or reference slides for two (Z. petenense and Z.
riedelianum) of the seven Belizean species. Zanthoxylum pollen can be easily
distinguished from the [known] pollen of other generain the Rutaceae family. Unlike
psilate Amyris pollen, Zanthoxylum pollen has areticulate exine. Unlike large,
tetracol porate Citrus pollen, Zanthoxylum pollen is small and tricolporate. Zanthoxylum

pollen is smaller and has different proportions (being oblate to subprolate, rather than
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subprolate to prolate) than pollen of Esenbeckia pentaphylla belizensis and Pilocarpus
racemosus. | lack light micrographs or reference slides of the pollen of Casimiroa
tetrameria and Triphasia trifolia.

Sapindaceae: One pollen grain in Sample 9 was found to resemble Thinouia
myriantha. This speciesis not known to grow in modern Belize (Balick et al. 2000:116).
Two plants with similar generic names, Thinouia tomocarpa and Thouinia paucidentata,
do grow in modern Belize (Balick et al. 2000:116), but | have not been able to access a
light micrograph or reference slide of the pollen of either. Why taxonomists would give
two genera of the same family such similar names (“inou” vs. “ouin”) is beyond me.

Sapotaceae: Light micrographs or reference slides of the pollen of some of the 23
species of Sapotaceae were unavailable, so some grains were identified to family level.

Solanaceae: Many Sol anaceae produce tricol porate, spheroidal to prolate-
spheroidal pollen grains with thick psilate exines and transverse pores, and many closely
overlap in their range of sizes. It may be possible to identify these grains to genus- or
species-level, but with ahigh error rate. Therefore, grains were identified to the family
level. Four grains were identified as Solanaceae during the present study, with one grain
counted in each of Samples 2 and 28, and two grains counted in Sample 43.

Three grains of Physalis pollen were counted during this study. Pollen grains of
this genus have shorter transverse pores with more equatorial constriction than other
Solanaceae that otherwise have similar descriptive characteristics. Four species of
Physalis grow in modern Belize: P. angulata, P. gracilis, P. pubescens, and P.
philadelphica, the last of which growsin cultivation (Balick et a. 2000:125, 127). Of
these, | was unable to obtain light micrographs or reference slides of the pollen of P.
gracilis, but the observed grains may have come from any of the remaining three species
and were therefore identified to genus level.

Typhaceae: According to Balick et al. (2000:38, 176), only one genus (one
species) of Typhaceag, the cattail family of perennial marsh herbs (Mabberley 1997:733-
734), isnativeto Belize. This native speciesis Typha domingensis, called “southern

cattail” or “elephant grass,” and 203 grains of its pollen were observed throughout my
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core. However, Standley & Record (1936:67) list Typha angustifolia, the “narrowleaf
cattail,” asthe sole native species of Typhaceae in Belize. In thisstudy, 63 grainsof T.
angustifolia pollen were observed, dispersed throughout the column. It is possible that
some monoporate spores could have been mistaken for grains of T. angustifolia pollen.
However, the pollen of T. domingensis is distinctive from the pollen of T. angustifolia,
so there would have been no cross-misidentification of the two in this study. It isnot
certain why Balick et a. and Standley & Record would have recognized in Belize the
presence of mutually exclusive species. It is possible that human impact on the Belizean
landscape has caused T. domingensis to become more prevalent since the advent of
agriculture (see Rggmankova et a. 1995 and Pope et a. 2005), but as both agriculture
and the first occurrence of this pollen type existed in pre-European times, this process
must have begun even before the colonial timesin which Standley & Record were
writing. Only T. domingensis islisted in Flora Mesoamericana (a comprehensive
database listing the flora of Mesoamerica; Davidse et al. eds., 1995), shoring up the
possibility that it isthe only species of Typhaceae to grow in Belize. On the other hand,
Jones (1991:114) observed both T. angustifolia and T. domingensis growing at Cobweb
Swamp, Belize.

Additionally, one tetrad grain of Typha latifolia (“broadleaf cattail”) pollen was
observed in each of Samples 4 and 19, and eleven additional grains were counted in the
cow pasture surface sample. Sinceit is unlikely that these grains were blown long
distances to Belize from their native grounds in more temperate climes, it is possible that
spore tetrads resembling the pollen of Typha latifolia were misidentified here.

Ulmaceae: One species of Belizean Ulmaceae, Ampelocera hottlei, was not
identified during this study; no light micrograph or reference slide featuring this pollen
type was available. A SEM light micrograph of A. cubensis isfound in Zavada & Crepet
1981:926. Thegrain has 4-5 pores (Zavada & Crepet 1981:925), but appears to have a
granulate texture like that of Celtis grains, rather than arugulate exine like that of Ulmus
grains. No such grain was observed during the present study.
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Urticaceae: Some palynologists (e.g. Bush 2002; Rue 1987) do not distinguish
between the pollen of Moraceae and that of Urticaceae, or group those types together
(“Urticales,” including Urticaceae, Ficus sp., Brosimum sp., Trema sp., Cecropia sp.,
and other species) when forming their environmental interpretations. | believe that the
morphological distinction can be made (due to differencesin pore morphology), aslong
asthe pollen is not too degraded. The formation of an Urticales category erroneously
groups indicators of distinct environmental conditions. For example, Ficus sp. and
Brosimum sp. are climax species, while Trema sp. and Cecropia sp. are successional
species (Rue 1987:286).

Most Urticaceae pollen grains are small and fragile, and bear small pores, so
these grains may be mistaken for spores. Furthermore, | do not have light micrographs
or reference slides featuring the pollen of all of the Belizean Urticaceae. It istherefore
possible that more Urticaceae grains were observed during the present study than were
accurately counted. In this study, one Urticaceae pollen grain was noted in Sample 33,
and seven more were counted in the modern cattle pasture reference sample, and were
identified to family level. The observed grains were triporate and measured
approximately 15 p in diameter, resembling the pollen of Pouzolzia obliqua.

Verbenaceae: Lippia nodiflora was only found toward the bottom of my core,
with two grains occurring in each of Samples 3 and 5, and 18 grains occurring in Sample
6. Itispossiblethat other Lippia grains were observed early during my study and were
mistaken for grains of Protium.

Violaceae: In this study, seven pollen grains comparing favorably with the pollen
of Rinorea squamata (as described in Roubik & Moreno 1991:151, 248) were counted,
including one grain in Sample 16, four grainsin Sample 17, and two grainsin Sample
46. R. squamata is not known to grow in modern Belize. Three species of this genus (R.
deflexiflora, R. guatemalensis, and R. hummelii) do grow in modern Belize (Balick et al.
2000:73), but 1 have not been able to access light micrographs or reference slides

featuring the pollen of these species.



Vitaceae: One grain of Cissus pollen was counted in Sample 59. This grain was
identified to genus level because light micrographs or reference slides featuring the
pollen of three of the Belizean Cissus species (C. biformifolia, C. cacuminis, and C.
verticillata) were unavailable. Of the three species (C. erosa, C. gossypiifolia, and C.
microcarpa) for which light micrographs or reference slides were available, the observed
pollen grain resembled C. gossypiifolia and C. microcarpa more closely than it

resembled C. erosa.

Pollen Counting

A standard 200-grain count, as recommended by Barkley (1934.:287-288), was
attempted for all sixty-two pollen samples taken from the Laguna Verde core and surface
samples. A count above 200 grains usually discovers very few new mgjor taxa, and does
little to alter the relative percentages of grains counted (Barkley 1934; Dimbl eby
1957:14), although it may reveal some new minor taxa (Jones & Bryant 1998). In some
cases, the 200-grain mark was inadvertently overshot during joyous, rare hours of
zealously counting well-preserved or high-concentration value samples. In other cases,
poor preservation and low concentration val ues rendered the compl etion of a 200-grain
count impossible or worthless due to statistical invalidity.

Only pollen grains were included in the 200-grain count. That is, Lycopodium
tracer spores were counted under their own separate tally. No additional fern or fungal
spores were counted, though many were observed.

Pollen grains degraded beyond recognition were tallied in a category of
“unidentifiable/indeterminate” grains. Pollen grains that appeared to be in adequate
condition, but that could not be identified with avail able resources, were recorded as
“unidentified/unknown.” Both categories were included in the 200-grain counts.
Relative percentages of grains assigned to these categories, and further quantitative
methods, are discussed in greater depth in Chapter V1.
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CHAPTERII
THE FIRST PEOPLE OF THE MAYA AREA

CHAPTER INTRODUCTION

Before the questions of human impact on the environment of Blue Creek can be
addressed, it is necessary to address some preliminary questions: Where did the first
human inhabitants of the Maya area come from? When did they arrive? Who were the
first inhabitants of Belize, and when did they arrive? Was a population that was already
identifiably Mayan the first to inhabit Belize, or was there continuity between pre-
Mayan populations and the Maya? The answers to these questions help us understand
human habitat selection and the development of the subsistence strategies that would
later play key roles in the success and failure of the Mayan empire.

The first section of this chapter focuses on the first Paleoamericans to enter what
would later become the Maya area. It aims to use evidence from archaeology,
paleoecology, and physical anthropology to construct a model for the first entry of
humans into the Maya area. Stages of early tool technology in the Maya area are
defined. Some of the earliest archaeological sites in the area are evaluated in terms of
their stratigraphy and dating, and judgments are made regarding the authenticity of the
artifacts excavated from those sites. Because an understanding of paleoenvironment is
necessary for the development of hypotheses regarding the suitability of a region for
human habitation at a given point in time, paleoecological studies have been summarized
for every site from which such studies were available. Additionally, a summary of the
paleoecology of the Middle American region is given. A brief introduction is made to
Middle American/Paleoamerican physical anthropological studies. Finally, this
evidence is combined in the proposition of a model for the first peopling of the Maya
area.

The second section of this chapter narrows the focus to Belize, examining the
Archaic Period cultural developments that set the stage for the advancement of Maya

culture. Archaic Period technologies, modes of subsistence, and settlement patterns are
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noted. The means by which Maya culture evolved in Belize is discussed. Finally, the

Archaic Period paleoecology of the Maya Lowlands is examined.

SECTION ONE: THE FIRST MIDDLE AMERICANS
Paleoindians and Paleoamericans

Physical anthropological evidence supports the hypothesis that modern American
Indians are not the direct descendants of the first Americans. To uphold this idea, I use
the term “Palecamericans” to refer to the earliest human populations to enter Middle
America. Most Paleoamericans practiced a culture oriented toward the gathering of
vegetative resources and the hunting of big game prior to the end of the Pleistocene, and
these people are the focus of this section of this chapter. However, to maintain
consistency with the terminology in published literature, the term “Paleoindian” is herein
employed to refer to the lithic stages and time periods with which the Paleoamericans

were concerned.

