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ABSTRACT

A DIETARY ANALYSIS OF A HUMAN SKELETAL SAMPLE FROM

KICHPANHA, BELIZE

The purpose of this study is to improve the understanding of diet at the Maya site
of Kichpanha, Belize. Archaeological investigations began at Kichpanha in the late
1980s and continued into the early 1990s. During these investigations much was learned
about the history of occupation at Kichpanha and a fairly large skeletalldagerwas
recovered. However, preservation of the skeletal material was poor due to $he moi
conditions and alkalinity of the soil at the site. This made traditional ostedlogica
analysis of the recovered remains difficult and limited the types ofroéstwat could be
carried out on these materials. Previous osteological analyses of thewses monaluded
that the prevalence of dietary stress or illness among subadults in this ipopuke
high as was evident from the high rates of porotic hyperostosis and enamel hggdplasi
the skeletal sample. Frequently these skeletal pathologies amongapiepispulations
in the Americas are related to a heavy reliance on maize resultiog idaficiency
anemia. Dental analysis looking at caries rates and calculus also suppypdtieesis
that the inhabitants of Kichpanha relied heavily on maize. Further analysis cdnihe pl

residues found in the dental calculus from individuals from Kichpanha provides direct



evidence that maize was part of their diet, but other C3 plants were also indudedliet.

The carbon stable isotope data analyzed in this study suggests that maira mave
comprised as large of a proportion of the diet at Kichpanha as the previous ostedkigiteid
suggested. Instead the isotope data seems to indicate that the proportiptaotsCand protein
sources was in the diet at Kichpanha was relatively high when compared to otlaesitdayand

that the diet at Kichpanha was fairly stable throughout the site’s occupation.



TABLE OF CONTENTS

LISt Of TADIES ... e e e e WV
S 0 TP/
Chapter 1: INtrodUCLION ... e e e e e e e e e eaaes 1

Chapter 2: Stable Isotope Analysis and Its Use in Maya Dietary Studies....................4

Elements and ISOtOPES ........oovniiiiii e e e e e e 6
PhOtOSYNTNESIS ..v.v e e 7
ISOLOPE ANAIYSIS ..eeee it e e e e e 8
Skeletal Components .. P X
Testing the Effects of Dlagene5|s .............................................. 13
Changes in Diet through TIme ........c.oooiiiiiiiii e, 16
1= 23
SOCIAl STALUS ... e 24
A i 27
Chapter 3: An Introduction to Kichpanha and Stable Isotope Data Collection ............ 29
Introduction to Kichpanha ..., 29
Bone Collagen Extraction and Analysis ..........ccooviiiiiiiiiie e, 33

Dental Enamel Preparation and Analysis ...............ccceevevveeven .35

Chapter 4: Stable Isotope Data for Kichpanha and a Compiled Data Set froeh@dibli

Maya ISOtOPE STUAIES. ... c.vniitiie et e 37
Chapter 5: A Discussion of the Isotopic Data from Kichpanha........................... 50
Temporal Trend ... s 50
SOCIAl STALUS ... 51
A e 53

Comparing Kichpanha to other Maya Sites ..................................55

Chapter 6: Conclusions Regarding Diet at Kichpanha .............c.cooiiiiiiiiiinnn . 61



Literature Cited

Appendix



Table 4.1

Table 4.2

Table 4.3

Table 4.4

Table 5.1

Table 5.2

Table 5.3

LIST OF TABLES
Averag8'’C Values from Bone Collagen for a Sample Population from
Kichpanha ... 039

Averagé"*C Values from Bone Collagen for Nineteen Maya
Y1 (=S PP 41-43

Averagé™C Values from Dental Enamel for a Sample Population from
Kichpanha ... A4

Averag8'’C Values from Dental Enamel for Cuello and Chau Hiix ....48

Stable Isotope Data for Three Individuals from a Single PsiecEasial
(Operation 3003 burial 4) at Kichpanha.............ccccooiiiiiiici e, 51

Stable Isotope Data for Femoral Collagen from Six Individuals from a
Single Preclassic Burial (Operation 3003 burial 1) at Kichpanha.......... 53

Stable Isotope Data for Dental Enamel Hydroxyapatite freen Fi

Individuals from a Single Preclassic Burial (Operation 3003 burial 1) at
Kichpanha...........co o DA

Vi



Figure 3.1

Figure 4.1

Figure 4.2
Figure 4.3

Figure 4.4

Figure 4.5

Figure 4.6

LIST OF FIGURES

Map of the Maya Region Showing Many Preclassic and Classic
Settlements and CitieS...........cccoiiiiiiiii 030

Distribution 05'C Values for Collagen at Kitchpanha by Time

= 0o 39
Averagg*>C for Bone Collagen by Time Period at Kichpanha ........... 40
Comparative Bone CollagéfiC Data for Sixteen Maya Sites ............ 44

Distribution @'3C Values for Third Molar Dental Enamel at
Kichpanha............oi i 46

Averagé™C Values for Third Molar Dental Enamel at Kichpanha by
TIME PO ..t e e e a7

Comparing-*C Data from Dental Enamel from Three Maya Sites ....... 48

Vil



CHAPTER 1
INTRODUCTION

The purpose of this study is to better understand the diet of the Maya living in
Kichpanha, Belize from the late Preclassic through the Terminal Clas&d.p@revious
research into the Mayan diet has relied on indirect methods such as dental pathology
(Cucina and Tiesler 2003; Magennis 1999:133-150; Seidemann and McKillop 2007),
porotic hyperostosis (Jansen 1995; Wright and Chew 1998), the identification of plant
and animal remains recovered from middens and hearths (G6tz 2008; Mason and Lope
2008; Miksicek 1991:70-84; Shaw 1999:83-99), evidence from epigraphy, art, and
linguistics (Taube 1989), and, with limited success, organic residue analysish{&d
2008; Haslam 2006; Reber and Evershed 2004). Studies looking at dental pathologies
for evidence of diet have analyzed carries, dental wear, antemortentosmtalveolar
resorption, and the accumulation of calculus (Cucina and Tiesler 2003; Magennis
1999:133-150; Seidemann and McKillop 2007). In these studies it has been assumed that
increases in dental pathologies result from an increase in consumption of procaigeed m
foods such as porridges and corn breads which are sticky and high in sugar. Rates of
porotic hyperostosis also are thought to have a positive relationship with the arhount
maize in a population’s diet. Diets high in corn are believed to lead to iron deficiency
anemia which can result in the development of porotic hyperostosis, especially in

populations that consume the pericarp (White 1988).



While dental pathology and the presence of porotic hyperostosis are good
indicators of stress in a population, they can’t reliably provide direct evidencevetatut
exactly people were eating and how important different foods were to theifTthe
recovery of food remains from middens and hearths does provide specific data about
what foods people were eating. However, differential preservation as waiesfe
recovery limits this method’s usefulness in determining the proportions of thiaatiet t
specific foods make up. Culturally based methods such as epigraphy, art, anddsguisti
can provide insights into the cultural importance or significance of certain fioxaaze(
being a great example of this), but again, these types of data can only infibrah aus
population was utilizing a specific food source and will not necessarily teliything
about their level of dependence on that food source.

For the purpose of this study | have utilized another method, stable isotope
analysis. More specifically, | have analyZé@/**C ratios in bone collagen and
bioapatite from dental enamel from a sample of the skeletal populatioclgid€iha.

While stable isotope analysis does not answer all possible questions about a population’s
diet, it does provide a very useful and specific type of information. Carbon stable isotope
ratios indicate what proportion of an individual’s diet consisted,qflants versus all

other food sources. This method is particularly useful in prehistoric Mesoamarere

the only major ¢ food source was maize. This is important because it allows researchers
to track changes in consumption patterns and relate them to social, political, and

environmental changes in Mesoamerica.



In the following chapter | discuss the theory and method of stable isotope
analysis, the types of questions stable isotope analysis have been used to audiless, a
previously published stable isotope studies addressing diet in Maya populations.

In the third chapter | introduce Kichpanha and review the history of the site and
the research that has been conducted in relation to the site. This chapter alsoraytline
methods for preparing and analyzing bone collagen and dental enamel.

In Chapter 4 | present my carbon isotope data from Kichpanha as well as provide
a comparative dataset of carbon isotope data from other Maya studies. These data
analyzed and discussed in Chapter 5. | discuss temporal trends in the data, how diet
varies according to social status at Kichpanha, | compare the bone caliebdantal
enamel data from Kichpanha, and | compare the Kichpanha dataset to other published
Maya carbon isotope datasets.

In Chapter 6 | discuss what this study can tell us about diet at Kichpanha from the
Late Preclassic through the Terminal Classic period and why it may henesibglar or
different from other Maya sites. | will also suggest other possiblerobsteat could
further refine our understanding of the diet of the prehistoric Maya inhabitants of

Kichpanha.



CHAPTER 2

STABLE ISOTOPE ANALYSIS AND ITS USE IN MAYA DIETARY STUDES

This section will introduce the method and rationale of stable isotope analysis
from human remains and to discuss the isotopic studies which have been carried out on
prehistoric Mayan remains in an attempt to better understand their diet. WiMayhe
are referred to as a single entity, Mesoamerica, as a whole, iscodvgieally diverse
and therefore, diet will obviously vary between people living in different envirorsment
However, according to Coe, the Mayan region is less diverse then the entirety of
Mesoamerica and thus can be viewed as really having only two types of distinct
ecosystems, the highlands and the lowlands (Coe 2005: 14).

The highlands are defined as any area with an elevation over 1,000 feet and are
very mountainous regions with landscapes dominated by active and extinct volcanoes.
Rainfall in the highlands is adequate for agriculture; however, the thin soitldyqui
depleted of nutrients and requires long stretches of rest to rejuvenate. Basedmin cur
agricultural practices, at the higher elevations, ten years of cidhvagcessitates a 15
year fallow period for the soil to recover its productive potential. At lower eébegat
(still above 1,000 feet), the fallow period is much shorter, allowing up to 15 years of
continuous cultivation and requiring only five years to recover. The highlands have
relatively scarce wildlife when compared to the lowlands; however, thidm#ye result

of higher population densities in the highlands (Coe 2005 14:20).



The lowlands have significantly higher temperatures than the highlands. The
Peten-Yucatan peninsula is composed of a flat limestone shelf which hasosersaa
level over a very long period of time. Water is one of the primary limitingrfadbr
agriculture throughout much of the Maya lowlands, particularly in the Yucatan Peninsul
There, a limited amount of rain falls each year (70-90 inches) and istesspranarily
to the rainy season. In addition, the rainy season in the Yucatan is unreliable and the
region periodically suffers severe droughts. There are also very fewrnmarniakes or
rivers in this area and the water table is at least 210 feet below theesulriacontrast,
the southern Peten, Belize, parts of Chiapas, and Tabasco receive heavy twacipita
during the rainy season anehotes, natural depressions formed by the collapse of
underground caves, serve as water reservoirs during the dry months and were facal point
of many prehistoric Mayan settlements. The soil in many parts of theiBeteep and
rich; however, the solil of the Yucatan Peninsula tends to be shallow and nutrient poor. In
contrast to the highlands, lowland agricultural fields average only two years of
productivity requiring four to seven years to recover in the Peten and 15 to 20nythars |
Yucatan (Coe 2005: 14-20). However, there is extensive evidence of terracingsadd ra
field agriculture in the Petexbatun region of the Peten, Guatemala, the&®reddon of
Mexico, the Upper Belize River Valley in western Belize, and the Vadadian
southern and central Belize. The archaeological investigations of theetemahese
regions suggests that terracing began in the Early Classic (possiblyrstimad_ate
Preclassic), then greatly expanded during the Late Classic. Thesdtagal practices
would have greatly increased the productivity of the land in these areas, b eequir

large investment of labor and a relatively high level of social organization (k20@1).



