o . "
I The University of
#& | Nottingham
A Discernment of Prey Selection by the Ancient
Maya :
White -tailed de er (Odocoileus virginianus ) Pest, Prey or
Domesticate

Submitted Sept. 15, 2017 in partial fulfilment of conditions for award
of the degree PhD Archaeology

Rick C antryll - Stewart
4194826
Supervised by Dr Naomi Sykes and I

School of Humanities

University of Nottingham

| hereby declare that this dissertation is all my own work except as
indicated in the texts.

Signature:

Date : September 15 , 2017

| hereby declare | have all necessary rights and consents to publicly
di stribute this dissertation via the Uni
dissertation archive

Public access to this dissertation is restricted until [



Abstract : This thesis investigates the demographics of paleo -

populations of white -tailed deer (Odocoileus virginianus )asamean s

of testing the hypothesis that this species was domesticated or
managed as a vital cultura | and economic resource by the ancient
Maya in Mesoamerica. To do so it employs a set of standardized bone
measurements derived from a modern population and compares them
with 1100 deer bone samples recovered by archaeologists from Maya
sites dating from 450 B.C. to the late 16 th century. These
measurements were also applied to modern white -tailed deer
specimens representing a discrete population from south eastern

Florida of know age, and sex, for use as a baseline. The recorded
measurements were  used for side by si de comparisons and to
generate log ratios testing population stature and sexual dimorphism

represented in the archaeological materials

Changes in deer stature and mortality profile over time are examined
and tested against standard methods for the detect ion of herd
management strategies , that may potentially reveal deer
domestication or resource manag ement. Pathologies common to
white -tailed deer are identified and their potential for assessing the
ontological age of mature deer is inves tigated. The results show
variations in white -tailed deer stature overtime  and space,
suggest ing dynamic alterations in prey selection that may be

reflective of changes in Maya social complexity.
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Chapter 1 Introduction :

Animal domestication is a topic of considerable interest in archgyalad very
nearly the raison doéo°tre f oZeurerpl®@y c haeol ¢
Bokonyi, 1969; Meadow,1989; Budiansky, 1992; Cluteém oc k, 1994; O0O06Co
1997; Zeder and Hesse, 2000; Ucko and Dimbleby, 200@) substantial bodyf
literature has primarily focussed on Eurasian domesticates e.g. cattle, sheep, horses,
goats, and pigss those species are central to questions about economic systems,
dietary traditions, religious practices, and political organization for an ovenirigel
portion of human societies investigated by archaeolo@istsne,1999; Larson et al.

2005; Outram, 2009; Zeder, 2011, 2012; Russel, 2012; Ottoni et al. 2012; Arbuckle et
al. 2014). In the Americas, domestication has been more focused on planés Etrel.
2003; Smith, 2006; Perry et al. 2007; Pickersgill, 2007). However, there is growing
interest in the New World domestication of camelids (Gallardo and Yacobaccio, 2005;
MengoniGofialons and Yacobaccio, 2006; Cartejena et al. 2007) turkeys (Spelle
2010; Thornton et al. 2012) and dogs (Morey and Wiant, 1992; \V&ldéa, 2000;

Larson et al. 2012; Stahl, 2012, 2013; Valdezia et al. 2013; Blick et al. 2016).

A singular qualification for status as a domesticate is human management of
reproduction if not actual dependence on human intervention for reproductive success.
With some exceptions, domestic animals share a common social organization (herd) and
reproductive strategy (hareem) whether these are ancestral strategies or a product of
domesication is not clearly understogMignon-Grasteau et al. 2009)NA evidence
suggests the initiation of animal domestication occurred in several different regions of
Eurasia (Luikart et al. 2001; Bruford et al. 2003; Sultana et al. 2003; Pederosa et al.
2005; Zeder, 2011) and presumably under a variety of cultural mp@s@sCo nnor ,
1997;Terborgh, 2000; Terrel et al. 2008/ing, 2013)

A common theme in the study of domestic animals is the perceived economic
value of the species studied. However, mamynal species in different places and at
various times have been intimate cohabitants in human settlements (Niemenen and
Helle, 1980; Erickson, 1997; Weinstock, 2000; Baskin, 2000; Maher et al. 2011;
Driscoll et al. 2012; Stahl, 2012, 2013). Recent papave implicated human agency in
the translocation of deer to new environments during the Neolithic (Carden et al. 2012;
Daujat, 2013; Vigne et al. 2016; Stanton et al. 2016; Valenzuela et al. 2016) indicating
the relationship between these deer populamasthe human communities fostering
them were more complex than caloric value. To disregard these relationships is to
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ignore the beliefs of the ancient peoples we seek to understand. With these issues in
mind, this thesis tests the hypothestste-tailed deeOdomileus virginianuy were
domesticated by there ColumbianMaya or managed as a vital economic and cultural

resource.

In 1982 PohbndFeldman posited women produced vital material contributions
to Maya economic ahsocial institutions through animal husbandry, that Maya women
were active rather than passive participants in those instituéons. . .y crzan
animales domésticos, de los cuales dan el pecho a los corzos, con lo que crian tan
mansos que saben étes al monte jamas, aunque los lleven traigan por los montes y
cr 2an drL aeldlagasditiByadsg othier domestic animals, and let deer
suck their breast, by which means they raise them and make them so tame that they
never go into the woods #lough they take them and carry them through the woods
YR NI A aS (Tazke§ Y941 RB bitBdn (PoduhdFeldman, 1982: 305).

In the single passage quoted above Landa (1566: 57) appears to designate deer
asadomesticated animal or at least dhat was common in Maya househol@ike
proposed domestication wite-tailed deerhereafter described as WTused
considerable interest among those engaged in Maya studies as the species is abundantly
represented ifaunalassemblges and contrary to the expectations for a wild animal
species, appears to become more abundant in relationship to expanding human
populations in the region (MassandPeraza.ope, 2008). The Landa (1566) quote is
regularly cited in papers on MajaunalassemblagedHammond, 1991; 1999; Clutten
BrockandHammond, 1994; Nickels, 2008; Montetopez, 2009; Foreman, 2011;
Gotz, 2013).

The abundance of WTD remainsRne Columbianfaunalassemblages
throughout North America has also drawn comimBioble (1985139), citing
Champlain (1612), proposes WTD were domesticated or managed by the Neutral
Iroquois during the early colonial peridothsed on comments from early chronicesl
the overwhelming abundance of deer bone excavated at Neutjabiswillage sites
Deer domestication by the Neutral was explored ulsingalanalysis. Noble and Crerar
(1993) asseedvariations in the mortality profile and sex ratios show evidence for herd
management strategieBhose claims have recently beenmeued by Needblowarth
and Hawking2016). However, the proposal to examine WTD demographics for
evidence of herd management strategies is both useful and long overdue (Smith, 1974;

Compton, 1999; Stewart and Finlayson, 20@8yaeZuckerman200Q 2007)
2
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The primary goal of this thesis is an exploration of the hypothesis WTD were
domesticated by thencient MayaTo do so it employs a set of standardized bone
measurements derived from a mod@fimD population and compares them with deer
bones samples recered by archaeologists from Maya sites dating from 450 B.C. to the
late 18" century. The archaeological material is assessed for species, age at death, and
sex. Changes in deer stature and mortality profile over time are examined and tested
against standd methods for the detection of herd management strategies indicating
animal domestation or resource management using osteometrics aadhydigmic
size index scaling LS| (Meadows, 1999; Cartajena et al. 2007; Arbuckle et al. 2014).
Before presenting grmethods or results, a brief overview of Maya civilization and
previous investigation of WTD among Maya faunal assemblages is offered as framing

for the questions pursued in this thesis.

1.2 Maya Civilization:

The Mayawere just one of many ancient ixations that thrived in the
Americas prior to European contact. John
temples in the Honduran jungles in 1886d the imaginations of 19century scholars
steeped in antiquarian ideas dbalden Age (Mory, 1946; Evans, 201Grimmer,

2010) and while the allure of 6éa | ost Ma?
1985; Simmons, 1995), it has been regulaghppraised. Thancient Mayavere and

remain among the most frequently published and widely taggics in archaeology

(Fash, 2001McKillop, 2004;Coe, 2005Sharer and Traxler, 200Bustonand

Inomata, 2009). Early investigations focussed on temples, palaces, and art (Thompson,
1960; Kubler, 1962) while mid and late'2@entury efforts decryptetthe significance

of hieroglyphic [logephonetic] texts relating to dynastic lineages andhistoric

events (Proskouriakoff, 1960; ScheledFreidel, 1990; MartimndGrube, 2008).

Mayan archaeology has undergone many changes since its beginniregkate th
19" century, among those is an increasing sophistication of technique and methodology.
Early ideas of an isolated philosopher/astronomer priesthsaéscribetdy Thompson
(1956) have given way to the recognition these monumental stone structpresent
the core of complex and thriving urban centres. Ecological investigations have
progressed from simply listing the plant and animal species recovered from trenches, to
integration in research desigesource management is now at the core ofrgutte to
understand how Maya civilization functioned (CluttiBrockandHammond, 1994,
TeeterandChase, 2004; Sabloff, 2012; FomsdEmery, 2015).
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To theEnlightenment era mind, creation of monumental art and architecture
presumed an elite class ditieg a larger class of neslite labour, while postulating a
ruling class actively warding its privilege and entitlements. This concurred with
observed social hierarchy of the time and still fits within modern ideas of economic
organization (Feinman, 2018)puestions remain as to the nature of separation between
Maya rul er s a.The meamnseby whicldteelelitg negotiateddheir status is
just as important as the monuments proclaiming it, and the motivations of farmers and
artisans supportintipe social organization that defines Maya civilization are of equal
value. Analysis of animal remains is a key method for answering who had primary
access to which resources, both local and exatid how that access was negotiated
(Pendergast, 1992; J®,c2004; Emery et a2013; Gotzand Stanton2013).
Zooarchaeology is an increasingly visible discipline in determining how ancient
economies functioned, recent publications demonstrate a growing ability to tackle big
picture problems about tencient Maya usingfaunaldata (Emery, 2002 Gétzand
Emery, 2013).

Apart from the characteristics of all Mesoamericariligations,a hierarchal
social structure, monumental architecture, a number systera,ranghly approximate
calendar, thancient Mayashaed a fairly standardizedriting system quite distinct
from other Mesoamerican culturésough similarities are present (Joyce, 2008).3

1.3Temporal frame:
The chronology of Maya civilization spans roughly 3000 years, during which it
developed fron simple agricultural settlements into the complex web of city states
found by the Spanish in 1517. Evolution of this social complexity does not necessarily
mirror that of the Fertile Crescent though similarities (especially during thari®
early2’centuries) are frequently described. The
early estimation; in more recent publications these allied urban centres are described as
polities; though their organization appears to be fluid through time and space (Sharpe
andEmery, 2015: 280).

The terminology for Mesoamericabs chronol o
cultural region with one notable exception. The period witnessing introduction of
agriculture and establishment of sedentary communities is describedPasc¢hssic
among the Maya and &rmativefor the rest of Mesoamerica; though these two terms
are sometnes used interchangeably. Iablel-1 the Formative Period refers to Olmec

culture which wasinfluential if notfoundational for all of Mesoamerica diziations

4



The standard chronology is rooted in the
archaeologists are mindful of the theoretical contradictions, readers less familiar with
Maya archaeology can mistake these descriptions as factual. Thefunne desched

in the tablebeloware not absolute, being based on the appearance of distinct cultural
traits at each sit@ he interpretation of these units by researchers may differ, and their
co-incidence with the Gregorian calendar fluctuaties/¢e, 2004: 15). An exception to
this framing is the Middle Classic Period, which appears in the literature reviewed for
this research thave been dismissed as a distinct period of cultural development but
remains embedded in the literature ahwonolayical framing(Henderson, 1997: xvii).
New understandings and interpretations of Maya cultural develo@repnigoing, but
sequenceemains relevant within the established literature.

Maya Chronology
1697 AD Spanish Conquest of Nojpeten
1541 AD Spanish Conquest of Yucatan
1517 AD Spanish arrive in Yucatan
1350-1500 AD Late Postclassic Period
1000-1300 AD Early Postclassic Period
850-950 AD Terminal Classic Period
650-800 AD Late Classic Period
450-600 AD Middle Classic Period
250-400 AD Early Classic Period
150-200 AD Terminal Preclassic Period
BC 450-100 AD Late Preclassic Period
BC 750-500 Middle Preclassic Period
BC 1000-700 Early Preclassic Period
BC 2600-1200 Formative Period

BC 11,000-2600 Archaic Period

Table 1-1 Derived from Hammond (1991) Henderson (1997).

Date assessmenincreasingly Maya archaeologygesBayesian models to
calibratecarbon 14dates and ceramic typologies though thes¢hod are not
particulaty fine graned (BeramendOrosco et al. 2009; Ramsey, 2009; Inomata et al.
2014). More specifies application of inscription dates found on stone monuments or

more rarelypolychrome ceramicahen such inscriptions are available, and if



stratigraphy can be dirdgtlinked to those artefacts. Linkirfgunalremains to these

objects is difficult, with dedicatory caches of animal bones in structures with
inscriptions being the exception. Other ritual deposits show varying levels of
stratigraphy, but these are rardiyectly associated with residential deposits or inscribe
dates. Animal bones are frequently recovered in architectural fill rendering accurate
dating difficult (Carr, 1996; Emery, 1999; Emery et al. 2013). Notable exceptions to this
pattern are sites ate@en, El Salvador which was buried under volcanic ash in 550 A.D.
and Aguateca, Guatemala which suffered a catastrophic fire and abandonment in 850
A.D. (BrownandSheets, 2000; InomagadStiver, 1998).

1.4 Geography:

Occupying an area that includeg tmodern Mexican states of Yucatan,
Tabasco, Quintana Roo, Campeche, Chiapas, as well as the nation states of Guatemala,
Belize,portions ofHonduras, and El Salvadahe western highlands are predominantly
volcanic or igneous soils, while the lowlandars dominated by karst limestone, a
diversity of ecological systeniscludingmountain pine and oak woodlands to tropical

forests of several types, savanna, and mangrove swamapsesent in this region
(Marshall, 2007; Gotz, 2013).

Figure 1-1 source www.gograph.com/clipart/maya -high - culture -area-map -gg70967465.html
Geology impacts hydrology, soil fertility, and the nutrient yield of vegetation for

humans and animals living there. Understanding the geology is also useful for tracking
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the migrations of people and animals using stable isosp#sas strontium (Price et al.
2002; Bently, 2006Sykes, 20067 hornton, 2011).

The Maya were the southemmost of the Mesoamerican cultures straddling the
divide between Central America and the North American Continent. The prehistoric
communities of Central America regsent a separate culture sphereijevthere is
evidence of trade and cultural exchange leetwthe Maya and communities south, the
most notable influences in the literature associate the Maya with the Olmec civilization
of the Gulf Coast and the Teotihuacan Empire of Central Mexico (Gotz, 2013).

1.5 Theoretical models:

A fundamental model thdias been used for assessing the importance of WTD
relative to Maya Civilization is optimal foraging theory (Clut®rock andHammond,
1994; Masson, 2004; SharapdEmery, 2015), and while often usefully applied to
archaeological materials, some assuongiof this model have been usefully critiqued
(Smith et al. 1983; Gremillion, 2002). As a basic premise of optimal foraging theory,
preferred prey choice presumes a hierarchal ranking based on the greatest calorie return
relative to effort expended on dape of a particular prey species. Such ranking is often
described as primary, secondary, and tertiary prey selection. The largest mammals in the
region are tapirfapirus bairdi) and manategTrichechus manatyswhich both occur
in Mayafaunalassemblags though neither is abundantly represented (Masson, 1999;
MassonandPeraza.ope, 2008). More frequently identified in these assemblages are
WTD, brocket dee(Mazamasp.) peccary(Tayassuidasp.) and doggCanis lupus
familiaris). Other vertebratand invertebrate species are also abundant in these
archaeological assemblag#@sough representation is variable across time and
geography (Hammond et al. 1979; Carr, 1985, 1996; Pohl, 1985, 1995; White et al.
2001; EmeryandThornton, 2008; Sharpe et 2D14; SharpandEmery, 2015).

Food production: The Maya were an urban civilization and archaeologists from
Gordon Child (1936) until the present have proposed that urban communities are
incompatible with subsistence patterns dependent on naturallyriogccommunities
of plants and animal®keed, 1959; Dumond, 1961; Maisels, 1993; Zeder, 1998, 2012)
That premises the root idea supporting the invention of animal and plant domestication

as a global phenomenon and farming as a requirement for ciaitizat

Managing animal reproduction: There are two acknowledged domestic
animals in Maya archaeology. The Mexican turidegleagris gallopavojound in

Maya assemblages as early as thePagelassi¢Thornton et al. 2012; Thoton and
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Emery 2016) is an trusivespeciesn the Maya culture aeether e g i nativedvariety

is the ocellated turkegMeleagris ocellata)Domestic turkeys are usually dependent on
human protection if not provisioningé. second acknowledged domeseciesre
dogs(Canislupusfamiliaris), participants in the original human migration into the
Americas Two types of dogs appear in Maf@inalassemblages (Hammond, 1999;
Forman, 2011 )andhistoricalaccounts describe several types of dogs in the Americas
maintained for assistance in battle, the hunt, as guards, as food, and for(Bétdget

al. 2016).TheTechichj a smaller edible types described by Landa (156&)ho notes
these animals were frequently castrated for fattening. This type is commonan May
archaeology, whether the type was specifically bred for consumption is not fully
understood (CluttoiBrockandHammond, 1994: 824; Forman, 2011: 3gptope study
indicates that dogs (omnivorous scavengers) hatisig@ature comparable to human
remainsindicating a diet rich in maizevyhile thedog bones recovered from dedicatory
caches are reported by White et al. (2001) to have a distinctisigi@ture that may
indicate deliberate feeding with maize. Masson (1999b) has proposed WTD were also
provisoned (fattened) on maizBeer bones have also been the subject of isotope
analysis for €, the results indicate some WTidsse®levated Cratios but not others
and show no significant change in the percentage of WTD diets over timee(¥Viai.
2001a; White et al. 2001b).

While the origin of théechichiis unknown, maintenance of the type argues for
human management of these animal sé reproduct.i
practice of castrating native camelids by Andean comnegrspecifically as a means of
controlling reprodction (Markemann and Valle Zéarate, 2010; Hyland, 208léne of
the literature reviewed has suggested management of deer reproduction by the Maya. If
the Maya practiced castration of deer either as a nedanmtrolling reproduction or
fattening the animal prior to consumption, evidence for this practice may be visible in
the bones asseries of normetrictraitsades cr i bed i n zooarchaeol ogy®é
identifying castrates (Uerpmann, 1973; Baand Davis, 1987; Davis, 200@elacion
de la Cosas de Yucat@ uniguein designating deer as a domestic animal (Landa,
1566: 57), while other portions of the same document and other Chronicles of the same
period assume deer in the Americas occupystime social/economic status as in
Europei.e.the legitimate prey of elite huntiray as objects of tribute to elite

households



Hunting: Presumed as the foundational subsistence strategy for human
settlement across the globe, hunting is a regulaelyed as a precursor to animal
management (LeandDevore, 1968; ReitandWing, 2008).The assumptiothatWTD
and hunting can be addressed solely via optimal foraging theory fails to consider the
cultural contexts deer occupied in Maya socigétye Mayaused several methods,
stalking, pursuit with dogs, use of traps such as spring pole snares or pits dug in the
ground, game drives both as small cooperative groups and as community wide activities
(MandujancandRico-Gray, 1991 Carr, 1996: 252Corona and/asquez, 2012;
ContreasMoreno et al. 2016 Each of these methods has its own technology, and social
constructindeed, crossultural analysis of hunting shows different methods of prey
procurement are never devoid of cultural meaning (Cartmill, 1996:3ykes, 2014b).

A degree of selectivity in prey choice could be assumed for each m&amten

hunting is an opportunistic strategy employed both to defend crops and supplement
peasant diets (Peres et al. 2010; ClirdodPeres, 2011). Such a strateggy have
lacked some or all the ritual and social restrictions associated with otherdbrms
hunting Modern ethnography repomtéayahunters distribute meat along lines of
kinship (Narajo et al. 2004; Santdsta et al. 2012)Hunting is a male activitygnd of
sufficient social status to prompt farmers to carry disabled firearms into agricultural
fields even though no game can be taken (Jorgenson,.1995)

Ethnographic and iconographic research suggest that the Maya followed specific
codes of conduct whalhunting, andbelieved in an Animal Guardian Spirit that
protectedoversawwild animals, and regenerated them when appropriate ritual was
followed (Brown, 2005) Ritual caches of animal bones in cave shrines and monumental
structures are attributed to gshvelief (BradyandRodas 1995; Emery, 2004d&8rown
andEmery, 2008)The cultural significance of deer in Maya society is indicateckas d
and maize are mythically linked by the personification of the Hero Twins. According to
the Popol Vuhthe hero twn Hun Hunapus associated with maize and his s&ns
BalamQue(Jaguaideer) andbalnque(Blowgun) personify the hunt (Goedénd
Morley, 1950). Deer, turtles, peccary, and dogs, all figure prominently in the Maya
creation stories (Tedlock, 1996). Deer also associated with sun and rain (Foreman,
2011: 34), and with the annual reneWaichceremony (Pohl, 1981). The mythical
equivalency of deer with maize, sunlight, and reaay have beendy markers of Maya
cultural identity (Pohl, 1995).



1.6 Deer Domestication:

The question of deer domestication by the Maya is intriguing for several
reasons. Aside from dogs, the first occurrence of animal domestigatamasiavas
roughly 9000 B.C., while the initial Maya settlements began to be estabisbend
2000 B.C. If the Maya did manage WTD as a domestigatation of that relationship
would beconsiderably closer to the present day and possibly more visible in the
archaeology thathe primarydomestication of sheep or goaisEurasia Onthe other
hand, if WTD were always a wild species, the premise that wild animals cannot
interface with urban civilization by their own agency could be reconsidered. The
evolution and sustainability of ancient tropical civilizations is another factor to be
considered. Modern nation states in tropical regions struggle with sustaining their
resource base; as WTD appear to have been an important species for the Maya,
understanding how these animals impacted and interacted with this civilization has

potentialrealworld application Allen et al. 2003Emery, 2007: 184).

Identifying evidence for earlgnimal dmestication within archaeology not an
easy task, as is clear from tletensivditerature on the subject for Eagia Zeder
2000, 20062011,2012; Russell 2002Evidence for early stage animal domestication
in Eurasia has relied on recognizing the presence of species outside of their native
range,and reduction in population stature compared to the wilggmmitors (Arbuckle
et al. 2014)WTD howeverare endemic to the Maya cultuaeea Zooarchaeological
representatioand in particulartherelative frequencies of specigs something that
can be explored, as shifts from broad spectrum exploitation to a focus on particular
specieave been suggested as early domestication traits (Davis 1982). This kind of
representation analysis for WTD has baehieved by Emery (2007) showing a
progressive increase in the percentage of WTD harvested by the Maya from the
Preclassic to the Late Glsic Theliterature suggests this trend accelerated until the end
of the Terminal Classi@ WT D may have been | ess avail able o
period . . . there is no zooarchaeological evidence of extinction or extirpafieumnad
duringthsper i odé ( Emer vy, 2 0 O pgeriod,h@patternbf WWTD he Postcl a
exploitation appears to resume (Emery, 2007:1989).

Contraryto expectation, therefore, WTOwi | d appeamabecorde more
frequentin tandem with growing human populatiand the development of increasing
cultural complexity among th&ncient Maya However, other common prey species

become less visible in the archaeological record during thePratdassi@and Early
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Classic periods. Together, these opposing trends sutgeshe WTD may have been
classified as something other than mere
what relationship might have existed between people and WTD requires analysis
beyond simple zooarchaeological representation. Emery #2884 SharpandEmery

(2015) have pushed representation analyses further by considering them not only across
time but also by site type, social ranking, as well as comparisons between allied and
competing polities (Emery, 2003b; 20§)£2007%; EmeryandBrown, 2012; Sharpe et

al. 2014; SharpandEmery, 2015)While these studies have enabled greater
understanding of the soemlitical significance of WTD, more thorougimderstanding

of humandeer relationships requires more detailed ana{y8lste and Scharcz,

1989; Powis et al. 1999; White et al. 2001b; Tykot, 2002; Allen, 2009; Freidwald, 2010

Eurasian studies of domestication are increasingly turning to demographic
analysis, with sex and age biased mortality being attributed to herd management
strateges, and changes in population stature to human intervention in reproduction or
nutrition (Arbuckle et al. 2009; Payne, 1973; PagndBull, 1988; Zohary et al. 1998;
ReitzandWing, 2008). Carr (1996) agrees that the determination of demographic
profilesis keyin determining whether prey selection can be attributed to herd
management or to cultural r@aigms, but at the time bdkrseminal paper no single
Maya faunal assemblagisplayedsufficient skeletal representation of WTD to
adequately addresise question (Carr, 1996: 257). Except in the case of salvage
operations, excavators usually explore discrete periods in the sediment record (Joyce,
2004: 18). The preservation of cultural resources, pending advancements in analytical
methods and new tecblogies is a necessary prohibition/caution, but restricts the
creation of large faunal assemblages or those with sufficient chronological depth to

easily observed changes in stature, morphology, or deposition patterns.

While substantial assemblages of /& e now available, identifying their age
and sex is not straidgiorward, as within the readily available literature for WTD there
are few standards by which demographics can be assessed. Purdue (1983b) provides
information concerning long bone fusiontbhis has a maximum predictable age of 38
monthsfor this speciesFor dental ageing, the standard reference is Severinghaus
(1949) which provides details of dental eruption up to the age of 20 months, and details
of dental wear tentatively up to 10 yedrowever, not only is Severinghaus (1949)
outdated and in need of revisidnyt Maya patterns of nutrient extraction and curation

of animal bones eliminate all but a few of the intact deer mandibles that would be

11



required for dental age assessment (BramtlEmery 2008)Only the morphology of

the frontal bone and pelvisf®VTD are identifiable to sex aneither skeletal element

is well represented in Maya faunal assemblages (Pohl, 1985: 136; Carr, 1996: 257).
WTD are sexually dimorphic, with males typlity 25-35% larger than females (Miller

et al. 2003). However, this species varies in stature over both time and space (Purdue,
1987a; 1987b; PurdwndReitz, 1993). Individual variation should be considered, but
rel evant det ai | s sbfdareseldpm gvailable withim|l ar ani mal 0
archaeological contexts. Whilenderstandinghere are exceptionblISP dataassumes

each skeletal element is best understood to represent a single indiveteainining

either sex or age of an animal represented liyghesskeletal element especially as

these are often fragments, requires both training and the use of comparative collections.
Two fairly recent osteometric studies have examined WEddo Toral (1998) tested for
representation of male and female deengi&ngth and breadth of the glenoid facet

with limited results. A more exhaustive approach was taken by James (2013) applying a
range of osteometrics derived froron Den Driescl{1976) testing the identification of

WTD against Brocket deeMazamasp.) pecimens from assemblages at Mayapan.

Given that demographic studies would appear to be the-lgimchpon which
zooarchaeological arguments of domestication, or any inferences of faumnaal
relationships, can be hung, there is a pressing need toigateghis in relation to
WTD. Without such explorations, it seems unlikely that questions of whether or not
WTD were domesticated will ever lamswered. For this reasony thesis will
investigate pale@opulation demographics of WTD harvested byAheient Maya
using osteometric comparisons, size index scaling via log ratios, and faunal analysis,
testing for changes in stature related to anthropogenic alterations of the environment,
evidence of prey selection by age or,3esing analysis of epiphysisdion to determine

age at death, and metric comparison for evidence of sexual dimorphism.

1.7 Thesis outline

Having introduced the question under investigation and the paradigms
supporting the hypothesis of WTD domestication in the introduatieitime to
outline the content and structure of this document. WTD are a species of considerable
importance in the archaeology of the Americas and the proposition they might have
been domesticated by indigenous societies has attracted investigation by several
scholars over the past 30 years with results that have thus far failed to prove or deny this

species was domesticated. This indicates there are gaps in our knowledge about WTD,
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or that standard methods of faunal analysis are too coarse for such investigatith
this in mind, the measurements selected were expanded beyond the starmtaad can
osteometric measurements published/by Den Driescl{1976).As the research is
largely methodological, employing muKltcalar analysis (from dedlased synthés to
detailed consideration of both modern and ancient collections) these chapters are

subdivided with each set of procedures presented in turn.

Chapter 2 Methods: describes both the qualitative and the quantitative methods
selected for this analysis it emphasis on the measurements selected, and detailed
descriptions of their origin and recording, with the intention of facilitating both
independent verification of my results and further study in the demographics of WTD
represented in archaeology. Neveasurements devised during this research and a table

designed to tally maximum possible age via epiphysis fusion are described.

Chapter Materials:first describes the modern reference collections accessed
during this research as they were identifieenuseum records, followed by an
independent assessment of the age for the specimens from Florida via analysis of the
dentition and epiphysis fusion. The second portion of the chapter describes the
archaeological assemblages investigated. Published Nt&Rodéhe assemblages
under investigation are compared to data sheets provided to this research from site
excavations, comparing the NISP from both sources in terms of taxonomy and cultural
periods represented in the assemblages. The quantity and taxoheath of the
archaeological sammeecorded for this proje@rethen presented as NISP with a brief

overview of the siteds significance to M

Chapter 4 Querying the Question: follows with a syncretic analysis of WTD as
represented in therchaeological literature, first in terms of how this species is
represented in faunal assemblagleen applying that data to questions about abundance
through time and primary access to WTD as a dietary/cultural resource. The chapter
then turns to avkable literature elucidating the ecology of WTBowever, they are not
the onlyCervidaenative to the Maya culture arébwo sympatric species of brocket
deer are also present in the regilbis vital to ground this discussion in what species
were avdable to the Maya and how the attributes of these animals would shape whether
humari animal relationships were endogamous or exoganiBeyond presence, this
section outlines the reproductive strategies, social behaviour, foraging habits, and

environmenthrequirements of all three species.
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Chapter 5 Baseline Study: continues to develop the methodological component
of the thesispresenting the WTD from the reference collection available at FLMNH
EAP, and testing specimens of known age and sex and hee djualities are
manifested in osteological materials. Thereby expanding the means that may be applied

to assessment diie archaeological materials.

Chapter 6 Morphology: further expands my methodology by identifying species
specific morphology for twof the threeCervidaespecies native to the Maya culture
area, as well as demonstrating nonmetric traits in WTD bone morphology that |

hypothesisto be age related.

Chapter 7 The Artefactisooking for Sex: organizes the assemblages by
geographic regiorGiven the fragmentary nature of the deer bones in storage and the
relatively small sample size of most assemblages, | use the four modern specimens from
Big Cypress Preserve in Florida selected as the Standard for direct comparisons, and to
produce a logatio analysis of the archaeological assemblages, biefstiag the
archaeological materials for species, age andmetting the osteometrics derived from
those samples against the modern specimens, to identify the age and sex of animals
represented ithose assemblages. Finally, the chapter compares the stature of WTD
from each archaeological site using the Mean generated from the log ratios of each
assemblage.

Chapter 8 Analysis dfervidaeStature: proceeds with the analysis of
archaeological samplesing log ratio data segregated by cultural period with the
intention ofdetermirning if variations in WTD stature are regional or diachronic. The
second section returns to the topic of identifying which deer species are present in the
faunal assenihges, exploring trends in sped@sgature that could be conflated with

animal domestication.

Chapter 9 Discussion: challenges the idea urban civilization is inherently
destructive of natural ecosystems; discusses the current limitations for asdessigg t
at death of mature ungulates and how this hampers the exploration of animal
domestication. A synthesis of the innovations designed during this research to mitigate
the limits of standard methods is presented. The summation of my results offers a
discussion of how changes in WTD stature identified in my anahygbt berelatedto

changes in the organization of Maya civilization.
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Chapter 10 Conclusions: compares my results to several papers describing WTD
stature across time and space, addressimgthe results of my work conflict with
previous studies about WTD stature and the possible causality of that contradiction. The
cultural role of WTD among the Maya is briefly summarised, and finally presents
alternative interpretations of the resultattinay support the hypothesis WTD were

domesticated or at least commodified.

The next chaer presents the core methagdected for this research which are

foundational to my expanded methodology in Chapters 5 and 6.
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Chapter 2 Core Methods:

In a fashiorsimilar to human societies, animal species evolve in concert with
both their environment and population history, participating in a race for reproductive
success. As such no two species are identical in every way, and it is an over
simplification to assume orspecies of deer can serve to illustrate the anatomy and
evolution of all deer. As the illustrated descriptiond/li@asurement of Animal Bones
specific toCervidaeare limited to crania and cervical vertebrgerf Den Driesch
1976: 3637 and 68), while desiptions of the limb bones are general to quadrupeds, it
was essential to plan what measurements would be recorded, but also to remain flexible
enough to account for variations between regional deer populations and species as these

were unknown qualities.

2.1 iTerminology:
As the methods and measurements used require descriotidoes the
language and terminology employéd this thesiscollectionrefers to the curated
reference materials housed within a musespecimerdenotes an individdanimal
present in thoseollections Assemblageneans all or distinctivelyquantified portion
of thefaunal materials recovered in excavations at a single sitesaamnplerefers to a
single skeletal element recovered by excavatibodifiedartefacts desde clear
evidence for human manipulation of the observed materials in this document, but do not
distinguish between butchery marks and manufacture of tools or ornaments since
neither process can clearly be attributed to prey selection by the Mayseasrement
is essential to science, so is consistency in language, while some interpretations of Maya
culture have changedhe nomenclature has been retained with a few changes in
spelling. An exception to thiseanmwershe O6hi stor
and economic intereskegan to intrude on the political, economic, and spiritual life of
indigenous communities. There does not appear to be a consistent terminalsgyas
much of the archaeological investigation for the Magd iterature so derived is
focussed on preontact ommunities. In this documedtHi st ori ¢ Erad refers t
contact communities as European record keeping in the form of church registries

intruded into many postontact settlements (Pendergast, 1993).

2.1ii Recording of archaeological materials:

Modern Maya ritually curate the banef wild game taken by hunteryjigence
that this ceremonial practice is persistent from at least the Late Classic Period into the
present day has been documented (Brown52Bfown and Emery, 2008). Dispersal of
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deer bone to different ritual and economic zones of any settlement may further reduce

the likelihood of encountering individuals represented by maene ¢ime skeletal

element. The faunal samplpesented in Chapt@rrepresent the materials spared by
taphonomy, selected for curatiand exportand then selected for recording in this

study. As the artefacts in this prajece biased by several levelscoration, species

and mortality profiles in any assemblagelae st def erred to a par
faunal analystsince they would be aware of both the full contents of the faunal

assemblage and the contexts from which the samples were derived.

Measurements for samples present in the selected assemblagescaneted in
sequence individuallysomeassemblagesere limited to a single trapthers were
stored in several pasteboard boxes. Each sample deemed suitable for recording was
assigned a sequential test number, with each site receiving a unique nengser s

including an abbreviation of the site name.

As part of acces® their collectiongollections, Kitty Emery (curator of
collections) and/or faunal analygteovided this research withxcel documents
recording faunal materiafsom each siteWhenavailable, these documentfered
original catalogue numbergrovenance, and the analysts original identifications
including species, element, sample description/condition, and sex and age when
possibleln many cases catalogue numbers were writtemesample making it
possible to directly match the sample in hand with the original recording. In a few cases
the original catalogue number was a mismatch for the skeletal element desdtfied
the documents provided, possibly resulting from the trgstgam of handwritten notes
to digital medialn all cases where zooarchaeological analysuments were
available the original description was retained and supplemented with the
measurements taken along with my descriptions (see digital appendix re
concise version is present in my field notes see appendilsB measured and
recorded were all brocket deg@dlazamasp.) samples listed &Servidag and any
samples listed as artiodactyls that in my judgement were likely to represent deer. When
available, original catalogusumbers were retained in niata sheets to facilitate
independent verification of resulisatalogue numbers include the site abbreviation as
the firstcharacters in the sequeneedmy test numbers include this informatias the

last dharacters of the sequence.

Primary destruction of skeletal bone for nutrient extraction is often implied for

zooarchaeological samples, distinguishing such from taphonomic destruction is

17



sometimes possible but was deemed unnecessary stutis However, the dearth of

intact long bones does present serious limitations in determining WTD stature. A partial
solution to this handicap is the refitting of broken deer bones when | estimated the
resulting measurement was well within th&mm consstent with instrument error.

Refits are recorded in both my field notes (appendix B) and within my sample

descriptions in Chapter 7.

2.1 iii Log-ratios:

The measurements of any two animals will rarely coincide, even among
domesticates of uniform, geneheritage, age, sex, and provisioning. Though the
measurements of any one skeletal element will vary greatly from other elements in the
body, skeletal growth for individuals is thought to be symmetrical. Within
archaeological collections, animal bonesgegerally disarticulated, and specific
skeletal elements are likely to be recovered from different areas of a site or be
unrepresented in an assemblage. Leaving archaeology with a great deal of,raaterial
few ways to quantify the artefacts in a fashibat yields useful information (Albarella,
2002: 52).

In these circumstances statistical method may offer the best option for
understanding the living animal from whithese artefacts derived. Lagios are such
a method, based on the premise thatlittnbs and organs of an organism will be
proportional to each other. In this projgtie technique applies metrics from the limb
bones of at least one complete skeleton representing the species to be investigated
metrics are segregated into planésneasurement and then averaged per measurement
plane. The resulting ratios can then be applied as proxy to the disarticulated bones
recovered by excavation using a log scale (Meadows, 1999; Albarella et al. 2009; Sykes
etal. 2011b). Thelogratiosareh e product of the aMeaaf act O0s
measurements of the specimens selected as the standard i.e. the measurement of change
between individual data points. These log ratios indicate the variance between the
artefact 6s anththeastandare. rhe size sf the scale limits the dispersal to

create patterns of artefact size in the histograms subsequently generated.

To use this method a standard set of measurements derived/ff@m
(Odocoileus virginianusof known sex and age was required. To discern differences
between individual variation and sexual dimorphispecimens used for the standard
needed to represent both male and female adults of this species. A second concern was

selection of skeletal elements likeo be present in the assemblages; it was decided to
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use measurements from the ten limb beseapula, humerus, radius, ulna, metacarpal,
femur, tibia, calcaneus, astragalus, and metattoialving Albarella et al (2009 and
Sykes et al(2011b).

The measurements of four adult WTD, one male and three females from Big
Cypress Preserve were selected as representative speciotertbat these were
provided by Emery (curator) and Quitmyer (CM) from the EAP comparativectiolhs
of which theyare a portion

Standard's Mean per Skeletal Element

GL GLC Bp BFp Dp DC sD sDt SDs Bd Dd BT HT HTC BFd
Humerus 193.07 175.28 44.21 52.29 17.37 35.95 36.92 33.66 26.62 20.09
Radius 209.37 34.62 3242 19.93 1199 3043 2349
Metacarpal 20441 28.03 20.19 13.14 24.67 16.68 26.45
Femur 234.5 227.0 54.33 23.81 19.15 48.58 64.24
Tibia 278.5 50.3 54.5 13.0 32.2 25.13
Metatarsal 241.0 24.19 27.0 15.74 154 27.14 17.1 28.49
GLI DI Lec Bp GLm Dm Bd
Astragalus 37.55 20.6 30.33 22.38 34.93 19.33 22.45
GL GB GD Bc Dc
Calcaneus 83.49 22.1 2775 11.37 19.47
HS DHA LD SLC ASG GLP LG BG
Scapula 179.98 171.87 98.66 21.6 15.31 37.7 26.44 27.63
GL Lo DPA sDO
Ulna 255.0 50.71 33.48 3341

Table 2-1 Mean measurements derived from the Standard.