Site Evaluations

Before a model for the earliest human colonization of the New World can be
developed, archaeologists must identify the sites that provide definitive evidence of
human occupation at an early date. Whether this evidence comes in the form of
authentic man-made objects or remains of human bodies themselves, it must be
encountered in a firm stratigraphic context, within which pieces of evidence can be
firmly associated with each other and with absolute dates. If the validity of an artifact
cannot be proven; if context is suspect or absent; or if no method of absolute dating is
applied, naysayers will negate the validity of a supposedly-early site, and may deny the
possibility of a pre-Clovis occupation of the New World (Waters 2004).

In this chapter, | set out to evaluate a number of supposedly-early archaeological
sites in the Maya area in terms of their validity, stratigraphy, and dating. In some cases,
too little information is known for such assessments to be made. Where available,

information on the paleoecology of each site is presented for the relevant time period(s),
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so that the reader may understand any implications that the natural environment may
have had on the suitability of a location for its function as a human habitat, and on
human subsistence and technological innovation. Notes are made about the cultural
implications of the tool technologies and paleoenvironment.

Archaeological sites discussed in this chapter are mapped in Figure 5.

Stages of Paleoindian Tool Technology

This chapter examines evidence for the human occupation of the Maya area
during the Pleistocene and Early Holocene (pre-ceramic, pre-Maya) eras. Much of this
evidence for early human occupation lacks proper stratigraphic context and absolute
dating. Such evidence would ordinarily be considered necessary to the development of a
model for the peopling of the New World regarding the timing of human entry into the
Maya area. It is difficult to find archaeological sites associated with the earliest
occupants of the Maya area because the open sites have been obscured by vegetation and
geological factors, and because there are few caves or rock shelters suitable for human
habitation (Coe 2005:41). It is therefore useful to devise a scheme by means of which
the ages of undated sites can be estimated, as well as a framework into which
adequately-dated sites can be sorted. On the basis of variations in environment,
subsistence, and particularly technology, archaeologists have subdivided this time period
into several units. There is, however, some disagreement as to how the period can best
be divided; compare, for example, the Archaeolithic and Cenolithic stages presented by
Lorenzo & Mirambell (1999:483-490) to the Lithic and Archaic stages presented by
MacNeish & Nelken-Terner (1983:71-77). These two classification schemes can be
combined to produce a rough timeline with four stages of technological developments by
the earliest humans to enter Middle America and the Maya area. The first three stages
can be broadly grouped into a “Paleoindian” occupation, while a gradual transition to an
“Archaic” occupation was made during the fourth stage. The Archaic Period of Belize is
discussed elsewhere in this dissertation.
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Although one might question the methodology by which archaeologists have
delimited the four tool technology stages, they do provide a method useful for sorting
undated archaeological sites and artifacts. Below, brief descriptions of each of the four
tool technology stages are given, followed by the delineation of the archaeological sites

in the Maya area that represent each technological stage.

Lithic Stage One

The earliest stage, beginning with the entrance of human beings into the Maya
area perhaps 30-40,000 years ago or earlier, should be characterized simply by chopping
tools (MacNeish & Nelken-Terner 1983:71). No absolute presence of such a stage has
been established in the Maya area, but the site of EI Bosque in Nicaragua, and possibly
early sites in Mexico (San Isidro in Nuevo Ledn, the Diablo complex of Tamaulipas, and
the earliest deposits at Tlapacoya in Distrito Federal), bracket the Maya area on both
sides (MacNeish & Nelken-Terner 1983:71, 72).

Lithic Stage Two

A second technological stage, partially overlapping the first, is represented by
archaeological sites that date from approximately 30,000 to 14,000 years ago. In this
chapter, sites are assigned to “stage two” rather than “stage one” when they are found to
contain tools other than simple choppers. Artifacts typical of sites from this period are
unifacial (including choppers, points, burins, scrapers, and wedges), often associated
with extinct fauna, and sometimes with worked bone (MacNeish & Nelken-Terner
1983:72). Artifacts dating up to 14,000 years ago are large and crude, and there exists
some doubt as to whether most were authentically made by humans (Lorenzo &
Mirambell 1999:483). Most sites representing the second lithic stage are in Mexico
(MacNeish & Nelken-Terner 1983:72-73): the earliest strata at several locations in
Valsequillo (Puebla); Tlapacoya and Santa Lucia (Distrito Federal); and possibly
Rancho La Amapola and EI Cedral (San Luis Potosi), earliest Santa Marta Rockshelter

(Chiapas), and Loltin Cave (Yucatan). The latter two of these sites are found in the
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Maya area; | do not address the central Mexican sites in depth in this chapter because
they lie well outside the Maya area. The only possible “stage two” site discovered
outside Mexico was at Richmond Hill, Belize.

Richmond Hill, Orange Walk District, Belize: Crude, unifacial chert tools at the
Richmond Hill chert outcrop were found without associated ceramics, so Richmond Hill
has been labeled an “Early Man” site (Hammond et al. 1979:99; Puleston 1975:522,
529). In spite of the seemingly local origin of the chert, no unworked chert nodules were
found at the site (Puleston 1975:531). This fact could make one skeptical that the stones
were “tools” and not a natural formation. Circular rises on the ground may have been
platforms for relatively permanent shelters for a Pleistocene human population (Puleston
1975:531), as the site’s stratigraphy does not appear to result from natural gilgai
formation. Buried pits may have been household hearths (Puleston 1975:532). If these
features and artifacts are indeed of anthropogenic origins, this would be the oldest
archaeological site known from Belize.

Santa Marta Rockshelter, Chiapas, Mexico: In Santa Marta Rockshelter, a few
unifacial tools were found (MacNeish & Nelken-Terner 1983:73). A radiocarbon date
from an overlying stratum dated to 9000 B.P., indicating the older age of the tools
(MacNeish & Nelken-Terner 1983:73). Overlying strata harbored tools representing
lithic stage three.

Loltan Cave, Yucatan, Mexico: Norberto Gonzales found unifacial tools in
association with bones of extinct fauna such as horse and mammoth, suggesting a
Pleistocene date for the site (MacNeish & Nelken-Terner 1983:73).

Lithic Stage Three

The third Paleoindian technological stage in Middle America, lasting roughly
from 20,000 to 9,000 years ago, saw the introduction of projectile points, most of which
were leaf-shaped (e.g. the Lerma type) or bifacially fluted (e.g. Clovis lanceolate, Clovis
waisted, and fishtail types in Middle America; Lorenzo & Mirambell 1999:483, 490;
MacNeish & Nelken-Terner 1983:73; Ranere & Cooke 1991:238). Clovis points in
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Mexico are nearly 12,000 years old, and appear to be the oldest of the three fluted types
(Lorenzo & Mirambell 1999:490). Stratification indicates that lanceolate Clovis points
pre-dated waisted Clovis points, and that fishtail points came last of all (Haynes
2002:27; Ranere & Cooke 1991:241). Fishtail points seem to have been produced in
greatest numbers between 11,000 and 9,000 years ago (MacNeish et al. 1980). Other
stone tools typical of “stage three” are stemmed projectile points, prismatic blades,
burins, and polyhedral cores, end scrapers, and blade scrapers, all produced by direct
percussion (Lorenzo & Mirambell 1999:484; MacNeish & Nelken-Terner 1983:74).

The development of new hunting technology suggests that new methods of
hunting were evolving. Most evidence for a Paleoamerican occupation in Middle
America belonged to the “Early Hunters,” who, with the aid of fluted projectile points,
pursued big-game herbivores in the period spanning from 11,500 to 9,000 years ago
(Ranere & Cooke 1991:238). The nomadic hunters followed herds of animals such as
mammoth, mastodon, horse, camel, and bison, as they crossed the grasslands of both
North and South America (Coe 2005:43). Indeed, fluted points have many times been
found in association with the remains of now-extinct large game animals (Haynes
2002:92).

Fluted Clovis spear points have been found in Mexico, as far south as Costa Rica
and Panama, and throughout the Maya area (Coe 2005:43), often as surface finds lacking
stratigraphic context. Most of the locations in the Maya area where fluted points have
been found have not been excavated; only the “stage four” sites of Los Tapiales,
Guatemala, and Los Grifos, Chiapas, Mexico, have been thoroughly excavated from
archaeological sites with dated stratigraphic contexts (Pearson 2002; Ranere & Cooke
1991:238, 239). The stage three sites in the Maya area include pre-ceramic Copan,
Honduras; the next-to-earliest levels at Santa Marta Rockshelter in Chiapas; and
Huehuetenango, Guatemala (Longyear 1948:248-249; MacNeish & Nelken-Terner
1983:72, 74). Some Guatemalan and Belizean surface finds may also date to this period.
Differences between assemblages from highland Guatemala and lowland Belize suggest

that a highland-lowland dichotomy in tool technology was developing during this time,
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perhaps related to the availability of different natural resources in the two areas
(MacNeish & Nelken-Terner 1983:74). Other “stage three” sites are known from central
Mexico.

Copan, Honduras: There may have been a pre-Maya deposit at Copan, Honduras
(Longyear 1948:248-249). Buried about half a meter beneath Archaic Period deposits,
and bedded between two layers of sterile river clay was a 10 cm layer containing
charcoal, broken bones of small animals, and more than 170 chips of flint and obsidian
(but no definite tools; Longyear 1948:248). This may represent an old beach deposit
with natural burning, or an anthropogenic hearth deposit (Longyear 1948:248-249). This
site was probed before the common usage of radiocarbon dating, so the age of the “site”
is unknown, and its place in the *“stage three” category is uncertain.

Santa Marta Rockshelter, Chiapas, Mexico: This site produced a flaked- and
ground-stone and bone tool assemblage that produced radiocarbon dates in the 9300 B.P.
range (Ranere & Cooke 1991:240). Projectile points found at Santa Marta Rockshelter
were not fluted, but were instead leaf-shaped (Ranere & Cooke 1991:240). Only modern
fauna were found at this site (Ranere & Cooke 1991:240).

Huehuetenango, Guatemala: An “early hunter” site, near Huehuetenango in
Guatemala, was excavated by Herbert Alexander in 1977 (Coe 2005:44). Now-extinct
Pleistocene megafauna were butchered there (Coe 2005:44). | have been unable to find
a detailed or original report on this site.