Elements and Isotopes

An element is defined by the number of protons (positively charged subatomic
particles) in the nucleus of an atom. For instance, carbon, an important elemaipliein st
isotope analysis has six protons. Nitrogen, another important element in this type of
analysis has seven protons. Neutrons (subatomic particles with no net chaais) a
part of the nucleus of an atom and provide stability to the nucleus by preventing the
positively charged protons from repelling each other. The number of neutrons in the
nucleus of an atom may vary without drastically changing the characgeatthe atom.
Atoms with the same number of protons but different numbers of neutrons are called
isotopes. While the number of neutrons in atoms of an element can vary, that variation
can affect the stability of the nucleus of an atom. If there are too few oraiop
neutrons in the nucleus of an atom the atom will correct the problem through radioactive
decay as is the case fo{,{14 denotes the number of protons (6) plus neutrons (8))
which decays through beta-emission. Conversely, as the name implies, stalplesis
vary in the numbers of neutrons present in the nucleus of an atom, but not enough to
affect the stability of the nucleus. Therefore, these isotopes do not decay.

While the isotopes of an element behave very similarly, they are not etkactly
same. Each proton and neutron weighs one atomic mass unit (amu), and having greater
or lesser mass will affect how quickly an atom reacts with the other atatss i
environment (Pollard et al. 2007: 230-236). The degree of this effect depends on the
relative difference in mass between molecules; therefore, the addition oftocme e
neutron to a smaller, lighter molecule will have a much greater affectiibeaddition of

a neutron to a large, heavy molecule (Schoeninger and Moore 1992). It s this slight



difference in behavior that makes certain stable isotopes useful to biokyists

anthropologists.

Photosynthesis

During photosynthesis, plants incorporate a disproportionately large amount of
Ci2 (relative to what's available in the air) into their tissues becaus®ins stronger
chemical bonds with oxygen in G@nd diffuses more slowly than g Wright 2006:

78). The change in the ratio of{@o G, from the air to that found in plant tissue is

called isotopic fractionation. Atmospheric carbon dioxide consists of 98®@ and
1.1%"CO;, (the radioactive molecul&!CO,, only makes up about 1x18%) (Tykot

2006: 131). The two most common photosynthetic pathways and those most important to
anthropological studies are the @ Reductive Pentose Phosphate Pathway (more
commonly known as the Calvin cycle), and theo€Hatch-Slack pathway (Wright 2006:

78).

In the Calvin cycle, carbon dioxide reacts with the enzyme ribulose
pentaphosphate carboxylase to produce ribulose 1,5 pentaphosphate, a five carbon chain
with —PQ, (phosphate) functional groups. This molecule is then reduced to triose
phosphate, a three-carbon chain with one phosphate group @husuing this process,
the reduced reactivity of:g@produces an isotopic fractionation of 34%. in the plant
relative to the air resulting in&>C around -27%o. In the Hatch-Slack pathway,
bicarbonate is fixed in mesophyll cells with phosphoenolpyruvate to molecules with
three-carbon chains resulting in the four-carbon acids malate, aspartate, landeiate.

These acids are then sent to the bundle sheath where decarboxylation occurs by



phosphoenolpyruvate caboxykinase. The fractionation resulting from the
phosphoenolpyruvate carboxykinase ini€much smaller than that which results from
carboxylation by ribulose 1,5 pentaphosphategpl@nts. The result is that the tissues

of C, plants have &"C around -13%. (Wright 2006: 79)

Isotope Analysis

In the Late 1960s, archaeologists began to realize that radiocarbon dates
determined for pieces of carbonized maize were consistently about 20§o@agsr
than what they expected. As a result, researchers began measuringstapésiand
correction factors were developed for radiocarbon dates derived from mdin¢har
non-wood organic materials. At a conference in 1970, researchers realizedréhafathe
a bimodal distribution of stable carbon isotope ratios related to photosynthetiapsithw
Plants utilizing the Calvin cycle averag&dC of -26.5%. while those utilizing the Hatch-
Slack pathway averagéd°C of -12.5%.. The Calvin cycle (Lis the most common
photosynthetic pathway. Plants utilizing the Hatch-Slack pathwgyir{@ude maize,
sugarcane, millet, sorghum, and certain species of amaranth and chenopodium (Tykot
2006: 132).

In 1964, the theory that carbon isotope values in animal tissues could provide
information about diet was first presented by a biochemist named P. L. Parker who
published an article detailing the carbon isotope analyses he had conducted on marine
plants and animals. In 1971, the first dietary study of an archaeological huranespe
based on stable isotope analysis was carried out by N. J. van der Merwe and &IC. Vog

on the remains of an Iron Age Khoi from South Africa. In this study the researchers



analyzed the carbon isotope ratio of bone collagen extracted from the Khoi indidual’
remains and produced®&C of -10.4. They interpreted this as indicating that this
individual’'s diet relied heavily on fplants, most likely sorghum (Tykot 2006: 132). The
hypothesis that diet affects the carbon isotope composition of human skeletadlmateri
was further tested and confirmed in the late 1970s and early 1980s in laboratory studies
carried out by Bender and colleagues and DeNiro and Epstien, following ¥ tigkl’

study in 1978 (Schoeninger and Moore 1992).

The data used by researchers in isotopic studies is not expressed in absolute
values, but is instead a ratid) Of proportions of isotopes present in a sample versus the
proportions of isotopes present in a standard. In the case of carbon the standard is
PeeDee Belemnite (PDB), a fossil limestone from South Carolina; for entiibg
standard is air. The ratio is expressed in %o (%o) (Similar to percent but nealtipfi
1,000 instead of 100) and is calculate® &s[(Rsample- Rstandard/Rsampid X 1,000 where
R = the ratio of the heavier isotope to the lighter isotope (for carbon, BG4
Because PDB has a very high proportion ft6 Ci», §*°C in plant and animal tissues is
always expressed as a negative number wjtpl&hts having values of approximately
-27%o and G plants having values between -9%. and -16%. with an average of
approximately -13%. (Schoeninger and Moore 1992; Wright 2006: 78-79; Wright and
White 1996). Thé'°C of atmospheric CQs -7%o (Tykot 2006:133). Therefore, the
more maize a person eats the less negative the vastCofill be when measuring the
isotopic ratio of their tissues.

The other most common isotopic ratio archaeologists study is that of nitrogen

(although there are others such as oxygen and strontiili), in contrast t&*C is not



differentially affected by photosynthesis. Inste#d\ directly relates to environmental
factors affecting the soil such as temperature, moisture, and soil salnigyto the way
that plants incorporate nitrogen into their tissue, direct comparis@i3\bmust be
restricted to people living in and subsisting on foods from the same ecologicarzone
area. 5N is useful to biologists and anthropologists because it increases at a fairly
consistent rate of +3-4%o per trophic level. This means that the more animaltpraduc
person consumes the higher tieiN will be. However, in coastal settings this
relationship can be confounded because aquatic plants typically BEeabout 4%o
higher than that of terrestrial plants. There can be further difficuliibsthis
measurement because certain organisms living in the water, such as btualggeecan
actually lower the™N of the water making th&™N of aquatic plants similar to that of
terrestrial plants (Schoeninger and Moore 1992; Wright 2006: 80-81; Wright and White

1996).

Skeletal Components

Before archaeologists began conducting isotope studies, it was dremady that
bone collagen had a slow turnover rate. While no exact rate is known, the turnover rate is
estimated to be between five and seven years for most bones and can be more or less
depending on the density of the bone. Bone apatite is thought to have a similar rate of
renewal, possibly a little faster. Therefore, isotope analysis of thesskeletal
materials provides information about an individual’s diet during the last seeaia f

their life.

10



Tooth enamel and dentin are quite different from bone collagen and bone apatite.
It is entirely formed early in life and once formed has no subsequent deposition. As a
result, isotope analysis of these materials provides information about an indsvaiegl
for just a short period (a few years) during their childhood or adolescence, awpendi
what tooth is analyzed. Due to the fact that the timing of tooth development is known,
analyzing different teeth from the same individual can provide information aboweshan
in that person’s diet during their childhood and early adolescence. Other nabatia
may be used from more recent or very well preserved populations include flesh, hair, and
finger and toe nails. These materials have very fast turnover rates aodige gretary
information based on the very end of the individual’s life (Schwarcz 2000; Tykot 2006:
137-138; Tykot et al. 1996; Wright and White 1996).

It is also important to know when assessing carbon isotopic ratios of skeletal
material that most of the carbon in collagen is primarily derived from dietatgipr
This is because exogenous amino acids (the building blocks of proteins) are pedfigrenti
used in collagen synthesis even though the enzymes necessary for collageissynthes
using non-essential amino acids are present in the cells. The result of thetisynt
pathway is that the other organic components of the diet (carbohydrates and dgids) a
underrepresented in bone collagen. It is believed that the presence of exogenous amino
acids deactivates these enzymes necessary for endogenous synthesiglasdsteds
of a problem when studying populations with low protein diets such as agricultural
populations relying heavily on,&regetation (Schwarcz 2000: 189).

Ambrose and Norr (1993) conducted a controlled experiment using mice as a

model to test how the routing of carbon affeét€ values for bone collagen. For the

11



experiment the researchers developed seven different experimental dietarying
proportions of protein, carbohydrate, and lipids. The experimental diets also had known
and controlled**C values for both the dietary components and the whole diet. What
they found was that changes in the protein source of the diet caused larga #ifts
83C of bone collagen. In a diet composed of 59p@tein (by weight) and 90%;C
energy (carbohydrates and lipids) (the remaining 5% of the diet is cothpbgigamins
and minerals which only contribute 1% of the dietary carbony'ti@of collagen shifted
from -21.4%o (that of a pures&liet) to -14.7%.. That represents a 51% shift away from
the value derived from a purg @iet towards that derived from a purgdiet. This
indicates that the carbon derived from protein, which only makes up 6% of the atoms in
the diet, accounts for 51% of the carbon atoms in the mice’s collagen. Simildidy, a
composed of 5% £protein and 90% £energy resulted in a shift of 42% away from the
values for a pure Sdiet, towards that of a pure; @iet. In contrast, a diet composed of
70% G protein and 21% Cenergy results in a collagé’C value of -20.7%.. What this
indicates is that the 21% of the diet composedafatbohydrates and lipids only results
in a 5% shift ins'*C away from that of a pures@iet. In a diet composed of 70% C
protein and 21% §energy, the resulting>C value was -9.7%o.. This represents a shift
of 88% away from the values for a purgdiet. Ambrose and Norr also found that
protein derived from animal sources is slightly more effective at shittegsbtope ratio
of collagen than is plant protein. What this study indicates is that while galriatés

and lipids do contribute carbon to bone collagen, carbon from protein is preferentially

routed to collagen (Ambrose and Norr 1993).