Measurements of the female specimens for each skeletal element were averaged
to praduce a Mean measuremgthis was then calculated with the measurements of the
male specimen to produce the MeArsingle Mean was then selected from each
element per anatomical plane, and then calculated as in TFaldeldw The Total
Mean becomes the Standaadd calculated aslog 10(sample measurement/Standard

measurementhe sum is multiplied bj00to producehe ratioused in the histograms

that follow.
&
& |
" . G
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length 179.98 193.07 209.37 235 204.81 234.5 278.5 37.50 84.02 240.89 191.77
breadth 27.64 44.21 34.62 27.96 54.33 a0.3 22.45 22.01 24.08 34,18
depth 26.44 52.29 19.94 33.41 19.61 23.81 54.51 20.61 28.01 27.32 30.60

Table 2-2 Mean of measurements from the Standard per anatomical plane

As per Meadows (1999) and Sykes et al. (2011b) pigas should not be used
in size scale indexing because identification of phalanges per limb is an ongoing
challenge in zooarchaeology: it is often difficult to determine if they derive from the
forelimb or hind limb. For this project, log ratios have based tagenerate histograms
comparing thenetric baseline with the archaeological materials for discerning trends

that can be interpreted as sexual dimorphisthage cohort (Meadows, 1999).
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2.1 iv Skeletal development:
WTD bones observed in the Maya fallassemblages were frequently

represented by fragmentendering attempts to assess the age at death afdingual
problematic. Mortality curves differentiated by sex and age class are frequently applied

to identification of herd management strategyd consequently proof of animal

domestication. Epiphysis fusion is frequently used for age assessment of juvenile and
sub-adult animal bones, but is of limited use for determining the age of adult specimens
(Hambleton, 1998: 108; Neetowarth and Hawkis, 2016: 8). This presents a

significant limitation for accessing mortality profiles when intact dentisdmimited or

absent. Table-3 was devised as an effort to clarify the mortality profile represented in

the archaological assemblagés bedescrbedin Chapter 7 and is rigorously applied to

these assemblages in Chaptef key assumption of this design is that the cortical

bone of older animals is more resistant to biological destruction in sediment (Lyman,
1987).Most of the skeletal elementcorded are long bones, defined as a shaft of

cortical bone surrounding a medullary cavity with an articulating structure at each end.

The mechanics of bone growth are detailed in several sources including White (2000)

and O6Connor (2000)cuFasing sfrubtaseea to the
at predictable stages of thema | 6 s | i f e. -Biothe nexwchapter, Tabl e 3
skeletal elements in thiable below are grouped in age categories based on the

predicted age of epiphysis fusion. THissign is possibly more efficient for

demonstrating # mortality profile than a textual description

Table2-3 lists the bones recorded from tleference collection, and designed
to account for the dissolution of incompletely fused epiphisieng archaeological
materials that might be destroyed by taphonomic processes while not depressing the
maximum possible age claghe numeralsinder each description identify the number
of samples that match tleeiteria,no bone should be counted twiSkeletal éments
that fuse completely at a young age, astragali, glesmoid?? phalanx, need especially
careful consideration as they may represent older anibedause complete skeletons

are represented Table 23 abovethe mature cohorepresenteds inflated.
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scapula
distal humerus

prox. Radius

distal 1rst phalanx
tibia shaft only
femur shaft only
unfused ulna

unfused calcaneus

distal radius

distal metacarpal
distal metatarsal
distal tibia

prox. 1rst phalanx
prox. Femur
fused ulna

fused calcaneus

complete metacarpal
complete metatarsal
prox. Humerus

distal femur

prox tibia

complete humerus
complete femur

completetibia

Total

Table 2-3 Template for discerning age categories present in archaeological assemblages.
numerals below each description demonstrate the number of samples matching the criteria.
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2.1 v Equipment:

Previous versions of this sectionuskedet wr i t er 6 s dr awi ngs
(Capreolus capreolysskeletll elementshecause there were noticeable variations in
bone morphology between WTD and tireginal roe deer specimerthgse have been
replaced with photographs taken by this authdh@tMusum of Vertebrate Zoology
University of California at Berkeleyexcept when otherwise notetlqios wereaken
by this author with my personal camera (Sanyo-€p800tp 14.0Mp), lpotos of the
measurement process weaken by Sophie McGraw UF alsging mycamera.
Photographs of specimen phalanges, metatassalsadius, wee taken at a later date
by Nicole Cannarrozi UEnvironmental archaeology laboratory usinQamon EOS
RebelT2i/ EOS 550D, and generously provided by FLMB&P and FLMNH

Mammal Centre

2.1 viOsteometrics:

This section documents not only the measurements taken but provides a visual
recording of the placement and angle at which the callipers were held as data was
collected.Inter worker variationis an issue when assessing raw data fotmer sites
(Sykes et al. 2011b: 56). Any scientific enquiry depends on results being reproducible.
The detail presented here intends to facilitate testing of the results presented in this
document. In general, the measurements to be taken afgré&iteslength, Bp
(greatest breadth proximyaDp (greatest depth proximaBd (greatest breadth disjal
Dd (greatest depth disyalSD (smallest diametg¢lb i n what ever pl ane
smal | est 6 ( Dadditiosal meds@r@mnts fds Gacific stal elements are

included and referenced with the images below.

The followingsection describes the selected skeletal elements, their metrics, and

specific angles used to record these measurements for the purpose of independently
verifying the results deved in this study of WTD. The Fallow deer projestdescribed

by Sykes et al. (202 compiled osteometric measurements that might be used to assess

changes in fallow deebD@ma damaacross time and geographic distance and published
them in a public da base http:/www.fallow deer project.net/home. Those
measurements became the foundation of the work presented here. As per Sykes et al.
(20119) thisauthor used the methods published by Anya Den Driesci{1976)and
developed further by including tmethods of other scholars (Davis, 1996; Popkin et al.
2012) who had designed independent measurements to address their own specific

guestions; these measurements are not species specific and were expanded upon
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following Purdue(1983a, 1983b, 1987a, 19§7BurdueandReitz (1993, Jacobson
(2003, Wolverton(2008, Wolverton et al(2007), andWolverton et al(2009) for
measurements previously used to test WTD stature and species morphology.

Additional measurements were devised latihis resarch to account for
morphological difference observed between archaeological samples. All recorded
specimens of WTD, brocket de@nodern specimens and archaeological sajples
examined within the collections of the FLMNEAP and FLMNH Mammal Centre

weresubjected to osteometric analyses.

The measurements of unfused bones deserve comment. Standard practice in
zooarchaeologyecords the articulating structures of long bones only if they display
fusion to the diaphysis. This practice correctly assumestiiased bones will vary in
morphology and dimensions from fully fused reference specimensting in
unnecessary confusion when compariraggmetricswith themeasurementsf the
archaeological saptes My original research plan was limited to creatuf a set of
standard measurements toused for sizendexscaling and therfore unfused
proximal and distal articulatingrsicturesof specimens in the reference collectioere
not recorded or measure@ihe unfortunate consequensen incomplete ord for
subadult specimens ithe FLMNH-EAP reference collectigrand this becomes
obviouswith the lack of sukadult males represented in the Baseline Study.

2.2The Measurements

This section shows the measurements recorded and the details of thdihgecor
for the reference collections and the archaeological assemblages. The images presented
here were digitally manipulated to clarify where and how measurements have been
recorded as inteworker variation in technique can hamper independent verificafion
results. A brief description follows each image. All measurements were taken with a set
of Vernier Callipers connected by USB col
osteometrics board, both instruments provided by the FLMNH curation teahefor t
duration of my visit. For specimens from the FLMNH reference collection, skeletal
elements were selected from the rightte limb except when one or more elements were

unavailable for measurement, in which case the left side limb bones were recorded.
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Figure 2-1 Scapula: specimen MVZ31118 from the Museum of Vertebrate Zoology (photo
taken by author) and used with permission of MVZ.

HS (height of the scapar sping, from the proximal anterior margin of the
scapula to the most distal point on the glenoid lip. Ddidgonal heightfrom the
posterior proximal corner to the most distal point of the glenoid lip. SLC is described in
the original text as a lengimeasuremen¥pn Den Driesci1976: 7475). Not shown is
the measuring of the Ld, HS, and DHA, as these measurements are sufficiently straight
forward. Figure2-2 below shows therocess for measurifgLP length of the glenoid
processBG breadth of thglenoidfacet and LG length of the glenoid articular surface,
the last measurement is taken from the inner lip of the glenoid fossa using the reverse
side of the callipers, in younger individuals the lip of the fossa is indistinct and

especially difficut to measure

Figure 2-2 Glenoid: from the Florida Museum of Natural History, Environmental Archaeology
Program (FLMNH -EAP). Photos taken by Sophie McGraw and used with permission of the
FLMNH-EAP.

Measuring the glenoid facet of theapaila, left GLP, centre LG, rightd®
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Figure 2-3 Humerus: specimen MVZ3111 8 from the Museum of Vertebrate Zoology (photo
taken by author) and used with permission of MVZ.

Humerus GL(greatest lengdh GLC (greatest length from the capuBp greatest
(breadth of the proximal articulatipn/on Den Driesci{1976: 76) specifies ponly
for canids, in this study depth of the humeral head is listed as DC as per the description
of the femoral headon Den Driesch1976: 84). Not shown is the SD width of the
smallest diameter (Davis 1996), as this feature was found on a diagondtramgilee

sagittal plane and not easily shown in photos taken at right angles.

Figure 2-4 Humerus length: from the Florida Museum of Natural History, Envi ronmental
Archaeology Program (FLMNH  -EAP). Photos taken by Sophie McGraw and used with
permission of the FLMNH  -EAP.

Ideally an osteometriboard may have an aperture approximately three inches in
diameter in each terminal panel to accommodate the reguigrdand protrusions of
skeletal morphology when measuring the length of a long bone. As the instrument,
available at FLMNHEAP did not include this feature, careful manipulation of the bone

was required for measurirgglL.C, see right side image above
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Figure 2-5 Proximal humerus: from the Florida Museum of Natural History, Environmental
Archaeology Program (FLMNH  -EAP). Photos taken by Sophie McGraw and used with
permission of the FLMNH  -EAP.

Measuring the proximal humerus, on the @& (depth of the humerus head

on the rightBp (proximal breadth

Figure 2-6 Distal humerus: from the Florida Museum of Natural History, Environmental
Archaeology Program (FLMNH  -EAP). Photos taken by Sophie McGraw and used with
permission of the FLMNH  -EAP.

Measuring the distal humerus breadth, on the left (Bd), right (BT) Theamed
side of trochlea has a depression that should be used for measuring thenBJefi
Driesch1976: 76).

Figure 2-7 Trochlea: from the Florida Museum of Natural History, Environmental Archaeology
Program (FLMNH -EAP). Photos taken by Sophie McGraw and used with permission of the
FLMNH-EAP.

Measuring distal humerus depth, on the k€t (height of the trochlgaon the
right HTC (height of the troclea congriction) from Pofkin et al. (2012: 1778). The
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HTC measurement above was found especially useful with young deer as other
osteological features may not be sufficiently preserved to facilitate accurate

measurement.

SDO /

Figure 2-8 Radius and ulna: specimen MVZ32031 from the Museum of Vertebrate Zoology
(photo taken by author) and used with permission of MVZ.

Measurement points for the radius and pasathe steometricsboard on site
lacked an aperture in either panel, taking a GL (greatest length) for the single fused
radius and ulna in the reference collection was not possible. However, minus fusion to
an intact ulna, the radius GL (greatest length) wasyeagien with the osteometrics

board on site (see below).

Figure 2-9 Radius length: from the Florida Museum of Natural History, Environmental
Archaeology P rogram (FLMNH -EAP). Photos taken by Sophie McGraw and used with
permission of the FLMNH  -EAP.

Measuring lhe proximal radius, on the left Bproximal breath), centreBFp
(proximal breadth of facgtright Dp (proximal depth. TheSD (smallest diametgon
the radius for WTD examined was found on the transverse pkarterior to posterior

below the proximal articulation.
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Figure 2-10 Proximal radius: from FLMNH -EAP (photo by Sophie McGraw). Used with
permission of FLMNH -EAP.

Measuringhe distal radius, on the left Bd (distal breadtilght Dd (distal
depth.

Figure 2-11 Distal radius: from the Florida Museum of Natural History, Environmental
Archaeology Program (FLMNH  -EAP). Photos taken by Sophie McGraw and used with
permission of the FLMNH -EAP.

Measuring the ulna, on the |&#PA (depth ofanmnaeus proceyscentre LO (length of
the olecrano)) right SDO (depth of the olecranomerVon Den Driescl{1976: 7880).

Figure 2-12 Olecranon: fr om the Florida Museum of Natural History, Environmental
Archaeology Program (FLMNH  -EAP). Photos taken by Sophie McGraw and used with
permission of the FLMNH -EAP.
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Figure 2-13 Femur specimen MVZ31118 from the Museum of Vertebrate Zoology (photo
taken by author) and used with permission of MVZ.

Measurement points of the femilike the humerus the femur presents two
length measurements, either of which carubed for comparisons. As was the case for
the humerus, taking the GLC (greatest length of the caput) measurement with the osteo

board available required careful manipulation to achieve consistent measurements.

Figure 2-14 Proximal femur: from the Florida Museum of Natural History, Environmental
Archaeology Program (FLMNH  -EAP). Photos taken by Sophie McGraw and used with
permission of the FLMNH -EAP.

Measuing the proximal femur, on the leBp (proximal breadth on theright
the DC(greatest depjiof the caput/femotdead

29



Figure 2-15 Distal femur: fro m the Florida Museum of Natural History, Environmental
Archaeology Program (FLMNH  -EAP). Photos taken by Sophie McGraw and used with
permission of the FLMNH  -EAP.

Measuring the distal femur, on the |Bfil (distal breadty on the righDd
(distal depth.

Op |
| -
Figure 2-16 Tibia: specimen MVZ31118 from the Museum of Vertebrate Zoology (photo
taken by author) and used with permission of MVZ.

Measurement points fdhe tibia,The SD(smallest diamet¢iof the tibia was

found on he transverse plane per Figuré@above.

Figure 2-17 Proximal tibia: from the Florida Museum of Natural History, Environmental
Archaeology Program (FLMNH  -EAP). Photos taken by Sophie McGraw and used with
permission of the  FLMNH-EAP.

The proximal end of the tibia is quite large and in some cases exceeded the

depth of the callipersnaking measurement from right angles impossibhe Bp
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(proximal breadthis takenmedial to laeralon thepogerior surfacg€not shown)Dp
(proximal depthshould be taken at right gles anterior to posterioBecauseahe
osteoboard was not available during this part of data colledtused digitakcallipers
as theproximaldimensionof this skeletal elememéegularly exeededhedepth of the
instrumends bladesit was necessary take the measureraeatdiagonal anglas in
Figure 217 aboveThis is an importantansideration foanyoneattempting to
duplicate my measamentsDistal measurements below in Figurel@ were less
complicated, on the led (distal breadty while theright side showshe Dd(distal

depth.

Figure 2-18 Distal tibia: from the Florida Museum of Natural History, Environmental
Archaeology Program (FLMNH  -EAP). Photos taken by Sophie McGraw and used w ith
permission of the FLMNH  -EAP.

Gl Glm

Figure 2-19 Astragalus: specimen MVZ31118 from the Museum of Vertebrate Zoology (photo
taken by author) and used with per mission of MVZ.

The astragalus: these measurements are straight forward and need no detailed
instructions. GLKgreatest length latepalGLm (greatest length medjalBd (greatest
breadth distg| DI (greatest depth latejaDm (greatest depth medjgder Von Den
Driesch( 1976) p 88. Also included is Purdueo
measurement does not appeavon Den Driesctbut has been used by several
American scholars (Purdue, 1983; Wolverton et al. 2007; Jacob<agy, 28nsmore,
2009). This measurement is reportedly useful when archaeological samples have been

damaged along the medial or lateral length (pers. com. Wolverton 2015). The
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designation has changed with each scholar based on their research needs; for my
research, the lengtif the central constriction is labelled Ldaength of central

constriction)

Figure 2-20 Calcaneus: specimen MVZ31118 from the Museum of Vertebrate Zoo logy (photo
taken by author  and used with permission of MVZ ).

Measurement points for tloalcaneus, greatest length, greatest brgasittion
Den DriescH1976 90), greatest depter Purdue(1987h: 3).

Figure 2-21 Calcaneus length: from the Florida Museum of Natural History, Environmental
Archaeology Program (FLMNH  -EAP). Photos taken by Sophie McGraw and used with
permission of the FLMNH -EAP.

Measuing the calcaneus, on the ISt (greatest lengfh centreGB (greatest
breadth, right GD (greatest depdh
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Figure 2-22 Caudal calcaneus: from the Flor ida Museum of Natural History, Environmental
Archaeology Program (FLMNH  -EAP). Photos taken by Sophie McGraw and used with
permission of the FLMNH  -EAP.

On the left sideBc (caudal breaddyright sideDc (caudal depthareoriginal
measurements designed this research, taken anterior of the rugose surface attaching
the Achiles tendon tdhe calcaneus, as such it is a stress point engaged in locomotion.
The measurement appears to be sensitive to chronologic@esgEigure 47), and

may offer evidencef mechanical overload.

GL

Figure 2-23 Metacarpal: specimen MVZ 31118 from the Museum of Vertebrate Zoology
(photo taken by author) and used with permissio n of MVZ.

Metacarpal measurement points, in this research metacarpals and metatarsals
were found to vary in morphology, original measurements were created to specify the
plane on which themallest diameter was found. TEBBt (smallest diameter transvejse
is taken anterior to posterior on the transverse plane, whiQkémallest diameter

sagitta) is taken medial to lateral.
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Figure 2-24 Proximal met acarpal: from the Florida Museum of Natural History, Environmental
Archaeology Program (FLMNH  -EAP). Photos taken by Sophie McGraw and used with
permission of the FLMNH  -EAP.

Measuring the proximal metacarpal, on the Bft(proximal breadthright side

showvs measurement @p (proximal depth.

Figure 2-25 Distal metacarpal: from the Florida Museum of Natural History, Environmental
Archaeology Program (FLMNH  -EAP). Photos taken by Sophie McGraw and used with
permission of the FLMNH -EAP.

Measuring the distal metacarpal, on the Bfd (breadth of the distal fagas
taken on a diagonal. Centre panel Bukgreates(distal breadt) right side panebd
greatet (distal depth were both taken at the distal epiphysis line of this element.

Figure 2-26 Metatarsal: specimen MVVZ31118 from the Museum of Vertebrate Z oology (photo
taken by author) and used with permission of MVZ.
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For the metatarsals, the same measurement points apply as for metacarpals
except for the smallest diameter; in oléfD specimens, the smallest diameter was on
the sagittal [ane, medial to lateral and roughly one third below the proximal
articulation. For clarity in the data sheets these were recorded as SDt (smallest diameter
transverse) and SDs (smallest diameter sagittal). Vilpjpied to all specimens from
the reference collection, this innovation was devised late in the d&atiom process
and was specified to plane fegry few of the archaeological assemblages.

While WTD metacarpals consistently presented the smallest diameter SD on the
transverse plan(anterior to posterior) 5 to 8mm superior to the distal epiphlises
metatarsals presented a more complicated morphology, with the smallest diameter
varying in anatomical plane and location on the shaft SDs (ihtedateral). Below in
Figure 227 the left sideshowsthe SDt (smallest diameter transvefsen the rightSDs

(smallest diameter sagitjal/as on the upper third of the metatarsal shatft.

BV

Figure 2-27 Smallest diameter of the metatarsal: from the Florida Museum of Natural
History, Environmental Archaeology Program (FLMNH -EAP). Photos taken by Sophie McGraw
and used with permission of the FLMNH -EAP.

The intent of the reference collectistudy was creation of standard measurements
that could be used in size index scalifay that only the ten limtbones listed in
measurements presented above were required. Since a preliminary search for WTD
osteometrics had returned no results, the mdata collected during this research is to
be added to Not t i-bagehaa opénsaccdse digital rbsouncetod at a
facilitate additional work on this species using osteometrics. Based on the exceptional
completeness of the skeletons in the refeeecollectionit was decided at the
beginning of field work in Floridéhatmeasurements of additional skeletal elements

should be included in the data collection.

1 Measurements of mandibular teeth: the molar row as per Driesch 8&)/és

well as tte length andbreadth measuremerits each molar tooth m1, m2, m3.
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1 Measurements of the acetabulum: LA, length of the acetabulum, LAR length of
the acetabulum on the rird@n Den Driesch1976: 83).

1 Measurements of the antler burrs: proximal and distaligiference\{on Den
Driesch 1976: 36),

1 Measurements of the Phalanx: GL, Bp, Dp, SD, Bd, and Dd, for the proximal
and intermediate phalan¥@¢n Den Driesch1976: 96).

The addition of phalanx measurements yielded interesting results as there were
variations in morphology of the phalanges between WTD and the two populations of
brocket deer tested, hinting at environmental adaptation and possibly sjifesiend

These morphologies are described in Chapter 6

SDs
=S }
ks —fsd Bp:_ 1 Bd

T “

e
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f— I |
SDt

= §
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Figure 2-28 1%t and 2nd phalanges: specimen FLMNH Z: 4571 from the Florida Museum of
Natural History, Environmental Archaeology Program (FLMNH -EAP). Photos taken by Nicole
Cannarrozzi and used with p  ermission of the FLMNH -EAP.

The smallest diameter of th& fthalanx (proximaphalany for WTD occurs on
the transverse plane at the distal end of the ;ghakd brocket deeMazama
americand the smallest diameter is different (see chapter 6)tteo? phalanx
(intermediatephalany it appears on the sagittal plane also at the distabetid
diaphysisin both species. These measurements and their orientation appear to be

consistent across all age and sex cohorts of the WTD specimens tested.

Measurements of thé'phalanx and ® phalanxbelow in Figure 4.2%he left
panelshows measurements of tB& (greatest lengdh the centre panel shows
measurements of thigp greates{breadth proxima] right side show®p greatest
(depth proxmal).
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Figure 2-29 Phalanges proximal measurements: from the Florida Museum of Natural History,
Environmental Archaeology Program (FLMNH -EAP). Photos take n by Sophie McGraw and
used with permission of the FLMNH -EAP.

Below Figure 230 shows distal measurements of titghalanx, on the lefsDt
(smallest diameteransverseas described aboythe @ntre paneBd (distal breadtf),
and theright-sidepanel showshe Dd(distal depth

Figure 2-30 Phalanges distal measurements: from the Florida Museum of Natural History,
Environmental Archaeology Prog  ram (FLMNH -EAP). Photos taken by Sophie McGraw and
used with permission of the FLMNH -EAP.

The 29 phalanx SD (smallest diameter) appears on the sagittal plane at the distal

end of the shaft, and is recorded as SDs.

All recorded specimens of WTD andolcket deer (modern specimens and
archaeological samples) examined within the collections of the FLi#NHKvere
subjected to osteometric analyses using the methods outlined above. The raw metric
dataare provided in Digital Appendix (imodern data) andll{archaeological data).
Pending permission of the stakeholdést h wi I | be added to Not
database, an open access digital resource to facilitate additional work on this species

using osteometrics.

2.3Synopsis
The skeletal elemente be investigated are described along with the methods
selected for testing, osteometric comparjsord size index scaling/log ratios. Detailed

descriptions and the origin of each measurement follow the figures. The process of
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recording metric data frormrchaeological assemblages has been described along with
terminology used to distinguish reference materials from archaeological artefacts.
Previous testing of roe deerbopeee nt i n Nottinghamdés zooar chaec
showed depth measuremetdse more variable between individuals than breadth
measurements for the same element. Not all measurements recorded in the data sheets
for this project are described abottee ASG for the scapula was not observed among

the archaeological materials asitbwed no clear trends among the reference specimens
that could be related to the topic investigatbdrefore i description is not included.
Measurements for smaller bones. patella, fibula, small carpal, and tarsal bonese
excluded as thegre uncommon in many assemblages, and because use of such
measurements may skew the ratios for size index scaling. Unfused phalanges and
acetabulum in the archaeological assemblagas excludedNew measurements

devised duringhe later stages afata reording have been described andfaréher

explored in the ChaptérandChapter6 for evidence of ontological change and species

variation.

It is genuinely hoped that the measurements above and details regarding their
application described in this samtiwill be of value to additional researdthe order
of-operations is crucial in recording osteometric giata further suggested these
measurements be taken three times sequentially and then averaged to reduce instrument
error. Al mammalian skadtal anatomy is roughly analogous, but evolution is not a
linear process effecting all members of a species equally and it does not produce
adaptations that are uniformly superior. A chief characteristic of WTD described in the
literature is their abilityo colonize diverse environments and discern forage with the
highest nutritional valueand this is discussed in ChaptgiGeist, 1971; 1998; Miller et
al. 2003).

Having described the core methodology, the next chapter describes the modern
reference codiction used as a metric baseline in this research and the archaeological

assemblages that are the primary subject of my thesis.
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Chapter 3 Materials:

As is the case for methods in the previous chapter a detailed description of the
materials is requiredt took me very nearly a year to locate relevant collections and
secure permission to investigate the materials required for this butdsarly in 2013
Maya faunal collections suitable for this research were identified at Universidad
Automa de Yucatan and at thimiversity of Florida in Gainesville. Unfortunately, due
to a lapse in my funding, investigation of these collections was delayed for 14 months.
During that interval, the opportunity to work with the collections in Merida Yucatan
was awarded to anothersearcher. However, the collections at the Florida Museum of
Natural History Environmental Archaeology Project (FLMMAP) remained available
thanks to a data sharing agreenmeggotiated by my academic supervisor Dr Naomi
Sykes and FLMNFE AP 6 s A s satocDr lditty €. E@ary. | arrived in
Gainesville knowing there was a sizable collection of Maya fauna at the museum but the
content of those assemblages, the quality of preservation, and which collections would
be accessible were unknowrkewise, eventiough the public webpage listed a
considerable number of modern WTD specimens, descriptions of the skeletal elements

present for these specimens were unavailable prior to my arrival.

The FLMNH-EAP in Gainesville is the source for many journal articles
corcerning Maya faunal studies and the possibility of WTD domestication by the Maya
(Wing and Scudder, 1991; Pope et al. 2001; Web et al. 206&)FLMNH-EAP does
not own all the resident collections of faunal material, some are on loan, and others are
curatd there for the benefit of researchers in various departments and institutions. Dr
Emery, Associate Curator, facilitated obtaining permission for my study with these
stake holders (see acknowledgements), and permission to access the museum facilities.
Thedepart ment 6s Col |l ections Manager Mr Qui
museumdbs digital archives for modern WTD
the equipment used to record the measurements. Original osteometric data was collected
from Novemier 2014 through April 2015.

3.1 Reference materials

To reconstruct the demographic profiles of archaeological whitetail deer
assemblages and understand whether size variations are linked to sex, age or
environmental factors, it is uid first to developbaseline data, composed of
individuals of known age and sex (Nieminen and Helle, 1980; Payne and Bull, 1988;
Albarella et al. 2009; Sykes et al. 2@1White, 2000). Differences between
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populations also need to be considered since morphologies and staiwagy across
geographies and time (Purdue, 1987b; Purdue and Reitz, 1993; Jacobson, 2003;
Wolverton et al. 2007; Sykes et al. 2011), though predictors of population differences
such as B e rdhounld beruged with ealitien (Giest, 1998).

While comparative collections of knownistory domestic animals are relatively
common, held in museums around the world, the same is not true for wild animals since
these are generally collected through hunting expeditichich by definition, capture
animak thatare unknown to the collector. Sex and age estimates of culled individuals
are often made at the k#ite by stalkers, as this is an important element of deer
management (Knight, 2001; Cain, 2015); however, such records are not always reliable,
espeially age estimations since accurate age assessment is predicated on reference to a

limited number of knowsaged animals.

A further problem is where osteological collection$\FD exist, they are
limited by sizei often represented Qyst one or two individuals. Many of the
laboratories working with Maya materials contain one or more WTD specimens for
teaching and comparative identification, use of a single specimen is not ideal but would
not be fruitless (Meadow, 1999: 288). Richatddve haslso studied and writteon
WTD in American achaeologal jourrals, andauthoredseverapapers focused on
WTD osteometrics (1983a; 1983b, 1987a, 198Wfortunately those articles reported
syntheticresults rather than thraw data collectedA search for published data WiTD
bone metrics produced no results. Trupreliminary step for this project was to study
a population of this species containing individuals of known age, sex, and the creation
of a mdric baseline for comparison with archaeological samples from excavated Maya
sites. The need for such a study has been pressing for some time (Carr, 1996). Deer
populations in Mexico and Central American are under considerable pressure from
hunting and halat loss,andsome species are classified as endangered. Obtaining
sufficient animals native to the region of diverse age and sex for archaeological study

was considered a questionable proposal.

The mammal collection of the Museum of Vertebrate Zoologiérsity of
California at Berkeley provided access to additional WTD skeletorghfatographing
theskeletal elementsecessaryo illustrate species morphology. Four relatively
complete skeletons representing two WTD subspecies werapiesiee MVZ
collection, one male, one female and two unsexed specimens. The male specimen

MVZ98889 (Odocoileus virginianus true er i ves fr om EI Sal vador 6s
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San Miguel. The female MVZ32031 and the unsexed specimens MVZ31118 and
MVZ321107(Odocoileus virginianus covesnyere from Cochise County in Arizona.
These specimens were assessed for skeletal completeness, state of bone fusion and

when possibledental wear.

However, he reference collections from FLMNBAP ae the sole source for
metic data collected for this research and wareessed from November 2014 through
April 2015, specimens were selected based on place of origin, skeletal completeness,
known sex and age. The fortuitous occurrence of a sizable reference collection of
modernWTD within the same institution as the archaeological assemblages can hardly
be overstated. Digital records of the modern reference collection list 93 individuals. In
most cases sex, species and date of collection are the limits for the public web page. No

metric data were previously available.
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= a Llow |2 E |5 |8 g =2|E| 2|5 |8 |4 w|lm S|t

| location é k3 22l |2 &3 =& 28 g Sl=z=&8 &= &
24576  |Collier City F |2 1985/ R | P (P (P |P P P P P |P P| P NANA P |NA
24571 |CollierCounty ™M (3.5 @ 1985 R [P | P (P | P |P|P |P P P |P|P P P | P P
2:4703  |CollierCounty [F (3.5 | 1985 L | P [P (P |P (P | P |P| P |P P |P | P|P NANA
24711  |Collier City M (15 | 1985 L | P | P |P P P|P|P P|P | P|P|P|[P P|P
24579 |CollierCounty ™M (1.5 | 1985 R [P P (P | P|P | P |P|P P|P P |P|P|P NA
24580  |Collier County |F |4 1985/ R /P (P |P|P P P P P|P P P P|P PINA
2:4573  |CollierCounty |[F |5 1985/ R |P | P | P|P P P P P|P P P P[P P|NA
24574  |Collier County |F |3 1985/ R /P (P |P|P P P P P|P P P P|P P|NA
24572 |CollierCounty F (25 | 1985 R [P | P (P | P|P | P |P| P P|P | P|P|P|NANA
24578  |Collier County |M |2 1985/ L | P | P P|P|P P P P P|P P|P P|P P
24577 |Collier County |M |1 1985/ L | P | P P|P|P P P P P|P P|P|P|FP P
24700  |Collier County |F |2 1985/ R | P (P |P|P P P P P|P P P P[P P|NA
24708  |CollierCounty |F |1 1985/ L (P (P |P|P P P P P|P P P P|P P|NA
24581  |CollierCounty |F |2 1985/ R /[P (P | P|P P P P P|P P P P|P P|NA
74702 |CollierCounty F (25 | 1985 L [P P P | P|P| P |P|P P|P P |P|P|P NA
24703 |Collier City F |2 1985/ R /P (P |P|P P P P P|P P P P[P P|NA
24705 |CollierCounty F (3.5 | 1985 R [P P (P P |P | P |P| P P|P | P|P|P|NANA
2:2850 |Claycounty |F (3.5 | 1973 R|[P | P (P | P|P | P |P|P P|P P |P|P|P NA
72773 |Claycounty |F (1.5 | 1979 R|[P | P (P | P|P | P |P| P P|P | P |P|P|NANA
24569 |CollierCounty (F |NA | 1985 R [P | P P | P|P | P |P|P P|P P|P|P|P NA
24567 |LibertyCounty |F NA | 1985 R [P P (P P |P| P P P P|P P |P|P|P NA
2:3550 |MarionCounty M |NA | 1981 R [P | P (P | P|P | P |P|P P|P P|P|P|P NA

Table 3-1Ref erence specimens using the museumds catal ogue
and the skeletal elements pre sent during data recording (P=present and NA=not available).

WTD are known to vary in stature geographically and chronologi¢allydue,
1987b; Wolverton et al. 200.7Based on this understanding | chose only to use animals
recovered fronthe state of Florida for my comparative sample. Out of the 93 specimens
l isted in the Museumdés data base 22 indi)
three of the four selected criteria. All
over12 months of age, there are no juveniles recorded in this section. All selected
animals were listed as recovered carcasses, and as soft tissue was relatively intact at the

time of collection, assessed sex is to be considered reliable. Records indicséadhmu
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curators assessed age using tooth eruption and dental wear patterns citing Severinghaus

(1949). Collection notes frequently included necropsy resultedsas/meat weight.

Bythe193@ FI| ori dads native WTD populidudls on had be
and almost extirpated from southern Florida. The species was reintroduced to areas

depleted of native deer from stocks originating in Wisconsin (Schaed@ain,

2012). Consequently, the identification of WTD sgecies in the FLMNH collections

has not been attempted but could be an important point in evaluating my findings.

Three of the selected individudls 4569, z: 4567, z: 3590) had no assigned age
in the museum records, one individual z: 4576 was missing any phalanges (incomplete
setsophal anges wer e commo(m571,4: 470l z: 4688Jaed s peci men
z: 4577 had antler burrs that could be measured for proximal circumfereatenly

two could be measured for distal circumfereréen Den Driesch1976: 36).
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Figure 3-1 Florida counties modified to show specimen origin and number derived from each
county. Source www.worldatlas.com.

Individuals in the collection originated iivé Horida counties and each of those

counties has been assigned a reference number to identify the origin in the following
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tables(see Figure A previous pageFifteen animals came from Big Cygss Preserve
in Collier Countylisted as area onelevenfemales and four males. By coincidence, in
addition to providing the largest selectiof individuals,southerrFloridais similar in
rainfall patterns tgortions of Maya culture area, with significant portions of terrain in
both regions experiencing indation during the summer montience WTD in south
Florida drop their fawns in Decembmather than in spring as is typical for northern
populations of this speci¢ShaefelandMain, 2012)Whether this might also be true of
WTD in the Maya region is n@tvailable in the literature

I n t he mu ssalutme@smals descabedlin this section are lissed a
adults use ofthat termstems from game management practices ascribing adult status to
individuals capable of reprodiien. Osteologytakes a more nuanced approach with
fusion of all limb bones defining adult statdsble 34 in the next sectioshows this
does not occur until 38 montHsor this study aimals between 12 and 38 months
should be classified as sablults. This is suppatl in tre Chapter 4deer ecologd
showing females do not typically bear offspring until their third year. Only eight
animals in the selected reference collection meet this criterion, z: 4571 is the only male
specimen to meet the criteria.order tobetter managage assessment of the
archaeological materigland because three reference specimens had no assigned age,

independent age assessment was undertaken.

3.2Mandibles and dental aging:

Game managers only rarely have access-itedbed bong for determining the
age of individual animals, assessing tooth eruption and patterns of dental wear is widely
accepted to be the most accurate method of assessing an animals age and is a frequently
used; however, with archaeological materials it requimagt or mostly intact
mandibles to be effective (Payne, 1973). The timing of tooth eruption varies between
species and has been shown to differ between populatiomsdividualsdue to a wide
variety of factors (e.g. health, disease, nutrition, geaigy).

For WTD,6 T o odvdiopnient antlVear as a Criteria of Age WTD6
(Severinghaus, 1949) is a widalged resource and can be summarised as follows.
Deciduous incisors and premolars 2 and 3 emerge before birth. Deciduous pml1 emerges
in week eight, at six months, permanent incisors and m1 emerge. The second molar
(m2) begins eruption at nine months. Permanent pm1, pm2, pm3, and m3 begin eruption
during months 13 to 1 7isTaBe2below)shagvdud us 6 s ,

eruption of the third molar would be at 36 monthiseanomalous labelling of &%
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molar inthetablebelow is used taccount fothe lateemergence of the posterior cusp
of m3, appearig after the first and secomdsps othat toothare alreadyn wear
(Severinghause, 1949: 99)

&
e,i‘\@
& &
‘-530’ ({S’é
?&’z xF Milk Premolars Adult Premolars Molars
1 2 3 1 2 3 1 2 3 4
Birth 7 0.0 0.0 0.0
1to 2weeks 4 0.2 1.2 15
2todweeks 8 0.4 1.6 3.0
4to 7 weeks 10 4.9 5.0 6.8
7to 10 weeks 7 4.9 5.0 5.8
10 weeks to 4 months 1 5.0 5.0 6.5 2.8
4 to 6 months 2 4.5 4.5 6.3 6.8
6 to 7 months 1 4.5 5.0 6.0 8.5
7 to 9 months 1 5.0 5.0 5.5 a 5.3
9 to 11 months 3 5.0 5.0 5.3 9.3 6.8
11to 13 months 2 4.5 5.0 4.7 9.3 9.0
13 to 17 months 1 4.5 4.5 a.7 9.5 10.5 10.5 3.5
17 to20 months 8 4.3 3.3 3.3 4.6 5.5 5.8 6.9 8.9 81 2.8
20 to 24 months 2 5.2 6.5 7.0 7.0 9.0 8.6 4.8
2.5years 4 5.0 6.5 7.5 7.2 B.o 9.0 4.5
3.5years 3 5.3 6.1 7.3 6.8 9.1 9.0 6.0
4.5 years 6 5.0 5.6 6.2 6.0 7.6 34 6.0
5.5 years 3 5.3 5.3 6.0 5.7 7.2 2.0 5.7
6.5 years 4 4.5 4.5 6.0 4.9 6.2 6.8 4.8
7.5years 3 4.7 4.7 6.0 5.0 6.3 0.7 4.0
8.5to 9.5 years 1 4.5 4.0 4.0 4.5 4.5 4.5 4.5
10.5 years and over 2 3.0 3.0 3.5 4.2 4.5 5.2 4.5

Table 3-2 Tooth eruption and dental wear: d erived from Severinghaus (1949 1202 ) Table #3 .
M-4 references eruption and wea  rofthe 3 ™ cusp of molar three.

The order in which teeth erupt and juvenile dentition is replaced within a
population is generally consistent. Several studies have been published on WTD
dentition (Severinghaus, 1949; Gilbert, 1966; Ransom, 1B&@6yn ard Chapman,
1991, Lister, 1996Yan Deelen et al. 2000). Since Severinghaus (1949) is frequently
cited within archaeological literature on WTIs use may be considered foundational,
though it is not without cri workeissm; o661l n a bl
incorrectly identified the age of speci mensbd
impose controls on the type of forage made available to test subjects (Severinghaus,
1949: 198) which would factor heavily in assessing the rate of deraal(@eapman
andChapman, 1970).

Several regional projects have attempted to bridge this gap between a scientific
paper and the needs of local hunters and game managece (R&t1; Cain, 20)5For
this research, it was found the dental wear critdrRi@erce et al (2011) and the
illustrations from the University of Missouri webpage below are considerably clearer
than the photographs from Severinghausés (194
of the of the order and timing of tooth eruption ré@mainchallenged.
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It is important to note th&everinghaus (1949) Gee et al. (2002) and Pierce
(2011) writing for US game management publications use a simplified dental formula
for mandibular teeth pm1, pm2, pm3, m1, m2, andwifle anatomists reagnize pm1
and m4 are rarely present in higher mammals (Hillson, 1986: 13), and the alternative if
not oOproperd dental f o CapedlsowhiccoWTDme mber s
belong is pm2, pm3, pm4, m1, m2, and R3ifph, 19757; Hillson, 1986: 96).
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Figure 3-2 Determining dental wear : taken from University of Missouri Extension: source
http://extention.missouri.edu/p/G9484

Recorded measurements for dental material were of limited scope, length of the
molar row as pevyon Den Driescl{1976: 5253) andalso the greatest length and
greatest breadth of molars one, two, and
#2 (1949: 202) Omeasurements of crown hei
intended for use as visual reference rather thamsggssment. It is however possible to
use these photos for assessing dental eruption per Severinghd)safid®dlental wear

per Pierceet al. (2011).

Table 33 presents mandibles for specimens z:4571, z:4574, z:4577, z:4578,
z:4579, 7:4580, z:4700, z:@2, z2:4708, z:4581, z:4576, z:4711, 2:3590, z:2773, and
z:2850, The 1photographed mandibles above are from the FLVEAP reference

collection and taken with my digital camdsee methods) The | abor atorybo
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number and a description of the olvesf teeth are matched to the right of lingual and
dorsal view photos. Deciduous teeth are scored [D], permanent teeth are scored [P]
mandibular premolars [pm1, pm2, pm3] mandibular molars are scored [m1, m2, m3]
following Gee (205) and Pierce (2011pentl eruption is tabulated per Severinghaus
(1949) while wear is scored following Pierce (2011). The rightaideable 33 below
scores tootleruption per Table-2 and dental wear pé&igure 32.