Guatemalan Surface Finds. Because they have no secure dates, the Guatemalan
surface finds of the Fishtail Point tradition may be considered to belong to either lithic
stage three or stage four. Most fishtail points are believed to have been produced
between 11,000 and 9,000 years ago (MacNeish et al. 1980), a period that includes
terminal “stage three” and initial “stage four”. Most evidence of Paleoamerican
occupation of Guatemala has come from surface finds, beginning with the A.D. 1722
report Historia Natural del Reino de Guatemala, in which historian Francisco Ximénez
wrote about two fluted lanceolate points from Guatemala (Bray 1978:457, 458;
1980:168). In 1960, Michael Coe reported a child’s find of an obsidian fluted point
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eroding out of a hill near San Rafael, near Guatemala City, Guatemala (Coe 1960:412).
Coe described the point as having “ears” (like a “fishtail” point), but with a flute on only
one side (Coe 1960:412). Other Paleoindian finds in Guatemala include a fluted point
from Los Tapiales; the basal portion of an obsidian fluted fishtail point from the Quiché
Basin (in the west-central Guatemalan highlands) site of Santa Rosa Chujuyub, which
compares favorably with the San Rafael specimen reported by Coe; and an almost-
complete basalt fluted point from the Quiché Basin site of Chajbal (Bray 1978:457-458;
1980:169; Brown 1980:317, 318; Gruhn & Bryan 1977; Pearson 2002: Chapter V). The
Chajbal point seems to be similar to the one described by in the eighteenth century (Bray
1978:459).

Other Paleoindian surface finds resulted from the Quiché Basin Archaeological/
Ethnohistorical Project surveys that were conducted in highland Guatemala in the late
1970s. The survey recorded at least 117 surface sites estimated, on the basis of artifact
typology, to date to the Paleoindian and Archaic periods (Brown 1980:313, 315). The
authors define three site types in all: chipping stations or workshop sites, base camps,
and limited-resource camps (Brown 1980:321). Some are workshop sites associated
with outcrops of the fine-grained grey basalt from which many of the artifacts are made
(Brown 1980:317). Most of the sites lacked projectile points, but other lithic artifacts
included bifaces, scrapers, cleavers, burins, gravers, cores, and flakes (Brown 1980:315,
318-321). No certain base camps were established for the Paleoindian sites, so
Paleoamericans were probably more nomadic, smaller groups than Archaic-period
peoples, who later left behind a greater range of tool and material types and activity
areas (Brown 1980:322).

No paleoecological studies were conducted in conjunction with these surface
finds. However, pollen samples from Guatemalan lakes tell about the Guatemalan
regional paleoenvironment in the Paleoindian period. A summary of these studies
published by Ranere & Cooke tells of the presence of savannas, with herbaceous and
aquatic pollen dominating, prior to 10,750 B.P. (1991:245). Conditions must have been

warmer and wetter during this time. From 10,750 to 8500 B.P., the pollen record shows
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the spread of juniper scrub, which requires cooler and drier conditions than found in the
Guatemala today (Ranere & Cooke 1991:245).

Belize: Ladyville and Lamanai Surface Finds: All evidence for the earliest
human activity in Belize lacks stratigraphic context, and no radiocarbon assays have
been published. The oldest evidence may be the stemmed, fluted fishtail point
encountered by archaeologists Georges Pearson and Peter Bostrom on the banks of the
New River Lagoon, near the site of Lamanai (Pearson & Bostrom 1998). The estimated
age of the point is 11,000 years (Pearson 2004). Pearson suggested that this point could
have been used as a knife, rather than as a projectile point (Pearson 2004).

Two fluted points were collected as surface finds at the Ladyville site, near
Belize City, during the Colha Project and the later Belize Archaic Archaeological
Reconnaissance surveys (Hammond 1982:355; Hester 1981; Pearson 2002: Chapter V).

Lithic Stage Four

The fourth and final stage probably began just after 10,000 years ago and
continued until ceramic technology developed locally. The period from approximately
11,000 to 4,500 years ago (or 9000 to 2500 B.C.) is referred to as the Archaic Period in
the Mayan area (Hammond & Miksicek 1981:261; MacNeish et al. 1980:47). Further
details on the Archaic Period of Belize are given in a later section of this chapter. Early
in this period, global warming contributed to the extinction of the Pleistocene
megafauna, and a transition toward an Archaic Period subsistence pattern began. This
entailed an increasing focus on plant collection, and incipient cultivation of economic
plant species. Lithic technology became much more specialized, perhaps as people
made more specific regional adaptations to certain environmental zones (MacNeish &
Nelken-Terner 1983:73). Clovis and Lerma points were still in use, but were joined by
specialized bifacial projectile point types, including leaf-shaped points with stems and
ears, as well as points of the Agate Basin, Plainview, Golondrina, Madden Lake,
Scottsbluff, Eden, and Plano types (MacNeish & Nelken-Terner 1983:73, 76). Other

lithic tools, including choppers, scrapers, perforators, denticulates, and burins were
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produced by percussion and also by pressure flaking during this period (Lorenzo &
Mirambell 1999:484). Tools of ground and polished stone, such as mullers, mortars, and
grinding stones, were used to process seeds and leaves (MacNeish & Nelken-Terner
1983:73, 76). The diversity of tool types in use during this period suggests that people
were adapting to their local environments and pursuing subsistence strategies in addition
to, or instead of, big-game hunting (MacNeish & Nelken-Terner 1983:76).

Adequately-excavated and adequately-dated “stage four” sites are found in
relative abundance across Middle America. In the Maya area, the Llanoid-Cordilleran
tradition (“Llanoid” indicates influences from the western United States, while the
“Cordilleran” tradition is native to western Mexico and Pacific Guatemala) is
represented at the sites of Los Tapiales and La Piedra del Coyote in the Quiché Basin of
Guatemala. The Fishtail Point tradition is represented by surface finds in the Quiche
Basin of Guatemala (discussed above, under “Lithic Stage Three”) and near Esperanza,
Honduras; Lowe Ranch and the Lowe-ha Complex of Belize; and Los Grifos, Mexico
(MacNeish & Nelken-Terner 1983:75).

Los Tapiales and La Piedra del Coyote, Quiché Basin, Guatemala: In 1977, Ruth
Gruhn and Alan Bryan explored two Quiché Basin sites that radiocarbon-dated between
11,000 and 7000 b.p. (Brown 1980:314, 315). While these “stage three” sites are
significant, it should be noted that I have not had the opportunity to view the original site
reports. Los Tapiales and La Piedra del Coyote each held a wide variety of tool types
made from three raw material types, perhaps signifying that these sites were base camps
(Brown 1980:322). However, the sites were very small and were situated on steep
alpine meadow-pine forests, which probably had limited resources, and so may have
been occupied only seasonally (Brown 1980:317, 322).

At the site of La Piedra del Coyote, Gruhn and Bryan dug test pits that revealed
retouched flakes and an end scraper (Ranere & Cooke 1991:240). Radiocarbon dates
place the site between 10,650+£1350 B.P. (note the wide standard error) and 9430+£120
B.P. (Ranere & Cooke 1991:240).
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Only two km from La Piedra del Coyote, Gruhn and Bryan excavated the site of
Los Tapiales. There, they uncovered approximately 100 artifacts from the base of a
shallow weathered volcanic ash unit (Stross et al. 1977:115). These included the base of
one Clovislike fluted point, bifaces, unifacial points, burins, gravers, scrapers, blades,
and retouched flakes (Ranere & Cooke 1991:240; Stross et al. 1977:115). Fourteen
Lerma points were also found at the site (MacNeish & Nelken-Terner 1983:77).

Most of the Los Tapiales artifacts were made from basalt, but 20 percent were
made from obsidian and 4 percent from chalcedony (Stross et al. 1977:115). Neutron
activation analyses were applied to determine the chemical composition of sources of
obsidian artifacts from Los Tapiales, and to trace the raw materials to their source
(Stross et al. 1977:114). Three sources were detected from an area 50-75 km from the
site (Stross et al. 1977:115), perhaps indicating the mobility of the Paleoamericans who
visited Los Tapiales. The tools were bracketed by radiocarbon dates 8810+110 b.p. and
11,170+200 b.p., with densest occupation at 9860+185 b.p. (Ranere & Cooke 1991:240).

Esperanza Surface Finds, Honduras: Surface finds of fishtail points in the
Honduran highlands were reported by Bullen & Plowden (1963).

Lowe Ranch Site, Belize: The earliest abundant evidence for human occupation
in Belize comes from the period known as the Lowe-ha phase, which lasted from 9000
to 7500 B.C. (Hammond 1982:354). During this “stage four” period, terminal
Paleoindian hunter-gatherers were “drawn to the orchard-savanna environment of
northern Belize by the edible wild plants and the game food potential of Ice Age
herbivores” (Zeitlin 1984:361). The people were most likely hunters of large game,
including horse and giant sloth (Hammond 1982:354). The artifacts that constitute the
Lowe-ha Complex include fishtail and Plainview points, scrapers, blades, and choppers
(Hammond 1982:354). The long chert spear tip known as the Lowe Point is an “index
fossil” for the Early Archaic of northern Belize (Coe 2005:47).

A site with an assemblage typical of the Lowe-ha phase is Lowe Ranch, where
artifacts recovered during excavation include a Plainview-type lanceolate point

fragment, eleven fishtail points, and end scrapers (Zeitlin 1984:362). Lowe Ranch is
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located on a pine ridge, where little sediment has accumulated during the Holocene era,
so the artifacts could not be stratigraphically provenienced, and no suitable material was
available for radiocarbon dating (Zeitlin 1984:361-362).

Los Grifos, Chiapas, Mexico: A formal excavation that produced radiocarbon
dates was conducted at the Los Grifos site in Chiapas. There, two fishtail points and one
Clovis-waisted point were found in association with modern (i.e. post-Pleistocene) fauna
only (Lorenzo & Mirambell 1999:490; Ranere & Cooke 1991:240). Bracketing dates on
associated organic material were 8930£150 b.p. and 9460 b.p. (Ranere & Cooke
1991:240). An older occupation layer was radiocarbon dated to 9540+150 B.P. and
obsidian-hydration dated to 9300 years of age (Ranere & Cooke 1991:240).

Pleistocene-Early Holocene Paleoecology of the Maya Area

The following outline of the paleoenvironment of the Maya area during the late
Pleistocene-early Holocene transition is chiefly based on several summaries of primary
research written by other archaeologists.