12



Bone apatite, on the other hand, is different in that the carbon in bone apatite is
equally derived from the whole diet. An important issue to address when conducting
studies using apatite is that it is very susceptible to diagenesis, themeddibne
material with chemicals in soil and ground water resulting in ionic exchammyst(@ et
al. 1999: 226). That is not to say that bone collagen is immune to diagenesis but that it is
protected by bone’s mineral matrix of hydroxyapatite which allows it to surgieety
long periods of time, even in harsh soil conditions. However, while the collagen
structure may remain intact that does not mean that all of the moleculesaksatumthe
collagen will remain unchanged. While bone mineral (apatite) decomposes due to
physical and chemical soil properties, collagen is primarily broken dowmdrgbes in
the soil that use the protein in bone as their nutrient substrate. Acidic soil can bgdroly
bone collagen, but only after the mineral matrix has been destroyed. Grupe and
colleagues conducted a controlled laboratory study of collagen diagenesishtove
microbial degradation affects carbon and nitrogen stable isotope ratiosddevivethe

analysis of bone collagen (Grupe et al. 2000: 173-185).

Testing the Effects of Diagenesis

To test the effects of soil bacteria Grupe and colleagues inoculatedystgvi
sterilized, macerated femora from modern martens with gram-nedafiechaudii and
P. fluorenscens and gram-positive. subtilis. A. piechaudii andP. fluorenscens are
known to utilize amino acids as both carbon and nitrogen souBcesbtilis tends to use

glucose and ammonium as sources of carbon and nitrogen respectively. Thes@mpart

13



bacteria were chosen because they are all known to decompose collagesubhitisis
one of the most important decomposers of detritus.

The inoculated bones were then stored for six to nine months without light in
“optimum growth temperature and aerobic conditions.” Although these conditions were
not explicitly outlined, they state that these bacteria are capablevaethgat temperatures
as low as four degrees Celsius but grow faster at higher temperatwrskly repared
samples of collagen from modern martens and modern humans were also collected to be
used as a baseline in the study. In addition, they also tested a large sample of
archaeologically recovered remains from a variety of sites with eliffesoil conditions
to compare with the experimentally obtained data.

Both the carbon and nitrogen isotopic ratios were altered in the bones inoculated
with bacteria. When the ratios of the inoculated marten remains were comjthred w
those of the control group it was found thatdH€ from the collagen extracted from the
inoculated marten remains had decreased up to 2.4 % (made more negative) and that
8N showed an increase of up to 3.4 %o, the equivalent of an entire trophic level. In
assessing the integrity of the collagen recovered from the archaeokpgcahens the
researchers were able to detect solubilized collagen in the serum protein eigsno a
This resulted from decomposition following inhumation and varied depending on
characteristics of the soil and the antiquity of the bones. Surprisinglyeshereserved
specimens had the most solubilized collagen remnants in the non-collagen protein
extracts. This occurs because solubilized collagen is quickly leeched from bone and,
therefore, bone with more intact collagen will be actively losing more collabereas

highly degraded bone will have already lost a great deal of collagen socdtierr&all

14



have slowed. They concluded that in archaeological human bones that have amino acid
profiles with reduced numbers and altered concentrations of amino acids, isatogic r
present in these bones may reflect diagenetic processes working on thnes ramaamot

the diet of the person under examination (Grupe et al. 2000: 173-185).

One method that is commonly employed to test the integrity of collagen is to
compare the atomic ratios of carbon to nitrogen (C/N). Studies of modern bonertollag
have shown that the ratio of carbon to nitrogen in human bone collagen falls within a
range from 2.9 — 3.6. It is assumed that if the ratio found in collagen from archaalologic
specimens falls within this range then the collagen is relatively intattieast within
the bounds of usefulness. If the ratio is outside this range then it must be concluded that
the collagen is too degraded to provide reliable data pertaining to the individual’s diet
(Wright 2006: 85). Unfortunately, Grupe and colleagues did not assess, or atdedst re
this ratio in their study.

In 1996, Tykot, and coworkers published the results of a study they conducted at
the site of Cuello in Belize analyzing carbon isotopes in bone collagen, bone apdtite, a
tooth enamel of a Preclassic sample (Tykot et al. 1996). When comparing thefoesults
collagen, apatite, and tooth enamej f@ds were estimated to have contributed 58% of
the carbon found in bone collagen and 38% of bone apatite. The percent of C
contribution to tooth enamel was not calculated; howeveg'fiof tooth enamel was
more positive than either of the other two materials suggesting a very hightjgmopdr
maize in the subadult diet. Because collagen derives most of its carbon from dietary
protein, Tykot and colleagues interpreted the differené&’@ between collagen and

apatite as resulting from the consumption of dog meat with its hjggo@pic signature

15



and the subsequent routing of carbon derived from protein for collagen synthesis. They
suggest that these findings indicate that while maize was an important theertdodt, it

did not comprise an overwhelming percentage of the diet during the Preclassic period a
Cuello (Tykot et al. 1996; van der Merwe 2000).

Carbon stable isotope analysis has been used to address four questions of Mayan
skeletal populations. The most common question is how the diet of the population at a
site changed over time. The second question is how diet varied within a population
according to social status. A third question which has been addressed is variaetce in di
between males and females. Finally, the diets of subadults have also been compared to
those of adults within a population.

| will use the data derived from the skeletal population from Kichpanha to address
these same questions in Chapter 5. In the next section will discuss how these questions
have been addressed and the results of the previous carbon isotope studies carried out on

Mayan skeletal populations.

Changes in Diet through Time

Many researchers carrying out stable isotope studies attempt to ansliple
guestions with their data set. One of the basic and most common questions asked is how
diet changed over time at a particular site. All of the Mayan sites at sfaicle isotope
studies have been preformed have long occupational histories and skeletal populations
which naturally lend themselves to questions of temporal change.

One of the earliest studies of carbon and nitrogen stable isotopes in Mesaameric

and the earliest conducted using prehistoric Mayan remains, was carried dutdyn€
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White on individuals recovered from the site of Lamanai in Belize, published in 1988.
The previous bone chemistry studies in Mesoamerica had looked at concentrations of
certain elements present in skeletal tissue (trace elements) as oppased taf Isotopes
present in the bones. Therefore, White conducted both types of analysis on her sample
and was able to compare the results.

For the element analysis portion of her study, White looked at the strontium,
magnesium, and zinc content of the skeletal material. Strontium gives infammati
regarding overall maize consumption, and magnesium and zinc are related tg perica
consumption. There is an inverse relationship between the amount of strontium in an
individual’'s bones and the amount of maize they consumed. What she found was that
strontium content dropped off steeply from the Pre-Classic to the Earlyc khssi
gradually rose to a peak in the Terminal Classic, then gradually declined agdheint
historic period. What this implies is that maize consumption was most important at
Lamanai during the Early Classic, and then gradually declined in signdéesitme
progressed until the Terminal Classic when maize again increased in imporféwece
relationship between the magnesium curve and strontium curve suggested to her that t
people living at Lamanai were not eating the pericarp of maize. This findi&g wa
expected based on ceramic evidence of alkali processing and ethnohistoric amicounts
pericarp removal during alkali processing.

White found a similar trend in maize consumption in her analysis of carbon
isotope ratios from the population at Lamanai. She foundtf@tdecreased over time
(became more negative) from the Early Classic to the Terminali€thses rises sharply

in the Post-Classic. She determined based on the isotopic data that maize ednstitut
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50% of the diet during the Early Classic, then dropped to a low of 37% during the
Terminal Classic, then rose again during the Post Classic and Histoadtria high of
65-70% of the diet. When assessing her nitrogen isotopic data, White foudidithat
was stable throughout all time periods. This indicates there was no sigrofieauge in
the consumption of meat, legumes, or marine resources from the Pre-Clemsyh the
Historic period.

Interestingly, she found very little variation in elemental and isotopic tsiggsa
between individuals within each time period. One exception to this trend was an Early
Classic elite male from a tomb burial whé*$C and strontium values show that he ate
much less maize than the other Early Classic individuals tested (White 1988;anthi
Schwarcz 1989).

At Cuello in Belize, Tykot and colleagues analyzed a skeletal sampleé#mates
from the Early Middle Preclassic through the Late Preclassic. Whatdhed was that
males'8*3C was slightly higher than that of females during the Early Middle &ssicl
then decreased slightly, diminishing the difference, through the Late Psgi€GhMdile
females'C remained stable throughout the entire time period. They interpret this as
suggesting that males had greater accesg todds then females during the Early
Middle Preclassic, but that their access was reduced as time progileageatiag the
difference in diet between men and women (Tykot et al. 1996).

At Copan, Honduras, David Reed analyzed isotopic ratios from a sample of 82
individuals. One of the goals of this study was to determine how diet had changed at
Copan over time and how that change could be related to political and social changes

occurring at the site. The Acbi phase is associated with a period of populatidgh gro
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while the Coner phase is associated with population decline. When comparing
individuals according to time period (or phase), Reed found that during the Acbi phase,
residents of Copan were more dependent on maize and had a more restricted diet then
during the Coner phase. As population declined and the political situation in Copan
deteriorated, diet became more diverse (Reed 1999).

In the Pasion region of Guatemala, Lori Wright carried out an isotopic study
comparing individuals from five different sites spanning in time from the &scl
through the Terminal Classic. The purpose of her study was to test expectations of
change in Mayan diet derived from the ecological model of collapse in the Pagan re
The ecological model of collapse attributes environmental degradation anguamge
decline in health on maize agriculture. Dependence on maize is thought to have
increased over time in association with increasing population pressure and thetidestr
of natural habitats due to expanding farm land along with over-hunting of wild fauna is
believed to have further reduced the variety of foods available to the Mayad &as
this model Wright expected to find increasigC values over time along with
decreasing™N values indicating an increase in maize consumption and a decrease in
animal consumption (Wright 1997:181-185).

When assessing all of the isotopic data together, Wright found that maize was an
important part of the diet in the Pasion region; however, meat also made up a large
portion of the diet and contributed a considerable amount of protein toward collagen
synthesis. At Altar de Sacrifici@$’C values show an increase in maize consumption
from the Preclassic through the Late Classic. During the Terminsgi€lanonumental

construction at Altar de Sacrificios came to a halt, but a large populati@mnezrat the
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site. During this time period there appears to have been a decrease in the im@drtanc
maize in the diet, returning to Early Classic levels. No change is seerogeniisotopic
ratios at the site; therefore, Wright concluded that the changes in roasm@ption

were related to changes in flant consumption, not animal products (Wright 1997:188).

At Dos Pilas a similar trend is seen, but due to the very small TerminalcClass
sample (n=4) the findings are not statistically significant. ConverseBgibal there is
no change iB**C values over time and tl&"N for residents of the site are much higher
than those found at Altar de Sacrificios. Since both sites are situated ar gioalogical
zones, Wright believes that the difference between the two sites must have besnlthe
of local preference instead of food availability (Wright 1997:188-190).