Z:4571 | P1 P2 P3 M1 M2 M3 Age
F F F F F F 42m

7;4574 | P1 P2 P3 M1 M2 M3 Age

Z2:4577 | P1 P2 P3 M1 M2 M3 Age

[ c-D crypt | cD [ Incrypt | 17-20m

7:4578 | P1 P2 P3 M1 M2 M3 Age
missing | missing | missing | B B Missing | 4-7m

Z:4580 | P1 P2 P3 M1 M2 M3 Age

Z:4700 | P1 P2 P3 M1 M2 M3 Age

E E E E E Missing | 28 m

7:4702 | P-pm1 P-pm2 P-pm3 P-m1 P-m2 P-m3 Age

2:4708 | D-pm1 | D-pm2 [ D-pm3 | P-m1 P-m2 P-m3 Age
worn C (e C C incrypt | <17 m

7:4581 | D-pm1 | D-pm2 P-pm3 P-m1 P-m2 P-m3 Age
worn worn E E E E >30m

7:4576 | P-pm1 [ P-pm2 [Ppm3 |Pm1 P-m2 pP-m3 Age
missing | missing | D D D D >20m

Z:4709 | P-pm1 P-pm2 P-pm3 P-m1 P-m2 P-m3 Age

—

» Iy &7 2 E -‘I missing | D-E D-E D D D ,20m

z:4711 | D-pm1 | D-pm2 | D-pm3 | P-m1 P-m2 |P-m3 age
Cc C crypt C G C <17 m

TR RS &
" missing D D D D D >20m
= - - 4

7:2773 | P-pm1 | P-pm2 P-pm3 | P-m1 [ P-m2 |P-m3 | Age

Z:4579 | P1 P2 P3 M1 M2 M3 Age

missing | missing | missing | D D D 20m

crypt crypt crypt missing | D crypt <17.m

7:2850 | D-pm1 [ D-pm2  [P-pm3 [P-m1 [P-m2 [pP-m3 Age
E E E E E E >30m

Table 3-3 Reference collection mandibles: (photos taken by author). Used with permission of
FLMNH-EAP.

The mandibles for specimens z: 4705 and z: 4703 were missing at the time of
data collection. Specimens z: 45@74569, and z: 4573 have dental measurements
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recorded in my data, but there are no photographs for these samples in my files. The

current

al. 2013).

3.3Epiphyseal fusion:

phot ographs

ar e DentiseuMethodCooperrett

for

Bone is among the most frequently encountered organic ancient material and

while the interment of human remaiasually signals a discrete event in the

archaeological record, the depositioraafmal bone typically is more diffuse

(O6Connor ,

each represemtnindividual animal, it is required to deduce the maximum possible

sth@leDsReletal @l8ments ilAMaya faunal assemblages may

information regarding species, age, and sex from each bone examined. Epiphyseal

fusion of the long boneds frequently used to determine the animals age at death.

element
prox. Radius
dist. Radius
dist. Humerus
prox. Humerus
prox. Femur
dist. Fermur
dist. Tibia
prox. Tibia
prox. Ulna
Metacarpal
Metatarsal
Calcaneus
1rst Phalanx
2nd Phalanx

initial fusion

females males

2m 5m
20m 2926 m
2m 5m
2926 m 38m
20m 20m

23 m 2926 m
17{14m 17/14m
23m 2926 m
20m 20m
20m 23 m
20m 17m
17/14m  20m
11/8m 11m
5m &m

Table 3-4 Der i ved

Different bones in the skeleton fuse dfatent agesEpiphyseal Closure in
WTD (Purdue, 1983Db) is the basis for age assessments in this project. Recently a
radi ograph
(Flinn et al. 2013). The order ophysis fusion is consistent in all members of the
Odocoileines group. The age at which fusion occurs however varies-tladker
(Odocoileus hemiondis larger related species fuses as much as a year lat&¥/THan
(Purdue, 1983b: 1211). Brocket deer are considerably smaller. There is no comparable

study for this speciesdo0 h av e

deer

matue/reproductively active adulbutthe actual age at which either brocket deer
species transitions from one category to another is likely to be diftéiaamtor WTD

shoul

partial fusion

females males

2m
20m
2m
29/26 m
20m

23 m
17{14m
23 m
20m
20m
20m
20m
11/8 m
5m

5m
2926 m
&m
38m
23 m
2926 m
17m
2926 m
20m
23 m
23 m
20m
11m
&m

full fusion

females males

5m
2926 m
20m
38m
2926 m
26m
20m
2926 m
2926 m
29/26 m
2926 m
2926 m
20m
11/ m

8m
38m
12m
38m
2926 m
38m

23 m
35/32m
38m
29/26 m
2926 m
2926 m
17m

17 m

from Purdueods

study

d

has

Ta

bl e #3

(1983b:

supported

used

accurately
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#4708 1 | F | 1 (1985 L | U F[vW] FLl U U | N FH U U U U | U U FH U 12-14
#2773 5 | F |15/1979 R | U  F[l FLl U U | N FOl U FlWl U U |FHl | U FLl| U 17-20
24576 2 | F | 2 (1985 R |F[v] F[il FL[l FLl F N FLlFL] FIvl Flv] | FIvl| FLl F | FLl FLl & 20-29
24700 1 | F | 2 (1985 R | U | F[] FLl U U | N F[l U FIv] FIv] U |FLl | F FL| U 17-20
#4709 2 | F | 2 (198 R | U F[l FLl U U N FLlFIV FIvl| U | U | FLl | F | FLl FLl | 20-23
4581 1 | F | 2 1985 R F[v] FIv] FLl| U F | N FLl U FIvl FIv] FIvl|FOl | F FLl| FL] | 23-26
24569 1 | F |NA 1985 R |F[v] F[il FLl FLl F | N FLl FLil FIvl FIv] FIvl| FOl | F FLl | FL] & 23-26
24572 1 | F |25 1985 R F[v] F[i] F[l F[i] F N F[l F[] FIv]| FL]l | FLl | FLl F | FLl FL] & 23-26
24702 1 | F (251985 L | U | F[i] FLl FIv] F | N FL] Fli] FIv]l FIv] FIv]| FOl | F FL] | FL] | 23-26
74567 4 | F |NA 1985 R | F[] F[l FLl FLl F | N FL] ELil FOl | FLl  FIvl | FOD | F | FL | FL] | 29-38
z4574 1 | F | 3 (1985 R | U | F[l FL[l FIv] F | N FLl FIvl FIv]l FIv] FIvl| FO | F | FL | FL] | 23-26
22850 5 | F (3.5 1979 R |FIvl F[il FLl FLl F N FLl FL] FIvl| FLl | FLil | FL1 | F | FLl  FLl | 26-29
24703 1 | F |3.5 1985 L | F[] F[l FLlFO] F | ¥ FLIFL] FLO | FLl | FO | FOD | F LD | FLA 260
#4705 1 | F 3.5 1985 R | F[] F[l FL[l FLl F N FLl FL] FIvl| FIv]| FIil | F1 | F | FLl  FLl | 20-29
74580 1 | F 1985 | R | F[il | F[il | FLil FLl F | N | FLl|F0] FL] | FLD | FLD | FLD | F | FL | FIil 238
z4573 1 | F | 5 1985 R | F[] F[l FLlFLl F | Y FLFL] FLl | FLl | FO | FO | F | FL | FLA 260
24577, 1 | M 1985 | L | U F[v]|/F[] U U N FLl]/lUu U U U U U Fil u 17-20
3590 3 | M |NA 1981 R | U F[l FLl U U N F[ U U U U |FIW U FLl U 17-20
#4711 2 | M (151985 L | U  F[l FLl U U N FH U U U U | U U FLl U 17-20
#4579 1 | M |15 1985 R | U F[vw] FLl U U N FH U U U U | U (U FLl U 8-20
24578 1 | M | 2 (1985 L | U | F[] FLl U U /N F U U U U |F@ | U FGO| U 17-20
#4571 1 | M 3.5 1985 R |F[v] F[l FLl FLl F | N FL] FLil FIvl FIv] FIvl| FO | F | FL | FL] | 26-38

Table 3-5 Observed epiphysis fusion during data collection, U = unfused, F = fused, v =
epiphysis line is visible, and i = epiphysis line is obscured.

Eeach skeletal element in the table above is scored&silfle age, the degree
to which epiphysis lines were obscured was inconsistent for several spediueng.
initial scoring of element fusion for each individuabecame apparent the degree of
fusion described by Purdue (1983b) was not as rigidlyistam as for dental eruption
described by Serveringhaus (194®)s is not new informatianAs an examie, z: 4571
(a large male3howed visible epiphyses at the proximal femur, fully fusing by 29
months, the distal femur fully fusing at 38 months, #gredproximal phalanx fully
fusing at 17 months, (Purdue, 1983b: 1210). The antidnite broken demonstrated a
forked morphology indicating the animal was over two years old. All permanent
dentition was present and extremely worn. It is possible therflisies had been+e
exposed by nutritional deficit or by calcium recycling due to antler genesis (Miester,
1956; Goss, 1970). Big Cypress is a preserved wetland area. Many species of tropical
grass and sedge contain substantial quantities of silicaifrsthecturesandthis could
account for the considerable wear on the mandibular teeth. While it must be taken into
accountPurdue (1983b) was not explicit in his description of full fusion for long hones
it is also true that as a result of nutritiostikess, calcium may be scavenged from

cortical bone in a way that mimide physical i
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specimens larger than the adult females from area one, but less than the 25% one
would expect from reading the literatsee Chapte5). Two females from area five
however overlap or exceed the measuents of some elements for this adodte (see
Figure 51).

Even with complete skeletons and mandibles it is easier tohall age an
animal is not, thawhat age it was. Another difulty with assessing age by epiphysis
fusion is identifying animals that are older than the age at which the specific element
fuses. Hambleton, 1998: 108JeedsHowarthandHa wk i ns, 20 $T®ble 8) . F
#3 does not consider fusion of the ulna tordmius. As can be seen in Tablks3
specimens z: 4708riginally assessed as 3.5 yeansd z: 4573assessed as 5 years,old
have ulna fused to the distal radius. No other animals in the three grefarold class

demonstrate this quality (see Chaggr

Figure 3-3 Fusion of ulna to radius: specimen z:4573 from the Florida Museum of Natural
History photo taken by Nicole Cannarozzi and used with permis sion of FLMNH -EAP.

Is specimen z: 4703 a fiweearold female? She had no mandible present at the
time measurements were being collected. Specimen z: 4573 has a mandible recorded
but no photo is present in my files recording skeletal morphologyigure 33 the
distal ulna shatft is fused to the distal radius. In Chapter 6 the nature of that fusion will
be explored further.

A primary goalin exploring the modern materials was the creation of standard
measurements for use in size index scaling. Specime  z: 4571, z: 457
4703, are judged to be the best candidates for these standard measurements as they are
assessed to be fully mature and presumed to represent a coherent regional population of
WTD.
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FLMMNH-EAP collection number
Age assessed epiphysis fusion

4]
[
(]
-
£
= =
EU = o o
s a bl = 1]
o 5 [+11] = E‘ o
u w [ )
o o = g % e
= a a Ie} a
g £ g 8 z 4
3 2 8 ¢ o g
§ ¢ @ < B s
2:4708 1 F 1 1985 12-14 >17 12 months
2:2773% 5 F 1.5 1973 17-20 =17 17 months
2:4576 2 F 2 1985 20-29 <20 26 months
2:4700 1 F 2 1985 17-20 <28 26 months
2:4709 2 F 2 1985 20-23 =20 20 months
2:4581 1 F 2 1985 23-26 =30 28 months
2:4569 1 F MNA 1985 23-260 NA 26 months
2:4572 1 F 2.5 1985 23-260 NA 26 months
2:4702 1 F 2.5 1985 23-26 =20 24 months
2:4567 4 F MNA 1985 29-38 NA 38 months
2:4574 1 F 3 1985 23-26 =28 283 months
2:2850 5 F 3.5 1979 26-29 =30 30 months
2:4703 1 F 3.5 1985 =60 MNA 60 months
2:4705 1 F 3.5 1985 20-29 NA 29 months
2:4580 1 F 1985 =38 =66 60 months
2:4573 1 F 5 1985 =60 MNA 60 months
2:4577 1 M 1985 17-20 17-20 17 months
2:3590 3 M MNA 1981 17-20 <20 20 months
2:4711 2 M 1.5 1985 17-20 =17 17 months
2:4579 1 M 1.5 1985  8-20 =20 17 months
2:4578 1 M 2 1985 17-20 4=7 17 months
2:4571 1 M 3.5 1985 26-38 <42 36 months

Table 3-6 Comparison of specimen ages by FLNHM record with independently assessed age
by bone fusion, dental eruption and tooth wear. NA=not available for assessment.

3.3 i Brocket Deer:

Theoriginal project design did not include brocket deer. However, they present
the largest percentage of measurable spe@roenTipu Negroman present in FLMNH
EAP shelves at the time of data collectiand are well represented in the data sheets
for many d the sites investigatedptherefore must be considered in this investigation
Institutions with representatiyiost craniakkeletons for brocket deer were difficult to
identify, skins and skulls being the most regular representatives listed inmmuseu
archives, and while crania are particularly useful for distinguishing between populations
(Molina and Molinari, 1999; Nickolay and Vaders, 2006; Martietanco, 2011) the
work at hand requires post cranial skeletal elements. Nor are all brocket deer

populations equally representative as is explained in chapters four and six.

The EnvironmentaArchaeology laboratory had omeodernpartial skeleton
identified adVlazamasp.and one individualdentified asdMlazamaamericanathat was
almost complete excefiir the skull. This idividual was unsexed. A third carton in the
EAP shelves UF no. 1440 also contained brocket deer elements that | judged
represented several individuals (see appendix A). AdditiorfdllNHM has a

mammalogy department holditigreeparial skeletons from Guatemala and three
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partial skeletons from the Island of Tidad all identified adMazamaamericana Al
specimens were measured and recordedssigned ages were availalilee
measurements from UF no. 1440 were excluded from asalgd thus are not
represented belavrable 37 shows representation of skeletal elements for each brocket
deer specimen amdy assessed ages. All specimens are modern animals; when

available the collection date is included.

Brocket deer skeletal elements present and assessed by epiphysis fusion

calcaneus posterior
assessed age by fusion

date collected
species

side

scapula
humerus prox
humerus dist
radius prox
radius dist
ulna prox
ulna dist
carpal dist
pelvis

femur prox
femur dist
tibia prox
tibia dist
astragalus
tarsal dist.
1st phalange
2nd phalange

sex

Provenance FLMNH#
no data 7930 M Mazama sp. NA NA NA NA NA NA NA P-F NA NA NA NA NA P-F NA P-F NA NA 26
Peten, Tikal UF6787 ™M Mazama temama R NA NA NA NA MNA NA NA P-F NA NA NA NA NA NA NA P-F NA NA 26
Peten, Tikal UF6788 F 1960 Mazama temama R NA NA NA NA NA NA NA P-F NA P-F P-F P-UPF PF P PF P P 38
Peten, Altar de sacrifios  UF 6795 M 1961 Mazama temama R P NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA P P 6
Dos Pilas, peten z: 8851 US 1993 Mazama temama R P P-F P-F P-F P-F P-F P-U P-F P P-F P-F P-F P-F P-F P P-F P P 38
Trinidad Nariva UF 6609 F 1959 Mazamaamericana R NA P-U P-F P-F P-U NA NA P-F NA NA NA P-UPF PF P PF P P 20
Trinidad Mayaro UF6610 M 1959 Mazamaamericana R NA NA NA P-U P-F NA NA P-F NA NA NA NA NA P-F P P-F P P 2038
trinidad Siparia Forest UF 6608 ™ 1959 Mazamaamericana L NA NA NA NA NA NA NA NA P NA NA NA NA P-F P P-F P P 20
Table 3-7 M = male, F = female, US = unsexed, NA -not available, P = present, and P -F=

present and fused.

In addition to being well represented in some assemblages, the brocket deer
presented different morphology of the metatarsal and the first phalanx from Florida
WTD. This in turn relates to the taxonomic identification of brocket deer species present
in archaeological assemblag@dl brocket deer specimens | examined at FLMNErev
listed asMazamaAmericanaThe table above represents the specimens identified in the
museum collections following the current taxonomy, though that taxonomy is currently

being revised (see deer ecology in Chapter 4).

3.4 Archaeological Asemblages:

Historically, American archaeologists and institutions have been a sagttifi
influence in studying thancient MayaWhile previously it was both possible and
reasonable that overseas institutions might assume stewardship of Mesoamerican
antiquities, that is no longer the case. The transport of cultural artefacts across
international borders is now regulated. While NAGP{##e Native American Graves
Protection and Repatriation Aanly manages archaeological materials from within the
United Sates, repatriation of cultural materials to their country of origin is an
international issue directly affecting how universities and museums manage and acquire
collections. Consequently, American archaeology is increasingly dependent on
representative sguting. This in turn impacts projects such as this one dependent on

curated materials. Of the 43 assemblages made available to this project at FLMNH
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EAP, 16 hadCervidaebones wih one or more of themeasurement landmarks selected

for recording. The geogra distribution of those sites and of an additional 36
assemblages represented in publications that were reviewed for cmnpag shown

in Figure 34 at the end of this chaptérhe research designs of archaeologists assume
time will provide improed methods and new technologitgis management of
undisturbed context as a cultural resource is overarching priBetausegeography

and naturally occurring resources are key elements in sustaining urban cultures, Maya
cities were often inhabitedver long periodsbutare only rarely investigated to their

full potential. Thelack of chronologicatiepthfrom any single siteandan assumed

curation bias of unknowrcepe present a significarftindrancetot hi s pr oj ect 6 s goal
clearly demonstrating diachronic stature change for WTD.

With the exceptionfoCueva de Los Quetzales which is exclusively a ritual
deposit the assemblages recorded for each site originate from a variety of ritual and
domestic contexts, the priority in this study being to assess the stature and sex of WTD
in relationship to devefmng social complexity among the Maya. Future studies may be
able determine if context type can demonstrate a relationship with sex and age
categories of WTD. Only a few sites offered materials from a single cultural period,
more common was the presencerterials from two or more periads this section
the following site descriptions are presented in a roughly chronological sequance fr
most recent to oldest. ABefaunal materiad available at the museum were
representative samples, and in itmterestof not trespassing on the intellectual property
of stakeholderghe bone counts identified as deer in the original documentation are
summarized per site in this section while the skeletal elements analysed are presented in
Chapter 7 in considably greater detail. The site information provided is a rough
overview intended only to demonstrate the relevance within wider Maya studies but

remains at this date far from comprehensive.

3.4 i Yucatan:
Ek Balam: Faunal Analysis: Dr Susan deFrance Wi ®&r Craig A. Hanson.
Samples examined originated in two deep [@t$-[L:201795] and [2-2B:202695]cut
into the limestone bedrock during the Historic Era. Two con@ne®scribed to these
features, a colonial period stratwsmowing cultural depositand a posabandonment
phase. For the post abandonment phase these pits are described as a natural trap.
OExcavators recovered several complete and ne

particularly those of i mmatur e8:808)iNISPe and dee
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for the Spanish colonial phase was 1316 samples of which 25 were identified as WTD
and 3 as brocket deer. For the post abandonment phase, total NISP was 215, with 131
samples identified as WTD (deFrance and Hanson, 2008: 308). A portias of th

collection went to FLNHMEAP for additional analysis, and those samples represent

the post abandonment phases of the settlement (pers. com. Susan deFrance 2016). From
those materialsl9 samples were selected for recording based on the viability of

selected measurements. The assemblage presented here is the most recent in
chronological time. Because the majority of samples are not a cultural deposit, this
assemblage presents a unique opportunity to compare presumably wild WTD from

colonial era Yucatan wh modern specimens from Florida.

Located on the northern Yucatan peninsula (see map in Fighjréh@ site
represents continuous occupation from the Middle Formative periodheihrly 17"
century when it was abandoned (Bey et al. 1997; Bey £988; Fedick and Morrison,
2004; deFrance and Hanson, 2008).

Permission for excavation and export granted by Mexican Instituto Nacional de
Antropologia e Historia (INAH); Principal Excavators: Dr George J. Bey Il Millsaps
College, Dr Craig A. Hanson, ¥illiam M. Ringle Davidson College.

3.4 ii Belize:

Four sites from Belize follow; Lamanai, Tipu Negroman (aka Tipu), San Pedro,
and Marco Gonzales, were excavdbgdElizabeth Graham and Davieéfdergast
exploring Postclassic and Colonial/Historic Era Ma&gttlement organization (Graham
and Pendergast, 1989; Graham et al. 1989; Graham and Bennet, 1989; Graham, 1991,
Pendergast, 1993). During the later period, Spanish expansion in the region was
politically and economically contested until the conqueMapeten in 1697
(Simmons, 1991; Emery, 1999). A consistent phenomenon of the Postclassic period was
expansion and reorganization of trade networkese four sites were linked by canoe
trade during the Postclassic with other polities including Mayapanorthern Yucatan
via the river systems connected to Chetumal Bay and the Caribbean Sea (Sabloff, 2007).
Salt production appears to have been an industry at both Marco Gonzales and at San
Pedro (Graham and Pendergast, 1989; Stemp, 2004)

The records forttese sites are incomplete, faunal analysis for San Pedro and
Marco Gonzales is currently underway and the excavation records for these two sites
were unavailable to this research. Twetwyp settlements have been identified on the

Cay, and salt producticappears to have been a local product in regional trade (Graham
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and Pendergast, 198@n isotope study for Marco Gonzales was published prior to my
investigations (Williams et al. 2009) but the samples tested derive from different
contexts than the sates | have recordedooarchaeological identifications of the deer
samples were available from the analysisn Lamanai and Tipu were available.
However, the sites were excavated prior to digital media being commonplace, and while
the samples are meticuldyslocumented in their crates, some of the transcription
entries translating field notes to digital format do not meet expectations. Of special
concern is a lack of assessed dates for many of the operations from which the deer
bones | recorded aderived(see digital appendix 111.8 and II.)J6A second data sheet
was offered in 2015, cross referencing operation numbers filled in some of the missing
dates, and direct communication with Dr Graham, and her generous effort to resolve
dating problems with thiles in her possession filled in a few more. Despite these
efforts 32% of the recorded deer samples from Tipu are from contexts with dates

unavailable to this research.

Lamanai: Faunal Analysis Dr Kitty Emery UF and Arianne Boileau UF.
Published sourcedescribe the total NISP as 5,737 but list@esvidaematerial using
MNI (minimum number of individualsWTD with an MNI of 37 or12% of the total
assemblage, the MNI of brocket deer is 25 or 8% of the total assemblage (Emery, 1999:
62). The original da sheet listed 256 deer bones from the Historic Era and Postclassic
periods, 22 samples were identified\d@zamasp. seven samples were identified as
Cervidag and 227 samples were identified as WTD. Samples in the museum shelves
offered 156 deer bonestivione or more of the selected measurements, 105 identified
as WTD, 11 samples identified as brocket deer, and seven samples identified as
Cervidaewere recorded for this study. Cross referencing of operation numtikrthe
assistance of DEmeryUF andArianaBoileauUF filled in most of the missing dates

for this assemblage.

The site is located on the northwest shore of New River Lagoon (Emery, 1999).
The earliest carbon 14 date for the settlement is 1500r8n@inng inhabited if not in
florescence into the Spanish colonial period (Pendergast, 1981; Emery, 1999; Graham,
2000). Atypical for the region, monumental structures are oriented toward the lagoon
shore (Pendergast, 1981: 32). Emery (1999) describes changing patterns of fauna during
the Postclassic and historic periods, as well as shifting patterns of deer consumption

over time.
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Permission for excavation and export of materials granted by the Belize National
Institute of Culture Heritage (NICHMstitute of Archaeology. Principal excawed: Dr
Elizabeth Graham UCL and Dr David Pendergast UCL.

Tipu Negroman: Faunal analysis Dr KittEmery UF andPolydora Baker
(English Heritage)Emery (1999) describes the total NISP as 24,590 but list the
Cervidaematerials using MNI (minimum number ofdividuals) WTD with an MNI of
52.28 or7% of the total assemblagbe MNI of brocket deer is 70.41 or 10% of the
total assemblage (Emery, 1999: 63Jiginal data sheets provided to this research for
Tipu listed nine samples &ervidae 11 as artiodagt, 289 of the samples as WTD and
634 samples as brocket deer describedaamaamericanaor Mazamasp. Inter
worker variation in anatomical terminology made some listed specimens difficult to
identify. A total of 227 deer bone samples were suitablenfasurement, 73 samples
identified as WTD, 151 samples as brocket pwes samples identified &8ervidae

and one as artiodactyl were also recorded (see appendix ).

Tipu remained rural throughout its history (Emery, 1999). While Jones (1986)
notes inhistorical sources, close political ties to the Itza Maya of Lake Petén made the
settlement something of a lynch pin in Spanish efforts to bring the region under control
of Colonial Authorities until 1654 when the region was ceded to England (Simmons,
1995 137).

Permission for excavation and export of materials granted by the Belize National
Institute of Culture Heritage (NICHMstitute of Archaeology. Principal Excavators: Dr
Elizabeth Graham UCL. Faunal Analysis: Dr Kitty Emery UF.

San Pedro:Faunal Aalysis: Petra Cunningha®mith UF. A full faunal
analysis is underway for San Pedro, only the isotope study was published at the time of
data collection (Williams et al. 2009). The assemblage is the product of salvage
archaeology and it is presumed thasgraphy has been disturbed substantially by
construction of the modern town (pers. com. Petra Cunningraith, 2017). Ten
samples from eight different contexts were suitable for measurement, the operation
numbers for these samples do not match thobkghed in the previously mentioned
article. As of yet, no context specific dates are available for the samples recorded, the

date range for the site spans both Postclassic and Historic periods.

Located on the windward side of the Ambergris Cay, San Realsexcavated
19901993 and identified as a fishing community without monumental structures, it was
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occupied from A.D. 1400 to 1650 (Williams et al. 2009: 41). As a modern town
occupies the site, excavated materials should be understood as salvagéogyghaso
such systematic investigation of the settlement is difficult. The Cay is 39 km long and
no wider than 4km at any point. Separated from the mainland on the north side by a
canal cut through natural limestone by the Maya around A.D.a6@Dby Chaimal

Bay on the east (Graham and Pendergast, 1989; Stemp, 2004; Williams et al. 2009).
There is minimal evidence maize was consumed at San Pedro, and given the limited
land ar@ of Ambergris Cay, it is possibteeer were imported from the mainland
(Williams et al. 2009: 50).

Permission for excavation and export of materials granted by the Belize National
Institute of Culture Heritage (NICHpstitute of Archaeology. Principal Excavators: Dr
Elizabeth Graham and Dr David Pendergast UCL.

Marco Gonzales:Faural Analysis: Petra CunninghaBmith UF.Only four
samples in the trays for Marco Gonzales were identified as WTD, a single radius and
three tibiae. Data sheets were unavailable for these materials, the site is considered

Postclassic but context specifictela must wait for full analysis.

Locatedon Ambergris Cay with formal architecture, elaborate burials and exotic
materials, Marco Gonzales is considered a player in Postclassic trade networks.
Excavated from 1986 thru 1990, the site was occupied fronBXDO0to A.D. 1350
(Graham and Pendergast, 1989).

Permission for excavation and export of materials granted by the Belize National
Institute of Culture Heritage (NICHpstitute of Archaeology. Principal Excavators: Dr
Elizabeth Graham UCL and Dr David Rkemgast UCL.

3.4 iii Guatemala:

Ten sites represent four regional clusters, Lake Peten ltza, the Rio Ususmacinta
and its tributaries, the Petexbatuas, and the EI Mirador Basin see map Figude 3
These comprise political associations that were valyaallied or in conflict with each
other (Demarest, 2006; Golden et al. 2012; Foias and Emery, 2015).

Motul de San JosefFaunal Analysis Dr Kitty Emery URRublished data for the
site a total NISP of 1020, WTD 159, brocket deer 16, and four samplesi¢icas
Cervidag(Emery, 2003a:38). Original catalogue numbers were written on the samples,
and operation numbers inscribed on the plastic bags containing faunal materials. These

are recorded along with my test numbemnsl the measurements recorfi@deach
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sample. The samples dated from the Middle, Late, and Postclassic periods. That
document also provided descriptions of the materials recovered, for WTD the NISP was
245, brocket deer 32 samples, 14 samples were identifiédraglag and five samples

were identified no higher than artiodactyl. A total of 39 deer bones in the trays
presented one or more measurements, three samples identified as brocket deer, one as
artiodactyl and 35 WTD were recorded. The numbezafidaesamples listed in
documentatio provided to this research is greater than those in the published account.

Located three kilometres north of Lake Petén Itza and the affiliated port city La
Trinidad de Nosotros, this polity also had seasonal access to Rio Aket, part of the
watershed foRio Usumacinta offering access to the Gulf of Mexico and the polities
such as Dos Pilas and Piedras Negras (Thornton and Emery, 2006).

Permission for excavation and export provided by the Guatemalan Instituto de
Antropologia e Historia (IDAEHPrincipal Excavators: Dr Antonia E. Foias Williams

College and Dr Kitty Emery URVIotul de San Jose Archaeology/Ecology Project.

La Trinidad de Nosotros: Faunal Analysis: Dr Erin Thornton WSBublished
NISP data shows 81 skeletal elements identified as WTD (Thor2@d2: 334),he
original data sheets tendered to this study recorded 91 WTD samples sachpigs
identified asCervidae Six samples in the museum trays were suitable for recording.
Original documentation was tendered by Dr Tornton UW and proRdadlassic dates

for two samples.

Located on the shore of Lake Peten Itza, the site functioned as a trading port in
the Motul Polity (Thornton, 2012).

Permission for excavation and export provided by the Guatemalan Instituto de
Antropologia e Historia (IDEH) Dr Antonia E. Foias Williams College and Dr Kitty
Emery UF.Motul de San Jose Archaeology/Ecology Project.

Piedras Negras:Faunal Analysis: Dr Kitty Emery UR.he published NISP data
offers a total NISP of 5715, WTD 566 and 17 brocket deer from Phaseafations
(Sharpe and Emery, 2015: 29298). Data sheets provided to this reseéncbr Emery
count 561 WTD samples, 40 samples identified as brocket deer, 27 lisledvatae
and 27 samples not identified above artiodactyls. There were no isshekevassessed
dates for this assemblage. From the museum shelves 108 samples identified as WTD
and seven brocket deer samples were measured and reddrdddunal samples tested
represented Late Classic and Terminal Classic Periods.
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Located on the ntin bank of Rio Usumacinta, dynastic rule of in the Piedras
Negras Polity held political sway in opposition to the neighbouring Yaxchilan dynasty
from the Early Classic A.D. 350 until A.D. 810 (Emery, 2007b; Golden et al. 2012).

Permission for excavatiomd export provided by the Guatemalan Instituto de
Antropologia e Historia (IDAEHPrincipal Excavators: Dr Stephen Houston Brown U.

Piedras Negras Archaeology Project

El Kinel: Faunal Analysis: Dr Ashely Sharpe STRI and Dr Kitty Emery UF.
Total publishedNISP 2475 of which 176 were identified as WTD and 28 identified as
brocket deer (Sharp and Emery, 2015:-298). In the data sheets offered to this study
110 samples were identified as WTD, 11 samples were identified as brocket deer, 26
were listed a€ervidae and four were listed as artiodactyl. Eight WTD samples in the
museum trays were suitable for measurement. One sample representing the Late
Classic, two samples representing the Terminal Classic, and the remaining five listed as

Terminal/Late Classi

Thecity is considered a client ¢ifie Yaxchilan polity and connected to Rio

Usumacinta by a canal facilitating canoe trade (Golden et al. 2012; Balzotti et al. 2013).

Permission for excavation and export provided by the Guatemalan Instituto de
Antropologia e Historia (IDAEHPrincipal Excavators: Dr Charles Golden Brandeis U
and Dr Andrew Scherer Brown U. Sierra Del Lacandén Regional Archaeology Project.

La Joyanca: Faunal Analysis: Dr Kitty Emery UF and Arianne Boilddb. No
published sources werddntified for this assemblage. The original data sh@etdded
by Dr Emerylist a WTD NISP of 319, nine samples are identified as brocket deer, 24
are listed a€ervidae and seven samples were not identified above artiodactyl. A total
of 87 samples wersuitable for recording’5 WTD, three brocket deer, thr€ervidae
and six samples that were not originally identified above artiodactyl were recbided
samples were identified as Terminal Classic, eight samples were from the Late Classic,
and one pHanx from the Early Classic. Sixteen samples were from mixed deposits and

could not be assigned to a specific cultural period.

Located in the uplands south of Rio San Pedro Martir. and first identified in
1994 the site was assessed as an important Liaiss(C centre. Excavations began in
1999. The last reported field season was 2012 (Arnauld et al. 2013).
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Permission for excavation and export provided by the Guatemalan Instituto de
Antropologia e Historia (IDAEMPrincipal Excavators: M. Charlotte Arnauld
Université de Paris.

Cancuen:Faunal Analysis: Dr Erin Thornton WSBaunal analysis for this
assemblage is in progress (pers. com. Erin ThornTdr® original document provided
to this researcly Dr Thornton UWisted 231 WTD samples, 11 brocket ddme
samples identified aServidag and two samples not identified above the level of
artiodactyl. Of the material in the museum shelves 35 samples identified as WTD and
one sample listed as brocket deer were suitable for measurements and recorded. The
deposit is believed to be of Late Classic origin, while exact dates are not currently
available. Samples available at FLMMNEAP showed excellent preservation.

Strategically located on the Rio Pasién with access to the Rio Usumacinta
system and navigationdm southern Petén to the Gulf of Mexico, this polity is thought
to be a significant regional player with direct management of trade and resources by the
local dynasty (Demarest et al. 2014: 187).

Permission for excavation and export provided by the Guasaminstituto de
Antropologia e Historia (IDAEHIPrincipal Excavators: Dr Arthur Demarest,

Vanderbilt U Vanderbilt Petexbatun Regional Archaeology Project.

Aguateca: Faunal Analysis:Dr Kitty Emery UF. From publishesourcesthe
total NISP for the assdrtage is 12,656, of which 552 samples were identified as WTD
and 47 samples identified as brocket deer (@hand Emery, 2015: 22988). h the
original identification data provided by Dr. Emetlye NISP for WTD was 286,
identified brocket deer sample®re 22. Nine samples could not be identified above
artiodactyl, and 18 samples were identifiecCasvidae Eleven WTD samples in the

museumdés shelves were suitable for me as ul

The site offers a unique opportunity in assessing elite activity assiaruptly
abandoned after a catastrophic fire approximately A.D. 850 (Inomata and Stiver, 1998;
Inomata et al. 2002).

Permission for excavation and export provided by the Guatemalan Instituto de
Antropologia e Historia (IDAEHPrincipal excavators: Drakeshi Inomata Arizona U.
and Dr Daniela Tridan U. of ArizonBhase 2 materials from the Aguateca Archaeology

Project.
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Punta de Chimino: Faunal Analysis: Dr Kitty Emery UR.he faunal
assemblage presented a total NISP of 947, 115 samples were idestifiicDaand one
sample as brocket deer (Sharpe and Emery, 20152283 The original data sheet
provided by Dr Emerjisted 70 samples as WTD, 2 samples were identified as brocket
deer, 3 were designated@ervidag and 1 sample as not identified abovieodactyl.

Thirteen WTD samples in the museum trays were suitable for measurement.

The site represents a strongly fortified settlement built on a peninsula in Lake

Petexbatun, excavations focused on the Late Classic Period (Foias and Bishop, 1997).

Permssion for excavation and export provided by the Guatemalan Instituto de
Antropologia e Historia (IDAEHIPrincipal excavators: Dr Arthur Demarest Vanderbilt
U, Dr Takeshi Inomata Arizona Petexbatun Regional Archaeology Project

Cueva de Los Quetzaled=aunal Analysis: Dr Kitty Emery UF. Published
sources list theotal NISP for the assemblage as 1283, 107 samples were identified as
WTD and 47 samples as brocket deer (Emery, 2002: Od@g)inal identificationdata
was provided by Dr. Emerywenty-five WTD samples and two artiodactyl samples
present in the mesim shelves were relevant for testing. Materials represent a ritual
deposit from a cave beneath the main plaza at Las Pacayas (Brady and Rodas, 1995)

dated as Early Classic (pers. com. Kitty Emery 2015).

Permission for excavation and export provided byGhatemalan Instituto de
Antropologia e Historia (IDAEHPrincipal Excavators: Dr Arthur Demarest,

Vanderbilt U, Dr James E. Brady CSU, Petexbatun Regional Archaeology Project.

El Mirador: Faunal Analysis: Dr Kitty Emery UF, Dr Erin Thornton WSU.
Publisred sources describe the total NISB3a51, 89 samplesvere identified as WTD,
and 43 samples were identified as brocket deer (Thornton and Emery, 2037236
Original identificationdata was provided by Dr. Emetiy this researchisted 47samples
identified as WTD. Of the samplesnmuseum shelves, 11 WTD samples and 13
brocket deer samples were sufficiently intact for osteological analysis. All WTD

samples were listed in the original data sheets provided as late Preclassic.

The oldest of the assemblages tested in this projectlarges and important
Preclassic site is located in the southern Maya lowlands; the El Mirador basin straddles
the border between Guatemala and Mexico, containing four major settlements, Nakabe,
Tintal, Xul nal , and EI Mi .r2@08).oThe, faurfaWa h | et al
samples tested in this project were collected under the direction of Bruce Dahlin and
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Ray Matheny during seasons 191/833 (Thornton and Emery, 2016: 234). Date range
for this assemblage is 350 B.C. to A.D. 150.

Permission for excavatn and export provided by the Guatemalan Instituto de

Antropologia e Historia (IDAEHIPrincipal excavators: Dr Ray Matheny BYU.

3.4 iv Honduras:

Copan: Faunal Analysis: Dr Kitty Emery UF. This assemblage is not yet
published, no data sheets were avadlailthe time of data collection, operation
numbers | recorded with the measuremevrdee cross referenced for assessed dates by
Dr Emery and provided to this resear€he tray for Copan in the FLMNHEAP stores
contained eight measurable samples, eawh & different operation, three samples
from the Early Classic Period, one sample from the Middle Classic, two samples from
Late Classic Period, and two samples from operations that are currently not available to

this research.

Situated in the Copan vajl€000 meters above sea level, the ancient city was at
the extreme southern margins of the Maya culture spSexeral different faunal
assemblages have been published over time (Pohl, 1995: 463; Collins, 2003: 301).
WTD are unusually prominent in the faal remains possibly indicative of a community
wide emphasis on Maya cultural identity (Pohl, 1995: 48bjs Maya city is one of the
most studied in archaeological literature (Fash, 1991; Sharer and Traxler, 2006). The
local geology is rather distinctfa Maya settlement as a large portion of the catchment
area is steep uplands comprised of igneous rock and soils derived from the same (Fash,
1991: 2737; Wingard, 1996).

Permission for excavation and export provided by the Instituto de Historia e
Antropologia de Hondura®rincipal excavator: Dr Robert J. Sha@opan Acropolis

Project

3.5 Locations
The map below illustrates the location and spatial relationships of the
archaeological assemblages discussed above along with 20 additional asseintolages

published sources that are reviewed in the following chapter.
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3.6 Synopsis:

Use of comparative WTD specimens is a requirement for application of size
index scaling and recommended for comparative assessment of stdtsexaal
dimorphism. Twentytwo modern WTD of known sex with complete or nearly complete
skeletons originatg from Florida wergresent in FLMNH-EAP reference collection,

and independently assessed for age at death using tooth eruption, dentaldvear, an
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epiphysis fusion. Fieen of those specimens represent a discrete WTD population from

Big Cypress Preserve in Collier County Flor{dae Figure 4). Seven partial and one

almost complete red brocket debtazamasp.)skeletonavere also assessed to dmp

an understanding of variations in skeletal morphology that were observed among the
archaeological assemblages. The materials described above were present in the shelves
of FLMNHO6s Environmental Archaeol ogy Pr o]
the time of data collection. Four additional WTD specimens at the Museum of

Vertebrate Zoology were photographed for the purpose of dlirsty bone

measurements and ageated morphologdescribedn Chapters 2 and 6.

The nomenclature for describing WTD déoh was found to be variable
between disciplines. Publication for game managers list the teeth present as they were
counted in the field (Seviaghaus, 1949: Gee et al. 2002; Gee, 2005; Pierce et al.
2011), while the nomenclature used by anatomistsaefes the dental formula for
early mammals; the first premolar and fourth molar being absent in many higher
mammals including WTD (Rumph, 1975; Hillson, 1986). My TabRi8 copied from
Sevearinghause (1949) Table 2, and references the posterior co3@sefa fourth
molar incorrectly, even if his intent was to clarify a problem in recording the

measurements to quantify specimen age.