Because water was bound up in glaciers during the Pleistocene era, sea levels
were lower then, so the coastlines of the Maya area extended some distance beyond their
current locations (Pearson 2002: Chapter 1V). During the Pleistocene, alpine glaciers
existed on the highest volcanic peaks in Middle America, particularly in the transverse
volcanic axis near Mexico City (Pearson 2002: Chapter 1V). Archaeologist Georges
Pearson writes, “Although glacial advances may have raised water levels in the Basin of
Mexico, pluvial lakes were not present in Middle America when humans first arrived”
(Pearson 2002: Chapter 1V). The last glacial advance in Mexico probably took place
between 13,000 and 11,000 radiocarbon years ago (Pearson 2002: Chapter 1V). The
sites discussed in this chapter are not in alpine locations, and thus would not have been
directly affected by glacial activity. They would, however, have supported different
vegetational and faunal regimes than they do today. Overall, the climate across the
Maya area during the Pleistocene was cooler and drier than today. There was a 600-900

m downward displacement of vegetation, in comparison to modern times (Ranere &
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Cooke 1991:245). In other words, plants that tolerate cooler and drier conditions grew at
lower elevations than they do today, so the paleoclimate must have been cooler and drier
(but not arid).

Evidence from pollen cores and plant macrofossils from packrat middens
allowed Pearson to make the following generalizations about Pleistocene vegetation
(Pearson 2002: Chapter 1V). Around 18,000 b.p., most of Mexico south of the Tropic of
Cancer, including the Isthmus of Tehuantepec and the Yucatan Peninsula, along with
Guatemala, Belize, and El Salvador, were thorn scrub and wooded savanna. From
18,000 to 14,000 b.p., this area was cooler and drier than today. Vegetation included
pine-oak forest, with alder, juniper, and zones of brush and grass. After 14,000 b.p., the
climate became moister, and cover by pine forest increased. The ensuing period must
have been very dry, since Lake Texcoco in central Mexico “dried up completely
between 14,000 and 6140 “C yr B.P. and suffered from considerable erosion” (Pearson
2002: Chapter 1V). Most of Honduras, and all but the Pacific side (which was thorn
scrub and wooded savanna) of Nicaragua, Costa Rica, and Panama were moist forest
with some montane taxa.

Paleobotanical data indicates that Middle America was predominantly forested,
with savannas occupying discontinuous patches, from 10,000 to 11,500 b.p. (Ranere &
Cooke 1991:246). Fluted points have been found in various forested locations; it is
uncertain whether the people predominantly occupied the tropical forests, or whether
they predominantly occupied the savannas but exploited forest resources (such as lithic
material; Ranere & Cooke 1991:247). An early Holocene cooling began between 10,000
and 8500 b.p. (Pearson 2002: Chapter 1V). Modern plants and animals were in place
between 9,000 and 10,000 years ago (Ranere & Cooke 1991:247). Early Holocene
vegetation patterns may have been a result of the disappearance of the megaherbivores,
rather than the cause of their disappearance, based on analogues in modern Africa and
Asia (Ranere & Cooke 1991:246). Megafauna can tolerate short-term climatic
fluctuations, and as adults are little impacted by non-human predators (Ranere & Cooke

1991:246). The activities of megafauna can transform woodlands into more open
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grasslands (Ranere & Cooke 1991:246). | believe this to be true. If grazing or browsing

fauna is removed from an area, taller plants grow in and shade out shorter ones.

Evidence from Physical Anthropology

Evidence from physical anthropology relevant to the study of the peopling of the
New World can include comparisons of physical traits, blood types, and DNA samples
among populations of the past, and between populations of the past and those of the
present. All these types of evidence are not available in abundance for Paleoamericans
from the Maya area; only one blood group test, and no DNA tests, are known to have
been conducted in Middle America (Pearson 2002: Chapter V). The remains of but few
Paleoamericans have been recovered from Middle American archaeological sites, and in
fact all of these were found in Mexico. Nevertheless, given that the Maya area seems to
have been bracketed on its southern and northern borders by human populations since
the time of lithic stage one, there exists some chance that the first humans to enter
Mexico were related to the first humans that occupied the Maya area. Therefore, the
physical anthropological evidence from Mexico is relevant to the question of the
peopling of the Maya area.

Head shape has been used as evidence of biological relationships among
populations. Crania with long and narrow measurements are called “dolichocephalic,”
and those with short, broad measurements are termed “brachicephalic.” “Mesocephalic”
crania have measurements that fall in an intermediate range. The Mexican skeleton with
the earliest date is Pefion 111 (found in Mexico City), with an AMS date of 10,755£75
B.P. (Gonzalez et al. 2003:381, 383). This 25-year-old female was dolichocephalic, like
many other Paleoamericans, including Browns Valley Man of Minnesota and Confins
Man of Brazil (De Terra et al. 1949:142; Gonzalez et al. 2003:381, 383). An incomplete
human skull was found out of stratigraphic context somewhere at Tlapacoya | Beta (in
Distrito Federal) in 1968; it was AMS dated to 10,200+65 B.P., and it, too, was
dolichocephalic (Gonzalez et al. 2003:381, 385; Lorenzo & Mirambell 1999:489).
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The head shapes of Pefion 111 and Tlapacoya I indicate that the earliest humans in
Mexico had long, narrow heads, and were of “nonmongoloid affinity” (Gonzalez et al.
2003:386). Instead, their heads were probably more similar to early people of Australia
and Africa (Gonzalez et al. 2003:386). Another dolichocephalic skull, from San Vicente
Chicoloapan (found in the Basin of Mexico, near Mexico City), suggests that the
dolichocephalic population continued to occupy Mexico until at 4410+50 B.P.
(Gonzalez et al. 2003:386). However, crania with intermediate dates also varied in head
shape. A cranium from Texcal Cave (found in Valsequillo, Puebla, Mexico), which had
an intermediate date of 7480+55 B.P., was brachicephalic (Gonzalez et al. 2003:386).
At Tlapacoya XVIII, a brachicephalic cranium was found within a stratum dated at
9920+250 B.P. (Lorenzo & Mirambell 1999:489).

The final [possibly] Paleoamerican skeleton from Mexico, the undated Tepexpan
Man (found in the Basin of Mexico, north of Mexico City), has been called
mesocephalic (De Terra et al. 1949:142). It has also been called Mongoloid (De Terra
1947:43; Field 1948:17-18). This may indicate that it had different ancestry from the
other skeletons which are known to truly date to Paleoindian times. Furthermore,
various formulations were applied to the Tepexpan skeleton to estimate a stature of 167-
200 cm (De Terra et al. 1949:98-100, 102). Interestingly, this would have been taller
than average precolumbian males (160 cm) and modern Mexican males (162 cm). The
Tepexpan skeleton did not, however, seem to differ significantly from Archaic-period
burials at other Mexican sites (El Arbolillo, Zacatenco, and Ticoman; De Terra et al.
1949:117). Tepexpan Man was tested for blood type, and was found to have “tentative
evidence...for the presence of group substance A” (De Terra et al. 1949:135). Attempts
were made to compare the blood type of Tepexpan man to that of Aleutian mummies
and two postcolumbian Native American skeletons from Oregon yielded inconsistent
results (De Terra et al. 1949:135). Still, cranial measurements and height indicate
discontinuity of Tepexpan Man with earlier Paleoamericans; perhaps Tepexpan Man was

an intrusive burial from a later time period.
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Recently, Arturo Gonzalez and Carmen Rojas Sandoval have painstakingly
excavated three skeletons from the now-submerged cave systems along the coast of
Quintana Roo, near the site of Tulum (Largent 2005). Dates on bone collagen and
associated charcoal have ranged from 10,000 to 13,000 B.P. | have been unable to
access any report comparing the morphology or DNA of these finds to that of other

human remains.

Model for the Peopling of the Maya Area

When did the first humans arrive in the Maya area? Where did they come from?
How did they get to the Maya area? These, of course, are very complex questions. If
one deems credible the evidence for the site of EI Bosque, Nicaragua (a “lithic stage
one” site), and Tlapacoya, Mexico (a “lithic stage one” site, here discussed only in the
physical anthropology section), the first humans in Middle America left behind their
traces as long ago as 35,000 b.p. More definite evidence of human presence, including
stone tools that are authentic beyond doubt, is found from the “stage three” sites after
20,000 b.p.

I believe in multiple waves of early human colonization of North America by
members of Asian populations via the Bering Land Bridge, and possibly in colonization
of South America via a water route from southeastern Asia. Multiple waves of
colonization would account for the variation in the early American skeletons. It is
possible that the very first Paleoamericans interbred with, or were replaced by, later
arrivals.

After crossing into the New World, how did people get to the Maya area? Some
archaeologists have suggested that the first people to reach the Maya area did so by
traveling south along coastlines, first along the Pacific coastline, and later along the
Atlantic and Caribbean coasts (Sanabria 2007:71; Dillehay 2000). Colonization of
Middle America by a direct water route from African or Australia could explain the
similarity of some of the oldest New World crania to those of modern Africa and

Australia, but that is the only line of evidence to hint at the possibility of such a scenario.
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The coasts would have presented fewer barriers to movement than an inland route, and
would have offered access to abundant marine resources (Sanabria 2007:71). A water
route would have been open for travel at any time during the Pleistocene, even when no
ice-free corridor was open for passage in the North American landmass. Archaeological
evidence of coastal occupation of the Maya area during the Pleistocene is lacking,
although Pleistocene-age sites may now be submerged due to sea level changes. Archaic
Period coastal sites are known from Belize (MacNeish & Nelken-Terner 1983:79-82,
84).

Some people arrived in the Maya area by a land route, as well. Paleoecological
evidence indicates that much of Middle America was covered with montane forest
during the late Pleistocene era, when the first migrations probably occurred. Some
archaeologists view the tropical forest as impenetrable; it could have served as a barrier
for southward expansion of Paleoamericans coming from North America, unless some
kind of grassland corridor, similar to the Great Plains of modern North America, existed
in Middle America (Ranere & Cooke 1991:247). Most Paleoindian sites in Middle
America are in the forested highlands. This fact may result from archaeologists’
preferences for working in highland locations, or from better natural conditions for
preservation of archaeological materials in the highlands. On the other hand, the
highland location of many Paleoindian sites may indicate that Paleoamericans entered by
a highland route and remained adapted to the highlands for a long period of time (Ranere
& Cooke 1991:248). They could have come south along the Rocky Mountains and the
Sierra Madre, or north along the Cordillera de los Andes. The last glacial advance in
Middle America probably took place between 13,000 and 11,000 radiocarbon years ago
(Pearson 2002: Chapter 1V). In Middle America, glaciers were confined to high
mountain peaks, and so would not necessarily have impeded human migration (Pearson
2002: Chapter 1V).