At Seibal, while the proportion of maize in the diet remains stable throughout its
occupation, a drop i6'°N values from the Late Classic to the Terminal Classic indicates
that there was a decrease in meat consumption at this time. However, wheredompar
with thed™N from the other sites in the Pasion, even during the Terminal class$itithe
values at Seibal were higher than those found at any other site at any tingat Wri
hypothesized that these trends in the data could be associated with a shiftrom fis
consumption to beans, or anotherplant, with no associated change in maize or
terrestrial animal consumption. These findings are in opposition to the expexati
the ecological model and do not suggest a shortage of animal protein. Wright concludes
that the data from the Pasion region does not support the ecological model of collapse.
While maize was an important crop throughout the region there was not the expected
universal increase in maize consumption over time and animal protein consumption did

not decrease as the population in the region increased (Wright 1997: 190-195).
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In their stable isotope study carried out at Altun Ha, Belize, White and colteague
looked at carbon and nitrogen isotopes from 72 individuals (47 adults and 25 subadults)
representing elites and commoners spanning in time from the Preclassi®tsthe
Classic. They utilized both bone collagen and bone apatite in their analysibaf car
isotopes. Only collagen was used to look at nitrogen isotopes. Altun Ha is a small, but
significant center located approximately 7km from the coast in northéizeBe
Abundant remains of marine resources that may have been traded and consumed have
been recovered from the site and its proximity to the sea is believed to have been a ve
important factor in the development of the settlement. Altun Ha was settled in the
Middle Preclassic and by the late Preclassic is thought to have been grhithiction
center for Colha, a site to the north of Altun Ha. During the Classic period, Ad#tun H
grew into a “first order” center and in spite of its relatively sma# sieveloped a very
wealthy elite class as is reflected in the amount of prestige goods nedtdnen the site.

Both thes"*C from collagen and that from bone apatite suggest that the diet at
Altun Ha was based primarily on,@ods, supplemented withs@ods. The residents
from Altun Ha also displayed high®N values indicating that they were consuming
ample animal protein. The high®C values an@™N values at the site indicate that the
residents were deriving most of their protein from marine resources. Matheef
resources can raise th€C values derived from bone collagen leading to an overestimate
of maize consumption in the population. However, the &gk indicating a reliance on
reef resources helps to temper this type of error. While maize was atantmoop at

Altun Ha, the site has the lowegfC values and the highe$tN values in the region
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indicating that they were eating less maize and more marine resourcesyoae else in
the region (White et al. 2001).

When the data from Altun Ha is analyzed for chronological trends, two major
shifts in subsistence are seen, according to White and coworkers. The firsedcc
between the Early Classic and Middle Classic and represented a steepiddzjine
consumption. The second occurred at the transition from the Terminal Classic to the
Postclassic and was characterized by a further declingdgor@Gumption. These
decreases in onsumption are interpreted by the authors to represent a decrease in
access to maize, either due to an inability to produce sufficient quantitieszef orathe
loss of trade networks supplying maize to the site (White et al. 2001).

At Chau Hiix, a relatively small site located between Altun Ha and hainm
Belize, Metcalf and colleagues analyzed a sample spanning the EasbraChrough the
Historic period. This population included individuals of all ages, both sexes, and of
differing status; however, in order to assess temporal changes in diet at iGhae H
researchers limited their sample to individuals recovered from Structuresidantial
building. This strategy was explained as limiting the status variatiomvtiteisample
population which could compromise or obscure temporal changes in diet. A weakness of
this sample strategy is that no Classic or Early Classic individuagsesent in the
sample and the Late Classic sample consists of only two individuals, a childhumder
age of 4 and a young adult. The Terminal Classic sample is composed of 15 individuals
spanning all age groups. The Postclassic population consists of five individuals, four
young adults and one adolescent. The Historic period population is composed of three

young adults. What Metcalf and colleagues found wasstfi@tvalues were higher
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during the Postclassic and Historic periods than during the Terminal Cla$ssc

change is more pronounced when comparing bone apatite values than when comparing
collagen values. The researchers interpret this as meaning thatrige aft#*C values

is most likely related to a change in protein consumption, not a change in maize

consumption (Metcalf et al. 2009).

Some researchers have used stable isotope studies to determine if a difference
between the diets of males and females existed among the Maya. In 1996, Tykot and
colleagues analyzed a Preclassic sample from Cuello in Belize. Megcdiheir
sample both by sex and time period, although these divisions resulted in very small
sample sizes. What they found was that during the Early Middle Pre-CladsiE m
seemed to consume more maize then did females resulting in an &/é€atmt was
2%o higher than for females from the same time period. However, the very amples
size (2 males and 3 females) limits the reliability of this finding. Thearekers suggest
that this difference between male and fendaf€ may be the result of males eating more
C,4 enriched dog meat then females. The analysis of their Late Pre-Glasgite (7
males and 6 females) no difference was seen between the sexes. Whempldevaam
divided by sex and examined for changes in diet over time Tykot and colleagues found
that maize consumption seemed to decrease slightly among males througlfwat the
Classic while they found no change in the diet of females (Tykot et al. 1996).

David Reed also conducted an isotopic study looking for differences between the

diets of males and females at Copan. He analyzed 34 females and 37 males. Afte
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removing three outliers Reed found that males had significantly higher valéé¥for
andd™N. These results mean that males were eating more meat and more maize and t
females had a greater proportion gfpfants in their diets (Reed 1999: 183-193;
Whittington and Reed 1997: 157-170).

At Chau Hiix, Metcalf and colleagues looked for differences in diet between
males and females. Their sample included 13 males and seven females. Thesneales w
from the Early Classic, Terminal Classic, Postclassic, and Historicgeriods; the
females were from the Terminal Classic, Postclassic, and Histoegoeriods. They
found no statistical difference between the diets of the males and femtdes sample
and concluded that there was no systematic difference between the diets afimen a

women at Chau Hiix (Metcalf et al. 2009)

Social status

Another aspect of Mayan culture which researchers have used stable ismtopes t
address is whether or not diet varied according to social status. While ieipgssible
that among the Maya diet varied according to social status, status can be dfficul
determine archaeologically and studies of this type often suffer from samgiles sizes.

At Lamanai White analyzed two tomb burials, a male and a female, as part of her
study. When compared to the rest of the population, the nsaf€sand strontium
values show that he ate much less maize than the other Early Classic indiiedtead
and hissN suggests that he was eating a larger portion of imported marine foods than
were commoners at Lamanai. T3&C of the female was similar to that of the male

indicating that the plant portion of their diets was similar; however, the woman had a
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much lowers™N suggesting that she didn’t have equal access to marine resources (White
1988; White and Schwarcz 1989).

David Reed conducted a carbon and nitrogen isotopic study comparing
commoners and elites from the Late Classic period at Copan. A very largelskel
sample was recovered from Copan, so Reed was able to select a sample of 25 commoners
and 57 elite individuals for this comparison. The status of individuals was determined by
the location of their burial. In their 1997 publication, Whittington and Reed stated that
the most likely source of meat at Copan was deer. They made no mention otithe reg
consumption of dogs which, in other studies, has been shown to consume diets primarily
based on maize. This raises 8 value of the dogs’ tissues. This, in turn, raises the
81*C values of individuals who consume the dogs (Tykot et al. 1996; van der Merwe et al.
2000). Reed states that there were very few faunal remains recovered fiota the
implying that meat made up a very limited proportion of the diet at Copan (Reed
1999:187-188). Five archaeological deer specimens were also analyzed tongetermi
how their consumption would affect the isotopic signatures of individuals who consumed
them. Based on tHg°C of the deer studied, Reed determined that these deer were
consuming a diet based op f6ods. This fact allowed him to assume that maize was the
only G, food in the diet of residents of Copan. Using t-tests to compare the means of the
carbon and nitrogen isotopic signatures of the commoners and elites at Copan, Reed
found no difference between the two groups. However, there was a greater degree of
variance in carbon isotope values among the elites then among the commoners at Copan.
They interpret this as indicating that there was more variation betwedreth®f elites

then between commoners. Because this variance did not show up in the nitrogen isotopic
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values they conclude that the difference was not in meat consumption, but thaeghe elit
had access to a greater range gplant foods (Reed 1999).

Lori Wright also looked for differences in diet according to status in her aalys
of diet at five sites within the Pasian region of Guatemala. Analyzingtwmariwithin the
sites according to social status was difficult due to skewed and small sangsliebut the
data did show a trend during the Late Classic at Altar de Sacrificios arndilBs®f
highers™N for elites suggesting greater meat consumption among elites as cotupare
commoners. During the Terminal Classic no such trend is seen (Wright 1997: 181-195;
Wright 2006: 191-203).

In their dietary analysis of a population from Altun Ha, Belize, White and
colleagues looked at carbon and nitrogen isotopes from 72 individuals (47 adults and 25
subadults) representing elites and commoners spanning the Preclassic to @Glad3ast
The results of the temporal study indicate that there was a steep decline in C
consumption from the Early Classic to the Middle Classic and a further decling thei
Terminal and Postclassic periods. B values of elites at Altun Ha tend to be higher
than those of commoners; however, there is a large amount of variation in the measure
among the elites. White and colleagues interpret this as indicatingedliatitess to
maize and suggest that their data shows multiple levels of elitenesarataliand
possibly lesser elites attempting to emulate greater elites thconghhmption (White et
al. 2001).

At Chau Hiix, Metcalf and colleagues discuss in detail one individual who was
the primary interment in an Early Classic Tomb. Based on the context theyeathat

this individual, an older adult male, was a ruler of Chau Hiix. Interestinglymizshad
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the highes'C value for collagen of any of the remains they analygEe = -7.6%o).
However, thes'*C value for his bioapatite was close to the mean for the rest of the
population at Chau Hiix (-7.5%c). By assessing the difference betweéffthealue of

this man’s bioapatite and collagen (the smallest of any individual analyeed) t

researchers determined that this high status individual’s diet consistedge ar@ount

of marine resources or,@ed terrestrial animals along withs @lant foods. This finding

is consistent with what was found across the entire sample from Chau Hiix; hpthesser
individual also had a slightly high&t*N signature which suggests that he may have

eaten more meat and fish then the rest of the population, although the difference appears

small (Metcalf et al. 2009)

A final question addressed by Mayan researchers using stable isotopesasalysi
the how diet varies between subadults and adults within a population. In her
investigation at Lamanai White examined the remains of individuals of all &jee
wanted to see if the diets of infants and children differed from that of adults. She found
that when she compared the isotopic data of all age groups there was no difference.
White concluded that people of all ages were living on the same diet and that this high
maize diet during development lead to the high incidence of porotic hyperostosa see
Lamanai (White 1988).

At Chau Hiix, Metcalf and colleagues looked at variation in diet by age by
analyzing and comparing tl&°C values for bioapatite from dental enamel from first,

second, and third molars from all of the individuals in their skeletal sample fdn whic
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these teeth were present (not all of the individuals had third molars). They based thei
analysis on the premise that first molars provide dietary data for ththfes years of

life, second molars relate to ages 3-8, and third molars relate to ages 9-12héerhey
compared the data from each of the tooth types to each other both within individual time
periods and across the entire sample population. The researchers found no significant
difference between th#>C values for the molars either within time periods or for the
whole population. They concluded that there was no significant change in dietrbetwee
birth and 12 years of age at Chau Hiix.