Over 1100Cervidaebones were recorded from 16 Maya sites derived from four
modern nation states. The content of thehaeological assemblages tested is described
with references to published faunal data and a brief overview of the sites relevance. In
most cases the archaeological samples tested were fragmented to some degree, detailed
descriptions of each recorded samgule presented in Chaptenvhere they are tested

for stature, age at death, and sex.
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Chapter 4 Querying the Question

As describd in my introduction, several attempts to establish whether WTD
remains demonstrate pattethatare similar to those ascribedesdence of animal
domestication in Eurasia have been purs@ecbmparisorof faunal assemblages from
distinct polities and differing social contexts within those politi@sbeen pursueds
well as across multiple cultural periottatdemonstrag varying levels of large game
procurement across social and chronological strata (Teeter and Chase, 2004; Emery,
2004b, 2007a, 2008; Gotz, 2008; Montéapez, 2009; Sharpe and Emery, 2015). The
taxonomic diversity of Maya faunal assemblages is vergdhut also varies based on
the local environment and dietary preferences (Masson, 1999, 2004; Masson and
Peraza_ope, 2008; Nickels, 2008; Sharpe et al. 2014; Sharpe and Emery, 2015).
Quantification methods in archaeology usually fall under four categouenber of
individual specimens present (NISP), minimum number of individuals (MNI), minimum
number of skeletal elements (MNE), and bone weight, their representation in
publication can vary further, being presented as whole numbers or calculated
percenages of the total assemblage or of a subset of same i.e. a percentage of total
mammals or total of large mammals compared to totals of medium and small mammals,
rather than the total number of fauna samples. Each metric has its strength balanced by a

weakress depending on the question under review.

4.1 Zooarchaeology Synthesis of Published Data:

While the raw NISP data in these sources cannot be used to determine the age
and sex, or the exact number of individuals of one species compared to anotese in th
assemblages, it has been used to infer the relative importance of the different species
identified in Maya archaeology (Hammond, 1999; Emery, 2003a, 2003b, 2007a, 2008;
Masson, 1999a; 1999b; 2004; Foreman, 2001).

Science is measurement (Serjeant2®95). Because primary access to
resources is presumed to reflect various degrees of social stratification, an independent
assessment of the published data for WTD representing the Maya is undertaken in this
section. In that effort, | tabulated publishestalfrom 57 quantified assemblages
representing 32 different Maya sites. Table dlentifies each assemblage quantified by
NISP, presenting NISP for large bodied vertebrates in each of the reviewed

assemblages.
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Table4-1 Archaeological sites represerdean published sources using NISP data.
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In many cases portions of a total assemblage had been quasdjiiectely for
chronology, or context typ&hese separate quantifications were retgiakowing me
to sort for species, cultural period, settletm@amking, context type and ranle.
commoner or elite status, as well as by political affinities of each site (when reported).
Figure 31 in the previous chapter is a custom designed map distinguishing between
assemblages assessed solely from publibtezdture and the representative
assemblages from 16 Maya sites subjected teHfastl analysis an@sted for evidence

of sexuadimorphism, mortalityand changes in stature by this research.

Some sources identified canine remains to species whéesatlid notfwo
different types of dog€Canis lupus familiarismaintained by the Maya were describe
in the literature reviewed for this project and distinguishing these dogs from native fox
(Urocyon cinereoargentyisind coyotegCanis latrang is difficult (Clutton-Brock and
Hammond, 1994). Therefore, in Tabld and Figure 4. all canids were plotted
togetheythe same is true for turtlelost reports did identify turtle specimens to the
level of species, but harvested species varied wiakthyeen sitesparine and
freshwaer turtles are counted togethhris also the case that use of NISP data for
turtles can be misinterpreted (Lyman, 19870 species of peccary are reported in the
archaeologyTayassu tajacuand(Tayassu pecayi While these species vary by size
and habitat, distinguishing veten species by bone morphology is reported as
precarious (Olsen,1982) and few of the reviewed sources made the attempt, thus both
species were tabulated in a single column. Reviewed literature did not distinguish
between the two brocket deer species atoee theMazamafamily is tabulated in a
single column. WTD are regularly reported to specied,tabulated in their own
column. While Table 4. also reports NISP faZervidag artiodactylsand large
mammals unidentified to genus, these categories vatreubjected to analysis, they are

however included within the table for verisimilitude.

66



1.4

Dog
A

; A
Brc]iee&z TurtlSsp
A —
WID PeccrSsp

-0.4

1.0 ' | | ' 15

Figure4-1 correspondence analysis for large vertebrate prey species at Maya sites reviewed.

This section makes no effort to represent the full picture of anirotdipr
consumed by the Maya. A variety of aquatic and terrestrial sources including numerous
invertebrates made important contributions to the diet (ChBtack andHammond,
199%; Masson, 2004: Foreman, 201The five vertebrate classes most frequently
described in the literature were subjected to correspondence analysis (CA) using the
Canoco software package. CA identifies v;
axes, the more distant a category is from the intersection of these axes, the less it
resembles other gups shown (Lep and Smilauer, 2003; Baxterand Cool, 2010:
211). In Figure 41 the horizontal axis shows the assemblages reporting one or more of
the five taxa selected for analysis. The vertical axis shows the NISP (number of
individual specimens)r each class reported from th@ssemblage Where a class of
artefacts falls on the axis illustrates its relationship or its variation from other classes of
artefacts represented in the graphe intersection ofixes shows where these
relationships clustekVithin the chart WTD{Odocoileus virginianusbrocket deer
(Mazamasp.)and peccaryTayassiudasp.)appear in close proximity to each other
showing a correspondence in NISP totals and the number of assemblages in which these
taxa appear, while dog¢Canissp.)and turtleTestudinesp.)appear as outliers,
showing recovery of each of these taxa lacks a clear relationship to the other four taxa
represented in the graph. The analysis in this graph is exceediagdg grained as it
excludes chronological change, regional variation, and reduces the taxonomic richness
typical of Maya fauna assemblages, however it does serve to illustrate the abundance of

WTD within Maya fauna assemblages.

While correspondence analysis is often aggptio biological communitiedep

andSmilauer, 2008 sufficient variables related to WTD for a more detailed approach
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using this method are currently either lacking or undiscovered during this research. In
the following charts WTD NISP for each assemblags calculated as a percentage of

the total NISP; assemblages were then sorted for chronology, settlement rank, and
context type. As the original publications tackled a diversity of issues the data included
was not always applicable to each of my questid\s can be seen in Tabld 4bove

many of the fauna asmblages reviewed lack detailmad clear chronological
sequencesThe number of sources that referencedtext types was also incomplete

Fauna assemblages in Central America tend to bk. gkbandant rainfall, high
temperatures, and thriving microbial life are not conducive to bone preservation,
additionally the primary destruction of animal bone for manufacture of artefacts and
extraction of nutrients is implicated by the volume of faunmaterial too degraded for
taxonomic evaluation. As is the case at any archaeological site, the recovered skeletal
remains of animals allow us to hypothesize the relationship ancient peoples had with
their environment. Which species are abundant, whithny- are treated with

reverence, and which seem to be intrusive or exceptional, are lines of evidence that can
be followed to better understand how humans i
2000: 1; Reitand Wing, 2008: 1; Valenzuela et al. 2D16

Abundance across timeit is believed large urban settlements are incompatible
with diets based on naturally occurring resources. Upon this orthodoxy is premised the
motivation for plant and animal domesticati@®eder, 1998)WTD are primarily edge
browsers rather than grazers, and tropical grasses are particularly poor in the nutrition
this species favours (Carr, 1996). Prior to the advent of forest clearance for agriculture
WTD are not abundant in archaeological deposits (Hammond et al. 1979)yDietar
studies of théAncient Mayahave been published by several authors (Foreman, 2004;
Emery, 2004; 2008; Williams et al. 2009). What has emerged is a variable pattern of
food status and preference over space and time (Emery, 2003b; Allen et al. 2003: 625;
Freiwald, 2010: 399; Sharpe et al. 2014: 93).

Assemblages attributed specific chronagical sequences are shown beglow
with the number of assemblagesntributing to a period listed on the left. The biigt
samples derive from Ek Balatesamplesfrm t hat siteds post abandon
represent a nehuman depositioand are excluded in this section. Assemblages from
Lamanai and Tipu are also represented during the historic peltaeever, as the
published data is represented as MNI in those patiies it cannot be directly

compared to the other sites in this review or tabulated with the samples from Ek Balam.
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WTD frequency over time
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Figure4-2 WTD consumption represented through time in archaeological deposits.

Several assemblages conflated adjacent cultural pefibdsnotable increase in
WTD represented for the Terminal Classic assemblages as case in point, even though
the literature appears to support this finding (Sharer and Traxler, 2006: 638; Aimers,
2007; Emery, 2007a)Vithout published data specifio the Preclassic, Early Classic,
and Middle Classic periogdi is not possible to demonstrate the results shown by
Emeryds Tabl e 3 and -I0@.nlfaet, bdcauceEEmery (2007a)2 0 0 7
conflated the Terminal Classic and Postclassic datacto@autcome is reasonabléhe
Terminal Classic often described in earlier literature as the Maya Collap$el800
A.D. is frequently ascribed to environmental degradation or out of control resource
consumption by the elite class. While paleolimnololgical paleoclimate models
indicate significant environmental change, study of human remains from the period
shows no decline in health or nutrition that would normally indicate famidestary
stress \Wright andWhite, 1996 Danforth, 1999 Emery, 2008)Given the level of
anthropogenic activity during this period the abundance of WTD in these contexts is

striking.

ThePostclassic griod is reported to demonstrate significant shifts in political,
economic, and social organization for Maya communities é&&n2007). Mythic
narratives likely remained intact, while social and economic references to that narrative
may have changed. Friar Landadbés 1561 i mmi
replacement of the indigenous narrative with Roman Catholihatogy (Timmer,
1997), and its success is shown by the postcolonial adaption ©tidheitual
substituting the bull and pig for deer and peccary (AobdFeldman, 1982),

demonstrating a retention of formula but not of content.

Settlement ranking: Sites were recorded by social ranking and political
affiliations whenthis information was availablén the figure belowrural settlements

appear to consne fewer WTD than the monumental centres, but this may be more
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reflective of excavation bias than pringaaccess to resources (Fash, 1991: 27;
Henderson, 1997; Sharer and Traxler, 2006) this pattern varies by region and by time
(Sharpe and Emery, 2015: 289).

WTD frequency by settlement rank

spanish colonialN=1 [l
Rural settlements N=4
Tributary Cities N=6

Poiity Capital N=17

0% 5% 10% 15% 20% 25% 30%
Percentage of total MISP

Figure 4-3 WTD consumption represented in settlements of differing political rank.

In Figure 43 the percentage of WTD occurring at monumental centres under the
political dominance of other dynasties does not indicate deer were a source of tribute to

ruling capitals.

Differential consumption by social rank: WTD are represented in the
literature as higtstatus food for the Maya, deer bone is frequently recovered near
structures associated with the elite, leading some writers to conclude venison may have
been among the materials offered as tribute to the ruling classes (Carr, 1985; Nickels,
2008; MontereLopez, 2009) the pattern is not universal across time or space (Pohl,
1985; SharpandEmery, 2015: 292). Mammal bone was extensively used as a raw
material for tools and ritual objects, and its concentration in proximity to site cores

maybe due to the psence of artisans in the ritual precincts they served (Emery, 2009).

WTD by context ranking

Mon-Elie residence N=2
Elice Residence N=%
Riual Cache N=2

Monumental structure N=1

0% 5% 10% 15% 209 25% 30% 35%
Percentage of total NISP

Figure 44 WTD consumption from contexts attributed to social rank.
Assumptions about differential access to high valued resources Emery (2003b)
appear to be supported in Figure8AVTD samples attributed to neaslite residences are
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fewer than those attributed to elite residert@hpounds. This is contradicted by the
literature which indicates deer bones were common in both lower ranking and the high
level elite households (Collinsp@3:152; Sharpe and Emery, 2015: 289).

The function of deer bone samples recovered from ritual caches and
monumental strctures is elusive, as distinguishing categories of remains attributed to
feasting/food offerings and those that might imply manipahesf the supernatural
orders are not clearly addressed ingberces from which the NISP datas extracted.

4.2 Deer and deer ecology:

This section offers an overview of deer species naturally occurring in the Maya
culture region, their habits andadggical requirements, and how these attributes might
influence the interactions between these animals and the human communities sharing

the landscape. First this section discuses species identification and why that is important

to the topic of this reseetn.

Figure 4 -5 Deer species: source http://consejo.bz/belize/herbivores/herbivores.html . Left
WTD (Odocoileus virginianus)  , right red brocket  deer ( Mazamatemama).

Speciesthere are three native deer species present in the Maya ragian,
(Odocoileus virginianussp.), red brocket degMazamatemamaand brown brocket
deer(Mazamapandorg. The taxonomy of brocket deer species is currently being
revised; Geist (1998) describes Central American red brocket deer as a separate
subspe@s(Mazamaamericana temamayithout any description of the differences or
the logic motivating a change in taxononBscobeddviorales et al. (2016) tracing
mitochondrial DNA identifies the Central American red brockdfazamaemama)
and the Yucatan bwn brocke{Mazamapandora)and proposes these species are
distinct from either red or brown brocket deer clades found in South Ambrezie(lin
et al. 1998Weber and Gonzalez, 2003arela et al. 2010; Groves and Grub, 2011;
ConterasMoreno et al. 20151t is worth noting most of the poestanial skeletal
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elements for brocket deer | examined at FLMNH were listed on their cartons as

Mazamaamericana

Despite his admonition that Landa (1566) frequently borrowed sections of text
from other writersTozze (1941.: vii) citing Genet (1934Tozzer (1941: 127) identifies
the wordCorzoas referring tavhite-tailed deeOdocoileus virginianus)due at least in
part to Landads (1566) r eaasteede eabritasmdeses a s mal | S
pequenos Yy (baodg, 1966: h0F)eWhels Tozzer (1941) assumed
satisfactorily identifiecdbrocket deer in the original Spanish tersuingthe possible
identification of deer speciagithin the that texho further. Corzois the Spanish
designation for roeleer(Capreolus capreols). The Landa text (1566:57) uses the word
corzoonly in this single paragraph. All other descriptions of deer use thewgastio
usually understoodithin Spain ased deefCervus elphas the translocationfahe
Spanish language to the New World and its species may account for this discrepancy.
However, Tozzero6s (1941) tr aomthellandsgcagen account s
whenin fact three deer speciage present, leaving open the question of which
species/type of deer is being described in the origdmanishext.

Distinguishing between related species is difficult andspdzies are largely
invisible to archaeology (Bossneck, 1996). Within Maya archaeology species
identification for deer has mdgtbeen determined by size, brocket deer typically being
smaller thatWWTD. Howevermodern WTD within the size range of brocket deer have
been observed (pers. com. Kitty Emery, 2015). Several of the fdagalreports
reviewed for this mject classify allCervidaetogether and none distinguishtiveen red
and brown brock deeAcademic articles describing brocket deer habits and social
organization were few, and brocket deer appehave been understudiddiscovered
literature of distnctions between species are limited to genetic analysis, and cranial
morphology, no sources were identified describing post cranial skeletal elements.
Whitehead (1972) describes red brocket deer as preferring virgin rainforests and the
brown brocket nativéo the Yucatan peninsula as preferring the dry tropical and scrub
forests. Brown brocket deer are more cursorial than red brocket (Geist, 1998: 119;
Whi tehead, 1972: 57). Citing Leopold, (1959)
md e s O0heyoccdipyfdrage patches either singly or as mated pairs (Whitehead,
1972:58-59). Maturity is earlywith females reproducing as early as eleven months
(Geist, 1998: 118)T'he earlyliterature asserts brown brocket deer are smaller than red
brocket deer, but Med@al et al. (1998) describes the brown brocket deer of Yuaan
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larger than the sympatric red brocket (Medellin et al. 1998 H&).information
discovered from early sources is suspect,asnot be certainwhether descriptions of
Mazamaamercanaaredescribing the brocket deer from Mexico and Guatemala or
those of South Americdhis is equally true fospecies of brown brocket dg@lazama
pandorg describedn earlier literatureasMazamagouazoubireandMazama

nemorvaga.

While not the intention, this research has identified some distinctions in skeletal
morphology between WTD and red brocket deer that have not been previously reported
in archaeology (see Chapter Bhis finding was unexpected but not surprising, as
foragepatterns and predator avoidance strategies between these species are distinct
enough for archaeologist to have used the relative abundance of one species compared
to arother as a proxy for local environmental conditions and land management regimes
(Emeryet al. 2000). Additionally, morphological differences between WTD and the
closely related blackailed deer Odocoileus hemionlifiave previously been identified
(Jacobson, 2003).

WTD, however are well studied, particularly populati® in the United States
where they are a primary game species and generate considerable revenue from
recreational hunting. This species probably first evolved in Central America, spreading
to the North and South American continents thereafter (Millel: 2083: 906). WTD
are regularly described as a woodland species or as edge browsers, but they inhabit a
wide variety of habitats from dense woodlands to open range grasslands. Ready
adaptation to seasonal and geographic opportunities is a speciddittiajtl977;

Miller et al. 2003). WTD populations associated with the Maya are the focus of this
research, while most of the published papers concern animals in the United States and
Canada some work has been done on modern deer populations i {dexgason,

1995; Mudujano an@allina, 1996; Bello et al. 200 BantosFita et al. 201

Feast or famine:plant species regularly defend themselves with an array of
spines, thorns, toxins, and organic structures to avoid predation by herljRal@and
Robhins,1991;Hanley et al. 2007)in northern latitudes, seasonal shifts in solar
radiation limit these defensive strategfelsiston and Wolverton, 2011A considerable
body of literature has been devoted to hdif D take advantage of theseasonal
fluctuations Hirth, 1977;Purdue, 1987Beier, 1987 Beier and McCullough, 1990;
Grenier et al. 290; Wolverton, 2005Main, 2008;Therrien et al. 2008). In tropical

regions, the growing season is a function of rainfall rather than solar cad\&fTD in
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all habitats typically forage on young leaves, shoots, fungi, fruit, and nuts (Miller et al.
2003; Mandujano and RieGray, 1991) and have been observed preying on eggs and
fledglings (Stribling, 1996). They are opportunistidaxperimental in their foraging
habits (Miller et al. 2003; 91213). The feeding behavior @ TD has both positive
andnegativeimpacts on natural ecosystems from seed dispersal to reduction of species
diversity. Ecological damagcan be catastrophic when deer populations are allowed to
grow unchecked (Roony antlaller, 2003: Wolverton et a2007).

Available nutrition is a primary fact@ffecting growth, sexual matity,
reproductive success, health, and longefatyall species. Archaeology has detected
significant shifts in the stature W TD over time.Using astragali, Purdu@&987b)
describes changes in deer stature during the middle andditeere, coinciding with
denser human settlement and the establishment of horticulture. He argues it was
increased summer precipitation and resulting improved plant growth that caused late
Holocene populations &VTD to increase in statu(@®urdue, 1983 314).Compton
(2000)recordsLateColonial period deer astragali are sufficiently smaller than astragali
from theEarly Colonial period to indicate either a change in the demographic profile of
animals being harvested or a shift in ideeaging successand discuses several
reasonable explanations for this change in deer populatitimsut drawing any
conclusionsbut does not consider the impact of European disease on indigenous human
populations or how such changes would affectcadfral and land management
strategiesWhile several variable®lated to WTD stmireareconsideredy these
authorstheir assumption that human impact on deer stature is limiteating
pressure is less than wholistic.

However,dsotopicAnalysiso f A n c i e n tcorPotsehis ovBighhuang
the proportions of*C/*?C, to estimate changes in land use regimes bwtiogent Maya
(Emery et al. 2000: 545). Ethnographic sources on deer hunting by modern Maya show
forest clearance faveWTD while primary forests favour brocket deer in the same
regions (Mandujano et al. 1991; Jorgems1995; Escamilla et al. 2006aranjo et al.
2004).Wolverton (2008plsotess environmental carrying capacity for WTD in central
Texas. Comaring modern samples from populations managed by recreational hunting
at Fort Hood TX, with samples from a population not subject to hunting or management
in suburban areas of Austin TX, he found the unmanaged population was significantly
smaller in statue than the managed populatidimese findingsgggesthat managed

predation of WTD produces a population at optimum fertility and sustained growth
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while WTD populations not subject to predation experience a decrease in fertility,

stature, and sexudlmorphism (Wolverton et al. 2007; Wolverton, 2008).

Fight or flight: in all published articleghe role of dense cover as shelter for
sleeping animals and as the concealment of newborns is emphasized (Bello et al. 2001;
Escamillaet al. 2000; Hirth, 197; Linde, 2001; Mandujano and Rig@ray, 1991;
Mandujano and Gallina, 1996; Naranjo et al. 2004; Purdue et al. 2000; Schafer and
Main, 1997). Defensive concealment is perhaps a dominant strategy; rapid flight is
anotherWTD employ a roary gallop when fleeing predators attaining speeds from 24
to 35 MPH for short distances, though speeds up to 40 MPH have been recorded (Miller
et al. 2003: 909)The front toes oYW TD are larger than the rear toes (Miller et al. 2003:
909). Discovered literature did not describe the skeletal morphology of either species of
brocke deer

Social behavior is another defensive strategy described by biologists; shared vigilance
and diluted risk artheories used to describe this behawiithin the United States the
distribution of WTD has expanded and population density has increased, especially in
suburban areas (Creacy, 2006; Miller et al. 2003: 906). Adult deer easily jump fences up
to seven feet tall (Miller et al. 280909) making suburban yards and plantings prime
habitat. Most deer predators avoid towns and ¢isieshis too is a form of predator
evasion.The basic WTD social unit is the dam, her current offspring and yearling
daughters from the previous seaddales socialize in pairs or groups as large as five
individuals except during rutting season. In more open terrain these gnayps

congregate while feeding (Hirth, 1977; Lingle, 2001; Miller et al. 2003). Unlike the
closely related blackailed deefOdocoileus hemiony$VTD do not employ a

defensive group posture when confronted by a predator, scattering in multiple directions

and relying on speed to evade predation (Lingle, 2001: 297).

Birth and Death: Cervidaeare distinguished from other ungulates by the annual
generation and discarding of antlers. This process is synzadim northern
populations with seasonal changes in day length. In regions without an annual shift in
solar radiation, antlegenesis is asynchronous. In all regions, the shedding of velvet
signals a mal eds entry i n20030908).Uropicdl deers s ,
populations do not have the synchronized breeding and birthing sésicasof
northern populationshere is however evidence that hormones secreted by males may
trigger ovulation in females (Miller et al. 2003: 911). Fawritk wwxceptional nutrition

may engage in breeding during their first year, though males typically are unsuccessful
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until they reach full mass near their fourth anniversary. Females in environments with
limited nutrition might not produce offspring until théhird year. WTD do not achieve

full skeletal fusion of all long bones until 38 months of age (Purdue, 1983b; Flinn et al.
2013). Pregnancy, lactation, and antienesis are physically challenging and may
delay or limit skeletal growtH-or male and female WTD, adult size is one aspect of

social ranking and reproductive success.

Forest environments are considered less productive than grasslands, and
woodland species typically are more dispersed in their habits (Hirth, 1977). In this
speies, adult females occupy and defend a forage patch to maintain themselves and
their offspring, producing between one and three fawns each year depending on
available fodder. | mmediately prior to birth
young from heterritory. Daughters may return to the maternal patch after the new
fawns are weaned but yearling stags will form bachelor groups and disperse (Beier and
McCullough, 1990; Bello et al. 2001; Hirth, 1977; Mandujano and Gallina, 1996;
Schafer and Main, 199. Daughters establish a forage territory prior to delivery of their
first fawn, usually near the maternal patch (Purdue et al. 2000). The successful rearing

of offspring is dependent on competition between hinds for areas of productive forage.

A chief characteristic of WTD described in the literature is their ability to
colonize new landscapes and discern forage with the highest nutrient value (Geist, 1971,
1998; Miller et al. 2003Members of this speciesay live in captivity until 1%r 18
years of age (Miller et al. 2003). Within populations not subject to trophy hunting, stags
age eight to ten reportedly enjoy the greatest reproductive success. Males court females
nearingoestrus for several days before and after copulation (Hi®h7: 41) Unlike
grazing ungulates WTD do not migrate between pastures, social organization is limited,
defensive strategies are orientated toward individual rather than the collective, and
reproductive strategy is organized by overlapping individuateeirs. Based on these
parameters a direct comparison of Eurasian animal domestication and the domestication
of WTD seems problematic, but not impossible. Not all domesticates fit the herd and
pasture model, geese and pigeons form mated pairs, chicleepgarare omnivorous,
rabbits have no communal defence strategies. These animals are part of the farm yard
pattern and their maintenance often falls to women (ReitdxVing, 2008: 296).

4.3 Synopsis:
The literature reports WTD were a favoured prey noftein found in elite

contexts, and that consumption increased froniPtieelassiaintil Late Classic and
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Terminal Classic periods. Published accounts of 45 Maya sites presented data on 60
quantified assemblages, 36 of these sites offered NISP data ulchbeacompared and
calculated to demonstrate changes in the role of WTD in Maya society. The graphs
presented show changes through tanddifferentiation by social ranking afettlement
type and social rankbut showlittle variation between polity gatals and tiutary cities

in WTD frequencyRitual caches, cave shrines, and monumental structures, include
remains associated with tombs and dedicatory caches showing WTD were significant in
religious ritual. Emery (20 and SharpandEmery (2015) rport similar findings

and tests for consumption by tirperiod and social status are loosely comparable, the
data tested in this section is drawn solely from published papers and book chapters
while Emery employed published material in combination withubliphed data to
increase the total number of samples and number of assemblages represented in that

paper.

Optimum foraging theory predicts nutritional demand. However, animals are
harvested for a variety of products beyond foasv materials for toolraft, ornament
production, medicine, markers of social class and political power, among them (Emery,
2007: 191). The cosmological significance of deer to the Maya is frequently raised in
published articles but not discussed in any depth, and thoughlfext falls more in
the realm of anthropology than archaeolagis almost certainly a point of entry to
Maya concepts of both social organization and cultural ideftitg.reproductive
strategy and social organization of WTD indicate a poor matcéanerd and pasture
model typical of domesticated hooved mammalsnharte intensive formof anmal
husbandry remaipossible. Maya cultural narratives identify important intersections
between deer, maize, the natural forces personifying supernagimgs, and culture
heroes, indicating a relationship between deer and Maya cultural identity. Control of

that narrative would be a vital attribute of political and social influence.

Having discussed how deer are represented in the archaeoiddgye naural
attributes of these specjdhis thesis returns to the reference collection of modern deer
in Chapter 5 for a detailed examination of how sex and age class may be represented in

the bones recovered by archaeology.
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Chapter 5 A baseline study:

In order tounderstand how the deer bones recovered by archaeologists can best
be identified to species, sex, age cohort, and regional variations in stature, it is essential
to test these qualities using reference materials where those variables are known
gualities. This chapter addresses variations in stature betW&dn from the five
Florida counties which contributed modern specimens selected as reference materials
for this investigation, and compares those specimens flmm@g/ariations in stature
The chapter proceeds by examining a subset of specimens from Big Cypress Preserve
presuming they represent a coherent regional deer population, testing these individual
specimens by sex and age cohort using metric compar@i@vitlence that may best
identify these qualities among archaeological samples.
5.1Variations in WTD stature:

Understanding how human landscape management impacts stature in this
species is addressed firBtorida is a large U.S. s&atith diverse ecotones including
savanna, freshwater wetlands, large estuarial systems, and several types of forest. While
much of the state is devoted to agriculture, some counties are among the most densely
inhabted in the United StateBigure 51 shavs theadult specimens from three of the
five Florida counties (see Figurel}. Specimens fronanother two counties, Broward
N=1 and Marion N=3 were exclusively salults and are not shown here, they are

however represented in Figuré’showing all Fbérida specimens

Florida ref. coll. by county
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Figure 5-1 Comparison of humerus length measurements for Florida counties.

The greatest length of the humerus was chosen for thisstdst @roximal
epiphysis fuses after skeletal growth is relatively complete. The length of a long bone
can be used with regression equations to
371) This was not attempted as the method requires a substamdi well documented
baseline population for comparison, and while such studies are common for

domesticated animals they remain rare for wild animal species.
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Humerus length is examined by county and Sexen adult specimens are
represented, one adwhale and four aradult females are from Big Cypress National
Preserve in Collier County FL (area 1)sigle adult female from Apalachicola
National Forest in Liberty County FL (area 4), and an adult female from Camp
Blanding Military Reservation in @y County FL (area |re compared with each other
in the chart above fdBL (greatest lengdhof the humerus, length measurements of this
element were not available for salults. Specimen z: 4571 (adult male) has the
longest humerus and is presumably ¢neatest withers height. The adult female from
Clay County z: 2850 (area 5) is alsotquill. Specimen z: 4567 from Ardaur is the
smallest adult individual, see Figurel3n the previous chapter, Figuredsand Figure
5-5 below. The adult female merifrom Areaonerange between 181mm and 186mm
in length.

Florida ref. coll. by county
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Figure 5-2 Comparison of proximal radius breadth measurements for three Florida counties.

In addition to population height, it is necessary to test skeletal morphology by
sex and age cohort. Proximal measurements of the radius were selected for this purpose
(see Table31). In Fgure 52 specimen z: 2850 from Ardave plots between the large
maleand females fromAreaone specimen z: 2773 stdrult female from Aredive
plotsas comparable in breadth measurement to the specimen z 2850 but lacked even
partial fusion of the proximal humerus and distal radius and was thes{oluded
from thesggraphs while Specimen z: 4567 from Ardaur is within the same range of
breadth measurements as the females from Big Cyprdssdsit males and females

from Areaone average slightly below adult femalgeere is however some overlap.

79



Florida ref. coll. by county
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Figur e 5-3 Comparison of proximal radius depth measurements for Florida counties.

Figure 53 compares specimens by proximal depth of the radius; the adult
femalesall seem to fall inside the same range for depth measurements, the adult male
plots above, and the swatalult females plot almost consistently below all other

individuals.

The sample size is small and additional investigation into the modern collections
is required to determine if these individuals are representative of the populations in
these counties (Damuth and Macfaden, 1990; Messner, 2011).
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Figure 5-4 Comparison of vegetation management regimes for Liberty County left, Clay
County right: sourced http://www.floridacountiesmap.com.

WTD flourish in disturbed habitats, on the right side of FigudeGamp
Blanding (area 4) is shaded in gretyid not p@sible at this time to say how much
disturbance of the soil and vegetation would result from human activity on a military
reservation but it is almost certainly greater than is the case at either Apalachicola

National Foreston the left and shaded in greer at Big Cypress National Preserve in
Figure 55 below.
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Figure 5-5 Collier County and Big Cypress National Preserve.

Variation in deer stature betwethesecounties is a factor that must be
considered when comparing the deer remains recovered by archaeoldgisttature
of WTD varies by region and time (Purdue, 1987b; Purdue and Rietz, 1993; Wolverton,
2005). The proposition that WTD stature isvemiable among contemporaneous
populations when rainfall patterns, climate, and terrain are relatively consistent across
these landscapes is surprising. The most obvious variable is human aBigity.
Cypress Preserve (arepid in Collier Countyin souh eat Florida. Land area is
5246.02 ki of which 2916 kris occupied by the preserve (National Park Service).
The human population was 410,297 in 2015. Colliey Gitea 2) in Broward Countyg
a community now incorporated into the city of Pompano Bgaapulation 150,000.
Marion County (area 3) in Central Florida has 4116, kmith a poplation of 331,298.
It is a fair supposition that plant communitiesesmlving withWTD could be more
resistant to these browsing herbivores thamthiced plant species pagated for
economic production, butlzer factors almost certainly play a role in deer stature.
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Adultfemales Hum.GL Hum.Bp Hum.Dp Rad.GL Rad.Bp Rad.Dp Fem.GL Fem.Bp Fem.DC TiblaGL TibiaBp TibiaDp

2:4580 180.78 38.58 43.31 203 3l.24 18.13 217 43.8 22,15 264 47.38 47.54

2:4573 182.39 39.69 50.16 204.71 32.51 19.09 216 50.87 21.97 267 43.28 54.77

2:4703 186.17 41.72 46.9 194.53 31.08 19.51 227 50.19 22,11 274 49.43 56.03

Averaged 183.11 40.00 46.79 200.75 31.61 18.91 220 43.95 22,08 268.33 43.36 52.78

Adult male

2:4571 203.03 48.43 57.79 218 37.63 20.96 247 58.71 25.55 288 52.24 56.23 Difference
percentage 111% 121% 124% 103% 119% 111% 112% 118% 116% 107% 108% 107% 113%

Table 5-1 Expression of sexual dimorphism at Big Cypress.

In the literature reviewed for WTD, sexual dimorphism for the species was
described as 25 to 35 percent (Miller et al. 2003). Taldlesbows the bone
measurements of four adult WTD specimens from Big Cypress (area 1). Campuris
the male specimendéds | ong bone measurements to
females from the same area shows the male specimen is approximately 13% larger than
the adult females, but only 10% larger in terms of long bone lehgik suggests #t
bone length alone is not necessarily diagnostic of sexual dimorpheiwerton (2008)
indicates insufficient hunting pressure nreegativdy impact available forageeducing
both mpulation stature and sexual dimorphism. As these specimens derive from Federal
lands that are annually open to managed deer hunting (National Park Service),
overpopulation seems an unlikely cause for smaller stature or reduced sexual

dimorphism in thesegpulations.

5.2 Applying Log Ratios to Questions of Sex and Age

In this sectionthe specimens are tested for evidence as to how sex and age
might manifest in the archaeological materials evaluated in this project. As has already
been shown, stature caary between populations and this may be dependent on the
nutrient value of available forage. The demographics of any selected population are
often represented as averages rather than absolute numbers. The use of averages makes
comparisons between popudats possible when one or more variables such as habitat
size or precipitation rates are not directly comparable. Log ratios were selected as a
relevant statistical method to evaludte differences between paipopulations of
WTD studied for this pr@ct. Before this method can be applied to archaeological
materials it is necessary to interpret what log ratios reveal about the reference

specimens.
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Figure 5-6 Log-ratios for specimens from Big Cypress Pre serve i1 Area-one.

The largest sample comes from Big Cypress Preserve in Collier County,
represeting three suladult males, five subadult females, fouadut females, and one
adult male. Fouadult specnens from Big Cypress we selected as the Standard (see

Table 21), the Mean for their measurements in each anatomical pleggrésented as
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zero in the histograms. The resulting log ratios show how far and in wheticin
(greater or smaller) sampé diveges in size from the Standalfourth adult female
(z:4705) displayed a mix of adult and sadtult traits and was excluded from the

Standard but is included as an adult in the scatterplots in the next section.

Keeping in mindhe ratios are multiped by 100,a comparison of the ratios
generated for the Standard with those for the other specimens appears to be useful, and
will be used to frame my interpretation of the archaeological samples presented in
chapters seven and eight. The male specandb71) generated log ratios for breadth
from 3.98 to 0.3%the log ratios for length range from 2.63 to Q. &7d log ratios for
depth of 4.25 thaugh1.33 showing he is larger in all plas¢han the Meansed to
generate the standard. The three a@uftales show breddtatios ranging between 0.95
and-5.73, length ratios of 0.08 thr6.05 and depth ratios fror.78 to-8.91, showing
that someskeletalelemens from these specimens exceed the standard ratio while other
elements appear below on that scale. Sexual dimorphism does appear to be relevant
in evaluating these specimettse visibility of that trait is less than expected and that
has implications for distinguishing males from females iratitbaeological
assemblages. The ratias fany pecimen vary by elemertt)is diversity is a product of
using theMeanto generate the ratios applied to eakbletalelement

Measurements for suddult WTD are variable as shown in the XY graphs
Figures 58 thru 526 that follow in the next section. Swadult males show log ratios
for breadh between4.22 and8.0, absenany completely fused long boneghe
lengthof the astragalus is the only viable ratio in the plane for length for these three
specimens and rangbaween-7.51 and9.83. The subadult females offer log ratios
for the same element frof.80 to-7.42 the lowest ratio for length is from specimen z:
4708 the youngest of the stddult fema¢s (See Table-8). The other fivesub-adult
females are 12 months older than any of theaglit males fronArea-one this
appears to be significant (see Figur8)5Log ratios of breadth for stddult females
range from 1.33 tlmugh-11.21, with length ratios betwee?.8 t0-13.17. The log
ratios in the depth plane for salult males falbetween0.80 and11.03 with sub
adult female depth ratios between 0.52tigh-13.99.As the astragalus is the smallest
of the skeletal elements subjected to statistical anatiigsbove ratios derived for that
element demonstrate it is the scalinea than the measurements that produce the

variation seen in the histograms.
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While not withaut value, the unrestrainednge ofratios generated achfficult
to interpret. However, confinement within a {egale as seen Figures5-6 and5-7
prodwces easily visible patternghe chart for depth shifts awanpm the $andard with
a spike in frequency al0. Since the scale limits the dispersal of ratios, this pattern is
significant.As was the case in Figurexx(above)it suggests bone growthnot
symmetrical on all planesnd indicates measurente taken on the depth plane may be
more diagnostic of ontological age. Additional evidence for this hypothesis is shown in

the scatterplots that follow.

Figure 57 shows the log ratios in each plane IG9skeletalelements
representing 28pecimens from the reference collection. These charts compare all the
recorded specimens from Floridacluding subadults from BrowardMarionand Clay
counties. The addition of two female adults and five aailts from four counties
increases the frequency of ratios near the zero but does not alter the pattern for breadth,
length, and depth seen in Figuré.5
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Figure 5-7 Log ratios for FLMNH -EA WTD reference collection.

Figures 51, 52, and 53 showed variations in stature between the adult
specimens from three Florida counties. Figuiedfers an understandiraf how that
type of variation mayppear within the charts for log ratios. One adult female

Specimen z: 285@&nd one suadult femaleSpecimen z: 2778om Clay Countyarea
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5), werebothlarger than the females froAreaone Despite the lack of any completely
fused long boes (see Table-38) z: 2773 plots verpear the adult male, data not shown
(see Digital Appendix Il)However, the use of ratios here may suffice to prove the
point. Breadth ratios for this specimen range between 0.5¥4&8®Iwhile the adult
female shows breath range between 0.99 arkl98;in the length z: 2773 presents a
single length ratio 0f0.82 for the astragalus, while Specimen z: 2850 shows a log ratio
of -0.29 for the samskeletalelement Other length ratios for the adult female range
betwesn 0.87 and1.06. For depth, Specimen z: 2773 shows a range between 0.97 to
4.64 and Specimen z: 2850 displays a range between 36830 demonstrating that
both individuals are larger in the breadth and depth planes thaAnghenefemales
despitez : 277306s -adulatus as a sub

The smallest of the adult females, Specimen z: 4567 from Liberty County from
Areafour offers a contrasting set of numbers. In Figures-8 and 53, breadth and
depthmeasurements or t hi s s p e earethwithidtbe sanme dange as thase p
for Big Cypressods adult femal es. -4H®twever
-10.73 and are more comparable with the-adblts. Direct comparisons showed this
was true for some but not akeletalelemens. This specimen generated log ratios for
length ranging from2.95 to-8.73 and depth betweeB.68 and9.48 a comparison of
these ratios with those generated for the females from Clay County supports the posit
that land management regimes are relevamtwassessing stature in modern WTD and
presumably archaeological samples. These comparisons for variations in stature of the
modern specimens can now be applied to interpretation of fauna samples.
5.3Comparing the Metrics

The osteometrics studies WATD by Purdue (1983b), Wolverton (2008), as well
as the measurements ra@eneral to artiodactyls, Von Den Drieg&B76), Davis
(1996), and Popkin et al. (2012) are used to comparatively evaluate the modern
reference specimens for sex ané.agchief criterion for the modern WTD specimens
included in this reference collection was skeletal completeness. Eachs&éteed
elemens in the collection yielded a set of measurements that could be applied to the
archaeological samplegthe seletion of which measurements could yield the greatest
amount of detail regarding sex and mortality profiles for the archaeological assemblages
was a prime concern. Based on previously published literature and the quality of sample
preservation, a variety aheasurement combinations were attempted. XY scattergrams

were selected as the clearest means for representing the dimensions of the bones and
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their relationship to the geand age of the speciméeing tested. In this section the
most relevant of these einations are presented in the following scattergrams along
with clarifications regarding the selection of measurements and what qualities they
demonstrate.

5.3 iAstragali:

Because astragali are so well represémt archaeological assemblages and
consequently the literature of zooarchaeology, this section begins wittk#latal
elementVon Den Driescl{1976: 88) lists five measurements for artiodactyl astragali,
and Purdue (1987b) lists six measuremem$\f@D. In bi-variatechats, various
combinations produced several patterngufe 58 shows two combinations using
Pur duedos d e(astragaud lengtBiiesighated in this paper as L{gength of
the central constrictignHis argumenthatthis feature is the least liketo degrade after
deposition in sediments is sound. Purdueds
ignored because the astragalus is near adult size-maitrold fawns. Incontrastthe
bones differ betwees e x e s 6 ( 1 9 8supportedd Bdiires 58 throughs-10.

All individuals in ths reference collection are at led2 months old. The seédult

males plot among the adult females and in two graphs thadsbfemales plot

distinctly from either suladult males or mature females. $imcludes suadults with

partially fused proximal humerus and distal femora. Specimen z: 4571 is assessed as an
adult male even though the individual demonstrates a mix of adult aratlaliliraits

that specimen appearsensistently in the upper righiand corner of the scatter plots

proving itis the largest individual from Big Cypress Preserve.
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Figure 5-8 Astragali , left Purdue (1987b) right Wol verton (2008).