The fact that so little evidence remains of the Paleoamerican entrada may be
related to the scarcity of natural resources in tropical montane forests. Because

resources would have been sparse, the human population must have been very small,
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very dispersed, and highly mobile (Ranere & Cooke 1991:247). Thus, site numbers and
site sizes are small (Ranere & Cooke 1991:248). On the other hand, Paleoamericans
were hunters, and presence of game animals may have been more important to their
choice of location/migration patterns than the vegetation itself (Ranere & Cooke
1991:247). Thus, Paleoamerican remains have been found in every ecological zone in
Middle America that has been identified for the late Pleistocene and Early Holocene
(Ranere & Cooke 1991:247).

The specifics of the timing of these multiple migrations, and further migrations
south (or even north) into the Maya area are open to question. Evidence from tool
technologies can provide hope for answers. Some humans, who did not use Clovis-type
technologies, were doubtlessly living in the Maya area before Clovis times. Some
archaeologists think a fluted point tradition arose among foragers in south-central North
America and spread southward and northward, since fluted points in Canada and the
Arctic date later, and since fishtail points in South America predate the Clovis era
(Ranere & Cooke 1991:239; Snarskis 1979:136). A Clovis-related migration would
have been a secondary migration of people who were already living in North America.
This scenario is more likely than an initial migration into the Americas by big-game
hunters who already possessed fluted-point technology (Snarskis 1979:136). Fishtail
points may have come to the Maya area through migration or diffusion from South
America, or could have been independently invented in the Maya area as Paleoamericans

adapted their technologies to suit their local environments (Ranere & Cooke 1991:239).

Summary and Conclusions

This chapter has, so far, incorporated evidence from archaeology, paleoecology,
and physical anthropology to construct a model for the first entry of humans into the
Maya area. Along the way, the earliest archaeological sites known from the Maya area
have been evaluated in terms of their stratigraphy, dating, and artifact authenticity.
Paleoecological and physical anthropological evidence has been provided that supports a

model in which the earliest humans to arrive in the Maya area may have traveled via a
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highland route from North or South America (or both), and/or by water along the
coastlines, as early as 35,000 years ago. They were hunters of large game, and as such
lived in very small, mobile groups that left behind little evidence for modern

archaeologists to ponder.

SECTION TWO: THE BELIZEAN ARCHAIC PERIOD, AND THE PLATFORM
FOR MAYA CULTURE
Archaic Period Overview

Above, the section on lithic stage four introduced the transition from the
Paleoindian Period to the Archaic Period in the Maya area. The Archaic Period in the
Maya area extended from approximately 9000 to 2500 B.C. (Hammond & Miksicek
1981:261; MacNeish et al. 1980:47) or 7500 to 2000 B.C. (Coe 2005:26). By 7000
B.C., the Pleistocene glaciers were in full retreat, and modern plants and animals were
(more or less) in their present places (Coe 2005:44; Ranere & Cooke 1991:247). The
Pleistocene megafauna were killed off by a combination of the desertification of the
grasslands caused by the hotter, drier weather, and over-hunting by humans (Coe
2005:44).

The death of the megafauna heralded the onset of the Archaic cultural period,
focused on the collection and the first cultivation of wild plant foods, began in the
Mayan area (Coe 2005:44). Lithic technology became more specialized as people
adapted to different environmental zones in the region (MacNeish & Nelken-Terner
1983:73). The archaeological record of the Archaic Period shows a decline in
abundance of projectile points and an increased number of tools (such as grinding
stones) particular to non-hunting subsistence strategies (MacNeish & Nelken-Terner
1983:76, 77). This indicates a shift in food procurement strategies away from hunting,
toward collection and preparation of food plants.

In addition to the exploitation of a broadened resource base, characteristics of
this period include increased sedentarism; a rising population; invention of pottery; and
the rise of complex, chiefdom-level societies (Sanabria 2007:55). Coe (2005:10) places
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some of these developments in the Early Preclassic Period, not the Archaic Period, but
the timing is approximately the same.

These environmental and material-cultural conditions applied to the Maya area in
general. Because the remainder of this dissertation deals with environmental and
cultural conditions of people in one, smaller, locale within the Maya area, the focus of
this chapter must now turn to the Archaic Period in Belize. To provide the material-
cultural and paleoecological setting out of which the Maya culture later developed, a
summary is given here of the Archaic Period developments in Belize. The Blue Creek
area of Belize, which is the focus of this dissertation, was first settled during the Archaic

Period, so the little that is known about the pioneers is covered at the end of this section.

Early Archaic Culturein the L owlands of Belize

Toolkits from the L owe-Ha Phase (9000-7500 B.C.) of the early Archaic Period
indicate that the subsistence economy of Belize focused on hunting (MacNeish et al.
1980:55). Hunters pursued such large game as wild horse and giant sloth, but they were
probably the last Belizeans to do so before these animals became extinct (Hammond
1982:354; Zeitlin 1984:361). Most inhabitants of Orange Walk District lived inland,
practicing seasonal hunting and seasonal plant collecting, as demonstrated by the milling
stones and mullers for seed grinding that are now part of the archaeological record
(MacNeish & Nelken-Terner 1983:78).

Coastal Belize was occupied, as well. The Belize Archaic Archaeological
Reconnaissance Survey noted that most preceramic sites seem to have been located in
proximity to sources of water (such as rivers, seasonal tributaries, or occasionally
chultuns) or on former river terraces (MacNeish et al. 1980:9-27). This survey may have
been biased toward finding sites that were located along watercourses because much of
the survey was conducted by boat. However, other archaeologists have made note of
coastal occupations during the Archaic Period. From 9500 to 8000 b.p. (or 7500 to 5500
B.C., according to Hammond & Miksicek 1981:261), people practicing the Sand Hill

culture in coastal Belize were adapted to maritime conditions (MacNeish & Nelken-
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Terner 1983:78). The artifact complex was used to butcher, work skins, and work wood
and hard materials, and seems to show less emphasis on hunting and more emphasis on
seed collecting than artifacts of the Lowe-Ha complex (MacNeish et al. 1980:42). The
people left behind macroblades, gouges, and end scrapers that seem to have been used in
boat-building (MacNeish & Nelken-Terner 1983:78; MacNeish et al. 1980:42). They
also used pestles and mullers for grinding seeds (MacNeish et al. 1980:42). Sand Hill
sites are small “microband” camps, and the variety of environments in which the sites
were found suggests that the people migrated in response to the wet and dry seasons
(MacNeish et al. 1980:55). The size of social groupings may have varied seasonally, as
well, with larger groupings occurring “at the end of the dry and the beginning of the wet
season when game is plentiful around higher sink holes and river terraces. Fishing in the
latter case would be possible...” and ripened wild fruits would be available (MacNeish
et al. 1980:57). At the end of the wet season, people may have broken into microbands
for hunting “near the now-flowing higher tributaries” (MacNeish et al. 1980:57). During
the dry season, people moved downriver and sometimes onto islands to exploit marine
and estuarine resources (MacNeish et al. 1980:57).

Coastal and inland occupations persisted through the ensuing Belize Phase,
which existed from 5500 to 4200 B.C. (Hammond & Miksicek 1981:261) or 7000 to
6000 b.p. (MacNeish & Nelken-Terner 1983:81). The Belizean Tradition that may have
extended from coastal Belize southwest to coastal Veracruz, Mexico (MacNeish &
Nelken-Terner 1983:81). Settlements were patterned as “macroband” camps or hamlets,
which may indicate intensification of resource exploitation (MacNeish et al. 1980:43,
57). Diagnostic artifacts of the Belize complex are ground-stone mortars, plates, and
large stone bowls, with milling stones and pestles also common (MacNeish et al.
1980:43). Few projectile points or end scrapers were found, suggesting an increasing
cultural emphasis on the exploitation of plant resources (MacNeish et al. 1980:43).
Although stone bowls and grinding stones were among their possessions, there is no
evidence that the people of Belize were yet cultivating plants (MacNeish & Nelken-
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Terner 1983:81). Plants exploited may have included wild savanna grasses and acorns
(MacNeish et al. 1980:58).

Highland-L owland Archaic Dichotomies and Preclassic Cultural Transmission

At the same time, the highland-lowland cultural dichotomy was building. This
dichotomy was first hinted at by the exploitation of different tool technologies in
different altitudinal environments during Paleoindian times. At this point in the Archaic
Period, highland Mesoamericans settled into village life, invented their first ceramics,
and experimented with agriculture (MacNeish & Nelken-Terner 1983:81). Between
5000 and 3500 B.C., local plant domestication occurred (MacNeish & Nelken-Terner
1983:79). Knowledge regarding plant cultivation diffused, and soon plants such as
“amaranth and corn; common, tepary, and runner beans; moschata and mixta squash;
pumpkins, avocados, [and] black and white zapotes” were common cultivars across
central Mexico (MacNeish & Nelken-Terner 1983:81).

An Archaic Period “Desert Culture,” based on intensified collection of wild plant
foods and the hunting of smaller game, arose in the southwestern United States and
throughout highland Mexico (Coe 2005:44). The people of the Desert Culture of
Mexico may have been the first to domesticate maize, beans, squash, and chili peppers,
and to share the practice of cultivation with the people of the Maya area (Coe 2005:44).
A Desert Culture rockshelter in Chiapas, Mexico, called Santa Marta, contained manos
and metates and other food-processing tools (Coe 2005:45). Santa Marta Rockshelter is
discussed as a “stage two” and “stage three” lithic site in the Paleoamerican section of
this chapter, and the Archaic Period/Desert Culture occupation there continued until
approximately 3500 B.C. (Coe 2005:45). The people of Santa Marta may have acted as
cultural translators between the Desert Culture of the north and the people of Guatemala.
Perhaps the people of Santa Marta shared with, or brought to, the people of Guatemala
both the proto-Maya language and knowledge of maize cultivation (Coe 2005:45).