They also compared the dental data'fi€ values from bone bioapatite which
provides information about diet during the last 10 — 30 years of life. They did find a
significant difference between the dental data and the bone data with thestféntal
being consistently higher than that from bone. They concluded, based on this evidence,
that maize and/or coastal resources made up a larger proportion of the subadhandiet t
the adult diet at Chau Hiix. This difference was present at all times at Gkabui was
most pronounced during the Postclassic and Historic time periods when the avéage
values for enamel were -1.8 %o and -2.1%o while those of bone bioapatite were -7.0%. and
-7.1%.. While the importance of maize and coastal resources increased at Chau Hiix
during these time periods for individuals of all ages, Metcalf and colleaguesidenicht
these data show that during the Postclassic and Historic periods, the subadulCtaai
Hiix was composed completely of maize and coastal resources (MetdaR@09).

The next chapter will introduce the site of Kichpanha and discuss the theory
behind stable isotope analysis and describe my method for collecting data from the

Kichpanha skeletal sample.
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CHAPTER 3
AN INTRODUCTION TO KICHPANHA AND STABLE ISOTOPE DATA

COLLECTION

The purpose of this chapter is to provide an introduction to the site of Kichpanha,
and describe the method | used to extract and analyze the carbon isotope data from my
skeletal sample from Kichpanha, Belize. Figure 3.1 shows the location of Kichpanha i

northern Belize along with many other important Maya sites.

Introduction to Kichpanha

The site of Kichpanha was first settled in the Middle Preclassic timedp@®00
- 850 BCE). The earliest occupation appears to have been established along &ne north
shore of Kate's Lagoon, a freshwater lake, and along the boundaries of the wetlands
associated with the lagoon. A well drained limestone ridge provided an area of dry land
upon which the site was established (Shaw 1995a).

Kichpanha expanded in size and population throughout the Preclassic time period
(before 250 CE); however, it remained modest in size relative to the nearlrg cénte

Colha and Cuello. The most rapid growth of Kichpanha appears to have occurred
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around 100 BCE and is evidenced by the extensive monumental construction that
occurred during this time. Also, during this period the evidence of social saftifi
within the site is seen in both residential construction and patterning and ieatmeent
of the deceased (Shaw 1995a).

During the Early Classic period (250 CE — 600 CE) site growth plateaued and the
population began to decline. Also, during the Early Classic time period monumental
construction greatly decreased and was limited to modification of Predassitures
and some residential construction including adding height to many of the redidentia
platforms. Toward the end of the Early Classic, evidence of an upper claspatsofh
(Shaw 1995a). It is unknown whether the elites moved on to other nearby cultural
centers, or if their status simply declined through the generations untieatolically
recognizable social stratification was lost at Kichpanha.

By the Late Classic period (600 — 800 CE) there is no evidence of social
stratification at Kichpanha and the site was inhabited by a relativedf group of
people living in the Early Classic residential plaza north of the monumentat.cente
Construction during this time was limited to minor remodeling of the EarlysiClptaza
(Shaw 1995a). A small agricultural community continued to inhabit Kichpanha into the
Terminal Classic; however, by the end of this period the site had been abandoned
(Magennis 1999:137).

Kichpanha is surrounded by a lush environment that would have provided a rich
and varied diet for its inhabitants. Preliminary analysis of faunal rerframs
Kichpanha indicate that crocodilians, turtles, snails, and fish were extremtedate’s

Lagoon and the nearby wetlands and consumed at the site along with deer, peccary, dog,
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armadillo, and agouti (a rodent related to guinea pigs). At this time theveeigdence
of raised or ditched fields at Kichpanha and there is little arable land nestethe
however, gardens along the margins of the wetlands and dooryard gardens were most
likely used to supplement agricultural production (Shaw 1995a in Magennis 1999:137).
The initial archaeological excavations at Kichpanha were carried out irtehe la
1980s and early 1990s. Due to the high pH and moisture of the soil, skeletal preservation
is very poor. There were very few intact bones recovered from the site and the
degradation of the remains did not allow for the sexing or aging of most of the
individuals recovered from the site. Therefore, those factors will not bedeoediin my
analysis of the remains from the site. Despite the poor preservation, Jansen and
Magennis were able to carry out studies assessing the health of the population and how
the presence of specific indicators of health or “stress” changed over tinie the
Kichpanha population. Alisa Jansen’s study focused on linear enamel hypopidsias a
porotic hyperostosis (Jansen 1995), while Magennis’ (1999) study looked at cases rat
and dental calculus buildup. Jansen initially expected that the prevalence of linear
enamel hypoplasias and porotic hyperostosis would increase over timdionreldahe
increasing social stratification that took place during the buildup of the Mayanmd&mpi
Instead, what she found was that these indicators of stress were highesthduring t
Protoclassic and Late/Terminal classic and lowest during the Eadgi€lavhen social
stratification within Kichpanha was at its pinnacle. In Magennis’ studpés she
found that there was a slight drop in prevalence from the Protoclassic to the Early

Classic, then the prevalence more than doubled during the Late/Terminat.Ciissi
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also found that the amounts and rates of calculus increased steadily from dictaBsmt
through the Late/Terminal classic (Magennis 1999: 133-150).

In their analysis of plant remains recovered from dental calculus from Kichpanha
Cummings and Magennis found that the most abundant material was corn starch
granules. The authors also found phytoliths from Palmae (plants in the paly),famil
festucoid grass (ag@rass), pollen from Cheno-AnCenopodium or Amaranthus) in
individuals from the Protoclassic time period, and manioc starch granules.al§bey
state that there were remains from a wide variety of plants that greynwet able to
positively identify. While the analysis of plant remains found in dental calculss doe
indicate that certain plants were consumed (or possibly just placed in the mouth for
working fibers as may be the case with the festucoid grass) it does noangcess
indicate the importance of any particular plant in the diet of the individuals who are

analyzed (Scott Cummings and Magennis 1997).

Bone Collagen Extraction and Analysis

For this study, collagen from the leg bones of 42 individuals was analyzed. Most
samples were taken from femora, unless there was no femur recovered from an individua
burial. In that case tibiae were used. For burials containing multiple individuals, onl
right femurs were analyzed to prevent taking multiple samples from & savidual.

Each sample consisted of a solid piece of bone weighing approximately 0.5g.sblgin
pieces of bone preserves the collagen tendrils whereas crushing the sanudelsreak
up the collagen fibers. The samples were placed in 10mL test tubes with apprgximatel

7mL of 0.5M hydrochloric acid (HCI). The tubes were then loosely covered withtin foi
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and refrigerated at approximately 2°C until demineralization of the akebetrix was
complete. The time required for demineralization to occur varied between sgooples
generally took between two days and one week.

When demineralization was complete the samples appeared yellow in color and
were soft when prodded with a glass stirring rod. The samples were thefugedtto
separate the skeletal material from the liquid, and the acid was removedpiydita
and replaced with deionized water. The samples were rinsed in this mannantasee t
to ensure that all of the acid was removed. Due to the variation in time required to
demineralize different samples, the samples that finished deminecadifadt were
processed then stored in deionized water at approximately 2°C until all afipées
were demineralized and rinsed.

At this point the deionized water was removed and replaced with a pH 3 solution
of deionized water and hydrochloric acid (0.001M HCI). A twist-off cap was tlzeel
on the tubes and they were put into a block heater at 70°C for 48 hours. The tubes were
placed in the center of the block and covered with tin foil to insulate the tubes. Rgllowi
this the samples were filtered using a fluted paper filter funnel andrtteeniag fluid
was transferred to plastic screw top test tubes and frozen in a standagd f@eeze the
samples were frozen they were moved to a -80°C freezer for at least twachenssire
that they were completely frozen. They were then placed in a freezeary& tours to
remove the water from the samples.

When the water was removed leaving only the collagen, the resultant samples
appeared light yellow in color with a fibrous, fluffy texture similar ta@otcandy. Next,

approximately 1.2mg samples of collagen were placed into tin cups which were the
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crimped closed in preparation for transfer to the mass spectrometer. Tlessaere

then run through a mass spectrometer using thd®@LB5 method.

Dental Enamel Preparation and Analysis

Samples of enamel from 14 individuals were also tested. One purpose of testing
enamel was to see if there was a difference in diet between subadults and adults at
Kichpanha. Another reason for testing both collagen from long bones and hydroxyapatite
from tooth enamel is that the carbon used in the formation of collagen is thought to come
mostly from the protein in an individual’s diet, whereas hydroxyapatite is thaught t
represent the whole diet. This is because amino acids (the building blocks of proteins)
are preferentially used in collagen synthesis even though the enzymes rydoessar
collagen synthesis using non-essential amino acids are present in the lceliesult is
that the other organic components of the diet (carbohydrates and lipids) are
underrepresented in bone collagen. It is believed that the presence of exogenous amino
acids deactivates enzymes necessary for endogenous synthesis andithiasth a
problem when studying populations with low protein diets such as agricultural
populations relying heavily on C4 vegetation (Schwarcz 2000: 189). While it is ekpecte
that the Kichpanha population falls into the category of a population highly dependent on
C4 vegetation with a low protein intake, it is worth testing both materials andiagses
any similarities or differences between the information provided by the twariaia. It
should be noted that the values from bone collagen and teeth cannot simply be compared
as tooth enamel tends to have a much higher concentratit thfen does bone

collagen (Dupras and Tocheri 2007).
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The third molar was chosen as the tooth from which to draw samples because it is
the last to develop and provides information about an individual’s diet in late childhood.
Crown formation of the third molar takes place between the ages of nine and 13 years
(Ubelaker 1989). Other teeth, which develop earlier, may reflect both the diet of the
child and that of the mother since enamel formation of the other teeth may ovehnlap wit
child’s period of nursing. First, the outside surface of the tooth was cleaned byngmovi
a very small amount of the outer layer of enamel with a Dremmel tool. Thencfor ea
tooth approximately 3.5mg of enamel was removed using the Dremmel tool, being
careful not to include any dentin, and collected in tin foil. This is slightly more than is
required for testing; however, it allowed for some loss during processing. mpéesa
were then placed in 1ml test tubes and soaked in 0.1M acetic acid for ten minutes to
remove diagenetic carbonates. The samples were then rinsed three tm=onized
water. Next, most of the water was removed and the samples were placed mga dryi
rack until completely dry. The dried samples were then soaked in 85% phosphoric acid
(HsPQy) at 25°C for approximately 18 hours to produce CO2 gas. The gas was then
analyzed with a mass spectrometer to determing'fevalues.