(1

Whil e Purduebs (1983b) original measur emen

between the single adult male and the other individuals from Big Cypress, there is little
variation between other specimens on this axis to demonstrate differencésebgeit
or age category. On the left side of Figur@ the vertical axis shows measurements for

the Bd(breadth distal)While subadult females plot below all other specimens, there is
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little distinctionon this axis between the male specimens anddhiefemales. On the

right side of the same figurkecc ispaired with the DI (depth lateradf the astragalus

per Wolverton (2008). Lateral depth shows a very strong distinction between the large
male and all other specimens from Big Cypress. Howeveogeis not show any marked

distinctions between adult female specimens aneagutt males.
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Figure 5-9 Astragali GLIand Bd per Sykes et al. (2011).
In Figure 59 the Bd (breadthdistal)is paired withthe GLI(greatest length
latera). Using this comparisgrihe subadult femalesppeain the lower left corner of
the graph, while the horizontal axis (lengseparates the adult male from all other
specimens. This combination was used in the study of Fallow (De@na damato

show variation in the species by region (Sykes et al. 2011).

Big Cypress astragalus Big Cypress astragalus

23 22

22 | B 21 " E—
- 520
g RS
20 = m adult male £ . * m adult male
= * - * g
t 19 = sub-adult males 8 . w - - - = sub-adult males
g 18 X\A’ * ¥ sub-adult females E k4 * ¥ sub-adult females

8 16 v
+» adult females 15 + adult females
S

=
d

-
o
-
IS

30 32 34 36 38 40 29 31 33 35 37
GLl Greatest Length lateral GLm Greatest Length medial

Figure 5-10 Astragali , left GLI and DI, right GLm and Dm.

A principal goal of this study is to distinguish the ratio of males and females
harvested by thancient MayaTheGLI (greatest length latepshndDI (depth laterdl
on the left side of Figure-9 appeato show the clearest separation between the adult
male and suladult females. On the righthe GLm (greatest length mediahdDm
(depth mediglshowthe oldest femalez: 4703 and z: 458@re very slightly larger on
the depth plane than the sabtlult maés while the youngest of the stdnlult femalesz:
4708 assessed as 12 montbkl appears in the lower left cornefrthe graphfor medial

measurements of the astragalus. Use of the medial measurements with the reference
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specimengppears to offer ghtly more clarity in terms of age class than is visible for

the lateral measurements.

Proximal breadth of the astragalus was observed to vary considerably between
individuals andwhile not a standard measuremeivas recorded. However, in this
sample it failed to consistently plot within any sex, age, or regional cohort and therefore
is not presented herthe fault may be the smadlze ofthe collection or thedegree of
individual eccentricity may be togreatfor this measurement to beantifiable.

Technically neither the astragalnorcalcaneus are long bones. This limited sample
suggestshat,despite early fusion, the astragali of sadults would continue to grow as
these animals matured. While the premise is not proven, additidaaupporting
postfusion bone growth is demonstrated below antthéfollowingChapter6.

5.3 ii Scapulee:

Seven measurements are recorded for the scaplya;I8r(height of scapular
spine) LD (dorsal lengthleft, andLG (length of glenoilandBG (breadth of glenoid
right, are shown in Figure-51. The HS and LD show distinctions in size by age and
sex. The two female specimens closest to the large male, z: 4703 and, aré3fia
oldest individuals in the collectipthe smallest subdult female and three stdgult
males are assessed as 18< months of age (see FHgured&ating the HS and Ld
measurments are age related, though clarification of this variation requires a larger

sample to quantify.

Big Cypress scapula Big Cypress scapula

w
=]

T

]

&

93

W aduft male

* B aduft male

88 ES *
g3 a3 = sui-adult males

[ I
&
>

=

—sub-adult males

Ld Lengthdorsal

78 - ¥ K sub-adult females

=
o3

¥ sub-adult females

BG Breadth of Glenoid

Mo
<]
1

+ adult females # adult females

73

68

=
1=}

130 140 150 160 170 180 190 18 20 22 24 26 28 30
HS Height Spine LG Length of Glenoid

Figure 5-11 Scapula e, left HS and LD , right LG and BG

On the right side of the figure measurements of the glehGdnd BG are
shown. In the archaeological collections only the gleaod culumar neck were
observed to survive intact. These measurments are therefore more relevent to the
projectds goals. However, as can-adue seen whil
female are distinct, the other specimens are too tightly clust@retzé to be a reliable

indicator of age and sex cohdBotoToral (1998) used the LG and BG measurements
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as proxy for the humeral heattempting to distinguish between male and female WTD
represented in the archaeology. In the figure above distinggishbadults from adult
females via bone measurements appears uncertain.
5.3 iii Humerii:

The proximal humerus is one of the last growth plates to fully fuse in WTD
with males fusing later than females (see Tab#. 3n all graphs individuals lackgnat
least partial fusion of a designated measurement point are not considered, meaning the
subadults specimens and particularly male-adhilts in the reference collection are not
always visible in these cqmarisons. Complete fusion bbththe proximaland distal
epiphysis is generally considered to mark the end of lateral growth for long bones. This
is not strictly true, the repair and remodelling of microfractures can incrementally
increase bone dimensions; defining the difference between incremenéadtowth
from substantial growth and how this effects understanding of an assensldage
significant problem andddressecth this studyput not conclusively. Subdults are
catagorized by open epiphysis and therefore incomplete growth. The humerus has
separate growth plates for the proximal tubercle and for the humerus behde P
(1983 b) does not distinguish whether the timing of fusion for these growth plates is
simultaneous or sequential this document it is considered to be simultaneous as
observed materials demonstrated the humeral head and tumbercle were attached to each
other while separated from the shaft amongaaiits lacking proximal fusion of the
humerus. As Purdueds (1983b) coll ection
could be implicated. The specimens from Big Cypress Veegelyroadside casualties
however seasonality can not be discounted as the age profile feadults of both
sexes suggestralationship between the dispersal of sdlults of this species and

ejectionof offspringfrom maternal territorieprior to birth of new fawns

In Figure 512the GL is compared to the SD measurement. How the SD
(smallest diameter) should be used or interpreted is not clear in the literature. However,
the SD was consigtdy found to be larger in adult cohorts of the reference collection,

hence it is paired with long bone length in most of the following graphs.
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Figure 5-12 Proximal humeri , left GL and SD, right Bp and DC.

Unlike most long bones faWTD, the smallest diameter of the humerus was
consistently found diagonal to the sagital plane, meaning it can not be classified as
either a breadth or deptheasurement. All the suddult males presented unfused

proximal humerii.
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Figure 5-13 Distal humeri 1, left Bd and Dd, right BT and HT.

Distal fusion of tlis element begins earlthus all subadults are represented.
Figure 513 shows the distal measurements, on the left side breadth and depth are
consideredThe large male plots separately from all specimens, while there is less
distinction between the att females and subdult specimens of both sexes. On the
right, height and breadth of the trochlea also conflateasiultt males with adult
femalesThe trochlea is quite robust and sed¢msurvive well in sediment. There are
four measurements used foetdistal humerus used in this pgse Chapter. Below
in Figure 514 the height of the trochlea is comparedheheight of the trochlea
constriction. Unlike most of mgcatter plots, these two measurements both occur in the
depth plane. While theistal humerus fuses quite early, cortical besngaceof young
individuals may not survive in tropical sediments. These two measurements were
consistently available when other ostandmarks for this element were not preserved

in the assemblages and hareven useful.
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Figure 5-14 Figure Distal humerii trochlea.

There is less separation between the large male and oldest two adult females

using these two measuremertkgugh one sub adult male and one-adhlt female

also appear in that cluster. These-adblt individuals z: 4579 and 4581 are assessed

at 17 and 28nonths respectively.
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Figure 5-15 Proximal radii , left GL and SD, right Bp and Dp.

Initial fusion of the proximal radius is ear{git two monthg with complete fusion at
eight monthsin Figure 515 GL is plotted with SD on the left arabsent representation
of the subadult males, thdifferences between theemainingthree cohds represented
are clearly seerOn the righside of the figuresulb-adult females appear to be more

distinct than previously.
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Figure 5-16 Distal radii .
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The later fusing distal articualation in Figurdis not as clear; specimen z:
4569 regularly plots as largest of the sadult females bunithis graph Be appears to
be larger than the oldest adult fematemeasurements of the distal radius.

5.3 vUInae:
The ulna is not a weight bearing structure, its proximal surface is an attachment
point for the olecranon ligament originating on the humerusjatieg flexion and

extention of the humerus with the radius.
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Figure 5-17 Ulnae.

Figure 517 shows dimensions of the ulna, on the;lsftbadult females
demonstrating fusion of the olecranon articulation plot as smaller than adult females for
greatest length. Specimen z: 4573 demonstrating fusion of the ulna to the radius could
not be measured for the GL as the osteometric board available could not adaisnm
this measurement without damage to the b@methe right side of Figure-56 the
length of the olecranon and the depth of the processus aconeaus are plotted together
specimens z: 4703 and z: 45%# oldest femalesre larger than all other femhas.

5.3 vi Calcanei

The calcaneus is alsgpaimaryfacilitator of locomotion Figure 517 compares
Von Den Driesch €1976)GB (greatestbreadflo n t he | eft, w&GD h Pur dued:
(greatest depdlon the rightandthe horizontal axis @esents th&L (greatest length
Lack of caudal fusion for the male sabults eliminated them from comparison. pairing
of the GB and GD failed to show a pattern for age or sex; limited sample size may be

implicated.
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Figure 5-18 Calcanei, left GL and GB, right GL and GD

Mechanical stress is implicated in the greater depth measurements for older

specimens seen in Figurels below.
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Figure 5-19 Caudal calcanei .

Skedros et al. (2004) describes the histological results of mechanical stress
specifically on the calcaneus, and generally on load beskelgal-elemens. Bc
(breadth caudabind Dc(depth caudalare original measurements devised for this
project.Because this measurement wasfoandin previous literaturel have choosen
not to alter the axes (see Figurd(@). As the attachement point ftire achilles tedon
it is expected this skeletalementwould be subject to considerable biomechanical
stress.
5.3 vii Femora

Unlike the bones of the front limbs, the femur and tibia begin fusion fairly late
(see Table 3). No subadult males and oynlthree sukadult females displayed at least
partial fusion of the distal femuBpecimen z: 4573 is missing greatest length
measurements for the femur and tibia; the osteoboard was unavailable at the beginning
of data collection and the opportunity to Bpip retroactively to these two elements for
this specimen was missed. She is not represemtdage left side of Figure-80 but does
appear on the right side fBp (proximal breadthandDC (depth of the femoral head
where again she is larger tharotywounger adult femaleg not to the same degree as in

other graphsMeasurements for the distal femur below show the same pattern.
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5.3 vii Tibiae and fibulae

Initial fusion of the proximal tibia begins at 23nths for females and not

before 26 months for males. Two of the sadult females demonstrated at least partial

fusion of both proximal and distal epiphyseas. There is however a noticable difference

in the greatest length between the-gwlolt and adultdmales on th&eft side of Figure

5-22, below, for the proximal measurements on the right side the two older females plot

much more closely with the large male for depth.
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Distal fusion of the tibia initiates between 14 and 17 months for both male and

female WTD. One subdult malez: 4578 displayed partial fusion of the distal tibia

and is epresented in Figure B3 below, significantly, again the depth measurements of

this specimen plot below those of the adult females but within the same range of

measurements for breadth.
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The fibula is vestigial in WTD, thproximal and distal ends do ossify and are
recoverable whefine gauge (1/8 to 1/1@ch) sieves are used (pers. com. Kitty Emery,
2015).This is consistent with observations recorded by Rumph (1975586¢imen z:
4567 (area 4) has her proximal fibuleséd to the tibia at the epiphysis forming a spur
like structure that was originally recorded in my field notes aslgegsathology (see
appendix A.

5.3 vii Metapodia:

Metacarpals and metatarsals are treated together. Fusion of the proximal

epiphysisocures before or shortly after birtluhile the distal epiphysis fuses after 20

months with some slight variation between males and females (Purdue, 1983b: 1211).
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Figure 5-24 GL metacarpal and metatarsal

In Figure 524, with the exception of Specimemn 4569 (who demonstrated the
very large measurments of the distal radipsdximal measurements of the metacaspal
show breadth of adult females and-salults is fairly consistent, while depth
measurments appear to vary based on age. For the mésadartize right, breadths are
more variable than depth measuremefsthe SDt of the metacarpal appearbdo
relocated after distal fusiponly metacarpals demonstrating distal fusion are presented

above.

The greatest length of the metapodia confiamsnteresting point about bone
remodleing of the subadult females three demonstrated partial fusion of the distal
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metacarpal and four showed fusion of the metataysaithere is a clear separation in
total lengths between these individuals andsithelt female specimens in this
collection. As previously described in the measurements setttmsmallest diameter
of the metatarsal occures on a different position and plane depending on the age or

possibly the sex dhe individual, see Figures® and 6:13in the next chapter.
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Figure 5-23 Proximal metacarpal and metatarsal.
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None of the suladult males demonstrated even partial distal fusion for either
metacarpals or metatarsals. It is possible that the cleaning of bones during initial
curation processingdisarticulated some partially fused epiphyséasvever natural
prcesses in the soil would produce the same effect on archaeological samples.
5.4 Synopsis:

Despite not matching the degree of sexual dimorphism predicted in the
literature the largest mla, Specimerz: 4571 in the reference collectias distinct from
other specimens in most of the scatterplots. Two fenzld$80 and z: 4573
demonstrating fusion of the ulna to the ragalso stanaut as generally larger than
other female specimeims the Big Cypress collection. Predictions in the literature for
assessing population stature and sexual dimorphism via the astragalus (P288bg,
appear unsupported in these findings. While individual variation can not be excluded as
a factor, in mosof theproceedingcatterplots the large male is readily distinguished
from adult females and stdulults. Differentiating adult females from satult males is
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more difficult, breadth meassurements in particular seem to overlap between these two
cohorts This is a fairly common problem the study of species considered to be

sexually dimorphicand mereason intact mandibles gueefered materials for assessing
thepresence of sex and age catagories in faunal assemtVggesginal research

design dil not anticipate an extensive investigation of the modern mategasigting in

a failure to recordhe measurements from unfused articulating structures. However,
measurements of unfused diaphysis were more robust than the same measurement post
fusion,implying osteoclasts may be actively remodeling bon& aaaly point in
skeletal development. A more through inv
specimensincluding both unfused skeletal elements, and the all available specimens
regardless o$kdetal completeness should produce a more robust dasadatay

clarify if these variations are individually ecentricdmvelopemental in natuead to

what degree stature and sexual dimorphism are a product of landscape management.

Human manipulation of the landscape appears to be one factor aifigéh'TD
stature. Rduced predation can produce increased-intt&widual competition for
nutrition (Wolverton et al. 2007)Over time this may reduce population staturg an
sexual dimorphism (Purdue, 1987b; Gueist, 1998). The primary native predator for
FIl oridads WTD i s t he (Pamacacoprignmnodernkrhes r i d a |
human predation of WTD isegulated by statssued hunting licenseg/hile questions
abou WTD stature and its relationship to anthropogenic landscapes have been raised,
significant expansion of the sample needs to be undertaken heafselid resuls can
be proposed.

Osteological markers of specimen agke appliation of log ratios to the
reference collection proved informativehe ratios generated for each specimen were
diverse, and tisiis a product of using the meiam comparison with actual
measurements. While these ratios are dervived from measurethegtshow patterns
among the materials rather than actual size of a particular sample. One such pattern is
shown for depthin the scatter plots depth measurements were consistently smaller for
younger specimens than they were for mature individualslogh&tio charts illustrate
this is a trend within the reference collection for measurements of the depth plane, but
not in the planes of breadth or length. The scatterplots above confirm this observation is
valid for the reference collectiomhile also sbwing a similar trend for length that was

not nearly as distinctive in the histograms.
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Almost without exception the two oldest adult femakeg 703 and z: 4573
demonstrating fusion of the ulna to the ragisre larger in all dimensions than the
othe females or the suldult males from Big CypresBavis questions whether pest
fusion bone growth occurs (Davis, 1996: 598). The answer to this question must depend
on the definition of bone growthf growth is defined by ossification of the cartilage
matrix of the diaphysis or whether histological reaction to micro fractures occurring
underneath the periosteum may also be considered bone growth (Skedros et al. 2004).
The evidence presented above indicates bone dimensaease after epiphysis
fusion. Homeostatic maintenance of active tissue is a presumed limitationtbut no

necessarily demonstrated in this chapter

The peceeding chaptgresented the deer species relevant to this research along
with an overview of their social organization, environmental requirem@amismore
briefly, the impact they may have on the biotic communities in which they participate.
In this chapter, | haveested the modern WTD reference materials for sex and age
cohort and how these qualities might be represented in the osteological materials
available to archaeologists. Three deer species were availableatocteet Mayathe
next chapter discusses theigtions in bone morphology identified in this research as
ontological and species specific.
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Chapter 6 Species and Agdrelated Morpholgy:

As seen in the previous chapter, there is regional varietidfiTD stature that is
i ndependent of B efmigomwhethes that differencebisyduestan y d
landscape maig@ment regimes or to intiadividual competition for nutritiomns
currently unclear. Also demonstratisdvariation in domensions of the bones examined
in many cases attributable to the age sexiof the specimen under study. Variations in
bone morphology between related species are commonly reported but difficult to
quantify, for example sheefDvis arieg and goatgCapra hircug, or WTD
(Odocoileus virginianusand blacktailed dee{Odocoileus heionus); anatomical
variations between related species may result from adaptation to forage opportunities or
genetic divergence between populations (Bossneck, 1969; Davis, 1993; Jacobson, 2003;
ZederandLapaham, 2010). The firskection of this chapter tests observed differences in
stature and bone morphology between the WTD specimens from Big Cpyress Preserve
in Florida and the limitedkeletalelemens present in FLMMN collections that
represented brocket deerMlazamaemamaspecimens from Guatamala and the island
of Trinidad(Mazamaamericana see Table &. The second section describes
nonmetric traits for WTD that may be further developed to identify older animals in
archaeological assemblages, providing more detailed litppeofiles and deeper
investigation into prey selection and the cultural values that irfdresource
managemerior prehistoric societies

Individual variationsn the dimensions and shape of bones may result from
various types of trauma injury, infection, nutritional deficite, or confinemelm¢ing
the most <c¢commonOqQd Péd@dakichener, 2002)Changes in
morphology can be ontological, environmental (Skedros et al. 2003; Skedros et al.
2004) or genetic (White, 2000: 28)lentificaion of which deer species are present in
the Maya faunahssemblages cannot be ignqraadthe taxonomy of thélazama
family has been under scrutiny for several decgsies deer ecologyYhree native deer
species occuri the region inhabited by thaacient Mayaeach occupying distinct
ecological niches and readily discernable from the others bystmeding to Giest
(1998). Howe\er,Emery has observed overlaps in the size of WTD and brocket deer
skeletalelementgpers.com. Kitty Emery 2015)thus stature is not a reliable metric by
which species can be defined for archaeological samfiesefore osteological
characteristicby which WTD may be segregated frddazamaemamaandMazama

pandorawould be a valuable addition to the zooarchaeology of the MNrypost
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cranial skeletalelemens for brown brocket deer weidentified during my time at
FLMNH, postcranial bones fobrocket deer at MVZ were from South America and in
my judgement were likely to confuse rather than clarify the issue of species
identification. Nb reports or journal articles were discovered distinguishing brown
brocket deer from red broekdeer in the ahaeology, the two species are mentioned
within zooarchaeologicditerature only agbrocket degsandMazamasp.(Masson and
Perazalope, 2008)Nor were any sources identified describing post cranial skeletal
elements for these specid$ie Florida Musem of Natural History (FLMNH), list these
animals advlazamaamericanaWhile retaining the original taxonomic nomeclature in
my field notes, this document applies the most current taxonomy for the brocket deer
specimens from Guatemala and Belizethe following scatterplots brocket deer are
designated as BD. The place of origin for eac
more detailed information for each of the red brocket deer specimens is in Tahiel 3

in Appendix A

The Mammalogy coéiction had three partiatéd brocket deeskeletons from
Guatemala and three from the Island of Trinidad all of which were SEk&ENH-
E A P gecimerz: 8851, of unknown sexwas almost complete, and Specimen UF no
1440 has already been dismissed fromsaeration. Specimen z: 7938belled as
Mazamasp.and listed as maléad no data for specimen origin or date of collection,
additionally it produced measurements that fell between WTD and the other brocket
deer specimens from Guatemala, possibly remtasg aMazamapandorg thoughthis
is uncertain. Its measurments amvever anor@ous and therefore excluded in the
graphs belowsee field notes in Appendix A and measurements in Digital appenydix IlI
All otherbrocket deer specimeergaminedat FLMNH were labled adazama
americana With a limited collection ofkeletalelemens, a thorough interogation of
species variation is unreasonablet there are sufficient phalanges and metapodia
present in the collections for some differences to be vbddPhalanges are remented
in six and metatarsals seven of the eight specimens availablavis instructs the
smallest diameter should be taken in whatever plane it ocurs (Davis, 1996: 597). | was
already recording the archaeological samplesrbefoticing the smallest diameter of
the metatarsal consistently appeared in a different location on the metatarsals of white
tailed deer than samples identified as brocket deer. The same appeared to be true of the
15t phalanx. In testing this observatitwio original measurements were creatgot

smallest diameter transverse and SDs smallest diametel ésegt&hapter)2
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Reuvisisting the reference collectionappliedthe new measuremeritsall metapodia
and phalanges fopscimens demonstrating distal fusion of the metapodia and full
fusion of the phalanx. These new measurements replaced those previously collected for

the reference collections.

6.1 Astragalus morphology by species and population:

The four modern WTD speauiens selected from the Big Cypress for size index
scaling are compared in Figurel6nvith modern brocket deer from Trinidad Island and
Guatemala. FLMNH catalog numbedesignated sex, and assessed age are pfesen
brocket deer in Table-3 and for WD in Table 36. Among WTD from the reference
collection theGLlI (greatest length latefjadndDI (lateral depthwere found to be the
most sexually dimorphic measurements for the astragalus. According to Geist (1998)
brocket deer do not display strong saixdimorphism, and that appears to be the case
here. The Trindad specimens are assessed asilts , two males and one female. The
Guatemalan specimens are assessed as adult, sp&tH6&88 is known to be female
andz:8851 is of unknown sex (seafle3-6) . For clarityods sake t
use one symbol for each population without distinctions between sex and agelnohort.
the following graphs specimens from Big Cypress are WTD, specimens from
Guatemalaare red brocket deassumed to represeMazamatemamaand specimens
from the island of Trinidad are red brocket deer listed in museum stawezama
americanabut presumed in this research to represent a third spd@esnot yet

identified satisfactorily

Modern WTD and BD astragalus

22 +

=18 * 4 BD Guatemala

g% xBD Trinidad Isand

o N +WTD Big Cypress FL

15 24 29
GLI-Greatest length lateral

Figure 6-1 Astragalus WTD and red brocket deer.

During the last glacial period a land bridge connected the Island of Trinidad to
the South American mainland allowing the migratiémeoestrial animals including
deer(Comeau, 1991: 35 he variation in size between these three populations is
readily apparent in Figure § whether the red brocket dg@dlazamaamericana)rom
Trindad are smaller than the mainland populati8outhAmericais unknown, but

they are larger than red brocket deer from mainland Guatelaaja enough to plot
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with the adult females from Big Cypress along the measurment plane for depths, which
may be significantThe specimens from Trinidad are assessesubadults, andlepth
measurements for WTD in the previous chapter appear to reflect ontological age

6.2 Phalanx morphology by species and population:

The smallest diameteris astandamlens ur e ment of ®onl ong boneds
Den Driesch1976; Davis, 1996). Its location indicates where the least amount of
mechanical stress is exerted on the bone, hence the gracile dimensions. Among the
specimens from FLMNHEAP, for WTD the smallest dianmestoccurs at the distal end
of the diaphysis and on the transverse plane fomgtacarpal, femur, tibia, and 1
phalanx. The metric comparisons in Chapter five began with the astragalus, ended with
discussion of metapodibut did not attempt any deggation of the phalanas that
element presents different dimensions for front and rear feet in WTD and because the
paired bones for each foot present very slight variations in shape undoubtedly related to
the mechanics of gailowever, consistent variatierin the morphology ofiphalanx

and metatarsal were observed between species and this is addressed below.

Artiodactyls are distinguished from other quadrupeds by the presence of three
vestigial toesAKA dew clawsand it is believed eadaxonomc family evolved this
trait independently, hence the organization and morphology of the phalanges varies
from one genus to another. In WTD the digits 1, 2, and 5 are vestigial whil& trel3
4™ phalanges present as paiveeight bearinglementsAs the skeletakelement most
directly involved with negotiating the indivi
especially variable in morphology, and in artiodactyls they are particularly difficult to
identify to side and limb. For red brocket deer from Guatewadiant morphology was
identified for the  phalanx(the dew claws were not examined)l specimens showed
the SD (smallest diameter) was on the sagittal plane andmaftl There was no
detected variation in morphology between front and rear feelenigéh measurements
(GL) of front and rear feet varied less than 4 mm.
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Figure 6-2 1%t phalan x and 2 ™ phalan x, front and hind feet: specimen z: 885 1 (Mazama
temama) from the Florida Museum of Natural History, Environmental Archaeology Program
(FLMNH - EAP). Photos taken by Nicole Cannarozzi and used with permission of the FLMNH

EAP.

The Guatemalan red brock&igzamatemamay, the photo above repredernhe
hind and foredd, showing minimal difference in the length of the toes or other
distinctions by which these bones might be distinguished per foot. In the dorsal view the
shaft of the ¥ phalanx appears to be constricted between the proximalisiadi
articular facets. The ventral surface on the right side of Fig@rsl®ws an almost
straightline from the proximal facet to the distal epiphysis and a completely straight

line along the dorsal surface.

Figure 6-3 15! phalan x and 2 ™ phalan x, front and hind feet  : specimen z: 2850 (Odocoileus
virginianus ssp.) from the Florida Museum of Natural History, Environmental Archaeology
Program (FLMNH -EAP). Photos taken by Nicole Cannarozzi and used with permission of the
FLMNH-EAP.

For WTD the literature reports the front toes are longer than those of the hind
feet and thiss apparent in Figure-8. In the dorsal vievof the 1% phalanx the shaf
appears to taper steadily from the proximal to distal articulations. The mesal v
shows a very slight arc along the ventral surfafde ' phalanx representing the front

foot, and a slight indentation of the dorsal surface below the proximdiygsoline.
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Figure 6-4 1%t phalanx and 2™ phalan x: specimen 6610 ( Mazamaamericana ) from the Florida
Mus eum of Natural History, Mammal Centre (FLMNH) . Photos taken by Nicole Cannarozzi and
used with permission of the FLMNH.

Abovein Figure 64 the length of thesland 29 phalarx of the front and rear
feet isdistinguishable by length, though which is the fore foot and which the hind foot
is not certan. It may be similar to the case for WTiough absent illuminating
literature or the study of an intact speciméimatcannot be determineth the dorsal
view the longer phalanx also demonstrates constriction of the shaft relatinve to
articular terminals similato the brocket deer from Guatemalathe medialview this
specimen shows an indentation below the proximal epiphysis on both dorsal and ventral
surfaces of theSiphalanx.The 2 phalanx appears to be quite similar iintlaree

species.

Even though the number of samples for each species/population is small,
mapping the lumps and bumps of the element under question is a neccesary prerequisite
to demonstrating the variations in measurement. In Talé&ow | compar¢he SDt
and SDsg¢mallest diamet@measurmentand a derived quotient for the three
populations observed. In this table phalanges for front and rear feet of each specimen
are segregated, measurements for each class are then avedigatbd by * in the
column for side. Some specimens presear@adcomplete set of phalanges that could

not be segregated by front and rot and were excluded fromable6-1.
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FLMMNH# State Location Date Species Age Sex  Element Side SDt SDs  Quotient
7.18

-]

2:8851 Guatemala Dos Pilas, peten 1993 Mazamatemama 38m US  phalanxl

UF:6787 Guatemala Tikal 1960 Mazamatemama 20m F phalanxl L 6.93 6.02 115%
UF:6787 Guatemala Tikal 1960 Mazamatemama 20m F phalanx1 * 6.58 5.64 117%
UF:6788 Guatemala Tikal 1960 Mazamatemama 38m F phalanxl * 6.93 5.99 116%
UF:6788 Guatemala Tikal 1960 Mazamatemama 38m F phalanxl * 6.36 5.58 114%
UF:6795 Guatemala Altar de Sacrificios 1961 Mazamatemama 20m M phalanxl * 7.11 6.59 108%
UF:6795 Guatemala Altar de Sacrificios 1961 Mazamatemama  20m M phalanxl * 6.59 6.1 108%
UF:0808 Trinidad Siparia Forest 1959 Mazama a. 20m M phalanxl L 8.37

UF:6609 Trinidad MNariva,tabaquit 1959 Mazama a. 20m F phalanxl * 8.12 8.36 97%
UF:6609 Trinidad Mariva,tabaguit 1959 Mazama a. 20m F phalanx1 * 7.25 8.11 89%
UF:6610 Trinidad Mayaro 1959 Mazama a. 20m M phalanxl * 8.03 8.19 98%
UF:6610 Trinidad Mayaro 1959 Mazama a. 20m M phalanxl * 7.2 8.07 89%
7:4571 Florida Collier County 1985 Odocoileusv. 36m M phalanx1 * 11.37  12.07 94%
2:4571 Florida Collier County 1985 Odocoileuswv. 36m M phalanxl * 11.24  11.55 97%
7:4576 Florida Collier City 1985 Odocoileusv. 26m F phalanxl * 8.62 9.31 93%
7:4576 Florida Collier City 1985 Odocoileusv. 26m F phalanxl * 8.46 8.76 97%
2:4703  Florida Collier County 1985 Odocoileusv. 60 m F phalanxl * 9.31 10.4 90%
7:4703  Florida Collier County 1985 Odocoileusv. 60 m F phalanxl * 8.93 9.17 97%
7:4580 Florida Collier County 1985 Odocoileusv. 60 m F phalanxl * 9.69 10.5 92%
2:4580 Florida Collier County 1985 Odocoileusv. 60 m F phalanx1 * 8.96 9.41 95%
2:4573  Florida Collier County 1985 Odocoileusv. 60 m F phalanxl * 10.3 1105 93%
7:4573 Florida Collier County 1985 Odocoileusv. 60 m F phalanxl * 9.8 9.94 99%
2:4572  Florida Collier County 1985 Odocoileusv. 26m F phalanx1 * 9.12 9.37 97%
z:4572  Florida Collier County 1985 Odocoileuswv. 26m F phalanxl * 8.88 8.99 99%
7:4581 Florida Collier County 1985 Odocoileusv. 28 m F phalanxl * 7.58 8.75 87%
7:4581 Florida Collier County 1985 Odocoileusv. 28 m F phalanxl * 7.24 8.06 90%
2:4705  Florida Collier County 1985 Odocoileusv. 29m F phalanxl * 9.02  10.08 89%
2:4705 Florida Collier County 1985 Odocoileusv. 29m F phalanxl * 8.60 9.02 96%
7:4569 Florida Collier County 1985 Odocoileusv. 26m F phalanxl * 3.42 9.73 87%
2:4569  Florida Collier County 1985 Odocoileusv. 26m F phalanx1 * 8.27 9.05 91%
2:2850 Florida Clay county 1985 Odocoileuswv. 30m F phalanxl * 9.68 10.3 94%
2:2850 Florida Clay county 1985 Odocoileusv. 30m F phalanxl * 9.39 9.6 98%

Table 6-1 SDt and SDs 1rst phalanx.

The table abovehowsthatthe smallest diameter transverse (SDt) is
proportionallylarger for the modern bcket deer from Guatemala than for the brocket
deer from Trinidad or the WTD froffAlorida, despite whaappears to be a similar
constriction of shaft width of the'!bhalanx in both brocket populatioige SD
(smallest diametefpr the Guatemalan specimeri® phalanx (proximal phalanx)
occurs midshaft on the sagital plane, while it appears at the elistalf the shaft and

on the transverse plane for WTD and brocket deer from Trinidad.

Another way to test the claim of morphological difference between these species
is direct comparison of the actual measurements using SDt and SDs. In Figure 6
below tre front and rear feet are presented using the GL (greatest length) against both
measurments for the smallest diameter. On the lefaduli WTD from Big Cypress
seen in Table-4 are presented with the adult specimens showing phalanx length
compared to SB(smallest diameter sagital). The deer from Trinidad show the sagital
measurement is in the same range as thadulh WTD while the phalanx length
overlaps the brocket deer from Guatemala. As the SD for the Florida and Trinidad deer
was habitually founadn the transverse plane (anterior to posterior) the sagital
measurment for these speciemens is better des@#bealst breadtrand its similarity
to the WTD sukadults is interesting as the specimens from Trinidad were also assessed

to be subadults.
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Figure 6-5 WTD and brocket deer compariso n 1 st phalanx by GL and SD.
On the right transverse measurements of the Guatemalan brockets are less

distinctive flom the Trinidad deer.
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Figure 6-6 BD Guatemala SDs compared to SDt for BD Trinidad and WTD big Cypress.

A more concise way to see this information isuf&66, showing the SDs
(smallest diameter sagital) for the Guatemalan brocket deer, and the SDt (smallest
diameter transverse) for the brocket deer of Trinidad and the Big Cypress WTD. In this
graph sukadult WTD displaying distal fusion of the metapodia included and
highlighted demonstrating how the smallest diameter overlaps the brocket deer
specimens. Unlike Table B only specimens from Big Cypress are represented in

Figures 65 and 66, for more detail see Digital Appendix VI: proximal phalanges

In Figure 67 below a single WTD specimen from El Salvador demonstsate
cause for caution idistinquishing fore from hind feet for WTD in this southern margin
of the North American continent. Thé& phalanges showinimal variation in lengh
between frontandrearfeeth ar vest ed i n EI Sal vamdor 6s Depart
1956).Close observation of the phalanges from M3fi&cimerD8889detect
irregularities in the shape of individual phalangésugh except for length the
morphology is snilar to the WTD from FloridaThe crate did not contaifi%halanges

for thisspecimen.
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Figure 6-7 1st phalanges: specimen MVZ98889, (Odocoileus vir gini anus truei) age assessed
29-38 months: from the Museum of Vertebrate Zoology (photo taken by author) and used
with permission of MVZ.

-

NN ez

Figure 6-8 Radius pat hology: specimen MVZ98889 (Odocoileus virginianus truei) from the
Museum of Vertebrate Zoology (photo taken by author) and used with permission of MVZ.

In life this animal suffered severe osteomyelitis of the right radigendition
that almost certainly mpact ed t h,eausing a mselbgica reacton ih the
cortical bone of the®iphalanges. Was the resulting pathology of one foot severe
enough to change the morphology in all four feet, or doeS\hiB subspecies differ
sufficiently in gaitor habitaf r om FI|l ori dabés deer to accoun
proportions?

Forthe 2" phalanx (intermediate phalanxjp variations in bone morphology
were observed between species or populations. The smallest diametsrabtoa
distal end of the didpysison the sagital plane for all three populations.
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FLMMNH# State Location Date Species Age Sex  Element Side SDt SDs  Quotient

UF:6787 Guatemala Tikal 1960 Mazamatemama 38m F phalanx2 * 7.37 6.32 117%
UF:6787 Guatemala Tikal 1960 Mazamatemama 20m F Phalanx2 L 7.29 5.38 136%
UF:6788 Guatemala Tikal 1960 Mazamatemama 20m F phalanx2 * 7.27 6.56 111%
UF:6788 Guatemala Tikal 1960 Mazamatemama 38m F phalanx2 * 9.88 5.97 165%
UF:6795 Guatemala Altar de Sacrificios 1961 Mazama temama M Phalanx2 * 7.30 6.52 113%
UF:6795 Guatemala Altar de Sacrificios 1961 Mazamatemama 20m M phalanx2 * 7.03 6.32 111%
UF:6609 Trinidad  Mariva,tabaguit 1959 Mazama a. 20 m F phalanx2 * 9.2 8.26 111%
UF:6609 Trinidad  Mariva,tabaguit 1959 Mazama a. 20m F Phalanx2 * 8.74 7.49 117%
UF:6610 Trinidad Mayaro 1959 Mazama a. 20m M phalanx2 * 9 8.43 106%
UF:6610 Trinidad Mayaro 1959 Mazama a. 20m M phalanx2 * 5.01 7.42 112%
2:4571 Florida Collier County 1985 Odocoileusv. 20m M phalanx2 * 13.36  10.59 126%
7:4571 Florida Collier County 1985 Odocoileusv. 20 m M phalanx2 * 13.48 11.07 122%
7:4576 Florida Collier City 1985 Odocoileusv. 36m F phalanx2 * 10.42 8.17 128%
7:4576  Florida Collier City 1985 Odocoileusv. 36m F phalanx2 * 10.19 7.85 130%
2:4703  Florida Collier County 1985 Odocoileusv. 26m F phalanx2 * 10.75 9.96 108%
7:4703 Florida Collier County 1985 Odocoileusv. 26 m F phalanx2 * 10.51 8.73 120%
7:4580 Florida Collier County 1985 Odocoileusv. 60 m F phalanx2 * 11.05 9.59 115%
2:4580 Florida Collier County 1985 Odocoileusv. 60 m F phalanx2 * 10.86 9.24 118%
7:4573  Florida Collier County 1985 Odocoileusv. 60 m F phalanx2 * 1141 9.43 120%
7:4573 Florida Collier County 1985 Odocoileusv. 60 m F phalanx2 * 10.81 9.24 117%
2:4572  Florida Collier County 1985 Odocoileusv. 60 m F phalanx2 * 10.47  8.54 123%
2:4572  Florida Collier County 1985 Odocoileusv. 60 m F phalanx2 * 10.46  7.98 131%
7:4581 Florida Collier County 1985 Odocoileusv. 26 m F phalanx2 * 9.27 8.26 112%
7:4581 Florida Collier County 1985 Odocoileusv. 26m F phalanx2 * 9.12 7.44 123%
2:4705 Florida Collier County 1985 Odocoileusv. 28m F phalanx2 * 10.27 8.5 121%
7:4705 Florida Collier County 1985 Odocoileusv. 28m F phalanx2 * 10.12  7.82 129%
7:4569 Florida Collier County 1985 Odocoileusv. 29m F phalanx2 * 10.44 7.73 134%
7:4569 Florida Collier County 1985 Odocoileusv. 29m F phalanx2 * 10.31 711 145%
2:2850 Florida Clay county 1985 Odocoileusv. 30m F phalanx2 * 11.25 8.43 133%
7:2850 Florida Clay county 1985 Odocoileusv. 30m F phalanx2 * 10.98 8.24 133%

Table 6-2 SDt SDs 2nd phalanx

As the length of the proximal phalanx was shown in Figu®, Ghe folbwing scatter
plots compare the™land 29 phalanges by their sial and proximal measurements;
phalanges for each animal wergegated as front and rear feet ameasurements for
these two classes were averaged as per Tablangl Table &.

Proximd breadth and depth are tested beloweBig Cypress suhdults have
been excluded from these graphs for clatitythe graphs for thephalanx on the left
and the 2 phalanx on the right, the Trinidad deer appear to bridge any gap between the
WTD from Florida and the red brocket deer from Guatemala. The same is true for the

phalanges distdireadth and depth in Figurel® below.
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Figure 6-9 WTD and b rocket deer comparison phalanx by Bp and Dp.
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Figure 6-10 WTD and brocket deer 1 st phalanx and 2 " phalanx .

Theredbrocket deer from Guatemala demonstthe smallest diameter of the
15t phalanx whichoccurs on a different anatomical plane than the WTD from Florida or
the red brocket deer from Trinidésee Table 4) and this has been demonstrated as

adequately as the small number of specimens can.allo

However,as all three populations demonstrated the smallest diameter dFthe 2
phalanx on the sagital plarfégure 611 shows the separation between populations
using theGL (greatest lengdhand theSDs(smallest diameter sagijaBrocket deer
from Trinidad are again larger than the modern specimens from Guatemala but there is a
clearer separation between specimens from Trinidad aratithieWTD derived from

Big Cypress
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Figure 6-11 WTD and brocket deer 2nd phalan ges.