The suggestion that highland culture was transmitted to the lowlands finds

support in ceramic evidence. The earliest pottery in the Maya Lowlands, dating to the
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Middle Preclassic Period, lacks the early horizon markers typical of Mexican and
Honduran pottery, suggesting that lowland pottery did not have a long early
development in situ (Andrews V et al. 1990:572). For example, the ceramic types of the
Swasey Phase, the first ceramic phase in the Maya Lowlands, do not seem to have a
heritage among the Early Formative ceramics of the Maya Lowlands (Hammond et al.
1979:107). Thus, the first lowland pottery may have been introduced from the highlands
after highland pottery had achieved a more sophisticated level of development. Lack of
unity in the pottery styles at the different sites suggests that they did not have a long
history of development in situ, but rather that the *“original settlers of the lowlands
entered from different areas and at slightly different times, perhaps from the northern
highlands of Guatemala and eastern Chiapas” (Andrews V et al. 1990:580). The Pasién
drainage of Guatemala has been suggested as a possible place of origin for the type of
pottery most similar to that of the Swasey ceramic phase, the earliest ceramic phase of
northern Belize (Andrews V et al. 1990:572).

Late Archaic Culturein Belize

The agricultural advancements of the highlands can be compared with the slower
pace at which plant cultivation was adopted in the lowlands. Although the Archaic
Period of the lowlands is poorly known, it seems that lowlanders were living in
sedentary communities, but were still dependent upon marine resources, rather than
agricultural products (MacNeish & Nelken-Terner 1983:82). In Belize, people of the
Melinda Phase lived in sedentary, non-agricultural, marine-dependent villages on the
Caribbean Coast between 6000 and 5000 b.p. (MacNeish & Nelken-Terner 1983:84) or
4200 and 3300 B.C. (Hammond & Miksicek 1981:261). The longer duration of the
settlements may indicate further intensification of resource exploitation (MacNeish et al.
1980:43, 57).

During the ensuing Progreso Phase (between 5000 and 4000 b.p. according to
MacNeish & Nelken-Terner 1983:84, or between 3300 and 2500 B.C. according to

Hammond & Miksicek 1981:261), Belizeans still depended upon coastal and riverine
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resources, but had finally begun to practice agriculture. Most Progreso-phase sites were
situated near rivers or the sea, “where floodplain soils would have been attractive to
early farming villages” (MacNeish et al. 1980:50, 64). Manos and metates suggest the
utilization of plant resources (MacNeish et al. 1980:50).

The Progreso Phase, and the Archaic Period, came to an end in Belize around
2500 B.C., when pottery first came into use there (MacNeish et al. 1980:54). The first
pottery-producing sedentary villages in northern Belize were established around 1000 or
900 B.C., during the (Maya) Middle Preclassic Period (Coe 2005:47). While it cannot
be proven that the Archaic people were Maya, there seems to be no discontinuity
between the Archaic sites and the later, pottery-producing, maize-farming, Maya
speakers (Coe 2005:47).

TheFirst Inhabitants of the Blue Creek Area

The first people to settle the Blue Creek area arrived during the Archaic Period.
The earliest AMS date supporting human occupation and maize cultivation in the Blue
Creek area comes from my own pollen core at Laguna Verde (earlier maize pollen has
been reported from Cob Swamp, Belize; Pohl et al. 1996:360). Charred material at the
bottom of the core (3.68 to 3.69 m below the surface water level) dated between 4830
and 4520 B.P. (2880 to 2580 B.C.). Definite maize pollen was identified in the sample |
took immediately above this one, at 3.67 to 3.68 m below the surface level. Further
evidence for a pre-ceramic Archaic occupation comes from a wetland core taken by
Steve Bozarth and Sheryl Beach (Guderjan 2006:1). The bottom of the core contained
maize pollen radiocarbon dating to 4500 B.P. (Guderjan 2006:1).

Another Archaic Period radiocarbon date was obtained from a paleosol buried at
a depth of 3.5 m in a collapsed sinkhole. It contained charcoal and lithics, and dated
between 2475 and 2195 cal B.C. (Beach & Luzzadder-Beach 2003:31). Ceramics stop
above the latter paleosol (Beach & Luzzadder-Beach 2003:31), indicating the true pre-
ceramic age of the paleosol.
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These dates provide evidence for early, Archaic Period occupation of the Blue
Creek area, and indicate the practice of maize farming in the area. People living in the
Maya Lowlands at this time were hunters and simple horticulturalists (Coe 2005:26), but
the development of more intensive agriculture was just on the horizon.

The medium-sized Maya center (in a political, religious, and economic sense) of
Blue Creek was first occupied around 900 B.C., during the Early Preclassic Period
(Guderjan 2004:235). By the Middle Preclassic Period (800-300 B.C.), the people of the
Blue Creek area were intensive agriculturalists living a sedentary village life. The first
true cities hosting monumental architecture and inscriptions were settled throughout the
Maya area during the Middle Preclassic, and the Blue Creek area was no exception. The
sites of Blue Creek and nearby Chan Cahal were the first in the area to exhibit public
architecture, around 800 B.C. (Lohse 2003b:8-9). Also in the Middle Preclassic, forest
clearance for agriculture began near the sites of Dos Hombres and La Milpa. Channeled
agricultural fields east of the Blue Creek site dated between 2350 and 1880 B.P., or 1300
and 820 B.C. (Beach & Luzzadder-Beach 2003:30, 31). Intensive agriculture was in full
swing, and the settlers now fully exhibited the traits that we identify as belonging to

Mayan culture.

Archaic Period Paleoecol ogy

In light of the pre-ceramic, pre-Mayan human presence in the Blue Creek area, it
is worthwhile to reflect on the environment of the Maya Lowlands at that time. This
section focuses on the paleoenvironment beginning in the early Holocene and extending
through the Archaic Period (7500-2000 B.C.). This information is a good lead-up to the
environmental interpretation of the Laguna Verde pollen core, which (beginning
between 2580 and 2880 cal B.C.) dates to the late Archaic Period.

Much of our knowledge of this paleoenvironment comes from palynological and
paleolimnological studies, most taking place in the Guatemalan Petén. Pollen from a
36,000 year long sediment record from Lake Quexil, Guatemala, showed that the

tropical rain forest familiar in modern times did not exist during the Pleistocene (Brenner
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et al. 2002:146; Leyden et al. 1993:169-170, 1994). During the Pleistocene,
temperatures were 6.5-8 °C below the present level, and the climate was relatively dry
because the “seasonal insolation difference at 10'N was reduced and the [Interpropical
Convergence Zone] occupied a southerly position on average” (quote from Curtis et al.
1998:152; also Brenner et al. 2002:146; Leyden et al. 1993:165, 176). The late
Pleistocene vegetation was thorn scrub, followed by sparse temperate oak forest (Leyden
etal. 1993:171). The early Holocene became warmer and wetter: “Hodell et al. (1991)
suggested that increased precipitation in the Neotropics during the early to middle
Holocene was a consequence of greater intensity of the annual cycle, which was driven
by changes in seasonal insolation forced by the earth’s precessional cycle” (Curtis et al.
1998:153). This resulted in increased precipitation, but also increased runoff and
erosion in the Petén (Curtis et al. 1998:153). Increased precipitation facilitated the
colonization of the Petén by tropical rain forest around 10,500 b.p. (Brenner et al.
2002:146; Leyden et al. 1993:169, 171). The lowland Neotropical rain forest is
therefore quite young.

A multi-proxy analysis (using pollen, stable isotope geochemistry, etc.) of a
sediment core from Lake Peten-Itza, Petén, Guatemala, assessed environmental change
and human influence on the regional environment throughout the Holocene (Curtis et al.
1998). Before 9000 radiocarbon years ago, the climate was relatively dry (Curtis et al.
1998:139, 150). Around 9000-8000 years ago, the greatest seasonality occurred, with
the wettest years of the Holocene leading to the filling of Lake Peten-Itza and other lakes
in the Petén and the Yucatan Peninsula (Brenner et al. 2002:149; Curtis et al. 1998:1309,
151). Wetter conditions prevailed for about 5000 years (Brenner et al. 2002:149). At
Lake Peten-Itza, conditions were moist enough to support high semi-deciduous lowland
forest between 8600 and 6800 b.p. Moraceae and Urticaceae dominated the pollen
record (Curtis et al. 1998:139, 146, 151). Moister conditions prevailed from 6800 to
5780 b.p., after which decline in lowland forest taxa began (probably due to human
disturbance; Curtis et al. 1998:139). Between 5780 and 2800 b.p., forest clearance and
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soil erosion accelerated; deposition of soil into the lake increased (Curtis et al. 1998:139,
152).

A study of Laguna Tamarindito, Petén, provided a 10,000-year-long climate
record (Dunning et al. 1998b). The Laguna Tamarindito pollen core was dominated by
Pinus pollen ten thousand years ago (Dunning et al. 1998b:145). From about 7500 until
after 4000 b.p., the climate was moist, and the pollen showed the presence of an
undisturbed tropical forest that included Moraceae, Combretaceae, and Burseraceae
(Dunning et al. 1998h:145).

The Archaic Period climatic sequence may have been similar in Belize, though
dates and vegetation types differed. Early pollen zones at Cobweb Swamp noted the
presence of a cattail and sedge swamp or open water savanna (Jones 1991). This was
replaced by principal-growth forest sometime between 8061 and 6417 B.P. (Jones
1991:73, 77-78). After this time, a rising sea level may have caused an increase in
swamp salinity and an increasing abundance of salt-tolerant taxa, such as Rhizophora.

After this time, in the late Archaic Period and into the Preclassic Period, a drying
trend began in the Maya Lowlands (Brenner et al. 2002:149). This may be accounted for
by “reduced seasonality, caused by reduced annual north-and-south migration of the
Intertropical Convergence Zone” (Brenner et al. 2002:149). Palynological markers of
anthropogenic disturbance and land clearance for agriculture greatly increased
throughout the Maya Lowlands (Curtis et al. 1998:140; Cowgill et al. 1966; Deevey
1978; Deevey et al. 1979; Dunning et al. 1998b:145; Leyden 1987; Vaughan et al.
1985:80-81).

CONCLUDING REMARKS

A chapter summary is here provided with a brief, synoptic return to the questions
presented at its outset.

1. Q: From where did people come to the Maya area, in general? When did they
arrive? A: Multiple waves of migration took place from the Old World into the New

World. Upon reaching the New World, Paleoamericans may have travelled to the Maya
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area via the coastlines, first following the Pacific coast, and later the Atlantic and
Caribbean coasts; or they may have followed a land route to the Maya area, perhaps
preferring to occupy highland areas and travelling south along the Rocky Mountains and
the Sierra Madre, or north along the Cordillera de los Andes. The first Paleoamericans
may have arrived in the Maya area as long as 35,000 years ago, with a definite presence
established after 20,000 years ago.