These methods provided data in the fornd’d€ values for each sample that
allowed me to observe the diet at Kichpanha from the Preclassic throughriaale
Classic. This data along with a comparative data set consisting of published Maya

isotope data is presented in the next chapter.
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CHAPTER 4
STABLE ISOTOPE DATA FOR KICHPANHA AND A COMPILED DATA SET

FROM PUBLISHED MAYA ISOTOPE STUDIES

The purpose of this study is to look at maize consumption at Kichpanha. | have
collected and analyzed stable carbon isotope data from collagen extrantdddrbones
of 42 individuals. Also, stable carbon isotope ratios were determined for 20 indsvidual
based on carbonate extracted from bioapatite in the enamel of their third. i o
differences in the formation processes of bone collagen and enamel, the dath for e
material type can be compared to that presented for other Maya sites to provade
complete picture of the diet of my sample population. Collagen and enamel athble c
isotope data have been analyzed both for changes or trends within my sample population,
and compared with values and trends reported for other Mayan sites.

While taphonomy has had a strong impact on the physical integrity of the remains
recovered from Kichpanha, there is no evidence that diagenesis has altered thalchem
makeup of the remains. A non-random sample of the individuals included in the collagen
part of this study was analyzed for diagenesis. The sample is non-random because
wanted to test bones that would cover the range of physical degradation préisent
skeletal population. In order to do this | looked at the carbon to nitrogen ratio found in
the collagen recovered from these subjects. All of the samples tested for siimgene

proved negative. The carbon to nitrogen ratios all fell within the normal human range of
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2.9 - 3.6. Itis generally assumed that if the carbon to nitrogen ratio falla thiii

range no significant diagenesis has occurred and the collagen has remaat€ulVindgat

2006: 85). No similar test has yet been developed to test enamel (Metcalfe 2009);
however, enamel is a very hard substance with no pores or Haversian canals and should
be relatively resistant to digenetic changes (Lee-Thorp 2000:92-93). Thetkefore, i
diagenesis has not affected the bone collagen in the Kichpanha sample, it seems unlikely
that the enamel has been affected.

Of the 42 individuals whose collagen | was able to analyze, 18 lived during the
Preclassic period (300 BCE — 250 CE), four lived during the Early Classic period (250
CE - 600 CE), 14 lived during the Late Classic Period (600 CE — 800 CE), and six lived
during the Terminal Classic and Postclassic periods. The avi@fa@gfer the Preclassic
sample is -13%. with a range of -11%o. to -15.04. and a standard deviation of 1.0.

The Early Classic sample, which is small, is also tightly clustered. Enages'>C for

this population is -13%. with a range of -12%. to -14.26, and a standard deviation of
0.67. For the Late Classic sample the avesdlfis -13.560 with a range of -9 %o to
-16.2%0 and a standard deviation of 1.8. The Terminal and Postclassic sample has an
averaged™C of -13.360 with a range of -10%. to -15.24 and a standard deviation of

2.3.
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Figure 4.1 Distribution 08**C Values for Collagen at Kitchpanha by Time Period

Table 4.1 Averagg"C Values from Bone Collagen for a Sample Population from

Kichpanha
Kichpanha Preclassic | Early Classic Late Classic Terminal/Postclass
avg.5C (%o) -13.0 -13.6 -13.5 -13.3
st. dev. 1.0 0.7 1.8 2.3
n 18 4 14 6
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Figure 4.2 Averagg*C for Bone Collagen by Time Period at Kichpanha

I have also compiled the stable carbon isotope data for other Mayan sites which

have been previously published.
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Table 4.2 Averagd™C (%.) Values from Bone Collagen for Nineteen Maya Sites

Lamanai

Time Period Preclassic  Early Classjc  Late Classic  Teh@lassic| Postclass|c

avg.613C (%) -12.4 -12.3 -14.2 -15 -9.3

n 5 2 5 6 50

Caracol

Time Period Early Classig Late Class| Terminal clagsic

avg.5°C (%o) 9.1 -10 -10.8

n 8 72 5

Barton Ramie

Time Period Early Classic  Late Classj

avg.5°C (%o) -11.4 -11.2

n 7 31

Cuello

Time Period

avg.5°C (%o)

n

Pachitun

Time Period Early Classig Late Class| Terminal Ctassi

avg.5°C (%o) -9.2 -8.5 -10.4

n 1 3 26

Pacbitun 300CE - 550CE — 700CE - 900CE
550CE 700CE

Time Period tzul coc Tzib

avg.5°C (%o) -9.17 -8.34 -8.75

n 1 3 3

Copan

Time Period Early Classic  Late Classj

avg.5°C (%o) -11.0 -10.2

n 2 39

Copan 400CE - 800CE-950CE
800CE

Time Period Acbi /Early Late Coner
Coner

avg.5°C (%o) 9.1 94

n 5 18
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Table 4.2 Averagé™C (%.) Values from Bone Collagen for Nineteen Maya Sites, ctd.

Altar de

Sacrificios

Time Period Preclassic  Early Classic  Late Classic  &inClassic
avg_SlSC (%) -10.7 -9.7 -8.3 -9.0

n 9 6 7 16

Seibal

Time Period Preclassic Late Classic  Terminal Classic
avg.5°C (%o) 9.6 9.4 9.4

n 7 11 16

Dos Pilas

Time Period Late Classi¢  Terminal Classic
avg.5°C (%o) -9.0 -9.4

n 14 4

Aguateca

Time Period Late Classi¢

avg.5°C (%o) -9.6

n 8

Itzan

Time Period Late Classic

avg.5-°C (%) -9.2

n 5

Homul

Time Period Early Classig Late Classjc

avg.5°C (%o) -9.5 -9.0

n 18 4

Uaxactun

Time Period Late Classi¢

avg.5°C (%o) -10.7

n 6

Iximche

Time Period Postclasg
avg.5°C (%o) -7.8
n 43

42

ic



Table 4.2 Averagé™C (%.) Values from Bone Collagen for Nineteen Maya Sites, ctd.

Kaminaljuyu

Time Period

Early Classic

avg.5°C (%o)

-9.9

n

96

LaBlanca

Time Period

Preclassi

[}

avg.5°C (%o)

-12.5

n

3

Altun Ha

Time Period

Early Classig

Late Class

c

Terminal Clas

sdRDstelassia

avg.5°C (%o)

-10.2

-12.3

-11.6

-11.8

n

7

20

5

5

Chau Hiix

Time Period

Late Classig

Terminal Class

s5ic Postcla

avg.5°C (%o)

-13.3

-12.1

-8.3

n

1

15

5

43

Ssic
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Figure 4.3 Comparative Bone CollagéfiC Data for Sixteen Maya Sites

Of the 20 individuals whose dental enamel was analyzed, ten lived during the
Preclassic time period, three lived during the Early Classic period, fodrdiveng the
Late Classic period, and three lived during the Post Classic. The value$ttxitata
collected from dental enamel suggest that the diet of the inhabitants of Kichpayha m
have changed slightly over time in a way that was not reflected &t¥Belata derived

from bone collagen. However, small sample sizes and fairly large standardotesviati



within each time period makes these data difficult to interpret. The Psiectasnple is

the largest consisting of ten individuals. The avefad@ value for the Preclassic is

-9.0%o with a range from -7.5%o. to -11.7%0 and a standard deviation of 1.6. The Early
Classic sample only consists of three individuals. The avéfa@dor the Early Classic

IS -9.7%o0 with a range from -8.3%o to -11.0%0 and a standard deviation of 1.4. The Late
Classic sample consists of four individuals. The aves&tiefor this sample is -8.2%o

with a range from -6.1%o to -12.9%0 and a standard deviation of 3.1. In the Late Classic
sample there is one extreme outlier (burial 14 from Operation 1001/1) Wit aalue

of -12.9%. If this individual is removed from the sample the resulting averageis

-6.7 %o with a range from -6.1%o to -7.0%0. and a standard deviation of 0.5. The Terminal
Classic sample consists of three individuals. The aveérageor this sample is -10.1%o

with a range from -8.3%o to -11.5%0 and a standard deviation of 1.7.
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Figure 4.4 Distribution 08*3C Values for Third Molar Dental Enamel at
Kichpanha

Table 4.3 Averagé™C Values from Dental Enamel for a Sample Population
from Kichpanha

Preclassig Early Classig Late Classig Terminal Classic
Kichpanha
avg.8°C %) | -9.0 -9.7 -8.3 -10.1
st. dev. 1.6 1.3 3.1 1.7
n 10 3 4 3
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Figure 4.5 Averag&*C Values for Third Molar Dental Enamel at Kichpanha by Time
Period

| have also obtained tt3&°C data extracted from dental enamel from Cuello
(Tykot et al. 1996) and Chau Hiix (Metcalf et al. 2009) to compare with that from
Kichpanha. Coyston and colleagues also publighil values for dental enamel from
Pacbitun and Lamanai; however, the sample sizes are so small that theyirckided
here. Only four individuals from Pacbitun and five individuals from Lamanai were
analyzed and they were spread across all time periods and the researchersabie to

be consistent in their choice of teeth due to the small dental sample (Coydtdr989n
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Table 4.4 Averagé"*C Values from Dental Enamel for Cuello and Chau Hiix

Preclassic Early Late Classig Terminal Classi¢ Postclassic
Classic
Cu€dlo
avg.8°C (%o) -8.7
n 33
Chau Hiix
avg.8C (%o) -6.2 -5.4 -6.3 -1.8
n 1 2 15 5
0
1 2 4 5
-1
2
3
-4
—_ =¢—Kichpanha
g 5
o == Cuello
w 6 Chau Hiix
-7
-8
-9 ’\//\
_10 \
-11

1 = Preclassic

2 = Early Classic
3 = Late Classic

4 = Terminal Classic

5 = Postclassic

Figure 4.6 Comparing™C Data from Dental Enamel from Three Maya Sites
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Initial observation of the data described above shows that Kichpanha had a
relatively stable diet throughout the history of the site and that the dietrgidfica was
different than most of the other Mayan sites previously analyzed. In the nextr¢hegpte
information is analyzed for indications of change in the diet at Kichpanha over time
differences in diet between upper and lower class individuals, differenceganydi
trends over time for subadults and adults, and a comparison of the data from Kichpanha

and other Mayan sites is made.
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CHAPTER 5

A DISCUSSION OF THE ISOTOPIC DATA FROM KICHPANHA

In this chapter | will discuss tRe°C data collected from the Kichpanha skeletal
sample. | use these data to look at trends in diet over time at Kichpanha, to dbmpare
diets of upper class individuals versus that of commoners, to determine if trends seen i
the adult diet match those seen in the subadult diet at Kichpanha, and to compare the diet

at Kichpanha to other Maya sites.

Temporal Trend

When looking at the collageii*C data for Kichpanha it appears that diet
remained stable at the site throughout its history. From the Preclassigttiihe
Terminal/ Postclassic very little difference is seen in the data arelitheot enough
change to conclude that there was any change in diet. There is a smiadl ofecfic
values from the Preclassic to the Early Classic; however, only four individoadghe
Early Classic period were analyzed in this study and the difference in isotape va
between these two time periods is not statistically significant. tntfsests were used to
compare the samples from each time period and there were no statistgrafigant
differences in thé'*C values of collagen between the sample populations from any of
the time periods at Kichpanha. The standard deviations within the data for thedtcecla

and Early Classic samples are relatively small (1.03 and 0.67 respedcivelyjcrease

50



in the Late Classic and Terminal/ Postclassic (1.81 and 2.34 respectivelyyesihiss
surprising because during the Preclassic and Early Classic time parididdpanha, a
stronger class distinction is evident (Shaw 1995a) which | would expect to result in a
larger range of variation in diet between individuals. | expected that¥belata from
these time periods would show that upper class individuals were consuming more

difficult to acquire foods and less maize.