6.3 Nonmetric traits:

The term refers to readily observed (and not so easily observed) structures that
cannot be easily quantified by measuremprevious descriptions of thedation of the
smallest diameteawn the metatarsal in Chaptes@rveas an examnip. If not forthe
presence of a second deer species in the assemblages and the question posed by Dr
Emery about species identificatidghese nonmetric qualities might havesbe
mi sreported as individual variation or pi

(2012) earlier estimation of the bone buttresses on sheep metatarsals. The attempt is
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made here to qualify if not quantify the vaigas in morphology for the specimens
under examination
6.3 i Fusion of the ulna and radius:

As was the case for the original illustrations showing the measurements, my
photographs of the WTD metatarsals resident i
inadequate for this comparison. In theqass of replacing the original illustrations with
photographs of MVZ specimens, | obsertedtthe MVZ specimens also demonstrated

the nonmetric traits observed among the WTD s

&Epiphyseal Closure WWTD6 ( P u r d uwile ankex@dlénbworkfails to
address skeletal markers indicating age greater than 38 months. In human gsteology
identifying age greater adult maturity is often addressed bymwedric traits i.e.
analysis of pubis symphysigsidion of cranial sutures, degree of fusion between the
sacrum and ilium, (White, 2000: 338). However, if most human skeletons are deposited
intact, the case for faunal material is quite different. Absent opportunity to compare
osteological markers of mattyr from different bones of the same individuahattempt
is made to derive the most possible information from sieletalelement however
those methods may limprecise as epiphysis fusion is sequential but it is not aslyigid
scheduledsdentaleruption (see Figures3and 34).

Purdue (1983b) does not include fusion of the ulna to the radius in his study of
WTD. The FLMNH-EAP specimens z: 47Q8riginally assessed as 3.5 yeansd z:
4573 assessed as 5 years old in the mos@ecords demonstrate partial fusiorf the
ulna to the distal radiuZeder (2006) notes the ulna fuses to the radius in the oldest
class of modern goats [D] under study but not in sheep (Zeder, 200B098).
Characteristics Associated witkging in Elknotes that the ulna fuses to the radius in
some female elk over five years of age but not in others. A description of the stages of
this fusion coincides with my observations of woven bone along the margins of the
posterior groove for some riadamples (Knight, 1966)n Figure 612 below the
woven bone binding the ulna to the radius is clearly visible and possibly produced by
osteocytes migrating through micro tears in the periosteum resulting in deposits of
wovenbone where the ulna and radiinteract. If this is the case, my original
estimation of the phenomenas pathology would be correct, the trait was observed for
some of the archaeological samples and taken as evidence of m&iomitgr

phenomeaon havebeen documented for horseetapodia (Bendry, 2007).
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Figure 6-12 Demonstration of fusion of ulna to radius: specimen z: 4573 from the Florida
Museum of Natural History photo taken by Nicole Cannarozzi and used with permission of
FLMNH-EAP.

American elk/Wapit{Cervus canadensigye extremely large animals, as such
the timing for fusion of the ulna to the radius may be earlier in WTD than it is in Wapiti
and an absence of fusion nrayt prove an animal is under five ysaBpecimen
MVZ3111 in Figure €612 from the museum of vertebrate zoology displayed nearly total

fusion of the ulna to the radius.

Figure 6-13 Fusion of ulna to radius: specimen MVZ31118 (Odocoileus virginianus covesi).
from the Museum of Vertebrate Zoology (photo taken by author) and used with permission of
MVZ.

Withouta skull or any dentition, it was not pdslei to assess MVVZ31118 for age
or sex with any certainty, but the specimen is believed to represent an older individual
as the ulna was fused to theitedfor nearly its full length, anavo 1 phalanges had
fused together at the proximal articulatioth& 1 phalanges from this specimen
displayed bands of ossified connective tissue despite being chemicélibgloed in the
195Gs.
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6.3 ii Nonmetric traits for the metatarsal:
Skeletal bone is dynamic tissue, remodelling in response to mechamical an
bi ol ogi cal stress throughoutOsheocywtiesi duavodas
bone cell) do not divide and because bone matrix calcifies soon after being produced
the tissue cannot dergo expansion from within.dde growth results from new
depositiononpre x i st i ng s ur f acUnlikefishdhdiraptdes, 2000: 28) .
mammals are endothermic. Hence metabolism limits the maximum possible adult size
in any species. This is significant when considering bomedelling. As mechanical
stresamay trigger growth of cortical bone (biologically active tissue) to repair micro
fracturesandthe limits of the metabolismestrain the total mass of active tissue that

can be supported, the creation of new bone tissue will trigger homeostatic processes

directingosteoclasts to reduce cortical bone where mechanical stress is less pronounced
(White, 2000: 32; Skedros et al. 2003: 837; Skedros et al. 2004: 281).

Figure 6-14 Metatarsal ontogeny: Specimen z: 8851 (Mazamaamericana ) From the Florida
Museum of Natural History, photo taken by Nicole Cannarozzi and used with permission of
FLMNH-EAP.

Specimen z: 8851 (s€Table 36) was assessed as matuhe lateal view of
this brocket deer metatarsal shows clear tapering from the proximal articulation to the
distal epiphysis. This morphology of the metatarsal was consistent among all brocket
deer in the reference collections and among all archaeological sadgpigBed as

brocket deer in the assemblages studied, qualifying this as a metric trait.

114



In direct contrastWTD metatarsals from the reference collection were more
variable.As shown in Figure 27, the smallest diameter of the metatarsal was variable
by measurement plane and location on the shaft among the Florida speéimtres.
transverse measurement of the distal metatarsal among adult WTD in the reference
collection was frequently greater than the sagittal breadth of the upper shaft, bone
remodeling is implicated, possibly a result of bone buttress formation described by
Klein (1964) Thomas and Grimm (2011).

Figure 615 shows anterioposterior and lateraliews of MVZ2121107
estimate as age 236 months per incomplete fusion of the proximal buus and
distal femur.

. -
D : 4

4 4

o P . Ao
T LR st

Figure 6-15 Metatarsal ontogeny: specimen MVZ121107 (Odocoileus virginianus covesi).
From th e Museum of Vertebrate Zoology, photo taken by author  and used with permission of
MVZ.

This specimen shows a clearly defined anterior groove while the posterior
groovebelow that imagés wide and shallow. Theistalbreadth of the shaft is more
gracile than the proximadortion of the diaphys. The lateral view shows the
pronounced taper from the proximal to the distal end of the shaft.
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Figure 6-16 Metatarsal ontogeny: specimen MVZ 31118 (Od ocoileus virginianus covesi).
From the Museum of Vertebrate Zoology (photo taken by author) and used with permission
of MVZ.

Specimen MVZ31118see description of specimen age above) demonstrates an
obscured anterior groove, and vertical ridges of smaomtiical bone on the proximal
portion of the anterior shaft. The posterior groove is partially obliterated at the distal
end of the shaft, while being deeper and narrower along the upper two thirds of the
bone this is consistent with a description by Run{pB75: 96) What appears to be a
remodelled fracture thickens the shaft Agdgth. The lateral view demonstrates less
taper between the proximal and distal ends of the shaft. These two specimens derive
from the same area of Arizona and were donatedetd/Miiseum of Vertebrate Zoology

by the same collector, presumably representing a coherent WTD population.

The morphology is believed to represent age related bone remogdelling
nonmetric trait, and isonsistent with morphologybseved among the Florida
specimensnd the described buttressing of sheep metatarsals (Tleot&simm,

2011). Skedros et al. (2003) finds the mineral (ash) content of distal limb bones for
Mule Deer(Odocoileus hemionussp increases proportionally to that groximal limb

bones relative to age and biomechanical stress; this may explain the observed variation
in metatarsal morphology described above.
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Figure 6-17 Big Cypress metapodia smallest diameter comparison.
Figure 617 shows the SDt and SDs for the metacarpal and metatarsal from the
Big Cypress deer per age and sex cohort. In all metacarpals the smallest diameter
transverse (SDt) was found on the digt@aittion of the shaft, 5 to 20mm superior to the
di st al epi physis, while the metacarpal 0s

same location on the sagital plane.

The smallest diameter of the metatarkalvever varied by location and plane
(see Figure 27). The SDs was taken wherever the diameter was smallest whether that
was on the upper shatft or at the distal por(see Figure 27). For unfused
metacarpals and metatarsals the smallest diameter was always on the transverse plane
15 to 20nm superior to the distal epiphys@n the right side of Figure- 67 subadult
females are noticably smaller on the transverse plane than the adult females, while the
large male specimen shows a closer affinity to the oldest of the adult femata’ s
than is seen on the left side of the figure or in the majority of graphs in the Baseline
Study. The SDs for specimem571 was at the distal end of the diaphysis and in fact
smaller on the transverse plaii®.1mn) than on the sagital plari&6.79mmn), while all
females were smaller on the sagital plane than on the transverse plane. The degree of
difference between planes was greater for adult females than fadslib this quality
may be either sex or age relafsde Table €l); a larger sample sizeaw clarify this

point..
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FLMMH# State Location Date Species Age Sex Element  Side sSDt SDs  Quotient

UF:6787 Guatemala Tikal MA  Mazamatemama 20m Us  metacarpal R 8.07 9.98 81%
UF:6788 Guatemala Tikal MA  Mazamatemama 38m F  metacarpal R 7.36 9.85 75%
UF:66809 Trinidad Mariva,tabaquit 1959 Mazama a. 20m F metacarpals * 8.79 12.8 69%
UF:6610 Trinidad Mayaro 1959 Mazama a. 20m M  metacarpal * 8.39 13.62 62%
2:4571  Florida Collier County 1985 Odocoileusv. 3em M metacarpals * 14.35  16.35 88%
z:4576 Florida Collier City 1985 Odocoileusv. 26m F  metacarpal * 9.65 12.71 76%
2:4703 Florida Collier County 1985 Odocoileusv. 60 m F  metacarpal * 11.57 13.83 B4%
2:4580 Florida Collier County 1985 Odocoileusv. 60 m F  metacarpal * 13.39  13.61 98%
z:4573  Florida Collier County 1985 Odocoileusv. 60 m F  metacarpal * 11.6  14.42 B0%
7:4572  Florida Collier County 1985 Odocoileusv. 26m F  metacarpal * 11.05 13.69 81%
7:4581 Florida Collier County 1985 Odocoileusv. 28m F  metacarpal * 10.75 12.78 B84%
z:4705 Florida Collier County 1985 Odocoileusv. 29m F  metacarpal * 10.92 138 79%
7:4569  Florida Collier County 1985 Odocoileusv. 30m F  metacarpal * 10.32  13.15 78%
2:2850 Florida Clay county 1985 Odocoileusv. 36m F  metacarpal = 12.48 14.27 87%

Table 6-3 Metacarpals W TD Florida, brocket deer Guatemala, brocket deer Trinidad Island.

Table 63 abovecompares populations showitige SDt compared to SDs for
metacarpals. Twbrocket deespecimens from Guatemala had onght side
metacarpals in their bes All other specimens had left and right metacarpals. When
right and left side elements were present, their measurememrtavweraged, indicated
by * in the tableWTD assessed under 24 months were excluded from this test as the
metacarpal was unfused. In metacarpals the smallest diameter was found just above the
distal epiphysis in both transverse and sagithes. It is worth noting that side by side
comparisions of bones from each population were not attempted largely because the
materials were stored in separate labs, even though no variation was observed during
data collectionTheresulting quotienfor the Trinidad Island specimens is smaller than
for the deer from Florida and Guatemal. Metacarpals for all three populations taper
steadily from the proximal articulation to the distal portion of the stgfras shown in
Figure 613 above

FLMMH# State Location Date Species Age Sex Element  Side sSDt SDs  Quotient
UF:6787 Guatemala Tikal NA  Mazamatemama 20m US  metatarsal R 9.04  10.16 89%
UF:6788 Guatemala Tikal NA  Mazamatemama 38m F | metatarsal R 9.14 10.26 89%
UF:6609 Trinidad Mariva,tabaquit 1959 Mazama a. 20m F metatarsal * 11.03  13.24 33%
UF:6610 Trinidad Mayaro 1959 Mazama a. 20m M metatarsal * 11.57  13.51 86%
z:4571 Florida Collier County 1985 Odocoileusv. 3|em M metatarsal * 16.1 16.3 99%
z:4576 Florida Collier City 1985 Odocoileusv. 26m F metatarsal  * 12.39 13.1 95%
2:4703 Florida Collier County 1985 Odocoileusv. 60 m F metatarsal  * 15.35 14.76 103%
2:4580 Florida Collier County 1985 Odocoileusv. 60 m F metatarsal  * 15.24 14.2 107%
2:4573  Florida Collier County 1985 Odocoileusv. 60 m F metatarsal  * 15.59 14.56 107%
7:4572  Florida Collier County 1985 Odocoileusv. 26m F | metatarsal * 13.6  13.39 102%
7:4581 Florida Collier County 1985 Odocoileusv. 28m F | metatarsal * 13.75 13.07 105%
z:4705 Florida Collier County 1985 Odocoileusv. 29m F | metatarsal * 14.77  13.82 107%
7:4569  Florida Collier County 1985 Odocoileusv. 30m F | metatarsal * 13.66 12.46 110%
2:2850 Florida Clay county 1985 Odocoileusv. 36m F  metatarsal * 14.73 13.5 109%

Table 6-4 Metatarsals WTD Florida , BD Guatemala, BD Trinidad Island.

Table 64 abovedemonstrates the same information for the metatarsal. For the
brocket deer in botpopulations and for specimens z: 4571 and z: 4576 from Florida
the SDs was at the distal end of the metatsal. The table shows transverse measurements

were smaller than those taken on the sagital plane. For all other Florida specimens SDs
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was approximatg 30-40mm inferior to the proximal articualtion. For these individuals
measurements on the sagital plane were smaller than those taken on the transverse
plane. On these samples #ieaft showed a greater depth betwgsnanterioand
posteriomarginswith the posterior surface presenting a slightly curved profile.
Specimens z: 4571 and z: 4576 also displayed this anterior to posterior deepening but

not to the same extent.
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Figure 6-18 WTD and brocket deer comparison of metapodia by GL and BFd.

Figure 6-18 abovecompares metapod(@L (greatestength) with BFd (breadth
of the distal facgtfor metacarpla and metatarsals (see Figur2@); in the previous
chapter GL was platted against SDt and 3B$igure 521 the pattern for WTD in
these two figures is almost identical despite the use of a different breadth measurement

in each figure

The two animals fromTikal Guatemala are each represégtadsingle
metacarpal and metatarsal. Two specimens from Trinidad had paired metacarpals and
metatarsals, as did nine WTD specimens from FloNtzasurementsom each pair
were averaged and are shown in Figurdg 6618, and €19; thee charts show brocket
deer from these two populations cluster separately from the Big Cypress WTD by
length. Howeverthe breadth of the distal facaftthe vertical axis of Figure-67 plots
the Trinidad island deer in the same range as the WTD from Wige€s, Fl.including
those sukadults demonstrating distal fusion (see Chapter 5). The Guatemalan deer plot
separately from both the WTD and Trinidad Island brocket deer for proximal breadth in
Figure 618 below.
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Figure 6-19 WTD and brocket deer comparison of distal metapodia by Bd and Dd.

Applying proximal depth and breadth measurments shows Trindad specimens
fall between animals from Guatemala andrigl@ using breadth measurements of the
metacarpals. For the metatarshbse measurements plot the Trinidad population more

closely with the Florida subdults
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Figure 6-20 WTD and brocket deer comparison of distal metapodia using Bd (distal breadth)
and Dd (distal depth).

Later fusing distal measements abovésee Figure d1) show distinctions
between these populations. That the Trinidad deer arssasbm this research as sub

adults should be considered.

The difference in metatarsal morphology between WTD and brocket deer from
the populations in Guatemala and the Island of Trinidad may be related either to gait or
to the size (mass) of these animdlse quality of available forage, local terrain, and
need for predator avoidance are also factors to be considered.

6.4 Synopsis

The one goal of this projectts determine the relative contribution of male and
female WTD to Maya diets/economy. Sirtm®cket deer also contributed to Maya
economiesandare recorded in many of the archaeological assembéagkthe question
of species identification remains open, it was agreed | would record any brocket deer
present in the assemblages. The availabléemoreference materials for brocket deer at
FLMNH (only Specimen z: 8851linsexedwas relatively complete) were too few to

develop better than tentative understanding of the species. Available specimens do not
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appear to be sexualy dimorphic and this agneith discovered literature (Giest, 1998;
Miller et al. 2003), therefore it is not possible to test the archaeological samples of
brocket deer for sex at this time.

Test results show theamallest diameter of thé'phalanx among red brocket
deer from Gatemala appears in a different plane and position than specimens from the
Island of Trinidad or for the WTD from Florida. This was consistent for both modern
reference specimens and Central American archaeological samples identified to species.
Thelocation and plane on which the smallest diamstetentified forWTD
metatarsalscems o be related to the individual 06s
male specimen z4571 did not display this attribute. Howa@vaddition to
demonstratig a staturéess than predicted by the literatutiee larger dimensianof
thati ndi vi dual 6 shavehesnsuffibeatto usfertheaxtensive bone

remodelinghat wasobserved among adult femagecimens

The taxnomy of the red brocket deer from the Maya area is in dispute and
inclusionof the specimens from the Island of Trinidad failed to illuminate the question.
Typically island mammals are smaller than their mainkatatives butthat is not the
casehere. The rmarphology of the ¥ phalanx (proximal phalanx) is different between
the two brocket deer populatiora)d this could support the hypothesis the red brocket
deer from Guatemala are a different spedias the red brocket deer from South
America (Grove and Grubb, 2011; Escobddorales et al. 2016). The observatiaris
MVZ speciemen 9888@0docoileus virginianus trujefrom El Salvador in Figure-6
might indicate a parrallel adaptation of gait for Waid red brocket deer in the region
or may be pathology resultingoim inividual misadventuréWhich ever wayhe official
taxonomy fallsout, the modern brocket deer specimens from Guatemala are not
comparable to the specimens from Trinigad therefore the later must be excluded
from comparisons to the archaeological samples. Only brocket deer Specimen z:8851
presented a relatively complete skeleton. The measurements of this specimen could be
used as a standard for log ratio analysis. Howelie physiology and anatomy of this
species needs to be expanded significantly before | can formulate useful questions that

such analysis might serve.

An annoyingly casual reference within a text cataloguing artefacts from the
SideyMackay site describs 6éa har poon point made from
(Hamalainen, 1999), absent any citation or reference for this anatomigtquestionf

this anatomical quality was sufficently well known in the recent past to have fallen out
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of the literatue. If these anatomical traits are known, refreshing acaddisatission on

the topic would bealuableto future studies

Understanding the age profiles of hunted game animals is a significant step
toward understanding how ancient peoples managed tBeurees, providing a
valuable lens through which archaeology might understand the economic and social
paradigms informing resource management. Inggeclimenting of nonmetric
anatomicatraits that could enable a more detailed view of the mortality prafid sex

ratio forWTD is an important step in in this reseafohdiscerning prey selection.

Having conducted an idepth analysis of the modtecollections of WTD and
expanded on the originalseries of methods to facilitate the gsa of archaeological
collections, it is now time to return to the overarching focus of this thesis; that is, the
Mayabs relationship with WTD.
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Chapter 7 The Artefacts - Looking for Sex:

From the known to the unknown, the baseline study tested modern reference
specimens ofWVTD of known sex and age for evidence of sexual dimorphism using
osteoméics and size index scaling (Meadow, 1999; Albarella, 2002; Sykes, 2011). In
the chapter for morphology the reference materials were examined for dieg)tiost
might assist in distinguishing between deer species present in the assemblages and for
ontological markers that could discern augss among older deer. These characteristics
are applied to the archaeological samples in this chapter with théontef
illuminating the demographics of deer harvested by the Maya as well as demonstrating

the potential of these diagnostics to advance faunal analysis.

This section compares deer bone samples recovered by archaeologists to the
modern reference collgons for the purpose of determining the ratio of males to
females present in the archaeological assemblages. As shown in the baselioé study
modern specimens from Floridahile adult males and stddult females cluster
reasonably distinctly, suadultmales intersect in size with adult females. In order to
determine the number of male animals compared to females it is necessary to examine
the mortality profile present in each assemblage as well as how the archaeological
samples compare to referencescapens for measurements of length, breadth and
depth. This chapter attempts to account for edicheartefacs recorded and make the
fullest possible use of trends in size and morphology observed for sex and age cohorts
in the baseline study. The detaldescriptions that follow are intended as

demonstration of support for the following chapters.

Since intact mandibles were uncommon among the observed archaeological
material, epiphysedlision of the long bones must suffifte assessing the age categor
of deer bones excavated by archaeologsste Table :8). Theage assessment tables
below categorize each skeletal element by the age at which a specific epiphysis is
predicted to fuse sufficiently for preservation, following Purdue (1983b). Six age
catgories are listed, less than five months old, greater than six months old, greater than
14 months, equal to or greater than 20 months, equal to or greater than 30 months, and
equal to or greatehan 38 months; the predicted ages are specific to the sampl
analysed rather than the whole assembladéditionally, these tables serve to quantify
the samples recorded for this study by species and cultural periods represented in the

basal documentation.

123



The second method uses log ratios as shown in E§tBeand 57 in the
baseline studylfhe Meammeasurements of four adult specimens from the reference
collection are represented as zero in each measurement plane for breadth, length, and
depth in the charts for log rati¢see Table A). Measurements from ela sample in the
archaeological assemblages were segregated per plane of measurement for comparison
to that standar(see Digital Appendix IV: multiples averaged). The histograms
generatedor this chapteshow how the archaeological materials comparééo t
modern population studied. As breadth measurements for adult females attlkub
males are similar but depth measurements seem to increase as these animals age, a
comparison of breadth and depth charts can potentially distinguish between stature and
which age classes are present. The length of the long bones seems to vary between
different populations in Florida but except for specimen z: 2850, the breadth of these
same skeletal elements is consistent between adult females from different parts of the
state Thevariatiors above zero may indicate changes in either population stature or the

presence of adult males in an assemblage.

Finally, XY scatter plots facilitate a side by side comparison of the
measurements from thieur adult specimens from Bigypress These weresal to
create the Standard and applied in the log ratios to facilitate direct comparison
between methods and to avoid overcrowding the segitéens.The esting ofreference
specimens in the baseline study confirmed that bizeersflects sexual dimorphism,
while revealing fusion sufficient to survive intact in sediments does not necessarily
demonstrate adult statufgee Figures-42, 516, 520, 521) and thus the discernment
of sex and age profiles in any assemblage muatraeanced process.

The assemblages tested for this project come from several sources and some
variations in consistency of terminology and sample identification were detected
Adjustmentgo the terminologyvere therefore requirethese chages are described in
my field notes (see PpendixB). The archaeological sites described in the materials
section often contain samples from multiple periods in the chronology of Maya
civilization. As one goal of this project is detection of change®/iTD stature in
relationship to changes in human population demographics and landscape management,
the chronology of these assemblages and the samples derived from them is described in
each chart and graph presented below. A second issue in understam@itigns in
stature among WTD is the quality of available nutritiBath landscape regime and

variations in the environment would naturally influence the nutrient quality of deer
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forage, thus the sites are organized in this chapter first by geograpions and
secondly by chronology.
7.1Yucatan:

Northern Maya Lowlands
Ek Balam: this Historic Eraassemblages presented first as most of the

samples recorded from that assemblagethe result of a naturally occurring deposit

rather than aultural cortext, andprimarily represent animals presumed to be aiid
mostdirectly comparabléo the modern reference specimens. This is the only
assemblage from the Yucatan region as well as being the only assemblage in this study

formed under mlect Spanish political and economic control.
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Table 7-1 Samples recorded for Ek Balam , humber of samples for each category

126



In Table 71, nine of the reaaled elements are early fusjrigree samples in the
30to 38-month categories would represent adult animals. Only the unfused ulna proves
the presence of a stdalult. As was expectedew intact long bones (except phalanges)
were observed in the ard@ogical assemblages. Most samples presenting breadth
measuremenialso offered depth measurements but this was not always the case, and
the number of samples seen varies from one chart to another in the same assemblage. In
the Baseline Study, sexual dnphism between the adult male and adult females from
Big Cypresswhile less distinctive than was reported in the literature for this species
remains clearly visible in all planes of measurement. However, differences between
adult females and stddultswere only visible when comparing measurements of bone
breadth with depth measurements. For ease of comparison the log ratio charts are

organized in one figure throughout this document.

The log ratios in Figure-1I show the largest number of breadth ratioimcide
with zerg four sampleshowever plot above zero including one ratio at the top of the
scale at- 10. Five samples presented intact lengths, one that plots at zero and four that
plot below, only one ratio plots below minus seven. For depthsra8 samples
contributed data; six were below zero, two at zanal three ratioplot above zero.

There were no depth ratios smaller than minus five.
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Figure 7-1 Log ratios of Historic Era Ek Balam samples compared to the standard for
evidence of sex and age cohort.

As was the case for the Baseline Study these descriptions begin with the
astragalus as the density of this skeletal element meanséllipreserved in most of

the assemblages studied.
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Figure 7-2 Comparison of Ek Balam samples with modern specimens using lateral and medial
measurements of the astragalus.

In Figure 72 the modern male specimen plots separately from the female
specimens in the upper right corner of both graphs. For the astragalus, length and depth
measurements appeared in the Baseline Study to be the clearest formissexoal
dimorphism This robust skeletal element preserves well, but variations in sample
preservation coincide with my objective of deducing the greatest possible information
that each sample can deliver, thus length and depth measurements foe i &h
and medial sides of the astragali are presented when these are available in the recorded
data. Samples 702EB and 718EB plot with the modern females from the reference
collection for length but slightly greater for depth on both the lateral adchhsgdes of
the bone. If my hypothesis that depth measurements are more sensitive to ontological
age is correct this could indicate these samples derive from individuals older than
specimens z:4580 and z:470®wever that hypothesis requires additidisapport

beyond what was seen in the previous chapters.

Preservation of scapula among the archaeological assemblages was extremely
poor, only the LG and BG were consistently available for measurement. Figure 7
shows Sample 711EB the sample plots betviee modern adult females and the male
specimens. Figure-8 showed little variation between adult female specimens and sub
adults using these measurements for the glenoid. The sample may represeadwdtsub

malebutan older adult female is edlyalikely.
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Figure 7-3 Comparison of Ek Balam samples using glenoid breadth and depth.

There are two humeri recorded in the Ek Balaffecton. In the |& side of
Figure 74, Sample 704EBa fused proximal humerus indicating an adult anjmal
appears close to the modern male and is recorded as unusually large in my field notes.
While sample 705EBmodified), indicating it is from the cultural phase of the
excavationappearsn the rightside graprandis noted inmy field notes as having thin
cortical bone suggesting a juvenitelividual. The height of the trochlea is below the
range demonstrated by satults in the reference collecti@Rrigure 511), though the

larger breadth measurement is unexpected in a juvenile sample.

Ek Balam humerus Ek Balam humerus
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37 42 a7 52 30 32 34 36
Breadth proximal Breadth of Trochlea
Figure 7-4 Comparison of Ek Balam samples using proximal and distal measurements o f the

humerus.

Sample 712EB is a single intact radius, it plots with the female specimens for
proximal breadth and depth, slightly larger for the late fusing distal breadth and smaller
for distal depth. The distal radius fuses earlier for femalesitluies for malegsee
Table 34). Thegreatest length for this sample is 10mm shorter than the modern female
subadults and 20mm less than the adult females. There was no evidence of woven bone
along the ulnar grove that would suggest fusion of thetoltize radiusThis does not
prove the animal was young, but paired with the shorter @lajtsuggest a young
adult.
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Figure 7-5 Comparison of E k Balam samples using proximal and distal measurements of the
radius.

Ek Balam radius

-
w

._.
M
in

*

-
)

4 WTD Modem

-
=
in

“<'WTD historic era

Smallest diameter

-
[y

-
=
in

T T T T |
180 190 200 210 220
Greatest length

-
)
(=]

Figure 7-6 Comparison of Ek Balam samples using length and smallest diameter
measurem ents of the radius.

Two femurs are present in the Ek Balam assemblage, Sample 703EB is recorded
as distal condyles and 50% of the shaft noted as a large individual with prominent
muscle scaringlhis sample displays gnawing marks sufficient to obédite all distal
measurements except Dd. With only one standard measurement it is absent from Figure
7-7 but is represented in the log ratios in Figue Sample 703EB is a proximal femur
with visible fusion lines indicating either a sabult oryoungadut . The sampl e
position on the graph midway between adult females and the male in the reference

collection indicates a young male
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Figure 7-7 Comparison of Ek Balam samples using proximal measurements of the femur.

There were two ulnae recorded in the collect®ampe 713 not shown in

Figure #8 was unfused indicatg a sukadult or juvenile. Sample 714 was fusedlin
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the graph above the DPA plots with the female specimens. The LO measurement plots
20% smaller than the modern female specimens. However, the DPA and LO
measurements were inconclusive for distinguigtbetween adult and s@dlult females

in the reference collection.
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Figure 7-8 Comparison of Ek Balam samples using measurements of the olecranon.

Two calcaneiwere recordedSample 701EB fits within the range for modern
females. Sample 719EB circled in green is recorded in my field notes as gracile, despite
the large breadth and depth measurements of the articular facet. The GL of this sample
plots withinthe female range. On the right side of the graph the greatest depth GD is
larger than any modern females, on the left side of Fig@¢éhe GB measurement
exceeds all modern male and female specimens. Based on Skedros et al. (2004) this
could indicate amlder animal or one subject to significantly more biomechanical stress

than the modern animals from Florida.
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Figure 7-9 Comparison of Ek Balam samples us ing length, breadth, and depth measurements

of the calcaneus.

Metapodia: inChapter3 it was shown that distal fusion of metacarpals and
metatarsals occurs late in the second year of life. In Ch@fiteras also hypothesised
that biomechanidatress can cause significant bone remodelling of the metatarsal
among WTD. These two qualities of ontology are used in this chapter to discern sub

adult from adult samples.
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Figure 7-10 Comparison of Ek Balam samples using proximal measurements of the
metacarpal and metatarsal.

Proximal breadth and depth: on the left side of Figui® @are proximal
metacarpalsSample 706EB circled in green is slightdyger in breadth than the female
specimens. Sample 700EB has 90% of its shaft intact. Both exceed the feotEes
for depth. On the righside the graph for metatarsals show Sample 707EB is similar in
breadth to the male specimen but plots more cldselye female specimens in depth.

None of the male specimens demonstrated the smallest diameter of the metatarsal on the

sagittal plane, possibly because of the limited age range for males in the collection.

7.1 1 Summary of data:
Table 71 categorizingage class shows three samples that demonstrate adult

morphology and one sample attributed to aadblt class. Figure-I shows five

samples at zero or greater in the chart for breadth and two samples in depths-#hat are
all within the range of adult specimens. The scatterplots appear to represent one adult
male, two adult females of which one may have been quite old, one juasnibd,

least one but possibly two s@olults, one of which may have been male. If a second

subadult is epresented by the radius, it likely represents a female.

Overall the animals from Ek Balam seem a close match in size for the modern
adult specimens from Florida. As the single preserved long bone in the assemblage is
assessed here as a-sdult female iis not possible to determine if withers height is
comparable between the deer from Ek Balam and those from Big Cypress.

7.2 Belize:

Southern Maya lowlands
The next four sites are from the modern state of Belize and roughly

contemporary with each othéhese assemblages reflect human cultural activity. During
the historic periodthe Spanish were an intrusive influence in the regiornadhot yet

established political dominance of the regiBeridergast, 198Graham et al. 1989).
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7.2 i Tipu Negroman

The settlementdos close cultural and political

as well as its participation in regional trade netwotksabam and Bennet, 1989
Emery, 1999Williams et al. 2009). The Tipu collection was contained in 14 nurdbere
boxes Brocket deer dominate this assemblaiggble 72 below lists the recorded
samples by species and cultural period in addition to categorizing the age cohorts as

represented blgone fusion.

This is one of several assemblages that contributed a large number of samples
suitable for recording andvhile mostCervidaebones in this assemblage are identified
in original documents as brocket de&TD are also present. For thestaric eral?
WTD samples are early fusing eleme@@ae sample may represent a juvenile, 13
samples indicate stddults and none definitively represent adult animals for this
period.Postclassisamples present eight early fusing elements. Five samplendkat
represent suldults and one sample that can be identified as an adult. Roughly 46% of
the WTD in this collection are from undated contexts or contexts containing material
from several periods. This is not unusual asath@ent Mayaegularly recycled
construction materials. Only samples identified\8ED from firmly dated contexts are

shown in the charts for this assemblage.
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Figure 7-11 Log ratios of Historic Era Tipu Negroman samples compared to the standard for
evidence of sex and age cohort.

Figure 711 shows WTD from historic period contexts. The presence of adult
males is possibly indicated in the chart for breadths on thetedtsample plots at0
for breadth, which is consistent for modern-sghults. The ratiofor lengthin the
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centrechartare at or slightly below zerahile on the right a mix of depth ratios may

show the presence of adult and -sault animals.
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Figure 7-12 Log ratios of Postclassic Tipu samples compared to the standard for evidence of
sex and age cohort.
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Figure 7.12 shows WTD from contextatdd to thd?ostclassi®eriod. The chart
for breadth ratios on the left side of Figure 7.12 shows $amples plotting above zero
In the cantre, the charfior lengths show three ratios plotting close to zero, and on the

right the charffor depths revealfive ratios plotting at or belovs, possibly indicating
sub-adultsare present in the assemblage

After excluding all samples that might represent brocket ae@éMWTD derived
from undated ocontextsrepresenting more than one distinct cultural erfour
astragalwere plotted using the length and depth measurements for both lateral and
medial sides of the astragalus. On the left, all &mmplelot within the range of the
modern émale specimen®n the right side, one historic sample had ndiaie

measurements to contributend one historic sample overlaps a modern specimen
almost exactly
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Figure 7-13 Comparison of Tipu samples using lateral and medial measurements of the

astragalus.

For the scapula in FigureIZ below Sample 456 TPfstclassicplots more
closely with the male specimen, and the historic Sample 339T1 falls between the
modern male and female specimens for breadth but hastergdepth measurement.
Samples 413T6 and 414TBdstclassicplot with the female specimens.
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Figure 7-14 Comparison of Tipu samples using breadth and de pth of the glenoid.

Of the 12 humeri present in the boxes only one could be identified as WTD.

This historic period sample plots slightly larger than the female specimens for breadth
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measurements, but in the same range as females for depth measuienkégise 511

the subadult males were smaller or within the same range for breadth and depth
measurements as the adult females. Assuming the ontology for these two populations is
similar this may indicate more robust stature for some of #mmalsrepresented in

the assemblage
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Figure 7-15 Comparison of Tipu samples using distal measurements of the humerus.

Four WTD radii were available for measurernsetwo from undated contés,
one from the historic erand one from th@ostclassicThe greatest length for Sample
488T9 Postclassikis a refit shown in both graphend plots among the adult females
for length and smallest diameter on the left igufe 7#16. While plottingwith the male
specimen on the right side of the figdioe distal breadthbut not for depthSample
530T14s a distal radius from #hhistoric periodin the rightside graph iplots more
closely with the male specimen for breadth and depth.
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Figure 7-16 Comparison of Tipu samplesus  ing GL, SD, Bd, and Dd measurements of the
radius.

Out of 18 tibiae recorded, four distal samples were identified as WTD, two of
those from undated contexts. The depth measurement for Sample 318T4 (historic) is
markedly greater in depth than all moderncapens but plots within the female range
for distal breadth. Sample 432T8 also plots with the modern females for breadth but

slightly smaller for depth and may be either an adult female or-aduibmale.
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Figure 7-17 Comparison of Tipu samples using distal measurements of the tibia.
Three ulna were recorded, one from an undated context, and two from the
historic period, one of which was unfused. Sanya8T14 in Figure 4718 plots with the

adult females.
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Figure 7-18 Comparison of Tipu samples using measurements of the olecranon.

EightfusedWTD calcaneusvere recorded, one sampitem deposits with
mixed Postclassiand historic materials and tvimm undated contexts were excluded.
In Figure 719 we see Samples 506T12 from Bustclassicircled in green and 474T7
from the historic era circled in redgblbetween male and female specimens for length.
Sample 455T7 circled in blue may be an older female. Among the reference specimens
GD and GB measurements for the calcaneus appeared consistent, it is however a very

small number of individuals from which &ssume knowledge for a whole population or
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Figure 7-19 Comparison of Tipu samples using length, breadth, and depth measurements of
the calcaneu s.
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Two WTD proximal metacarpals were recorded. Sample 337T1 is slightly larger
than the modern females in breadth but smaller than all specimens for depth, indicating
a subadult male. The comparable Sample 429T8 was from a mixed deposit and is not

shown lere.
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Figure 7-20 Comparison of Tipu samples using proximal measurements of the metacarpal
and metatarsal.

Three WTD proximal metatarsals are shown, Sa8pI7 T4 (historic) falls
between red brocket aMdTD in size(see Figure 80). Samples 336T1 and 415T6 test

within the breadth range for adult females.

7.2 ii Summary of data:
Table 72 shows 12 early fusing skeletal elements and npksmresented

with definiteadult morphology and one sample that demonstrateaduib

characteristics in the historic eRostclassicamples show eight early fusing bones that
may be adults or seédults, one sample with adult morphology and one samih
subadult qualities. In Figure-11 trackingHistoric Eramaterials the chart for breadth
shows five ratios at or greater than zero, five ratios below the Standard and one breadth
ratio below-10. In the chart for depths four ratios are bel®with a spike at10. As
Chapter sshowed sub-adults demonstrate smaller depth measurements in comparison
to the breadth measurements for the same specifignse 711 implies the presence

of subadults in the assembladeéigure 712 (Postclassicdisplays four ratios at or

greater than zero in the chart for breadth and seven atoyssmaller than minu In

the baseline study (see Figur®&)athe depth readings at the bottom of the scale
appeared to discern the presence ofaullits in the reference collection. In the
scatterplots aboyéwo samples from the historic era appear to represent adult males,
seven samples represent adult females ciaslult males and one sample may represent
a subadult female. Samples from tR@dclassicPeriod present one adult male, ten
samples that could be either adult females oragiuit males and two samples that are

likely to represent subdult males. Assuming the hypothesis proposed in the baseline
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study regarding depth measurements@ieate two females and one male individual
could represent older animals. There may be some variation in stature represented in
this assemblage independent of sexual dimorphism or age ¢séo@hapter 9)
7.2iii Lamanai:

HistoricEraWTD remains intude 20 early fusing elements, 42 samples that
indicate sub adults, and four samples that can be defined as having adult morphology.
Early Postclassic materials incluglearly fusing elements, 12 samples that are at least

20 months old and one sampiat is definitively adult.

The largest number of samples come from historic layers. The early Postclassic
is also well represented in the material recorded with a few samples attributed to the
Buk Phases of early Postclassic whichls reportedor Marco Gonzales (Williams et
al. 2009) and Tipu (Emery, 1999). Other samples are attributed to middle and late
Postclassic and one to the Preclassic Period. Tablghows elements recorded for this

assemblage and theinronology.
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Table 7-3 Samples recorded for Lamanai.
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Figure 721 shows seven breadth ratios at zero and nine exceeding the averaged
measurements for the redace, indicating mature males may be present in the
assemblage. Three length ratios are greater than the Standard, all other length ratios plot
below zero. In the chart for depth, a single sample plots as greater than the Standard and
eight ratios fall badw -6 possibly indicating the presence of female-adblts or
juveniles in the assemblage while 28 ratios fall within the range for adult females and

sub-adult males.
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Figure 7-21 Log ratios of Historic Era Lamanai samples compared to the standard for
evidence of sex and age cohort.

145

'A’V 00LT-LTST €43 DLOISIH



ot
]
9
2] v
= i
[« L 8
[N — =
© -0 g’°
' o s
c __Z-
1] f—
E —_t"
8 - o
.
= 8-
[Fs] =t ol [=]
Aouanbaiy
q .
< ot
o -
8 |8
- 9
i i
o 2 v
(= 'E'o L
=] Lz 8
- 5 - 3
T =
_2 E e £- -
- -
Q Q Ra
a E i
o E e 9-
"l s
1% a-
© "
U I_I_I_I_:OI_
L o4 s oM o - D
3 Aouanbaiy
o
ot
| 8
I
* -
4-5 —:1?
.
g - Z 3
@ I~
e — (] -
@ ]| Ee
'E -:Z-
= jacrcosvscrote
1] —:V'
£ -
© mm 9-
—
&
I_I_I_I_:OI_
s MmN e D
Aouanbaiy

Figure 7-22 Log ratio s of Postclassic Lamanai samples compared to the standard for evidence
of sex and age cohort.

Figure 722 for the Postclassic shows two ratios at zero in the chart for breadth
with seven ratios exceeding the Standard. Seven ratios are smaller in braadike th

reference. In the chart for lengthree ratios plot at or above zgefive samplegplot
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below the reference. For depfive ratios plot at or above zero and feaampleglot

below- 6. Overall there are fewer Postclassic samplas thstoric, however the

number of breadth ratios belominusfour among the historic samples is interesting.