2. Q: Who were the first people to come to Belize, in particular? When did they
arrive? A: There has been little speculation in the literature as to the location of origin of
the first Belizeans, but one may point to the general model for the peopling of the Maya
area for clues. The oldest possible archaeological site is the undated Richmond Hill site,
with a primitive, unifacial, “lithic stage two” assemblage. Surface finds of fishtail points
may date to 11,000 years ago. The earliest Belizeans were big game hunters during the
Pleistocene, and exploiters of marine resources.

3. Was a population that was already identifiably Mayan the first to inhabit
Belize, or was there continuity between pre-Mayan populations and the Maya? A: Once
the human population was well-established, during the late Archaic Period, the people of
northern Belize began to receive cultural influences from elsewhere, namely from
highland Guatemala via Chiapas, as is suggested by the ceramic evidence. No
discontinuity is seen between late Archaic Belizeans and later Belizean Maya,
suggesting that elements of culture diffused while the same human population remained,
more or less, place. Ongoing interactions (e.g. speech, trade) between the people of Blue
Creek and others in the region created and maintained a cultural complex that became
identifiably Mayan.

The stage has now been set for an examination of the development of the
subsistence strategies that would later play key roles in the success and failure of the

Mayan empire.
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CHAPTER 111
THE ECOLOGICAL SETTING OF BLUE CREEK

CHAPTER INTRODUCTION

Why did the Maya choose to settle in the Blue Creek region? Given the long
history of low population and low population density in Belize, was the Blue Creek area
even suitable for long-term habitation by a settled human community (namely that of the
Maya from the Preclassic through Postclassic Periods)? Or did environmental factors
doom any who would settle the region to an occupation period that could only have been
brief and turbulent? Testable questions assess the availability and quality of the factors
necessary for human survival, as well as the strength of the infrastructure and its ability
to support arelatively large (compared to bands of nhomadic foragers) group of sedentary
people. Factors essentia to human survival include food and water, as well as raw
materials facilitating the procurement of food and water (such as toolstone, and clay for
pots), and raw materials for building fires and constructing shelter. Infrastructural
support includes the human knowledge and |eadership required to make use of, or
distribute, the essentials for human survival to meet the needs of alarge, sedentary
population. This may entail the mobilization of 1abor, the devel opment of agricultural
technologies, and the building of external alliances for defense or for trade for non-local
goods.

Assessment of these factorsis the purpose of this chapter, with the goal of
eva uating the physical environment in the Blue Creek areain terms of its ability to
provide the essentials for human life, and also in terms of its resource stability. |
demonstrate in this dissertation that particular combinations of some aspects of the
physical environment, such as soil type and moisture regime, result in the growth of
particular plant communities; and changes over timein local or regional vegetation,
indicated by the pollen spectrum, are used to make suggestions about changes in soil
quality and moisture availability. Because the ultimate purpose of this dissertation isto

display the ecological changes through time, revealed by variationsin the pollen
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spectrum, the focus is never on strictly sociopolitical factors, but on human interactions
with the environment and on anthropogenically-caused environmental change.
Sociopolitical aspects and infrastructural support, such as the quality of the local
leadership and the comportment of trade relationships, are considered as they relate to
the physical environment.

The information presented here should be considered in conjunction with other
studies that have focused on the sociopolitical aspects of life at Blue Creek (e.g. Barrett
2004; Clayton 2003; Driver 2003; Guderjan et al. 2003; Lohse 20033, 2003b). It can be
generally assumed that local |eadership existed at Blue Creek, and that they were
capable of running along-term settlement, as by coordinating agriculture and trade and
by organizing labor. If the local leaders were to | ose such capacities, societal downfall
might be expected. In fact, we know there were kings at Blue Creek, the first having
been installed around A.D. 100 (Guderjan 2004:235, 240-241, 247). Theruling lineage
seems to have remained intact until the Late Classic Period, at which point the lineage
seems to have been undermined by outsiders (Guderjan 2004:242, 247). After this, the
site was abandoned. It can be seen that the quality of the local leadership was
unquestionably important in shaping the population’ s interactions with the environment
(e.g. ordering land clearance for large-scale construction projects; organizing
community-wide efforts in hydraulic agriculture) and with outsiders (e.g. coordinating
extra-polity trade that required alocal increase in agricultural production). If the
leadership was unstable, so would the society be, regardless of the stability of the
physical environment.

A stable, high-quality physical environment can help a community buffer
negative effects of outside forces, such as climate change and regional warfare.
Although the physical environment is not the sole force to control every cultural
variable, its characteristics can spur on human adaptations and innovations, and can
influence the direction taken by interpersona and intersocietal relationships. We can
expect that the essentials for human life were present in Blue Creek at the time itsfirst

human occupants arrived, but we should question whether those same factors remained
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stable through the waxing and waning of the Mayan civilization. Stability, or lack
thereof, has implications for human adaptations at the infrastructural level.

An example of successful adaptation to environmental instability comes from the
Maya living in northern Y ucatan during the Late Classic Period, explained by Bruce
Dahlin in an article on climate change (2002). In the Late Classic Period, Y ucatan Maya
society flourished, while those living in some other parts of the Maya L owlands may
have suffered from drought. Low rainfall and high moisture loss through the porous
limestone bedrock make northwestern Y ucatan State the part of the Maya L owlands that
isthe most deficient in available water for agriculture. Because Mayalivingin
northwest Y ucatan State were most accustomed to living under drought conditions, itis
possible that they developed the most effective mechanisms to cope with the Terminal
Classic drought. For example, rather than dedicating themselves solely to farming, they
may have effectively cushioned their losses by exploiting diverse marine, estuary,
swamp, and savannaresources. Rather than counting on agricultural self-sufficiency,
the people relied on external trade -an infrastructural issue- to meet their needs. The
northern Maya may have fared well because they were able to make use of a broader
resource base and different adaptive strategies (including those in the ideol ogical,
political, economic realms —again infrastructural issues) than Maya elsewhere. Peoplein
the southern Maya L owlands may have failed to make adaptations (such as capital or
labor improvements) to the Terminal Classic drought because their political leaders
accepted drought as a fate predestined by the calendar cycle. It would have been
possible for the southerners, instead, to use this prediction of drought as an advance
warning to start planting drought-tolerant crops; to intensify their labor to produce and
store more food; or to make “large-scale capital improvements such as construction of
public reservoirs, storage facilities, and centralized terracing or irrigation systems that
are paid for by taxes, tribute, and labor service” (Dahlin 2002:333). People could also
share the burden of their losses by improving networks with kin and trading partners
living elsewhere.
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It can be seen that not only the ongoing presence of adequate natural resources,
but also the population’ s ability to cope with changes in resource availability (i.e.
sociopolitical factors, both internal and external to a society), have impacts on the long-
term success of acommunity. This chapter, then, explores the physical environment and
natural resources upon which the Blue Creek regional infrastructure was built. Factors
including soil conditions, climate, water sources, local raw materias, and trade for non-
local goods are explained. Finally, the possibility is considered of a coal escence of
instability in these physical characteristics, combined with sociopolitical instability, in
the form of the Maya Collapse.

GEOLOGY AND SOIL

An examination of soilsisimportant in a paleoethnobotanical study because
variations in soil, aong with variations in topography and/or geology, and rainfall,
account for the development of different florain different locations (Standley & Record
1936:10). Soil characteristics, topography, and rainfall work together to produce “ soil
suites with different properties of fertility, permeability, and erodability” (Rice et al.
1985:91). Not only do soilsinfluence regional vegetational associations, but soils also
have impact on “the food production capabilities of populations, on the characteristics of
standing water resources, and on the character of natural and human-induced
perturbationsin resources’ (Rice et al. 1985:91). For example, low capacity of a soil to
retain moisture can inhibit crop growth, especially during the dry season (King et a.
1992:23). Because soils with different properties have different ecol ogical
consequences, aregion that holds a variety of soil types provides a human population
with an increased number of subsistence options. A greater number of subsistence
optionsis a hallmark of economic and ecological stability. During times of
environmental stress, whether of anthropogenic or natural origins, “[landscape]
heterogeneity may have been the most important factor in ensuring a population’s ability
to successfully adapt and survive’ (Barrett 2004:51). Below, it is explained that the

Blue Creek siteislocated in an ecotone, which provided the site’ s inhabitants with
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benefits from an avail able assortment of natural resources, including various types of

arable soils.

“Good Soil”

It has long been assumed that tropical soils are “universaly infertile,” so that,
under cultivation, they “cannot retain key nutrients needed for crop production”
(Johnston 2003:131). This assumption was founded upon a conventional model of
tropical ecology, which is now known to be erroneous (Johnston 2003:131). The
traditional model of tropical ecology states the following about tropical agriculture:
Nutrients are concentrated not in tropical forest soils, but in the forest vegetation; slash-
and-burn cultivation releases the nutrients from the vegetation and depositsit, as ash, in
the soil (Johnston 2003:131). Nutrients may then be lost from the soil via percolation
into the subsoil or via surface runoff and topsoil erosion (Johnston 2003:131). “Weeds
invade cultivated fields because they are better adapted to nutrient-poor environments”
than crops are (Johnston 2003:132). After the second year of cultivation, depletion of
nutrients causes declining crop yields (Johnston 2003:132). Fields must then be
fallowed to permit reforestation and nutrient restocking (Johnston 2003:132).

A new model of tropical ecology has been developed; it states that the traditional
model exaggerates nutrient loss (Johnston 2003:133). Fields abandoned after two years
of cultivation usually reforest rapidly, which would not be possible if the soils were so
nutrient-depleted (Johnston 2003:133, 143). The new model holds that system nutrients
are stored both in the vegetation, and in the soil (Johnston 2003:133). Because weeds
are better adapted to disturbed habitats than cultivars, and because “soil seed banks
contain abundant weed seeds,” weeds outcompete cultivars; weeds absorb and sequester
aprogressively greater portion of the field s total nutrient stocks” (Johnston 2003:133).
Therefore, crop yield declines are caused not by nutrient loss, but by outcompetition by
weeds (Johnston 2003:133, 143, 144).

With the knowledge that tropical soils are not infertile as was once believed, we

may ask what constitutes good agricultural soil in northern Belize. Twentieth-century
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farmersliving in Corozal District, Belize, classify soils as “boshluum (good black soil
which is preferred for milpa), zacluum (white, stony soil), kyanluum (a yellow soil bad
for corn and beans but good for tree crops such as mango, coconut and plantain”
(Hazelden 1975:186). As noted below, deep, dark, calcareous clays and clayey
colluvium are preferred as agricultural soils (Hazelden 1975:186; King et a. 1992:2;
Standley & Record 1936:11-12). These soils are suitable for the growth of most of the
plants used by the Maya, though they are not without problems. During periods of high
rainfall, these soils are subject to problems with wetness and drainage; during the dry
season, shallower soils can become too dry (Hazelden 1975:186).