Social Status

While it is often difficult to identify social distinctions in the archaeatadi
record, there are two individuals in particular from the Preclassic population a
Kichpanha whose burial treatment seems to indicate that they were impodplet pe
One individual was recovered as a primary interment (Operation 3003 burial 4)
accompanied by at least four secondary interments, two of which had identifiabla fem
which were analyzed for this study.

Table 5.1 Stable Isotope Data for Three Individuals from a Single Preclassi
Burial (Operation 3003 burial 4) at Kichpanha

Primary | Secondary| Secondary
Interment | Interment | Interment
Femoral Collagen| -13.3 -12.3 -12.2
813C (%o)
Dental Enamel 9.9 i i
8"°C (%) '

The&'C value for the bone collagen of the primary individual is %38hich is

slightly lower than the average of -1&d0for the time period, but well within the
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standard deviation of 1.0. When comparingd3H€ for the primary burial versus the
secondary interments, both secondary intermentsdta@esignatures which are higher
than the primary interment. Theéi°C values are -12.3%o and -12.2%.. No dental
remains could be positively identified for either of the femurs representingdbedary
interments so comparing these individuals must rely entirely on the coliiage. Based
on these data it | feel that the primary individual probably ate slightlyasze than the
two secondary individuals and possibly ate more freshwater fish, snails; afahG.
The practice of burying an elite individual with secondary interments was comm
among the Maya, but explaining the tradition is difficult. It is possible that domdary
burials are sacrificial victims or ancestors of the primary individuaklie€ Shaw
suggests that at Kichpanha the latter possibility is the most probable, tiesfam
contending for status within Kichpanha included deceased ancestors in burialayas a w
of exhibiting their history and importance in the community (Shaw 1995b) 5*f@e
value for this individual’s dental enamel is -9.9%.. Again, it is somewhat lower than the
9.0%0 average for the Preclassic time period, but not an outlier (the standard deviation is
1.57).

A second higher status burial (Operation 3003 burial 1) also dates to the
Preclassic and includes a primary burial with 13 secondary interments, fikeobf had

identifiable femora that were analyzed in this study.
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Table 5.2 Stable Isotope Data for Femoral Collagen from Six Individuals from a
Single Preclassic Burial (Operation 3003 burial 1) at Kichpanha

Primary | Secondary Secondary Secondary Secondary] Secondary
Interment | Interment | Interment| Interment| Interment| Interment

Femoral
Collagen
813C (%o)

-13.0 -12.1 -12.3 -15.0 -13.2 -12.2

In this case th&">C value for the collagen of the primary burial is right at the
average for the time period. BY'C value is -13.0%0 which also places it right in the
middle of the individuals included in the burial whose values range from -12.1%o to -
15.0%o (the second lowest’C value within this burial is -13.2%o). The fact that one of
the secondary burials ha$’aC value of -15.0%. is interesting because it is not just the
lowestd**C value in this burial, but the lowest value for any individual from the
Preclassic population of Kichpanha and the fourth lowest of all of the individuals
analyzed in this study. This suggests that this individual’s diet was partyduiiginl in
protein derived from freshwater resources such as fish and snails, as wedsigde
animals which fed on £plants. This seems to support Shaw’s assertion that the
secondary interments were ancestors of the primary individual and not sdarifitms.
Unfortunately, dental data is available for only four of the secondary intesnaerat it
cannot be determined which teeth go with which long bones due to poor preservation and
the manner in which the secondary individuals were interred. That being said, the dental
values for all those interred in this burial range from -7.5%o to -8.7%. with the primary
burial again falling right in the middle with a value of -8.0%.. This range istblig
higher than the average for the Preclassic population as a whole suggestimgsthat t

individuals may have consumed a greater than average amount of maize, buage ave
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amount of protein (besides the one secondary individual with the particularly low
collagens™®C signature).

Table 5.3 Stable Isotope Data for Dental Enamel Hydroxyapatite from Five
Individuals from a Single Preclassic Burial (Operation 3003 burial 1) at Kichpanha

Primary | Secondary| Secondary| Secondary Secondary
Interment | Interment Interment Interment Interment

Dental
Enamel
813C (%o)

-8.0 -8.7 -8.6 -7.6 -7.5

While a sample of two individuals cannot be considered conclusive, these results
suggest that the diet of high status individuals was the same or very similarasttbie r

the population at Kichpanha.

Age

83C values derived from bone collagen should not be compared diretficto
values derived from dental enamel. This is becaus&t8esignature of bone collagen
largely reflects protein in the diet, while tsC signature of bioapatite in dental enamel
closer is representative of an individual’s diet as a whole. Therefore, anyonencuns
maize will have a lowes"*C bone collagen signature th&liC dental enamel signature
because the carbohydrate portion of the diet shows up more pronounced in dental enamel
than in bone collagen. However, these data are useful in that | can compare tha trends i
the two types of data. These trends can provide some insight into the differeveenbet
the diets of adults and children at Kichpanha. Also, to avoid overstating the difference
between the data provided by the two material types it should be noted that changes in

any part of the diet (protein, carbohydrate, or lipid) are reflected isiBevalues of
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both bone collagen and enamel bioapatite, but changes in protein have a much greater
effect on thes**C signature of bone collagen than do changes in carbohydrates and lipids.
On the other hand, changes in carbohydrate, lipid, or protein sources seem to affect the
83C signature of the bioapatite in dental enamel equally (Ambrose and Norr 1993). This
is because the carbonate in bioapatite is derived frogir@®e blood which is produced
as a byproduct of cellular energy metabolism. Nearly all dietary macdemtatare used
in energy metabolism; therefore, #1&C signature of bioapatite should reflect the overall
8°C value of an individual’s diet (Ambrose et al. 2003).

When looking at the trends over time for #1&C values from bone collagen and
dental enamel from the sample from Kichpanha the trends from the Preclamsghthr
the Late Classic are very similar. All values are fairly low suggpshat G plants did
not make up an overwhelming proportion of the diet. In both bone collagen and dental
enamel5°C values decline between the Preclassic and Early Classic, then increase
during the Late Classic. A difference in the trends shows that during th€lastgc the
83C value for dental enamel exceeds that of the Preclassic, while the énicrétaad™>C
value for bone collagen between the Early Classic and Late Classialisrdtman the
decrease that occurred between the Preclassic and Early Classic.thé/hdeovered
Early Classic skeletal sample from Kichpanha is small and my samplataf deamel is
fairly small for the Late Classic, the fact that the values are sasintreases my
confidence in drawing conclusions based on these data. What | believe these data
suggest is that maize was more important in the diet of subadults at Kichpanhalduring t
Preclassic and Late Classic than during Early Classic. Somewhegtess, but

possible, is that maize was more important in children’s diets during the lasgdhan
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the Early Classic. The bone collagen data suggest a similar trend, but jro#eisehas
a greater influence on tl3&°C values of bone collagen than carbohydrate, changes in
carbohydrate consumption are tempered in their translation into bone collagen.l While
am hesitant to draw any conclusions about the relative importance of maize in subadul
and adult diets at Kichpanha, trends in maize consumption from the Preclassic through
late Classic are very similar.

Interestingly, there is a divergence in the trends during the Terminal&3ssc.
During the Terminal/Postclassig-*C values for dental enamel drop fairly sharply to
their lowest level (-10%o), while §'°C values for bone collagen rise slightly (from
-13.5%0 during the Late Classic to -13.3%o in the Terminal/ Postclassic) dhorsngne
period. These data could imply that maize consumption decreased for childrertigeiring
Terminal/Postclassic, but may have remained steady for adults. Treaskean maize
consumption in children may have been compensated for with an increase in protein
consumption or in €plant consumption. Determining which of these possibilities is
more likely cannot be determined with the current data. Possibly testing nitroge
isotopes from the enamel could shed more light on this question; however, that is outside

the scope of the present study.

Comparing Kichpanha to other Maya Sites

When comparing th&C values from Kichpanha to the other published Mayan
stable isotope studies it is immediately obvious that the diet at Kichpanha was
significantly different from most of the other skeletal collectionsyaeal. Of the 16

sites included in this comparative data set only six (besides Kichpanha )draaey f
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time period, an averageC for bone collagen below -12.0%o and only two have an
averaged™>C for any time period below -13.0%. (Table 4.4 and Figure 4.4). Also, during
the Late Classic and Terminal Classic, only Laminai has lower av&riealues than
Kichpanha. What this indicates is that the residents of Kichpanha were probably
consuming less maize than most other people in the Maya Empire. During thedRrecla
time period, the sites with*C values most similar to Kichpanha are Cuello, La Blanca,
and Laminai. Kichpanha has the low&SEC values of any of these sites, but the
difference between Kichpanha and Cuello is very small, and Laminai aBldhea are
within 1% of the values shown for Kichpanha. This would suggest that the diet at Cuello
and Kichpanha were very similar and there was little difference betivesa two sites
and Lamanai and La Blanca. The only other sites where Preclassic popwietiens
analyzed are Altar de Sacrificios and Seibal which B&¥@ values of -10.7%o and -
9.6%o respectively. These values are both much higher than Kichpanha's &/&tage
value of -13.0%o.

During the Early Classic time period the aver&g€ for Kichpanha drops to
-13.6%0 while Lamania’s avera@é’C rises slightly from -12.4%o to -12.3%o (although
the Early Classic sample at Laminai only includes two individuals). Witaley other
Early Classic Mayan populations have been analyzed, no other site has valueseanywhe
near as low as that found at Kichpanha. Unfortunately there are no data fromdCuell
La Blanca for the Early Classic time period.

As I've stated previously, between the Early and Late Classic timmpdtie
meand-*C of bone collagen rose slightly at Kichpanha from -%3 1 -13.5%o.

Pacbitun, Altar de Sacrificios, Copan, and Homul also experienced changes in diet
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resulting in an increase in averaij&C from the Early to the Late Classic time period.
However, all of those sites ha¥€C values much higher than that of Kichpanha and

their increases iB**C are much greater. This would indicate that while the changes may
have been similar, either an increase in C4 plant consumption or in animals that
consumed C4 plants, their actual diets were very different. The sites mwilér $1-°C

values to Kichpanha for the Late Classic Time Period are Laminai, ChawahidhAltun

Ha, which also all happen to be in modern day Belize and are relatively close
geographically. This suggests that the diets at these four sites wavelsetamilar

during this time period. Interestingly, Laminai, Chau Hiix, and Altun Ha all hextted
decreases i6"*C between the Early and Late Classic, while the carbon isotope values at
Kichpanha were relatively stable. In fact, all three of these sitesrappeave had very
volatile subsistence changes throughout their histories, while Kichpanhaeemary
stable.