There were too few samples from the Preclassicdaduce histograms for that

period Th Preclassicsamples aréhowever addressd in the next chaptésee Figure 8

2). The samples from undated contexts are shown in Tableuf otherwise excluded

in this chapter (see Figure22).

A total of 14 WTD astragali were recorded, ten from the historiogefour

from

the ear!l

y Postcl

assic. When compar e

measurements on the medial and lateral side of the astragalus are relatively consistent.

On both sides of FigureZ3, Sample 525LAhistoric) appears in the upper rigbt

both graphs likely representing an adult male, while Sample 526LA appearing in the

lower left may represent a swalolult female. All other samples cluster with the modern

female specimens. There is some slight separation between the Historic Era sachples

those from the Postclassic on the left side of Fige@28 #hat might indicate the

presence of subdult males in the historic assemblage but this is by no means certain.
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Figure 7-23 Comparison of Lamanai samples using lateral and medial measurements of the

astragalus.

Two scapulawere recorded but only Sample 517LA had sufficient

measurements to generate a scatter plot, shown in Fig#epdssiby an older adult

female.
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Lamanai scapula
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Figure 7-24 Comparison of Lamanai samples using breadth and depth measurements of the
glenoid.

Seven WTD humeri were recordexh the left side of Figure-Z5 Sample
578LA (historic) has a visible proximal epiphysis indicating the sample derived from a
young adult. The smaller breadth measurement would be consistent witadusub
female but the proximal depth measurements bettar match for the oldest of the

female specimens. No comparable measurements fadubmale specimens were
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Bp-Breadth proximal Bd-Breadth distal

Figure 7-25 Comparison of La manai samples using proximal and distal measurements of the
humerus.

On the right side four samples could be measured for distal breadth and depth
but all six had HT and HTC measurements to contribute. In Figate Sample 609LA
appears in the upper rigborner for distal breadth and depth plotting with the male
specimen, Sample 579LA (historic) occupies the same range for breadth but not for
depth, Sample 510LAcircled in greepand Sample 554LAcircled in red also appear
in Figure 725 above and Fige %26 below. A comparison to measurements of the

trochlea in Figure 5.12 could indicate these two samples represead sih
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Lamanai humerus trochlea
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Figure 7-26 Comparison of Lamanai samples using measurements of the trochlea.

Seven radii were recordgaot shown in the graphs two brocket deerd a third

Sample564LA identified asCervidaewhose measurements fall betwetdrose of my

redbrocket andVTD specimens

In Figure 727, Samples 502LA (modified) and 585LA could be either adult

females or suladult males. The distal measurements on the right show Sample 602LA

no epiphysis line was visible indicating this represents a mature animall. desadth

plots with the modern females, while depth measurements are slightly smaller.
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Figure 7-27 Comparison of Lama nai samples using proximal and distal measurements of the

radius.

On the leftside of Figure 728 below, Sample 575LA from the early Postclassic
had suffered erosion of the lateral proximal articulat®hC as well as distal breadth

and depth were recorded. The length measurement exceeds the male specimen by 8%,

whi | e
with the female specimenSample 559LA (historj¢ shown on the right side of Figure

7-28, was recorded in field notes as condyles with no stiedsurface was erodexhd

on

the right

S i

de

the fi

Bd and Dd measurements are suspect, possibly representing a juvenile.
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Figure 7-28 Comparison of Lamanai samples using GL, SD, Bd, and Dd, measurements of the
femur.

In the Lamanai assemblage eight tibia were identified as WTD. Sample 576LA
(Postclassic) appears in all three graplsiarcircled in green, the length is shown in
Figure 729 while the breadth and depth measurements appear in Figure 7.30. For the
GL, this sample plots between the male and female specimens. The SD (smallest

diameter) is very clost® the male specimen fRigure 729.
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Figure 7-29 Comparison of Lamanai samples using GL and SD measurements of the tibia.

Below the proximal measurements are closer to the spaleimen than to the
adult females from Big Cypress but the distal measurements of this sample are not
consistent with the single male specimen, perhaps because the distal end of the tibia is
not completely fused before 20 months (see Figtk#)3an older animal might show
more thickening of cortical bone than is seen here. The close association of Samples
514LA historic and Sample 589LA Preclassic (liste€asvidag might suggest an age
class if these animals were adult males. The remaining fouribistonples plot more
closely with the oldest of the female specimens. On the left side of Fiir&@mple
604LA (historic) in the graph for proximal measurements appears in the female cluster

but may represent a swdlult male.
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Figure 7-30 Comparison of Lamanai samples using proximal and distal measurements of the
tibia.

Nine WTD ulnae were recorded, six were listed as historic and @duhose
were unfused indicating stdrlults. The remaining two historic samples plot with the
modern females. All three samples from early Postclassic were fused. Among the
specimens from the reference collection measurements of the ulna showed &separat
between the adult male and adult females but little difference was found between the
latter and sudadult females. The pattern observed in FiguBd tay suggest two of

the Postclassic samples and one of the historic samples represent older females.
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Figure 7-31 Comparison of Lamanai samples using measurements of the olecranon.

Twenty-two calcanem were recorded, seven historic samples and three
Postdassic samples were unfused and cannot be compared for length, Sample 518LA
historic (not shown) had broken shaft showing thin cortical bone indicating a juvenile
individual. Twelve samples are shown belaircled in green Sample 503LA is almost
certainlyan adult male and Sample 586Ldcled in redan adult femalevariation in
breadth versus depth measurements are not understood for the modern specimens, thus

that variation in the archaeological samples is currently unexplained.
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Figure 7-32 Comparison of Lamanai samples using length, breadth, and depth

measurements of the calcaneus.

One proximal metacarpal 501LA (historic) plots with the female spats.

Two proximal metatarsals 500LA (historic) possibly-@dult male and 619LA (early

Postclassic) almost certainly represents an adult male.

Lamanai metacarpals

ra
[}

ra
=
«

ra
=

o
=]

e
)

DP-Depth proximal
+

&
*]
+

-
v}

4 25 26 7 28 29 30 31
Bp-Breadth proximal

+WTD modern
wWTD historicera
®WTD postclasic

Dp-Depth proximal
[ R R BT T
L e " L = I B+ = Y « [ & R

Lamanai metatarsal

20

T T
2z 24 26
Bp-Breadth proximal

+WTD modern
“<'WTD historic era

® WTD postclassic

Figure 7-33 Comparison of Lamanai samples using proximal measurements of the

metacarpal and metatarsal.

7.2 iv Summary of data:

Ten unfused historic calcaneus and ulna and three Postclassic samples can only

represent suldults. For the historic period, Tablepredicted four adults and 42 sub

adults, ancanadditional 20 elements were early fusing and could belong in either age

cohort. The Postclassic offered two samples with adult morphology and 21 samples that

may represent the presence of adults oragllis in the assemblage. Figur&ZX for

log ratios predicts 9 adult samples in the graph for breadths and-b2iglilsamples

using the graph for depths. Figur@Z predicts nine adults and five sabults. This

combination of evidence suggests a shift talxthe harvest of younger animals during

the historic period. Within the previous scatterplots for Lamanai a single Preclassic

sample may represent an adult male. Historic samples demonstrate four samples that

may be adult males, 23 samples are eitheraglutlt males or adult females, smaller

depth measurements for some samples could indicate young males, and four samples

are almost certainly subdults possibly female. Four Postclassic samples are presumed

to represent adult males; 13 samples would reptesdult females or stddlult males
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though most show depth measurements that rival or exceed the oldest females in the

reference collection.

7.3 Ambergris Cay, Belize:

While naturally a peninsula forming the eastern boundary of Chetumal Bay, the
Maya exavated a canal around 600 A.D. facilitating the canoe trade with the Caribbean
(Graham and Pendergast, 1989).

7.3 i San Pedro:
Located on Ambergris Cay, a faunal analysis is currently underway. Ten

samples from eight different contexts were suitablerfeasurement. At the time of
recording no context specific dates were available, and as the stratigraphy has been
disturbed by modern occupatiaontexts dates will be delayed (pers. comm. Petra
CunningharrSmith, 2017). The site was active during the Elassic Period and

Historic Era (Williams et al. 2009). San Pedro was one of the few archaeological
assemblages recorded after including the new measurements for the caudal end of the

calcaneus shaft (see FigurRQ@).
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Table 7-4 Samples recorded for San Pedro.

154



Among the ten recorded samples shown above, three were early fusing, four are
in the greater than 2@onth category and three are present in then80th or greater

column. No samples were definitively adult or juvenile.

Frequency
(=T S I )
B
.8 | .
4 Q
-6 _j— =1
_4 _— E
- Q.
_2_ a
% 0:_ o
;_'_ ] -
2 2| g
4 &
] =
57 7]
8
10 |
9
Frequency o
) - @
[=] i (=3 i
1D —— Q
7 o
__ m
"#4 v | W
-6 — g O
4 o g
B 1]
] o | =
[l -2_ a o
S S o
g ] g | e
g 2] @ o
] o
47 = o
1 7] [
. S
2 S
10 | '}
- o
Frequency
L= - I ]
10—
.8 j—
- w
-6 | Q
_— :
_4 __ v
_fr— 1]
-2 — &
I o
g ] a
g 2] -
] =+
4 === =
"
6
8
10
Figure 7-34 Log ratios of Postclassic /Historic Era San Pedro samples compared to the

standard for evidence of sex and age cohort.
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In the chart for breadth four ratios are at or greater than zero, all length ratios are

below the Standard, while the chart for depth shows one ratio greater than zero and two

at-10.

Sample 607SP astragalplots with the modern females.
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Figure 7-35 Comparison of San Pedro samples using measurements of the lateral and medial

astragalus.

Sample 602SR scpula may be a suadult male or a large female.
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Figure 7-36 Comparison of San Pedro samples using breadth and depth of the glenoid.

Two distal humeri wee recordedSample 603SRircled in green in Figure-7

37, was very weathered, and plots with the female specimens for depth but between the
male and females for breadth. Sample 604SP presented only the trochlea, possibly a

young subadult or juvenile.
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Figure 7-37 Comparison of San Pedro samples using proximal and distal measurements of

the humerus.
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Sample 611SRaproximal femurwas a modified arteféat plots with the male
specimen for depth but not breadth. Sample 60&68Rnfused distal tibjglots below
the expected range of a sabdult. However, it exceeds the measurements of the brocket

deer in the reference collecti¢gee section 8.9)
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Figure 7-38 Comparison of San Pedro samples using proximal measurements of the femur

and distal measurements of the tibia.

A single calcaneus was record&hmple 608SHny field notes describe it as
gracile. In Figure 739 the greatest lengthtis comparable female specimens while the
both breadth and depth are smaller than WTD but significantly larger than any brocket

deer in the reference collections.
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Figure 7-39 Comparison of San Pedro samples using length, breadth, and depth

measurements of the calcaneus.
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Figure 7-40 Comparison of San Pedro samples using caudal measurements of the calcaneus.

The Baseline Study indicates tieckness of the caudal shastdorrelated with

greater agesee Figure-A8; both biological and mechanical stress may impact the
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deposit and recycling dhe hydroxyapatitdéorming the mineral portion of bone matrix.
Figure 739 shows tharchaeologicatample is within the same range as the adult
specimens for calcaneus lengtie depth measurements is noticeably smadied the
breadth measurements are significantly smétian the reference specimehrwever,

the caudal breadth and caudal depgasirements are startlingly largésee Figure 5

18). This could suggest a histological reaction to mechanical stress that would exceed
the process of normal locomoticaandleading me to speculate that the living animal
waseither injuredor restrainedn a way that causgurolongedatypical stress orhe

Achilles tendorresulting in a histologicakaction Thelong-term survivalof an animal

with limited mobility mght suggest captivity.

Two almost complete metacarpals were recar8athple 606SRircled in
green in Figureg-41 and 742, was tagged as artiodactyl in the museum tray but almost
certainly represents@ervidae The morphology is not a match for peccary or tapir, and
it is considerably longer than any of the brocket deer specimens in the reference
collection (ge Figure 8L0), averaging 100mm. Damage to the distal end of this sample
prohibited taking a distal breadth measurement, therefore the sample is not represented
in Figure #43. As the sample seemed to be longer and more gracile than many of the
metacarpd in previously examined assemblages, my first impressionhatis might
represent a castrate. However, in Figu#2the proximal measurements of the sample
plot in the modern female cluster. No historical or ethnographic sources were identified
docunenting theancient Mayagpracticed this form of husbandry with tame deer, though

the castration of dogs is recorded in historical sources (Tozzer, 1941).
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®

Figure 7-41 Comparison of San Pedro samples using GL, SDt measurements of the
metacarpal and GL, SDs measurements of the metatarsal.

A complete metatarsal was recorded, Sample 600SP is also shorter than the
reference specimens. In FigurdZ the smallesiameter recorded was on the transvers
plane indicating this is an older sadult. Proximal breadth measurements place it

between the modern male and females, while proximal depth plots below all specimens
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in Figure 742 Distal measurements in Figuréd plots as smaller than the modern

animals in both breadth and depth.
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Figure 7-42 Comparison of San Pedro samples using proximal measurements of the

meta carpal and metatarsal.

Sample 610SRircled in redappears as shorter than the modern male in Figure
7-41, though it plots among the modern specimens for smallest diameter. In Figures 7
42 and 743 it plots more closely with the male specimen for prokiana distal

measurements.
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Figure 7-43 Comparison of San Pedro samples using distal measurements of the metacarpal
and metatarsal.

While the length oftie three metapodia from San Pedro are shorter than the
Florida specimens, metacarpals at least are roughly equivalent in all depth and breadth

measurements.

7.3 ii Summary of data:
In Table 74 no samples were identified with adult or juvenile traitguFe 734

showed the samples were generally smaller than the measurements for the baseline.
Scatterplots indicate the presence of one adult male, seven samples that may be adult
females or sidadult males, two samples believed to be-adblts, possibly fmale and

one sample that could represent a juvenile. Though naduilb or juvenile morphology
was observed among any of the samples,agluits might be present. Samples tagged

as brocket deer, were excluded from this assessment but may not havertssgly co

identified, as no post cranial bones for brown brocket deer were recorded in my
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reference material3 he prehistoric range for that species is uncertain, but it has been
established that deer ban# not live deer were exchanged over some drste
(Thornton, 2011).

7.3 iii Marco Gonzales:
Also located on Ambergris Cathe settlementdd several monumental

structures that indicate the resident lineages were important piaybesregions
political and trade network he si teds connection to Lamanai \
been discussed in Chapter 3. Fdwmalysis for this site is underwayo context

specific dates were available at the time of réewy but the site is considered

Postclassic (Williams et al. 2009). Land subsidencddwlsatedthe intrusion of

Mangrove foresbnto the sitd Graham and Pendergast, 1989).

The four samples within the méaneumds trays
this site. The complete tibia represents an adiiile two distal tibiae and one

proximal radius might indicate stdulults, though this is not certain.
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Table 7-5 Samples recorded for Marco Gonzales.
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distal humerus
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unfused ulna

unfused calcaneus
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distal metatarsal
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prox. Femur

fused ulna
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complete metatarsal

prox. Humerus
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prox tibia

complete humerus
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Post Classic Period 1000-1450 A.D.
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Figure 7-44 Log ratios of Postclassic Marco Gonzales samples compared to the standard for
evidence of s ex and age cohort.

Because only one element from this collection had a greatest,lartgtogram
of that plane could not be generated for this assemblage. In this assemblage one ratio in
the chart for breadth plots at zero indicating an adult aninhalthedrs plot below wit
one ratio at8. In the chart for depth all four ratios plot betwegrand-6 within the

range of the adult female specimens.

The proximal radius in Figure-Z5 plots with the adult females for depth but

somewhat smaller thanghieference specimens for breadth.

Marco Gonzales radius

215

ra
=
“

R
[
S in

=
I}
in
*

#WTD Modem

=
o]
*

) WTD post classic

=
o
in

Dp-Depth proximal

._.
&
e

Bp-Breadth proximal

Figure 7-45 Comparison of Marco Gonzales samples using proximal measurements of the
radius.

Marco Gonzales tibia
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Figure 7-46 Comparison of Marco Gonzales samples using GL and SD measurements of the
tibia.

Sample 152MG circled in green is a complete tibia (modified) shown in Figures
7-46 and7-47 with a fused but visible epiphysis line, indicating a-adblt. The GL in

Figure 746 shows the individual was shorter than the modern specimens. Fidire 7
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reveals it was also slightly smaller in proximal breadth, but within the depth range for
modern females. On the right side of Figurd7 the distal measurements are the
smallest of any samples from Marco Gonzales. Sample 151MG is also small. Sample
153MG has the largest distal measuremehtsdegree of difference in the depth from

the referene samples indicates this is an adult female rather thanadsilitmale.
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Figure 7-47 Comparison of Marco Gonzales samples using proximal and distal mea surements

of the tibia.

The GL measurement in Figured® is approximately 20mm shorter than the
smallest of the reference specimens. On examination, it demonstrated a visible
epiphysis indicating the individual was a sadtult. The proximal and distal
meaurements are also small. The distal tibia fuses between 17 and 20 months for

female WTD, while males experience complete fusion of this epiphysis at 23 months.

7.3 iv Summary of data:
Table 75 predicts the presence of at least one adult and twadulis. Figure

7-44 shows one sample in the breadth and depth charts that is a close match for the
baseline measurements. In the scatterplots, there is no evidence of the pkadulte
male deerOne tibia likely represents an adult female and threg@ksmay be sub

adults of undetermined sex.

Assuming no local deer were available on Ambergris Cay, deer bones recovered
at San Pedro and Marco Gonzales would be the product of exchange with other
settlementslt is reasonable these animals might haetved from multiple sources
representing environments that varied in nutritional resources. Nutritional deficit could

also indicate dependence on human provisioning.

7.4Lake Petén Itza Guatemala
Southern Maya Lowlands
Motul de San Josel.ate Classi¢hrough earlyPostclassicTwo recorded

samples are from thifeostclassi@and one sample from Terminal Classic Periodsle

31 samples represent the Late Cladsaurteen samples are early fusing elements, two
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samples represent juveniles or young-addts, and 16 early fusing elements, ten of

which are % phalangesilso early fusingNo sampes demonstrate adult characteristics
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Table 7-6 Samples recorde d for Motul de San Jose.
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In Figure 7#48thechart for breadth showtsb of ratios cluster on either side of
zero, but four ratios plot at 4 or greater. For lengths, ratios are clustered on either side
of zero. In the chart for depths, eight ratios greater than zero. Only five ratios ate
or smaller. The log ratios in Figure4B indicateall samples represent adult animals,

some of which may be identified as adult males.
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Figure 7-48 Log ratios of Late Classic through Early Postclassic Motul de San Jose samples

compared to the standard for evidence of sex and age cohort.

Five Late Classic and one Terminal Classic astragali werenprieste
assemblagesample 218MSplotsvery closely with the adult male specim&ample

217MSJ(circled in red had no lateral measurements to contripiiseposition in the
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graph for medial measurements suggests an adult fehtedel erminal Classisample
plots between the male and female specimens for length and depth that may suggest an

older female. Two other Late Classic samples plot very closely with the female cohort.
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Figure 7-49 Comparison of Motul samples using lateral and medial measurements of the
astragalus.

Three scapula contributed measurements, Samples 220MSJ (Late Classic) and
233MSJ (Terminal Classic) are notably larger than theemofémale in LG which |
consider a depth measurement but not for the BG breadth. Sample 224MSJ plots within

the female cluster.
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Figure 7-50 Comparison o f Motul samples using breadth and depth of the glenoid.

On the left side of Figure-31, Sample 232MSJ shows the breadth and height of
the trochlea, on the left is the HT of the same sample compared to the HTC. Even
though the HT and HTC are on the sartamp of measuremerioth graphs show this
sample in the adult female cluster. Eighty percent of the shaft was wkelet the
proximal end of the shaft had suffered trowel trauitee humerus head was not in

evidence. The sample could represent egineadult female or suédult male.

168



Motul de San Jose humerus Motul de San Jose humerus
28 28
275 hd 275 hd
2 2
£ £ 7
g 5
B 265 B 265
z z
o 26 -+ + WTD modern e 26 -+ + WTD modern
- -
555 HWTD Lae € lssic 35 HWTD Lae € lssic
2 . 2 * *
I s = WTD Terminal C lassic I s = WTD Terminal Classic
= =
245 X 245 X
2 2
30 31 32 33 34 35 3% 37 16 17 18 15 20 21 22
BT-Breadth of trochlea HTC-height of trochlea constriction

Figure 7-51 Comparison of Motul samples using measurements of the distal humerus.

Sample 221MS& modified radiuspresented only distal measurements. This
sample is greater in breadth but less in depth than the modern females. Distal fusion
makes male subdult an unlikely determinatioftf it represents a young female the

stature might have been comparable to specan2850 in the reference collection (see

Figure 52).
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Figure 7-52 Comparison of Motul samples using measurements of the distal radius.

A single ulna wa recorded. Sample 209MSJ demonstrated significant erosion to
the olecranon attachmeiitappears in the female cluster. FigureGshows a clear
separation between the adult male and adult female specimens, but not between adult

females and subdults
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Figure 7-53 Comparison of Motul samples using measurements of the olecranon.

The Late ClassiSample 229MSJ is a modified proximal femur and plots as

larger than the modern male. Sample 234MRstclassicdemonstration of full
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epiphysis fusion, even though the cortical surface shows considerable erosion it still

plots in the male range.

Motul de San Jose femur
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Figure 7-54 Comparison of Motul samples using proximal measurements of the femur.

Five calcanewere recordedour of which demonstrated caudal fusion. In
Figure 755, Sample 210MSJ (circled in green)enapsSpecimen z: 4703 almost
exactly. Sample 237MSJ is a bit larger than the modern male specimen. Sample
211MSJ (not shown).ate Classic and unfusgdas recorded with a breadth
measurement of 26.04mmexceeding all modern specimens and archaeologgraples

from Motul de San Jose despite its sdult status.
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Figure 7-55 Comparison of Motul samples using length, breadth, and depth measurements of
th e calcaneus.

One unfused metatarsal was recorded; even though this almost certainly
represents a seddult, the proximal breadth exceeds the modern female specimens from
Big Cypress, but z: 2850 from Clay County rivalled the male specimen in some

dimensiors.
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Figure 7-56 Comparison of Motul samples using proximal measurements of the metatarsal.

7.4 1 Summary of data:
Two unfused samples must representadblts but both showed unusually

large breadth measurements. Tabshowed 34 WTD samplgscluding 16
phalangesandtwo of the samples indicate sablult animals. All other samples
represented skeletal elements that could belong to either aduili-adsii animals. No
samples could be defined as adult. Figu&81acked ratios indicating young animals.
Those three charts, breadths, lengths, and depths, showed a number of samples that
exceeded the baseline measurements indicating the WTD popuésident at Motul

de San Josthatseveral large malese represented in the assemblage or that breadth of
the long bones may have been more robust for this populatiomw#sathe case for the
deer at Big Cypres#n the scatterpls seven samples are estimated as adult males and

nine samples may represent adult females ofasluiit males.

7.4 ii La Trinidad de Nosotros
Late Classic an@ostclassi®eriods the site isonsidered a secondary certtve

beMotul de San Josdhe city functioned as a port for the canoe trade on Lake Petén
Itza. Out of six measurable samples a single distal tibia and two fused phalanges came
from dated contexts, distal fusion of the tibia indicating an individual greater than 20

months.
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Table 7-7 Samples recorded for La Trinidad de Nosotros.
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With only one dated sample no log ratios could be generated specific to La
Trinidad de Nosotros, butsitsanplesareconsidered in log ratios for period in Chapter
Eight.

La Trinidad de Nosotros tibia

K] 24 +WTD medern
g 23 * »WTD Post Classic

T T
27 29 31 33 35
Bd-Breadth distal

Figure 7-57 Comparison of La Trinidad de Nosotros samples using distal measurements of
the tibia.

This Postclassi®eriod sample plots in the same breadth range as the oldest of

the modern female specimens but slightly below all modern females for depth.

7.4 iii Summary of data:
A single tibia may represent either adult female or a suadult male.

7.5 Sierra de Lacondon, Guatemala:
Southern Maya Lowlands

7.5 i Piedras Negras:

No definitively juvenile samples appear to be present in the assemblage. For the
Terminal Classic24 early fusing elements are shown in Tab& & single unfised
calcaneus indicates a young sadult or juvenile. One adult sample is presant 22
samples that may represent either adult or oldesasiulis are shown. Late Classic
materials show seven early fusing elements, and 14 elements attributablertadhitts
or sub adults. No samples demonstrate clear adult morphology. Of the six samples
attributed to the Middle Classic Period four are early fusing and two appear in the 20

months or older categary
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Table 7-8 Samples recorded for Piedras Negras.
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For the Terminal Classic, there is an almost even distribution of breadth ratios
on either side of zero with single ratios at either extrgoogsibly indicating males and
females are more evenly represented. For lengths, three ratios plot at zero, one above,
and seven below. For depths, zero is vacant with two ratios plotting above and
seventeen below, but only one at minus ten. The presence-afidtgin this

assemblage may be indicated.

More than 2% of the samples cerded are from contexts with dates veiéable
to this researchOnly WTD samples frontontextsdated tgperiodare represented in the

following log ratio clarts and scatterplots.
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Figure 7-58 Log ratios of Terminal Classic Piedras Negras samples compared to the standard
for evidence of sex and age cohort.

TheLate Classic Period presented fewer samples suitable for recording. Very
little suggest thatmales are present among these samtilese appear to be no sub

adults represented.
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Figure 7-59 Log ratios of Late Classic Piedras Negras samples compared to the standard for
evidence of sex and age cohort.

With few exceptions, most skeletal elements in this assemblage were broken or
fragmented. Phalanges aastragali were the most abundant intact samples in the

collection. Currently comparison of phalanges recovered in excavation with the modern
177



collection is problematic. Ratios for breadth cluster close to the Standard at zero. In the
chart for lengththreeof theratios appearta4, and arewvithin the predictedrange for
subadult maleandadult female specimens. The chart for depth shows all ratios plot
below the standard, again within the range ofadblt males and adult female

specimens.

Figure 760 considers the astragali assigned to the Terminal Classic, Late
Classic, and Middle Classic Perioddl samples from all periods present dimensions

that are consistent with adult females, though the pattern seems unusually dispersed.
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Figure 7-60 Comparison of Piedras Negras samples using lateral and medial measurements
of the astragalus.

Figure 761 the single glenoid sample plots with the modern fesnale
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Figure 7-61 Comparison of Piedras Negras samples using breadth and depth of the glenoid.

Four WTD distal humeri were recorded. Sample 777PN (TerrQilaaisic)
(circled in green in Figure-82) was an unfused distal condyle and almost certainly
represents a juvenile. Sample 767PN (Terminal Classic) demonstrated partial fusion of
the distal epiphysis, a juvenile trait. Sample 73{FMdle Classic Periodnd circled
in red showsthe cortical bone of the lateral surface is too eroded for a BT
measurementhough Bd (distal breadth) Dd (distal depth) Dd and measurements of the
trochlea were available. Sample 754FNrminal Classigpresented 80% of the &

but was too fragile for SD measurements distal measurements are suspect. Two samples
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almost certainly represent juveniles, gitkair closeassociation in the grapBamples

754PN and 736PN may also represent juveniles or youngduits.
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Figure 7-62 Comparison of Piedras Negras samples using distal measurements of the
humerus.

Nine radii were present. Five had no assigned dates and are eXo&rdand
one sample was designated as Naba g€Noddle Classic). In Figure-83, Sample
751PN was broken but the refit was sufficient for a confidenttit sample appears
in all three graphs for the radius and is circled in green. The recordgt ie shorter
than the modern specimed85mm or 90% of the averaged length for all modern
specimens, but the smallest diameter plots with the adult females. In Fi§drinig
sample plots consistently with the oldest modern specimens for proximaisaaid

measurements.
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Figure 7-63 Comparison of Piedras Negras samples using GL, and SD measurements of the
radius.
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Figure 7-64 Comparison of Piedras Negras samples using proximal and distal measurements
of the radius.
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On the left of Figure-B64 Sample 766PN plots most closely with the modern
male, Sampl@59PN appears in the female cluster, and Sample 721PN (Middle Classic)
appears in the lower left corn@tmost certainly female, possibly sadult.

Two distal tibia were present one from undated contaxtisexcludedand one

from the Naba period. Sangp¥V33PN (modified) plots with the female specimens.
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Figure 7-65 Comparison of Piedras Negras samples using distal measurements of the tibia.

Sevencalcarei were recordedwo undated, two unfused samples and one
broken sample from the Terminal Classic are not shown. Sample #719PN (Terminal
Classic) had a partially open suture at the caudal crest, and is noted as gracile in the
field notes This samplehad also been broken along the dorsal side of the articular
surfacesoa GD was not possible. Two intact sample&8PN and 789PKshown in
Figure 766), were designated as Late Classic in the original daetshThree intact

calcaneplot with the modm females.
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Figure 7-66 Comparison of Piedras Negras samples using length, breadth, and depth
measurements of the calcaneus.

In Figure 767 Sample 707PMa distal metacarpgblots among the modern

adult females.
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Figure 7-67 Comparison of Piedras Negras samples using distal measurements of the
metacarpal.

7.5 ii Summary of data:
Table 78 shows six samples that indicate the presence eddulbs and six

showing adult morphology, 112 phalanges were present but excluded from this analysis.
Figure #57 for the Terminal Classic indicates most samples adéeai two samples

in the breadth chart and five in the chart for depth that indicate the presence of sub
adults. Log ratios shown in Figure5B indicate no adult males, sabults, or juveniles.
There were too few samples from the Middle Classic Pe¢oiggtnerate histograms for

log ratios and these samples were excluded from log ratio charts for the terminal and
Late Classic Periods at Piedras Negras. The scatter plots for Piedras Negras for the
Terminal Classic show one adult male, five samples beligveepresent older females,
nine samples that may represent either adult females @dsbmales, one sample
representing a seddult male, and two juvenile specimens. Two unfuSaltanei
demonstrate subdults. Fortysix samples are phalanges and aeterminable to sex.

Late Classic samples are estimated to represent five females greater than five years of
age and four that may be adult females oradilt males. Middle Classic shows five

samples that may be adult females or-adblt males.

7.5 ii La Joyanca:
Located in the uplands south of Rio San Pedro Mantidthe first of the

archaeological assemblages | recorded for this study, the deer bones in this assemblage

were notedy the original analysts (Boileau and Emeaig)unusually large.
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Table 7-9 Samples recorded for La Joyanca.
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For the Terminal Classic 30 samples are early fusing elements. Three samples
likely represent juveniles, whileur are definitively juveniles or young swaalults.
Thirteen samples could represent-salults or young adults; one sample may be
interpreted as adult. Late Classic presents nine samples, five early fusing elements, and
four that may be either stdmultsor adults, with no definitively adult samples. One
Early Classic samp#gs almost certainly a juvenileepresented by humerus shaft
unfused at both proximal and distal ends, the second element for the Early Classic
Period is a phalanxhese two samplesdements are excludém considerationOut
of 63 samples recorded, 51 are from the Terminal Classic Pé@otb 900 A.D.and
nine samples represent Late Clas8@ to 700 A.D.
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Figure 7-68 Log ratios of Terminal Classic La Joyanca samples compared to the standard for

evidence of sex and age cohort.

Figure 768 shows only samples attributed to the Terminal Classic Period in the
original data sheet. For breadtt8 ratios are above zero possibly indicating the

presence of adult males in the collection. Thé&olgiam for lengths also indicates
184



samples larger than the averaged measurements of specimens contributing to the
Standard. This is interesting as there was a single intact metatarsal to contribute long
bone lengths (phalanges were excluded from compudongatios) therefore all other
length ratios for the Terminal Classic are derivenfrastragali or calcandn the chart

for depth ratios, the tail aL0indicates sutadults or possibly juveniles. What is
surprising about the depth ragics the number of samples plotting+a# and greater.

This could represent large adult males. Equally possible is the presence of older adult

specimens of either sex.
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Figure 7-69 Log ratios of Late Classic  and Early Classic La Joyanca samples compared to the
standard for evidence of sex and age cohort.

Late Classic and Early Classic samples are combined in Figh@addbreadth
ratios show neamplesatzero or greater. In the chart for length, one ratio plots at zero

and none are smaller than minus four. Depth ratios show two samgied la¢
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samples in Figure-89 most likely represent adult animals even though none of the

samples seen in Table-8 can definitively be attributed to the adult cohort.

Nine astragali were recordetidthree samples were eroded and offered
incomplete measurements. Sample 757LJ appears close to the modern male in the
graphs for lateral and medial maesments. In thgraph for medial measurements
Samples 738LJ, 737LJ (Terminal Classic) and Sample 736 (Late Classic) are greater in
medial depth than the modern male specimen, while being comparable for both lateral

and medial length with the modern fensl@ge class is suspected as causal for this

La Joyanca astragalus La Joyanca astraglus
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Figure 7-70 Comparison of La Joyanca samples using lateral and medial measurements of
the astraga lus.

Of the four scapulae recorded only two presented comparative measurements.

Sample 721LJupper right corngmplots comparatively with the modern male, while

Sample745LJ(lower left) is comparable to the modern femgbecimens

La Joyanca scapula

7 +WTD Modern
] ry * =WTD Terminal C lassic
25 FWTD Late Classic
24 _*
23
2 24 % 8 30

LG-Length of glenoid

Figure 7-71 Comparison of La Joyanca samples using breadth and depth of the glenoid.

Of the six humeri present, four were unfused bone shafts offering only smallest
diametemeasurements, and two samples 705LJ and 75&r& unfused distal

condyles Therefore all six samples are likely to represent juveniles.
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Figure 7-72 Comparison of La Joyanca samples using distal measurements of the humerus.

Three proximal and one distal radii were recorded. The proximal samples

overlap with the modern females. The left side of Figur& Bhows the distal Sample

749LJ plots separdiefrom all modern specimengVhile being too large for a red

brocket deer, enough of the distal shaft was present to prove fusion indicating an adult

or older subadult.
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Figure 7-73 Comparison of La Joyanca samples using proximal and distal measurements of

the radius.

Four distakibiaewere recordednddestruction of the bone shaft on all four
samples was considerabenly Sample 742LJ was suffigidy intact for a SD
measurement. Sample 732LJ is larger than the modern male. Samples 711LJ and 758LJ
are larger than the females from Florida in terms of distal breadth but marginally
smaller along the plane of depth. Sample 74&h\der left corneyis within the same

breadth range as the female specimens.
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Figure 7-74 Comparison of La Joyanca samples using distal measurements of the tibia.
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Five calcanewere recordedndthree were unfused, proving the presence of
subadults in the assemblage. From the Terminal Classic Sample 741LJ presents
another greatest breadth measurement that exceeds the modern specimens. Though in
terms of calcaneus length anglpth this sample plots within the female cluster. Sample
750LJ (Late Classic) also falls within the modern female cluster for length. Within
modern reference collection standard measurements of the calcaneus were relatively
consistent between sex and agharts why some archaeological samples present

unusually large GD (greatest depth) measurements is not currently understood.
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Figure 7-75 Comparison of La Joyanca samples using length, breadth, and depth
measurements of the calcaneus.

La Joyanca metcarpal

ra
e}

r
[~
-

(S ]
ST

e
jrd
|

+ WTDModern

=
)
4

= WTD Terminal Classic

Dp-Depth proximal

0

e
jar)

¥ WTD Late Classic

=
o

23 5 7 29 31
Bp-Breadth proximal

Figure 7-76 Comparison of La Joyanca samples using measurements of the proximal
metacarpal.

Of three unfused metacarpals and one fused sample 7€iétléd in greehthe
sample was damaged at the distal end no GL or &baorements were viable. All four

samples plot within or close to the modern female specimens.
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La Joyanca metatarsal
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Figure 7-77 Comparison of La Joyanca samples using GL and SD measurements of the
metatarsal.

Five metatarsals were sufficiently intact for recording. Sample 7@9icled in
red in Figures #77 and #78) showed distal fusion, the shaft was broken in four places
and while smallest diameter and proximal measunésngere not possihléhe refit of
shaft was sufficient for a confident GL measurement. Because of damage to the sample
greatest length (GL) measurement is paired vidid (breadth of distal facgt
measurement. The length of this metatarsal 199smsmiilar to Sample 600SP 197mm
from San Pedro. Breadth of the distal facet for Sample 739LJ plots slightly above the
modern female specimens, while in figur@d this sample plots closely with the
female cluster in terms of distal breadth and depth h@teft side four proximal

metatasals appear to be s@aolults. &mple 763LJcircled in greehis likely a female

sub-adult.
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Figure 7-78 Comparison of L a Joyanca samples using proximal and distal measurements of
the metatarsal.

7.5 iv Summary of data:
Table 79 shows four samples defined as juvenile and four that may represent

juveniles or sukadults. One sample shows adult morphology and seven samgles m
represent adults or stdalults.No femorawere sufficiently intact for recording. For the
Terminal Classic four unfused samplexluding a fragment of ulnare not illustrated.
Humeri, radius, and tibia present in this collection show only the stafilising

epiphysis. While not part of this analydise measurements of 18 phalanges are part of

the recorded data. Figure6B for the Terminal Classic reveals a distribution in all three
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charts that indicates the presence of both smaller and largehdsthe presence of a
juvenile/subadult cohort is supported. Figure6® samples from the Late Classic
Period appear to represent adult females. In the scatterplots two adult males are
represented, four samples that may demonstrate the presencdddrderoale cohort,
18 samples thatould represent either adult females or-adhlt males and nine
samples are assessed asadllts of unknown sex. Three Late Classic samples are
assessed as adult females.

7.5 VEI Kinel:
A total of eight samplesererecorded for El Kinelwith one astragalus assessed

as Late Classic and one metatarsal attributed to the Terminal Classic. The other six
samples were listed in the original dakeet as late/Terminal Classidhen present in

the scatter plots these samplessirawn in red.
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Table 7-10 Samples recorded for El Kinel.
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For the breadth planene ratio plots at zero amslbracketed by two ratios
below and two above. For lengths one ratio is minus two and the other at minus six. For
depth, only one ratio is above zero with three below. The presence of adult males in the
assemblage is indicatedll ratios are within the range of modern adult specimens, no

subadults are indicated.
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Figure 7-79 Log ratios of Late Classic thru Terminal Classic El Kinel samples compared to the
standard for evidence of sex and age cohort.

The single astragalus Sample 302SL (Terminal Classic) plots with the modern

females for latedaand medial length, but slightly greater for medial depth
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Figure 7-80 Comparison of El Kinel samples using lateral and medial measurements of the

astragalus.

Sample 303SL (terminal/Late Classic) is a distal humerus that plots below the

modern females suggesting a young-adilt or possibly juvenile animal.
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Figure 7-81 Comparison of El Kinel samples using distal measurements of the humer

us.

The distal tibia for Sample 301SL (Terminal Classic) plots closely with the

modern male.
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Figure 7-82 Comparison of El Kinel samples using distal meas

Two metatarsals were record&hmple 300SL (Late Classichown in Figures

7-83 and 784, was broken in three pieces, GL is a refit. Proximal anterior surface was

urements of the tibia.

missing, only the distal measurements are sedihie greatest letigat 209mm is

longer than the samples from San Pedro or La Joyanca but still belgti fer the

modern specimens. Thmallest diameter measurements in Figu&37are more

closely associated with the male specimen.
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El Kinel metatarsal
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GL-Greatest length

Figure 7-83 Comparison of El Kinel samples using GL and SDs measurements of the
metatarsal.

The distal measurements fall between modern male and females for both breadth
and depth suggestinpis individual was a large female. Sample 305SL in Figt8d 7
(Late/Terminal Classic) had been modified. Breadth measurements suggest a male

while depth measurements are consistent with an adult female.

El Kinel metatarsal El Kinel metatarsal
29 22
*
_ 285 ” -
2 28 -
5 275 -
2 = ¥
2 ) WTD Mod =18 * WTD Mod
= A an E. - an
E 26.5 ¥ WTD bte classic '$ 18 - HWTD Ete classic
- +
g 26 —WTD ktefterminal Classic 2 . — WTD late/terminal Classic
255 * m
25 16
21 22 23 24 25 26 24 25 26 27 28 29 30
Bp-Breadth proximal Bd-Breadth distal

Figure 7-84 Comparison of El Kinel samples using proximal and distal measurements of the
metatarsal.

7.5 viSummary of data:
Table 710 shows three early fusing elements, four samples that would indicate

animals over 20 months, and one sample with adult morphology. Figl#effows one

sample in the chart for breadth and two samples in the chart for depth that indicates

small individuals as well as a single sample in both chad&ating an individuathat

exceeds the baseline. Samples shown in the scatterplots are assessed as one adult male,
three adult females, one juvenile or young-adhlt of undetermined sex. The

remaining three samples are phalanges and not presented.