The lands with the greatest agricultural value in northern Belize are on
floodplains, such as those along Spanish Creek and the Belize River. Those areas are
not as limited by lack of available water as other land systems in northern Belize, though
they may be subject to flooding (King et al. 1992:175-182). However, periodic flooding
may help replenish soil nutrients. Most of these agriculturally-ideal land systems have
deeper soil than isfound in other systems, and (with some exceptions in the Upper
Belize Floodplains) they do not lack soil nutrients (King et al. 1992:175-182).

The Blue Creek areais not situated on such afloodplain, which calsinto
guestion the nature of the soil in the Blue Creek area at the time of Maya settlement and
Classic Period population growth. The present section of this chapter provides hard
evidence for soil quality and diversity in the Blue Creek area, beginning with an
explanation of the geological background upon which the soils are based. Details are
then presented on the topography of northern Belize. The next section describes the soil
types present in the Blue Creek areatoday, and offers an assessment of their potential for
farming. Because many of the non-vegetative natural resources of the Blue Creek area
are of minera origin, the ensuing section introduces the raw materials of the area, and
offers details on inter-regional trade for raw materials unavailable locally. Dueto a
history of natural and anthropogenic interference, the soils of today are not the same as
they were when the first Maya arrived in the Blue Creek area. Therefore, the

penultimate portion of the “Geology and Soils’ section considers soil change (e.g.
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aggradation, erosion, redeposition) during the Maya period. Such consideration reveals
the impacts people have had on the soil, and permits speculations regarding the
implications that soil change may have had for the social stability of the Classic Period
Maya. Finally, the geological eventsrevealed in the stratigraphy of the Laguna Verde

pollen core and in other geoarchaeologica studies at Blue Creek are explained.

Geology of the Yucatan Peninsula

The metamorphic “basement rocks’ of Belize and northern Central America
were laid down more than 200 million years ago, during the Paleozoic era (Hall & Pérez
Brignoli 2003:12). Belize, like the rest of the Y ucatan Peninsula, began to be formed
when marine deposits formed limestone beds during the Eocene epoch (Turner &
Harrison 1983:12). The limestone peninsula emerged from the Caribbean Sea sometime
during the Oligocene or Miocene epochs (Turner & Harrison 1983:12). The isthmus that
isnow Central Americaformed, connecting North and South America, 3-4 million years
ago, in the Pliocene epoch (Hall & Pérez Brignoli 2003:13). Quaternary age volcanoes,
formed within the last two million years, line the Pacific coast of Central America (i.e.
the Maya Highlands; Hall & Pérez Brignoli 2003:12-13). There are no volcanoes in
Belize or the Y ucatan Peninsula (i.e. the Maya Lowlands). During the Pleistocene, the
limestone bed of the Y ucatan Peninsula emerged further from the Caribbean Sea, and
tilted in awestward and northwestward direction (Turner & Harrison 1983:12).
Postemergence erosion followed, creating modern topography and soils (Turner &
Harrison 1983:12).

Geology and Topography of Northern Belize

The Belize River divides Belize north from south. This paper focuses on
northern Belize, where the Blue Creek archaeological ruins are sited (See Figure 3in
Chapter 1.). The northern portion of Belize is chiefly aplain that slopes from west to
east, with the highest elevation being about 400 ft (Standley & Record 1936:9).
Miocene folding created the west-east running central Maya Mountains (which are
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comprised of Upper Carboniferous slates), formed the synclinal plains of northern and
southern Belize, and submerged the northern plain (Standley & Record 1936:10, 11).
Tertiary and Quaternary folding built the drainage systems of the northern coastal plain
and led to the re-emergence of the limestone foundation of northwestern Belize,
especialy to the west of the fault line at Booth’s River, where Blue Creek is located
(Standley & Record 1936:10).

The limestone of Belize is known as Rio Dulce Limestone, named after a
Guatemal an gorge (south of Belize) in which the limestone is exposed (Standley &
Record 1936:11). Thisthick, hard, white limestone covers most of the Y ucatan and
nearby Caribbean islands (such as Cuba, the Cayman Islands, Jamaica, and Haiti) below
2,500 ft in elevation (Standley & Record 1936:11). When the limestone goes into
solution during drainage, it weathers to form hills and caves; thisis known as karst
topography (King et al. 1992:17; Standley & Record 1936:11; Turner & Harrison
1983:16). Karst topography began to develop in the Y ucatan Peninsula during the
emergence of the peninsula from the Caribbean Seain the Late Miocene (Turner &
Harrison 1983:16). When unconsolidated limestone is deposited as clastic sediment (dirt
or sail), it is called sascab or sahcab (Turner & Harrison 1983:16). When
unconsolidated limestone is deposited as clay, it is often called marl. Used correctly,
mar| refersto freshwater calcareous clay, but it is often uncertain whether the limestone
parent material of the clay was deposited under freshwater or marine conditions, leading
to some misapplications of the term (Turner & Harrison 1983:16). Marl need not be
derived solely from limestone; degraded flint and quartzite veins also create marls that
overlie the limestone beds in northern Belize (Standley & Record 1936:11). A key
feature shared by these marlsistheir high content of calcium carbonate.

Topography of the Blue Creek Area: Escarpments, Physiographic Zones, and the
Ecotone
The most prominent feature in the topography of the Blue Creek areaisthe

Bravo Escarpment, which continues north to form an extension of the Booth’s River
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Escarpment. East of the Bravo Escarpment, La Lucha Escarpment runs almost parallel
to the Bravo Escarpment; the two meet just south of the Blue Creek site. The
escarpments are post-Eocene fault lines that run north-south through the area (Guderjan
1991:3; King et a. 1992:32). Freshwater spring seeps emerge at the bases of the
escarpments (Lohse 2003a:3, 5). Rio Bravo and Boothe' s Riverslie at the bases of the
escarpments and meet at Boothe's Swamp (Guderjan 1991.:3).

The fault lines mark an important ecotonal division between two significant
geological, vegetative, and cultural/political/economic (see Lohse 2003a and 2003b)
zones. The Blue Creek siteislocated in an ecotone (called the Escarpment Ecotone)
between these zones. The boundaries of these physiographic zones, or “land regions,”
were defined by geographers King et a. (1992:33) by grouping together land systems
with “similar topography, lithology, soils, vegetation and hydrology”. The Northern
Coastal Plain Zone (also locally called the Escarpment Ecotona Corridor) sits east of (or
below) the Bravo Escarpment. The land west of (or above) the escarpment rises up to an
elevation of about 120 m, where the Bravo Hills mark the beginning of the Eastern Petén
Zone (also called the Upland Hill and Bajo Corridor; Guderjan 2004:235; King et a.
1992:17; Lohse 2003a:2).

Land at the bottom of the Bravo Escarpment, on the Northern Coastal Plain, is
flat and swampy, with afew low terraces, ranging from sealevel to 40 m above sealevel
(Guderjan 2004:235-236; King et a. 1992:35). However, there are many
microenvironments that can host “dense populations of biological organismsincluding
plant and animal life”, and these organisms are key resources in this zone (Lohse
2003a:6). “Most of the Plain is underlain by Cenozoic limestone”, which supports the
growth of semi-deciduous broadleaf forest (King et a. 1992:35). Where there are soils
made from Pleistocene alluvium, pine forests and orchard savannas grow (King et al.
1992:35). Additional details on the soils of the Northern Coastal Plain are given below.
Mean annua rainfall on the Northern Coastal Plain is 1300-2000 mm (King et al.
1992:35).
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Land at the top of the escarpment, in the Eastern Petén Zone, is marked by the
presence of well-drained flat lowlands, bajos, and rolling karstic hills that average 40 to
60 m above sealevel, and reach as high as 200 m or more (Guderjan 2004:235-236;
Guderjan et al. 2003:81). The Bravo Hillsregion of the Eastern Petén Zone lies
immediately west of the Bravo Escarpment, and is the portion of the Eastern Petén Zone
in which the Blue Creek siteislocated. Most of the Bravo Hillsregion is “underlain by
faulted hard Cretaceous and early Palacogene limestones’ (King et al. 1992:35). Semi-
deciduous broadleaf forest grows there (King et al. 1992:35). Mean annual rainfall in
the Bravo Hillsis 1500 mm (King et al. 1992:35). Areal resources of the Eastern Petén
Zone include chert outcrops and arable soils (Lohse 2003a:4). Craft specialization in
lithics is known from this zone, but not from the Northern Coastal Plain, reflecting a
difference in resources that may have implications for differences in sociopolitical
organization between the two zones (Lohse 2003a:5, 10; 2003b:12,15). Particularly
fertile soils are found in the bajos and rejolladas of the Eastern Petén Zone (discussed
below, under the subheading “Blue Creek Area Soil Types’).

Archaeological sites within the permit area of the Maya Research Program exist
both above and below the escarpment. The Blue Creek site core lies atop the
escarpment. The Laguna Verde pollen core was taken from a point at the bottom of the
escarpment, just below therisein atitude. Whether good fortune or good sense led the
ancient Mayato occupy the Blue Creek area cannot be known, but the site’ slocation in
the Escarpment Ecotone provided the people with access to the resources of two
different ecological zones, with increased diversity in the area of gradation between the
two zones. Ecotonal locations offer “higher biotic diversity aswell as higher biotic mass
than either of the merging ecological zones’, as well as “accessto avery diverse set of
environmental niches’ (Guderjan et al 2003:78). The ecotonal situation provided the
farmers with “diverse soils and farming conditions that therefore [diversified] risk and
[provided] stability to production systems’ (Guderjan et al. 2003:78).
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Blue Creek Area Soil Types

We turn now to adelineation of the soil typesin the Blue Creek areatoday, and
an assessment of their potentia for farming. It shall be demonstrated that there exist a
variety of soil typesin the Blue Creek area, which would have increased the number of
subsistence possibilities for the ancient Maya. Some of the soil types were suitable for
agriculture, while others provided the types of forest products that were necessary for
Maya subsistence.

There are three main soil settings near the Blue Creek site and along the Rio
Bravo, the course of which runs south and east of the site. These are discussed in turn
below. Soilsinthe Blue Creek area are mainly inceptisols, including gleysols, fluvisols,
or aquepts (Hall & Pérez Brignoli 2003:20). Theinceptisol soil order consists of moist
soils of recent 