When analyzing the data from Kichpanha | combined the Terminal and Post
classic populations. | did this because both samples were small (two TernasstCl
individuals and four Postclassic individuals), there is no archaeological evitiance t
populations or lifestyles changed at Kichpanha during these time periods, asutdpeci
data for both time periods is very similar.

When comparing this Terminal/Postclassic population to other Mayan sites there
is no site with a simila'*C for either the Terminal Classic or Postclassic time period.
Diet at Kichpanha again remained stable with only a very slight ireiea5’C from
-13.5%o in the Late Classic to -13.3%o in the Terminal/Postclassic. At Lamingi‘the

values for bone collagen continue to drop off between the Late Classic and Terminal
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Classic from -14.2%o to -15.0%0. Then, during the Postclassic Laminai underwent an
extreme change in diet which resulted indH€ rising from -15.0%o to -9.3%.. Chau
Hiix also experienced a rather extreme change in diet between th€llagsic and
Postclassic. From the Late Classic to Terminal Classic, Chau Hiietages'C rose
from 13.3%o to -12.1%.. Then, during the Postclassic, their avérageose again to
-8.3%0 suggesting a large increase in maize consumption most likely associatad wit
decrease in protein ang flant consumption. At Altun Ha, diet changes also resulted in
rising 8*°C values; however the changes were much more modest than at either Laminai
or Chau Hiix. At Altun Ha the avera@é’®C rose from -12.3%o during the Late Classic to
-11.6%o during the Terminal Classic. Then, during the Postclassic there wdt a slig
decline in averag&'®C, down to -11.8%o. | interpret the changes in avesal2 during
the Terminal and Postclassic time periods at Laminai, Chau Hiix, and Altus Ha a
indicative of a decreased reliance on freshwater protein sources sisthasifsnails,
and likely an overall decrease of protein in the diet. This decrease in protein would have
to be compensated for somehow, and | expect that maize made up for the lossesf calori
from their diet. While | previously stated that changes in carbohydrataroptien
generally has a relatively small impact on 8h% of bone collagen, when protein makes
up a very small proportion of the diet, changes in carbohydrate consumption isdaeflecte
to a greater extent in bone collagen (Ambrose and Norr 1993).

The only two sites with published dental data comparable to Kichpanha are
Cuello and Chau Hiix. As in the comparisorsbiC values from bone collagen for
Kichpanha and Cuello, their averagféC values from dental enamel are very similar

with Kichpanha having a slightly lower averafféC value then does Cuello. The
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difference is only 0.3 %o (-9.0 %o for Kichpanha and -8.7 %o for Cuello) and therefore,
support my previous conclusion that the diets at Kichpanha and Cuello were nearly
identical during the Preclassic period. Chau Hiix has no published isotopic data for the
Preclassic period.

From the Early Classic through the Terminal Classic the trend in enarbehcar
isotope values at Cau Hiix is fairly similar to that seen at Kichpanha. Atsltes there
is an increase in the averagféC from the Early Classic to the Late Classic, then a
decrease in the averadeC from the Late Classic to the Terminal Classic. However,
while the trends are similar, th&’C values are not. The average enasti&l values for
all time periods are substantially lower at Kichpanha than at Chau Hiix. nthesiies
that G, plants, most likely maize, were much more important in the subadult diet at Chau
Hiix than at Kichpanha. This is particularly interesting because during teeClassic
time period the averagé®C values from bone collagen for Kichpanha and Chau Hiix are
very similar, only 0.2 %o difference. The difference seen in their avétagevalues
from dental enamel for this time period is 2.8 %.. This indicates that while the astslt di
at Kichpanha and Chau Hiix were very similar during the Late Classicenod,
particularly in regard to protein consumption, the childhood diets at the two sites were
quite different. These values also support my previous assertion that maizesvas le
important in the diet at Kichpanha then at other Maya sites. Unfortunatelyatkanet

more sites with publishe#tC data from dental enamel comparable to Kichpanha.
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CHAPTER 6

CONCLUSIONS REGARDING DIET AT KICHPANHA

What this study indicates is that the diet at Kichpanha was unusual among the
Maya primarily due to its stability. No statistically significantfelience was seen
between the avera@é®C for either bone collagen or dental enamel bioapatite for any of
the time periods represented in this study. Kichpanha also falls in the bottom of the
range of5*°C values for both bone collagen and dental enamel bioapatite for all Maya
sites. This suggests that the inhabitants of Kichpanha ate less maize and mare aquat
resources then the inhabitants of most other Maya sites through most time periods. Only
Laminai had a lower averag&’C value than Kichpanha for any contemporary time
period (only during the Late Classic and Terminal Classic).

When considering both the long bone data and the dental data from Kichpanha it
appears that the subadult and adult diets at Kichpanha were very similar. Both were
relatively low in maize and high ingGources such ag@lants and the terrestrial
animals which consume them, and fresh water aquatic resources such as fihgrsalil
crocodilians.

Social status also appears to have had little influence on an individual’s diet. The
two individuals who could reliably be identified as upper class individualg'fiad
values very similar to the rest of the individuals from their time period. An stirege

finding from this study is that diet appears to be most varied during the LatsdCGiad
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Terminal/ Postclassic time periods. This is counter to what | had expé@sticipated
that the diet at Kichpanha would be most varied during the Late Preclassicrgnd Ea
Classic when Kichpanha had a more obviously socially stratified population.

When considering the porotic hyperostosis and enamel hypoplasia datagrovide
by Jansen (1995), it is surprising that 8% values for Kichpanha are so low. The high
prevalence of both porotic hyperostosis and enamel hypoplasias in the Kichpaata skel
sample suggests a nutrient poor diet and is generally assumed in Maya populations to be
indicative of a diet heavily reliant on maize. However, thed5{€ values for the
Kichpanha sample suggest that these general indicators of stress may hdttbé res
childhood iliness (such as intestinal parasites or infectious disease(l iasteautrient
poor diet.

The trend over time in the prevalence of dental carries in the skeletal seonple f
Kichpanha follows roughly the same v-shaped trend as the avi&f@gier bone
collagen. The decrease in carries rates between the Late PeeataisEiarly classic
coincides with a decrease in the averdld€ for bone collagen. Following the Early
Classic both the carries rate and the avesat§2 values for Kichpanha increased.
However, it should be noted that the increase in caries rates was far more siltiséant
the change in averagé®C values. This difference may be the result of a relatively small
increase in maize consumption at Kichpanha following the Early Classicassogith
a finer processing of maize products which would explain the very high catess ra
during the Late/ Terminal Classic and the steady increase in calculosthated at
Kichpanha from the Protoclassic through the Late/ Terminal Classic (MmsgE999:

141-145).
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While this study has provided some valuable data and insight toward the
understanding of the diet of the inhabitants of Kichpanha, there is still morecleest
can be done on the subject to further clarify the issue. A weakness of isotopic studies i
that they are expensive, and each isotope from each type of skeletal ratgrial
provides a small piece of the puzzle. | chose to anafy&efrom bone collagen largely
because it was the most common type of isotopic study carried out on Mayan populations
and allowed me to compare Kichpanha to a large number of other Mayan sites.
However, the weakness of bone collag&iC analysis is thai'C is primarily used to
provide information about maize consumption in the New World, but collagen is better
suited to provide information about protein consumption and there are many dietary
variables that can complicate the interpretation of this data. | alsezadalyC from
bioapatite in dental enamel because it provided data pertaining to the subadult diet a
Kichpanha and because it representsstfi@ value of the entire diet weighted equally.
This helped to clear up some of the inherent ambiguity in the bone collagen data, but still
leaves unanswered questions.

While | conclude that the diet at Kichpanha is high in freshwater protein sources
and that maize was a less important staple food at Kichpanha than at otherté4aya s
further research including analyziBtfC from bone bioapatite ardd°N isotopic studies

could be very beneficial to understanding the diet at Kichpanha.
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These studies could help determine whether the5td@ values | derived from
bone collagen are really the result of high freshwater animal consumptiatbeaesult
of a heavy reliance ons@lants such as chenopods, amaranth, and/or manioc. A more
detailed study of the faunal remains at Kichpanha could also help to answer #hismue
by providing direct evidence of the types and relative abundance of faunal resources

consumed at the site.
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KICHPANHA CARBON ISOTOPE DATA

APPENDIX

Dental
Enamedl
Op | Sub-op | feat/bur | indv.# | TimePeriod 613C
3001 6 Preclassic -11.68
3011 24 Preclassic -8.52
3011 24 ind B Preclassic -11.68
3003 1 bone T| Preclassic -8.74
bone K
3003 1 (P) Preclassic -8.0p
3003 1 bone 9| Preclassic -8.63
3003 4 P Preclassic -9.86
bone
3003 1 AA Preclassic -7.58
3003 5 Preclassic -7.84
3003 1 bone 2,3 Preclassic -7.47
3001 42 Early Classic -11.00
1001 26 Early Classic -8.31
2000/2 2 Early Classic -9.73
1001 15 Late Classic -7.02
1001 10 Late Classic -6.86
1001/ I, J 14 Late Classic -12.89
1001 16 Late Classic -6.14
1001-C C 5 Terminal Classic -8.26
1001/B B 6 ind A | Terminal Classic -10.61
1001/B B 2 Terminal Classic -11.%4
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Bone
Collagen
Op Sub-op | feat/bur | indv.# | Time Period d*C
3003 5 Preclassic -14.94
3003 4 p Preclassic -13.29
3003 4 s3 Preclassic -12.27
3003 4 s5 Preclassic -12.21
3003 1 sl Preclassic -13.20
3003 1 s4 Preclassic -12.08
3003 1 s6 Preclassic -12.32
3003 1 3 Preclassic -12.98
3003 1 sl Preclassic -12.15
3003 1 s2 Preclassic -15.01
3003 2 Preclassic -13.11
3003 3 Preclassic -14.29
3011 24 Preclassic -11.98
1001/C C 9 Preclassic -12.92
3001/30 49 Preclassic -11.91
3001/31 73 Preclassic -13.66
3003B 28 1 (A) | Preclassic -11.83
3003B 28 2 (B) | Preclassic -13.87
3005/2 4 Preclassic -13.48
3001/30 41 Early Classic -13.83
3001/30 48 Early Classic -13.90
2000/2 2 Early Classic -14.12
1001/J J 26 Early Classic -12.63
2002/1 3 Late Classic -13.74
2000/1 2 Late Classic -16.13
3001/42 54 Late Classic -14.43
3001/42 55 Late Classic -14.13
3001/42 53 Late Classic -16.22
1001 25 Late Classic -13.51
1001/1 I 10 Late Classic -13.96
1001/I [, J 14 Late Classic -12.26
1001 I 22 Late Classic -11.86
1001 3 Late Classic -9.15
3005 1 Late Classic -14.02
1001/1 I 16 Late Classic -12.30
1001/J I, J 12 Late Classic -12.43
2002 1 Late Classic -14.30
1001/C C 2 Terminal Classic -14.20
1001 C 5 Terminal Classic -10.10
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Bone
Collagen
Op Subop | feat/bur | indv.# | Time Period d*C
3001/11 13 1 Postclassic -14.81
3001/11 13 2 Postclassic -15.74
3001/14 19 Postclassic -10.65
3001/9 8 Postclassic -14.83
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