7.6 Petexbatun region:Guatemala:
Southern Maya Lowlands

7.6 iCancuen:
Located on the Ri®asién wih canoe access to the Rio Usumacinta. The

Cervidaesamples aranusually large, a fact also noted in the original faunal analysis

(pers. com. Erin Thornton).
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Table 7-11 Samples recorded for Cancuen.
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Table 711 shows 13 early fusing elements, one unfused ulna indicating a sub
adult or juvenile, 13 elements in the over@0nth categry, and tersamplesn the

over 30month category.

In Figure 785, the chart for breadths shows seven ratios at lesghtba
Standard and 20 ratiggeater than the standard, indicating adult males are represented
in this assemblage. For lengtlse raio is -4, one at+ 2, and two ratios at 3. In the
chart for depth, eight ratios match the Standard. Three ratie8 ardess, and 13 are
greater than zero, indicating this assemblage represents animedatef gtature than

the Standard.
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Figure 7-85 Log ratios of Lat Classic Cancuen samples compared to the standard for evidence

of sex and age cohort.

Oneadragalus is recorded, apdbts with the male specimen.
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Cancuen astragalus

GLm-Greatest length medial

Cancuen astraglaus

GL-Greatest length lateral

21
22 + *
_ s X _ 0
3 E x
g 205 310
g i . *
& 195 * * +WTD modern & 18 +WTD modern
£ 19 HWTD Lae Classic 3 #WTD Late Classic
Qs 17
*
18
17.5 16 T T T
31 33 35 37 33 35 37 39

Figure 7-86 Comparison of Cancuen samples using lateral and medial measurements of the

astragal us.

The single scapula recorded appears to represent an adult male.

Cancuen scapula

hd

24 26 28 30
GL-Length of glenoid

+ WTD modern
4 WTD Late Classic

Figure 7-87 Comparison of Cancuen samples using breadth and depth of the glenoid.

Two humeri were recorde@ample 929Ccircled in greehshows a greater

affinity for the male specimen. Sample 907C plots with the adult females on the left
side of Figure 788, the height of the trochlea is smaller but not in the range of sub
adults (seeigure 512).

41

Cancuen humerus

*

Cancuen humerus

*

_ 39 £z
g 38 g 265
= 37 s % * &
g 36 ° N
& 35 n +WTD modern :EF 255 ry +WTD modern
B34 . + ) %WTD Late Classic g = %WTD Late Classic

33 = 245

+* =
32 ¥ %
a1 ‘ T T 235 £
325 345 36.5 385 17 18 18 0 1 2
Bd-Breadth distal HTC-Height of trochlea constriction
Figure 7-88 Comparison of Cancuen samples using distal measurements of the humerus.

Four radii, three proximal and one distal are recor8adiples #921C and
sample 920(circled in green in Figure-89) may represent the same individual but the
shaft was too fragmented for a reBbth samplegossess a closely matching ridge of
woven bone along the ulnar groove that may indicate an oldierdual, and therefore
not a subadult. Samples 902C and 903C on the left plot nearest the female cohort.
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Cancuen radius Cancuen radius
22 255
215 ® a5 *
T 21 - _ 245
£ 205 E
H 2 2a
& 20
= w " £ 235
= 185 + +WTD modern S 23 ® #WTD modern
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% 13 % WTD Lete Classic - wWTD Lete Classic
& 185
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*
18 22 * ry
175 T T T 215 T T T
305 325 345 365 385 265 285 305 325
Bp-Breadth proximal Bd-Breadth distal

Figure 7-89 Comparison of Cancuen samples us ing proximal and distal measurements of the
radius.

Seven WTD femora were record&hmple 912C offered only a single
measurement (proximal breaddr)dmy data sheet records the epiphysis was still
visible, indicating an agef less than 29 months. Sampig7C severely eroded and
modified, yielded a single distal depth measurement; these samples are accounted for in
Table 711 and contributed measurements to the log ratios graphs but are not

represented in the scatter plassmeasuremenéstwo axesare required for

representation
Cancuen femur Cancuen femur
27 69
® *
_ 26 &7
£, * 3
: * s
=24 63
' +WTD modern & +WTD modern
‘E 23 ¥WTD Late Classic 'S 61 * - ¥ HWTD Late Classic
Sanle e s9 1+
+ &/
48 50 52 54 56 58 60 a4 46 48 50 52
Bp-Breadth proximal Bd-Breadth distal

Figure 7-90 Comparison of Cancuen samples using proximal and distal measurements of the
femur.

On the left Sample 919(ircled in greepshowed a visible epiphysigossibly
indicating an agef less than 29 monthghough this is not certain.utfitional deficit
caused by antler genesis, pregnancy, and lactation can produce temporary reabsorption
of calcium from the skeletp and therefore my recorded observation for this specimen
is not proof of immaturity. This sample falls between the male and female specimens
for breadth but is greater than all modern specimens for depth. Sa@yilepresented a
broken shatft, the atterho refit the shaft and obtain a GL measurement failed.
Proximal measurements plot closely with the male specimen, only a single distal

measurement (Bd) was viable for that sample.

On the right of Figure-BO0 in the graph for distal measureme®ample904C

(circled in blug had prominent muscle scars. Sample 916C (circled in red) displayed a
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distal epiphysisindicating an age of less than 38 months. Sample 917C is the largest
individual presenting distal measurements, the large breadth measurenhéetsvizén

male and female specimens but plots with the adult females for depth.

Four proximal and four distal tibiae were recorded. On the left, proximal
measurements of the tibia, Figur®¥ shows samples 923C and 926C exceed the
modern male specimenrfbreadth while also exceeding that specimen for depth.
Sample 913(circled in greepdisplays a visible proximal epiphysiadicating an age
not over 32 months while matching specimen 4571 (male) forbreéfdth s i ndi vi dual 6s
depth measurements plottivthe modern femalepossibly indicating a suadult male

or a very largédemale. Sample 918C plots among the adult females.

Cancuen tibia Cancuen tibia
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48 X 335 + * @

* [69] ' .
a5 T T T 23 T T T T
a7 a9 51 53 55 275 295 315 335 355
Bp-Breadth proximal Bd-Breadth distal

Figure 7-91 Compariso n of Cancuen samples using proximal and distal measurements of the
tibia.

The distal measurements on the right shows Sample @#@d in red has
the largest depth measurement indicating an adult male, while(@k4led in blug has

a breadth equabtthe male specimen but depth measurements in the female range.

The o calcaneshown in Figure ‘B2 are a close match for the male specimen

in terms of length but differ for breadth and depth.
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Figure 7-92 Comparison of Cancuen samples using length, breadth, and depth
measurements of the calcaneus.

Two proximal and two distal WTD metacalpare recorded. On the ISample
932C has the greatest depthasmigrements and Sample 905C the smallest (old and
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young female?). On the right Sample 91(t{cled in greehhas a visible distal
epiphysis showing an age greater than 20 months but less than 29. Sampleo®5C pl
the same range for depthoth are morelosely associated with the male specimen than

the females.
Cancuen metacarpal Cancuen metacarpal
225 18
* 17.5 -*
_ 215 ¥
5 _ 17—
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£ £ .
: 205 & 165 Y 0%
2 + = 16
=195 =
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Figure 7-93 Comparison of Cancuen samples using proximal and distal measurements of the
meta carpal.

Four metatarsals were recorded.

Cancuen metatarsal
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Figure 7-94 Comparison of Cancuen samples using the GL and SDs measurements of the
metatarsal.

Sample 933C cireld in green was almost complete, offering a greatest length in
Figure 794 in addition to the proximal and distal measurements in FigQge This
sample is more closely associated with the male specimen for proximal and distal
breadth measurements, butlb depth measurements and the smallest diameter for
933C falls between the modern male and female specimens, possibly indicating an adult

animal but the greatest length is 20mm smaller than the modern female cohort.
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Figure 7-95 Comparison of Cancuen samples using proximal and distal measurements of the
metatarsal.

On the left in Figure -B5 Samples 906C and 909C offered only proximal
breadth and depth rasurements. Both exceed the modern female specimens for breadth
but not for depth. Sample 910C circled in red was broken (no GL measurement was
possible) but yielded proximal and distal measurements. The proximal breadth is
considerably larger than the fata cluster but the distal breadth is slightly smaller,
interestingly the proximal depth is less comparable to the female specimens than the
distal depth.

7.6 ii Summary of data:
Table 711 shows one unfused ulna (not seen in scatterplots) that preves th

presence of a suhdult and ten samples in the overr8Onth category,awell as 13

early fusing elements and 13 in the 20 month or greater category. Fig§&rehbows

more ratios exceed the standard than fall below it. This assemblage appears to be
domnantly compsed of male WTDThe scatterplots appear to show 18 samples
representing adult males, and 12 samples that may represent either adult females or sub
adult males. One sampkeassessed as a satiult malethere is no evidence suggesting
juveniles. These animals appear to be generally more robust if not necessarily taller than
the modern specimens from Big Cypress. Several samples plot as larger than the male
specimen in both breadth and depth but this is not always the case. As the propbrtions
any specific sample do not seem to be consistent with the proportions of the reference
material discriminating between samples that fall between the male and female

specimens is especially difficult.
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7.6 iii Aguateca:
Located on a limestone bluffferlooking Petexbatun Lagoon and surrounded by

defensive walls. In comparisto the reported assemblage (pagetB&nhumber of
samplesavailable for recording was quite smdalable 712 shows four early fusing
elements, one element in the young-adilk category, three elements in the older-sub

adult category and one that is definitively adult.
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Table 7-12 Samples recorded for Aguateca.
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Figure 796 showwne ratio in breadths &t9, indicating an adult male is
present, while the four ratios below zero are not sufficiently distant to indicate a
difference in size from the standard. None of the lengths are larger than the standard,
and the depths shoane ratio at9, indicating a sutadult or possibly a specimen from a

different catchment area.
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Figure 7-96 Log ratios of Late Classic Aguateca samples compared to the standard for
evidence of sex and age cohort.

Material from undated contexts is excluded but two samples from mixed Classic
Period deposits are presentadhen presenthe scatterplot icons for these samples are

rendered in red toighlight the suspect materials.
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Two astrgali were recordedsample 902AGcircled in greehappears with the

female cluster on the left for Eal measurements but marginallgser to the male

speamen for medial lengthSample 907AG is in the femalkuster for lateral and

medial measurements.
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Figure 7-97 Comparison of Aguateca samples using lateral and medial measurements of the

astragalus.

No scapuh from this assemblage were recorded.

A single humerus was recorded, for Sample 903#h& shaft was broken GL
and GLC measurements are refits. Proximal epiphysis was fused but visible. In Figure
7-98 the GL 193mm falls between the male and female spasifoe length. The graph
for proximal measurements shows this sample is closer to the adult females for

measurements of proximal breadth and depth.

Aguateca humerus Aguateca humerus
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GL-Greatest Length
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Figure 7-98 Comparison of Aguateca samples using GL, SD, and proximal measurements of
the humerus.

For the early fusing distal articulation, distal breadth is slightly largéhefeft
side of Figure P9 whilethe rightside graph shows the trochlea of tammal is
smaller. Since many of the humeri in these collections presented only HT and HTC
measurementshis is another clue toward how the prehistoric WTD population of the
region may differ from those in present day Florida. While the breadth and depth
measurements of the specimen are inconclusive, the length of this huwieles

smaller than the male specimenceeds all female specimens.
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Figure 7-99 Comparison of Aguateca samples using distal measurements of the humerus.

One ulna was recorded and falls between male and female specimens in Figure

7-100.
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Figure 7-100 Comparison of Aguateca samples using measurements of the olecranon.

Three radii were recorde8ample 905AGs a proximal radius (mixed classic)

noted as large but too eroded on the proximal surface for accurate depth measurements
andis not shown in Figure-I01. On the leftSample 909AG, proximal and mixed
classic appears with the female specimens. On the3eaftnple 904AGLate Classif; a

distal radiusalso plots with the females. This specimen showed a ridge of woven bone

on the margin of the ulnar grooymdicating incipient fusion of the ulna to the radius

shaft.
Aguateca radius Aguateca radius
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Figure 7-101 Comparison of Aguateca samples using proximal an

the radius.
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The single calcaneuscorded Sample 910AG was unfused aselerely
eroded, the medulla cavity was larged thecortical bone was thin, indicating a
juvenile or young sufadult. Only the greatest breadth measuremeastavailable, but

itwas exceptionaR 7. 11 mm as compared to the male

7.6 iv Summary of data:
Table 712 indicated the presence of one-suwlult or juvenile. One sample

presented adult morphology, and five samples that could badsitb or represent

adult animals. Figure-96 indicated the presence of at least one adult male and one sub
adult. All other samples appear to be close to the measurements for the baseline.
Scatterplots show one adult male divé samples that may represaault females or

subadult males. A single unfused calcaneus is assessed as a juvenile.

7.6 vPunta de Chimino:
Located on a peninsula in Lake Petexbatun, this was a fortified settlement.
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Table 7-13 Samples recorded for Punta de Chimino.
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Four early fusing elements, one sample definitively younegslutit or juvenile,
and eight samples representing animals 20 months or older. No samples indicate the
presence of adult animals in this assemblage.

In Figure 7102 four ratios are greater than zero, three ratios3aaad four
samplegplot below-5. In lengths one ratio i3 4 and two at1; as there are no fused
long bones in this group, these dgims derive from the astragali and calcaneus. For
depths, one ratio plots at zero. The other seven ratios plot below, the presenee of sub

adult males or adult females within the assemblage is implied.
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Figure 7-102 Log ratios of Late Classic Punta de Chimino samples compared to the standard
for evidence of sex and age cohort.

Three astragali were recorded, Sample 504PC circled in red was damaged and

contributed no lateral length @asurements. Sample 501PC in the upper right corner
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may represent an adult male. Sample 504PC also appears in bothwitaphthe

female cluster
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Figure 7-103 Comparison of Punta de Chimino samples using lateral and medial

measurements of the astragalus.

A single distal humerus was recorded, Sample 509PC plots closely with the

adult females for distal breadth. Measurements@titochlea are smaller, possibly a

subadult female.
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Figure 7-104 Comparison of Punta de Chimino samples using distal measurements of the

humerus.

Sampe 510PC was listed as almost complete on the original data sheets but had

suffered sufficient damage post excavation that a greatest length measurement was not

available. Howevemproximal and distal measurements were of good quality. This

sample plots whin the mature female cluster for both proximal and distal breadth but

below for depth.
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Figure 7-105 Comparison of Punta de Chimino samples using proxi mal and distal

measurements of the radius.

Two calcaneiwere recorded, both appear in the female cluster.
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Figure 7-106 Comparison of Punta de Chimino s amples using length, breadth, and depth
measurements of the calcaneus.

Sample 506PC was unfused and is not shown in Figaf67Sample 503PC
was fused, this sample plots with the oldest of the adult female specimens in GB and

GD measurements.

Sample 51PC, a distal metatarsgk larger in the breadth plane than all modern

females and within the same range for depth measurements.
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Figure 7-107 Compariso n of Punta de Chimino samples using distal measurements of the
metatarsal.

7.6 vi Summary of data:
Table 713 shows oneasnple with subkadult morphologyfour samples are early

fusing elements and eight samples might represeradulb or adult animaldNo
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skeletal elements in this assemblage demonstrated adult morphology. Figle 7

shows four samples in the chart for breadth that are larger than the standard. One sample
in lengths is larger than the standard. One sample in depthamsl may represéa

subadult. In the scatterplots two samples may represent adult males but that assessment

is not secure. Six samples may be adult females or maladsits.

7.6vii Cueva de Los Quetzales:
The assemblage derives from a cave under the acropdles dtayacas.

Samples from this Early Classic assemblage derive from d digensit, see Figure R
Table 714 shows 17 early fusing elements, six elements are in theoth category,
two in the 36month category and two elements showing adult moggyol
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Figure 7-108 Log ratios of Early Classic Cueva de Los Quetzales samples compared to the
standard for evidence of sex and age cohort.

In the chart for breadths four ratios areor below and eleven ratios plot as
larger than the standard. The chart for length showsatio matches the standard, one

is + 4and two ratios are smaller than the standard. For depths ten ratios plot above zero
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and tersamplelot below the standaydhis siggess a mix of age categories may be

represented in this collection. There istaibat-10 that would indicate presence of

juveniles or young suhdults in the assemblage.

A single astragalus appears as greater in length than all modern specimens in

graphs for lateral and medial measuremealtaost certainly representing an adult

male

21
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Figure 7-109 Comparison of Cueva de Los Quetzales samples using lateral and medial

measurements of the astragalus.

Two scapulawere recorded, lib samples plot with the adult females.
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Figure 7-110 Comparison of Cueva de Los Quetzales samples using breadth and depth of the

glenoid.

Three distal bmeri were recorded, only measurements of the trochlea were

available for all three samples, 320Q«Qcled in greehplots with the females for

breadth but smaller than all specimens for depth, likely a youngduwibor juvenile

individual. Sample818CQ and324CQ plot slightly larger than the modern adult

females for depth and breadth.
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Figure 7-111 Comparison of Cueva de Los Quetzales samples using distal measurements of

the humerus.
Seven proximal, one distand two almost intact radii were recorded. The GL
measurements for samples 322(@{pcled in greehand sample #23C(ircled in red,
in Figures #112andFigure7-113) are refits, the measements are considered secure
within the standard 3mm for instrument error. SampleC82Bas fused with the ulna
shaft indicating an older individual. In FigureI712 the length and smallest diameter of
both samples plot with the largest of the modern femd-or proximal and distal
breadth, they plot with the male specimen in Figule 3. Proximal depth
measurements fahese two samplemelarger than the malgpecimenwhile for distal
depth Sample 323CQ plots between the male and female sps@méme right.
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Figure 7-112 Comparison of Cueva de Los Quetzales samples using GL and SD
measurements of the radius.

Samples 313CQ and 315CQ appeahmlower left corner of the graph for
proximal measurements and are almost certainly female, possibadsittfemales. In
the graph for proximal measuremer@ample 321CQ plots with the adult female

specimens.
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Figure 7-113 Comparison of Cueva de Los Quetzales samples using proximal and distal
measurements of the radius.

One ulna was recorde814CQ is closer in range to the female cohort than the
male. Since the olecranon attachment is fused, the individual is adult or an older sub
adult. How linear growth and bimechanical stress impact this element is currently

unclear.
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Figure 7-114 Comparison of Cueva de Los Quetzales samples using measurements of the
olecranon.

Sample 326CQ plots with the male specimen for breadth but between male and
female specimen®r depth. Showing visibledistal epiphyss, this animal would

represent a young adult or sabult male.
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Figure 7-115 Comparison of Cueva de Los Quetzales samples using proximal measurements
of the femur.

Five metacarpals were recorded, two proximal samples, and two distal samples
and one complete metacarpal. Sample 307CQ is circled in @figemes 7116 and 7

117). While this bone is 17mm shorter than the smallest of the modern adult females,
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distal breadth measurements on the right of Figut&77plot as larger than the male
specimen, while the proximal breadth falls between the modern male and féfhales.
smallest diameter shown in Figurel16 and distal depth measurements on the right

side indicate an older individual.
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Figure 7-116 Comparison of Cueva de Los Quetzales samples using GL and SDt
measurements of the metacarpal.

On the ridnt two distal samples represent adult or older sub adult animals. Their
breadth measurements exceed the modern females while the depth measurements fall
into the adult female range. One of the proximal samples also matches this pattern,
matching the fematefor depth but exceeding them for breadth. The second proximal
sample is smaller than the adult females in breadth and depth, possibly representing a

sub-adult.
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Figure 7-117 Comparison of Cueva de Los Quetzales samples using the proximal and distal
measurements of the metacarpal.

7.6 viii Summary of data

In Table 714 no samples indicate the presence of juveniles or yourgdiuits,
17 elements are dg fusing and six bones are recorded in then&ihthold or greater
category. Four samples show adult morphology. This indicates the animals represented
in this assemblage were older sadults or adult at time of death. Figurd @8 shows
what appears tbe a cluster of smaller animals at the lower end of thedrige andy
a larger grouping on either side of the Standard in the chart for breadth measurements,

the presence of adult males in the assemblage is implied. The chart for length shows an
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evendistribution on either side of the standard. In the chart for depth there is also an
even distribution with three samples at or beléwrhere is no spike a0 that would
indicate subadult or juvenilesandtherefore thepresence of older individuais the
assemblage idemonstratedThe scatterplots show eight samples that are assessed as
adult males, one of which demonstrated an ulnadftsthe radiusSixteensamplesare
shownthat may represent either adult females oradilit maés, and one sample is
most likely a young suldult,there appear to be more adult males represented in this
assemblage.

7.7El Mirador Basin, Guatemala:

Southern Maya Lowlands
El Mirador, the assemblge presented derives from the Late Preclassic period.

(Thornton & Emery, 2016).
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Table 7-15 Samples recorded for El Mirador.

S1%31U02 palepun
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31558 281d 9187
2155B23.d 9187
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T
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femur shaft only
unfused ulna

unfused calcaneus
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distal metatarsal
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prox. Femur
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fused calcaneus

complete metacarpal
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Brocket deer represent mdten half the recorded samplesly 11 WTD samplesare
described for this assemblag&x elements are early fusing, and five appear in the 20

month category. No elements fall in the adult category.

Late Preclassic Period B.C. 300-100 A.D.

El Mirador breadths El Mirador depths
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Figure 7-118 Log ratios of Late  Preclassic El Mirador samples compared to the standard for
evidence of sex and age cohort.

As only an astragalus yielded a length measurement, a histogram for that plane
was not possible here. Four samples offered breadth measurements, the ratios derived
appear to be in the same range as the largest adult specimens from Big Cypress (see
Figure 56). A single depth ratio exceeds the modern specimens see Fgjpée 7

below.

A single astragalus was record&ample 215M in Figure-I19plots as greater

thanthe male specimen.
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Figure 7-119 Comparison of EI  Mirador samples using lateral and medial measurements of
the astragalus.

Sample 214M in Figure-I20 exceeds the male specimen. The difference for
the scapula in this chart is consistent with the standard sexual dimorphism between
adult males and females for this specegsorted in the literature, even if that result was

not apparent in the Baseline Study.
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Figure 7-120 Comparison of EI Mirador samples using breadth and depth of the glenoid.
Sample 212M in Figure-I21 plots as greater than the male specimen for

breadth, the depth measurement indicating an adult male.
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Figure 7-121 Comparison of EI Mirador samples using distal measurements of the humerus.

Sample 201M was the only WTD radius recorded for this assemblage and plots

with the adult females.

El Mirador radius
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w'WTD Late Preclassic

Dp-Depth proximal
]
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Figure 7-122 Comparison of EI Mirador samples using proximal measurements of the radius.
The femur recorded in this collection presented a single proximal breadth
measurement denying the use of a scatter plot for assetsbot even with a single

measurement it was possible to represent this sample in the log ratios.

7.7 i Summary of data:
Table?15 shows six early fusing elements and five skeletal elements in the 20

month or greater categgrfpur of those a I phalanges. No samples demonstrate

juvenile or adult morphology. FigureI718 while lacking a charfor length shows all
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breadth measurements are close to the standard, implying the presence of males in the
assemblage. Measurements in the chardépth also cluster with the standarttithe
presence of older adults in the assemblage is indicated. Scatterplots indicate the
presence of three adult males and one adult female @adsubmale. The samples
assessed as adult males in this assembladarges than those from other assemblages
7.8 Copan Valley, Honduras:
Southern Maya Highlands

Located in the Copavialley, with agricultural soils of signi€ant fertility and
pine forested highlands, the materials examined are from an unpublished assemblage

(pers. comm. Kitty Emery 2017)
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Table 7-16 Samplesr ecorded for Copan.
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fermur shaft only
unfused ulha

unfused calcaneus

distal radius
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distal metatarsal
distal tibia

complete 1rst phalanx
prox. Femur

fused ulna
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prox tibia

complete humerus
complete femur

completetibia
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The Early Classic Period yields one early fusing element, a scapula, and two

fused calcanei. Late Classic produced three early fusing elements.

Copan depths
Log ratios

L 1L

w

@

=
—
f

15
1
5

[=]
douanbaiq

8] = @ (1] =
o

=
Log ratios

T T T T T T T 1T T T 1T T 1T 111111
[= T ]

ow

L

e
(=1

L] (2] —
douanbaiy

o

Early Classic and Late Classic Periods 100 to 800 A.D.
Copan lengths

T

Copan breadths
Log Ratios

w
0

L L L L L L O L DL
™

1]
v

1 10111 |

3

(] —
Asuanbaug

o]

Figure 7-123 Log ratios of Early Classic and Late Classic Copan samples compared to the
standard for evidence of sex and age cohort.
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In breadths, lengthand depths all ratios are smaller than the Standard

represented at zero on the scale.

A single scapulaSample 201Cshowed an open coracoid process indicating a

juvenile animal.

Copan scapula
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Figure 7-124 Comparison of Copan samples using breadth and dep th of the glenoid.

Two proximal radii from the Late Classic are shown ab&anple 200C
(circled in greehpossibly represents a sadult. Sample 207C plots among the adult

female specimens.
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Figure 7-125 Comparison of Copan samples using proximal measurements of the radius.

Two calcanefrom the Early Classic Period were recorded, Sample 206C
(circled in green on the l§fhad suffered damage to theneal portion of the articular
surface, but plots with the modern femalest Sample 202Con the right (modified)
greatest breadth was unavailable. While smaller in length than the modern females, the

field notes record this sample as quite robust.
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Figure 7-126 Comparison of Copan samples using length, breadth, and depth measurements
of the calcaneus.

Forthevery last collection to be recordethudal measurements for the
calcaneusSample 206C has a greater caudal depth than 202C but both plot as smaller
than the modern specimens. Despite the modest measurements for these two samples,
Figure 7127 indicates Sample 206C may beadnlt male, and Sample 202C possibly
represents an adult female.
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Figure 7-127 Comparison of Copan samples using caudal measurements of the calcaneus.

7.81 Summary of data:
Table 716 shows all WTD bones assessed for Copan are early fusing skeletal

elements. Figure-I23 shows the log ratios for all samples meastaiktelow the
standard measurements. Results derived from the scatter plots show plee sam
assessed as adult male, two samples assessed as adult femalesiolt suéles, one
sample that may be a saldult and one sample that is assessed as a juvenile. The
paucity of the assemblage and divergence in bone size from the baseline popfilation o
Florida makes this assessment less secure than some of the other assemblages presented
in this chapter. Pohl (1995) notes the WTD from Copan are smaller than deer at other
Maya sites and suggsshis is a result of intensified exploitation of the specie
7.9 Synopsis

Measurements of bone length and breadth are standard in zooarchaeology, this
project has paired measurements of bone depth with those of bone breadth, along with
the refitting of broken long bonés inaease the available sample size (see
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measurements in Chapter Zhe additional complexity created is prerequisite to
plotting the presence of age cohorts in the archaeological assemblages and determining
if there is any evidence that might support the hypgithfor deer husbandry by the

arcient Maya

This chapter applies three different methods to the evaluation of the
archaeological assemblages presentedfirst table for each site presents thervidae
bones recorded for this study along with their chronological framing as diet¢ek iy
the excavators. The bones are sorted by (identified) deer species, the portion of the
skeletal element recorded, and age cohort based on predicted epiphysis fusion per
Purdue (1983b). The table is interpretegredict thanortality profileof therecorded
samples discussed abovide second method interprets the histograms generated using
log-ratios. Interpretation of the charts facilitates understanding how the samples in the
assemblage compare to the reference materials and facilitates predidtmv many
adult males are present compared to other sex and age classes. Coidgted 5
sufficient evidencéhat skeletal growth isat symmetrical on all planes for me to
proceed on that hypothesis, and apply the observed asynmeéitgrpret theage
cohorts present in each assemblage. The third method employs XY-gcatbsrfor a
side by side comparisori the artefacts with theeference specimesglected as the
Standargalong with detailed descriptions of the samples to discern the sagarad
death represented in the assemblage. These three methods are then compared to support,

refute, and expand on my interpretation of the assemblage.

The recording of osteometrics and analysis of epiphysis fusion are frequently
employed in assessingunal materials. Bimodal scatterplots are widely used in
zooarchaeology as a visual demonstration of sexual dimorphism and diachronic
variations in population stature. The application of log ratios is an accepted statistical
method for evaluating archaegloal assemblages and has been used to compare
assemblages from different sites to demonstrate population variation across geography
and time (Albarella et al. 2009; Sykes et al. 2011).

In the graph below the sites are grouped by region, Copan and HElo¥aee
single representatives for those two regibi@ueva Los Quetzales (Las Payacas),
Cancuen, Punta de Chimino, and Aguateca represent the Petexbaturi Mgtohde
San Jose and La Trinidad de Nosotros for Lake Petein Et&inel, La Joyanca, ah
Piedras Negras, represent the Sierra del Lacondon region. While Tipu Negroman and

Lamanai, represent the Southern Maya lowlands in Belize, with San Pedro and Marco
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Gonzales represang the cays of Chetumal Bay in Belideastly, Ek Balam stands for

the Northern Maya lowlands in Yucatan.
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Figure 7-128 Demonstrating log ratio Mean by site and region.

The log ratios for each site are averaged to produce the Mean for each plane of
measurement and are displayed above in Figdr287 Among the assemblages
examined in this study Copands geology is sin
chapter. Atthe¢ter end of the graph Ek Bal amdéds assemb
deposit. A third standout is the very small assemblages from Ambergris Cay, showing a
similarity in stature to the samples from Copan. As is the case for the other 13
assemblageshe undéying geology at Ambergris Cay is karst limest@meltherefore
the nutrient quality of the vegetation should be similar to acitkeemblages studied
However, t is possibleAmbergris Cay lacked a native WTD populatjoer the
suggestiorof Williams etal. (2009: 52) Emery (1999) suggess®me of theN'TD
consumed dtamanaimay have beederivedfrom the narby Maya Mountains
composed of an intrusive granite subst{ageeous derived soils)hose mountains are
alsowithin the catchment area for SaadPq or as already postulated tk@mples may
represent a third deer species. Figu28 does include the noncultural fauna samples
from theEk Balam assemblage, the Mean for this assemblage demonstrates an
equilibrium with WTD stature at other sitdemonstrating stature may be broadly
comparableacrossseveral of theegionswith soils derived from limestone

234



It should be noted thatatistcal data illustrates groups of objects rather than the
actual objectsand this can be misleadinig Figure7-128aboveand Figure 8L0in the
next chapterThere arenconsistencies in bone morphology between the archaeological
samples and the modernesmens. A reference collection of a coherent population
with a greater sex and age profile may clarify the nature of any morphological
differences between the WTD from Florida and the populations in the Maya culture
region. What appears in the previouagrs and charts to be a trend toward smaller
WTD stature over time could be a demonstration of regional variations between deer
populations or evidence of human manipulation of the enviemhininvestigatng
assemblages with greater chronological depth from one site or one region could clarify

this point.

Having examined the faunal assemblages in some detail and discerned trends in
the mortality profiles and representation of male and female animals wébim
assemblage, this thesis turns to testing these assemblages for differences in stature over

time.
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Chapter 8 Analysis of Cervidae Stature:

The previous chapter organized the sites by region with a loose correspondence
to Maya cultural periods, specificallypsuing the possible representation of sex and
age class in the assemblages. The first section here pursues a tighter chronological
organization, excluding materials from uncertainly dated contexts toward the goal of
determining if there is evidence to @@t a change in WTD stature or changes in Maya
prey selection over time using log ratios. The second section evaluatesahigapoft
misidentified species to confuse tesessment of WTD stature change over time using
measurenmas of the metatarsal drastragalusrom the reference collections in

comparison to archaeological samples identified to species.
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Figure 8-1 Log ratios for WTD from all archaeol ogical assemblages.

The log ratios above represent WTDrfr all archaeological samplessted
using osteometrics. The zero point on the scale represents the Standard generated from
four adult WTD from Big Cypress Preserve in Florida. Compared to thatliog for

the reference collection in Figuregdhe distribdion curves above are remarkably close
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to being symmetrical. Only the histogram for depth is slightly skewed to the left and as
demonstrated in Chapter 5 this quality is appears to represeretence of subdults
within the assemblages. An examinatairlog ratiosrepresenting all the archaeological
assemblages Figure 81 is a prerequisite to understanding how these materials are

manifested when these samples are sortathtiynological period.

The chart for breadth shows the greatest frequency at zerdaggaumber of
samples plotting as larger than the Standard. While fewer length measurements were
available for analysjghe greatest frequency occurdight proximity to the Standard
with several samples showing greater length ratios and presumably larger stature for the
animals represented. In the age sensitive chart for depth, samples plotting bétween
and-2 are the most frequent, the spikelfishowsatleast 30samples plot below the
s c al e & Bhis Will bm explared below, along with the samples demonstrating a size

greater than the reference specimens.

8.1PreclassicWTD:

No assemblages were made available to this researttteféormative Period
26001200 B.C.during which nucleated settlements practicing horticulture began to
appearbutwhich predates the appearance of culture traits specifiay@ civilization
Hammond et al. (1979) proposes a link between the intensity of maize cultivation and
prey ranking of WTD during this culture phase. Hreclassic Perioth the Maya
culture areas definedby the appearance afionumental structures omgaed around a
central plaza, the appearance of the Maya calendargiagic writing, and the
beginnings of social stratificatiomhe daterange for the full period is 1000 B.C. to
A.D. 100 (see Table-1). The earliest of the assemblages interrajfdethe project
represerd Late Preclassi&l Mirador 450 B.Cto 100 A.D.(Thornton & Emery) but

includesasingle Preclassic sample from Lamanai in Belize.

Pre-Classicbreadth Pre-Classicdepth

=
in
w

Frequency
=
Frequency

(=T . ]

log ratios log ratios

Figure 8-2 Log ratios for the  Preclassic Period.

Four of thePreclassisamples are from El Miradoa singlePreclassicample

from Lamanai was described in the data sheet for the original excavaGameadae

238



but, as it plots with the male speten in Figure 730, was included in this evaluation to
clarify if WTD stature in the other assemblages is relai@dgional ecology oto the
intensity of human settlement. EI Mirador contributed three ratios for breadth, two of
which are greater #n the Standard he singleLamanai sample also plots larger than

the StandardOnesample from EI Mirador appears slightly below the Standard but
within the range found for adult speciménsm Big Cypress (see section 5.2he

single length ratio avible from El Mirador was insufficient to generate a grégh

that anatomical planeut the log ratio for this sample is 3,Bggnificantly larger than

the length ratiogeneratedor the male specimefsee section 5.2)n the chart for depth
three samies from El Mirador were larger than the Stangdardiuding a scapula

plotting at 9.54 on the log ratios scale. One sample from Lamanai and three from El
Mirador were below the Standard depth but none are smaller2ltanthe scale and

within the rangdor large adult specimerf{see Table 2 and section 5.2All WTD
sampleslated a$’reclassic appear to be larger than WTD samples from other sites. As
was demonstrated in the scafpdots for this assemblage, with a single exception these
samples are ewsiderably larger than the modern male specimen, possibly indicating the
degree of sexual dimorphism for this ancient deer population may have been consistent

with that quality as described in the literature for the species (see section 4.2).

8.2 Early Classic WTD:

The Early Classic is characterized by the political and economic dominance of
some dynasties over other monumental centres, continued development of art, writing,
and astronomy. Teotihuacan alsegins to exertultural influenceat some centsebut
not at othergHenderson, 1997; Sharer and Traxler, 2086} the Early Classic Peripd
27 samples are from Cueva de Los Quetzaes samples derive from La Joyanaad

three from Copands Early Classic assembl
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Figure 8-3 Log ratios for the Early Classic Period
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Central American
Physiographic Provinces

1. Maya highlands
2. Yucatan platform

3. Motagua fault zone

4, Chortis volcanic front

5. Chortis fore arc

6. Chortis highlands

7. Mosquito Coast lowlands
8. Nicaraguan depression
8. Nicaraguan volcanic front
10, Sandino fore arc

11. Chorotega volcanic front
12. Chorotega fore arc

13. Chorotega back arc

14. Canal Zone lowlands

15. Darién isthmus

Pacific Ocean
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Figure 8-4 Source anoverviewof Centr al Americads geological and tect

2007: 5).

Figure 84 offers & overviewof thegeology underlying the Maya culture area
That geology is implicit in soil formatioand the nutrient qualities of the forage
available to WTDPohl(1995) attributes the apparent small stature of the deer from
Copan to over hunting. Aequally validexplanation is nutritiorwhile the soils of the
valley bottom and alluvial benches at Copan are astonishingly fertile, they have been
intensely maaged sincearlyprehistoric times. By contrast the soils of the surrounding
highlandsare the product afjneous and metamorphic gegloand are described as
nutrient poor soil§Wingard, 1996: Fash, 2001: 43he other assemblages tested in
this researh derivefrom siteswith a karst limestone substratuhus available forage at

those sites would be richer calcium than at highland sites.

The larger assemblage included above derives from a ritual deposit at Las
PayacagCueva de Los Quetzaleg)leven of those samples produced breadth ratios
that exceed the Standard implying th@simals were largetrhe length ratios include
two calcanei from Copan (see Figur@25) and four length ratios for Cueva de Los
QuetzalesTheseare evenly distribied on either side of the Standard. In the chart for
depth the smallest ratio belongs to a sample from Copan. The log ratios from the ritual
assemblage imply the presence of mature naldperhapsan older cohordf some of
the samplethat wereassesskas female in FiguseZ-111, 7112, 7115, and 7117,and
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present breadth measurements that exceed the mature females from Big Cypress but not
the female specimens from Clay Courgmples assessed as m@mgures 7109 and
7-113) exceed the brelth and depth measuremefasthe Big Cypress mal@ossibly

indicatingage at death or individual variation.

8.3 Middle Classic WTD
The designation of the Middle Classic appears to be a strictly chronological
framing, rather than a distinctive period of cultural developrftdenderson, 1997
While no published sources specific to WTD from the Middle Classic werkabhsafor
the synthesis of NISP data in Chapter 4, the data sheets from Piedras Negras did include

samples from that chronological period.

Middle Classic breadth Middle Classic depth
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Figure 8-5 Log ratios for the Middle Classic Period.

In Figure 85 there aresix samples from Piedras Negras. Five ratios for breadth
are shown, two are very close to the Standard, the smallest of the rabi@6iand
shown in Figure 63 to be a close affiliate dfi¢ female cohoifrom Big CypressOne
sample from the Middle Classic produced a log ratio for length 0.4 but single samples
areinsufficient to generate a histogrdor the length plane. Six log ratios were
generated for depth, all fall below the Stand&muce no samples in this assemblage
demonstrated suldult bone morphology these appear to represent adult females (see
Table 77).

8.4 Late Classic WTD:
A.D. 650 to A.D. 80(Late Classic Perigdepresents the greatest development
ofmonumentaldar and architecture and the demise of

region(Henderson, 1997; Sharer and Traxler, 2006)
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Figure 8-6 Log ratios for the Late Classic Period.

The Late Classic Period is well representeith 89 samples from seven sites
(see Figures-48, 759, 769, 779, 785, 796, and 7102)contributing ratios for
breadth(see Tables-B, 7-7, 7-8, 7-9, 7-10, 711, and 712). Single sampls from
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Piedras Negras, and Copan generated ratios lessitiBqthe dissimilarity of Copan to

the other sites has been discussed abdmwe)lotul, Cancuen, and Punta Chimino each
generated several ratios greater than.3[@@ chart for breadth ratiob®ws the

greatest number of samples match the Standard at zero and a substantial number are

markedly larger.

Thirty-eight samplesgrimarily astragali, generated ratios for length and only
one of those samples falls below the range for adult specimie@safios for depth are
more complex, a total of 95 samples were used to generate log ratios in that plane. The
distribution curve for this chart is dissimilar to Figuré,showing depth ratios for the
reference collectioandindicating older adults anore adult males are represented with
few subadults or juveniles present in these assemblages (see Tabsl7712).

Samples from Late Classic Copan were assessed as adwkdauimuch smaller in

stature than the baseline population from Floride dassemblage from Piedras Negras
appears to represent adult females exclusively, and Cancuen produced the largest
number of meat bearing long bones from any assemblage and has been assessed in
Chapter 7 as dominated by male deer. The presence of a feadsii and juveniles

has been identified in the archaeological assemblages from this period, intheding

ritual deposits aCueva de Los Quetzales.

8.5 Terminal Classic WTD:

The Terminal Classic is described as a period of environmental and political
instability. Activity by the elite intensifiegolitical rivalries and war destabiligeome
urban centres (see Aguateca). The end of Terminal Classic is signalled by a cessation of
monumental constructioandactivity by dynastic lineagedang withthe abandonment

of urban centres ithe Southern Maya lowlandéifmers, 2007).
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Figure 8-7 Log ratios for the Terminal Classic Period.

Three sites incluadksamples from the Terminal Classic Period, El Kinel
produced five samples from contexts designated in the original fauna list as

Late/Terminal Classic. Motul offered one samplea J oy a n c a Oedistes asmp | e s
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