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We shall not cease from exploration, and the end
of all our exploring will be to arrive where

we started and know the place for the first time.
T.S. Eliot
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Abstract

his research has the objective to understand the hunting activities of the white-tailed deer

(Odocoileus virginianus) and dwarf deer (Mazama sp.) as a subsistence strategy in Pre Columbian

Panama. From pre-ceramic groups to complex politicized societies located in the area of Parita
Bay (Cerro Mangote [7800-4600 cal yr BP], Sitio Sierra [2200 -500 cal yr. BP] and Cerro Juan Diaz [300
BCE -1600 CE]) and Pearl Island archipelago (Playa don Bernard o [6200-5600 cal yr BP]). In order to bet-
ter understand human and deer relation across time and space, it was proposed a multiproxy approach
to study deer samples, that includes zooarchaeology, taphonomy, mesowear, microwear, stable isotopes
analysis and geometric morphometrics. The white-tailed deer was dietarily and culturally by far the
most important mammal at the Late Preceramic Cerro Mangote. By studying the deer sample from Sitio
Sierra it can be concluded that ritual activities mediated the feasts where deer meat was the principal
course. The refuse feature in Operation1/1B at Cerro Juan Diaz clearly represents the waste of a deer bone
and antler workshop. In the case of Playa don Bernardo, human intervention produced heavy impacts on
terrestrial mammalsincluding insular extirpation of the dwarf deer between 5700 and 2300 cal yr BP. The
white-tailed deer was an animal with restricted access because of its polysemicritual significance at Pari-
ta Bay in particular within the Greater Coclé semiotic system. The zooarchaeological record of Parita Bay
evidences that human groups did not rely upon white-tailed deer, they had a broad-spectrum diet. The
study of white-tailed deer in the archaeological record of this area did not evidence an intensification in
deer hunting, the presence of deer is constant along the human occupation sequence and even modern
times.

Résumé

‘objectif de cette thése de doctorat est de comprendre la chasse du cerf de Virginie (Odocoileus vir-

ginianus) et du cerf nain (Mazama sp.) comme stratégie de subsistance au Panama préhispanique,

de la période pré-céramique a la période de différenciation sociale dans la baie de Parita (Cerro
Mangote [7800-4600 cal BP], Sitio Sierra [2200-500 cal BP] et Cerro Juan Diaz [300 BCE - 1600 CE]) et
dans I'archipel des iles Perlas (Playa Don Bernardo [6200 -5600 cal an BP]). Afin de mieux comprendre la
relation entre les cerfs et les groupes humains, une méthodologie multiproxy a été proposée comprenant
archéozoologie, taphonomie, micro- et méso-usure dentaire, analyse des isotopes stables et morpho-
métrie géométrique. Le cerf de Virginie est I'espece la plus importante dans le site précéramique tardif
de Cerro Mangote. Létude des restes de cerfs a Sitio Sierra nous a permis d’'observer que cet animal était
le plat principal des banquets, probablement animés par des activités rituelles. Le dépotoir de 'opéra-
tion 1B du gisement de Cerro Juan Diaz a montré quwil avait été produit par les déchets des activités de
fabrication d’artefacts et d'ornements en os, bois et dents de cerf. Dans le cas de Playa don Bernardo, les
résultats indiquent que 'impact de l'arrivée des communautés humaines sur I'ille ont eu des conséquenc-
es irréversibles sur la faune locale, y compris I'extinction du cerf nain de I'lle, entre 5700-2300 ans cal BP.
Le cerf de Virginie était probablement une espéce a acces restreint étant donné sa signification rituelle
polysémique dans la baie de Parita, en particulier dans la période de différenciation sociale. Le registre
archéozoologique de cette zone ne montre pas que les groupes humains dépendaient de la consomma-
tion de cerfs pour survivre, ces groupes avaient une alimentation a large spectre qui a favorisé la conser-
vation de cette espéce jusqu’a ce jour.
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Resumen

| objetivo de esta investigacion es entender la caceria del ciervo de cola blanca (Odocoileus virgin-

ianus) y del ciervo enano (Mazama sp.) como una estrategia de subsistencia en el Panama Pre-

hispanico, desde el periodo Preceramico hasta el periodo de diferenciacion social en la Bahia de
Parita (Cerro Mangote [7800-4600 cal yr BP], Sitio Sierra [2200-500 cal yr. BP] y Cerro Juan Diaz [300 BCE
-1600 CE]) y en el Archipiélago de la Perlas (Playa don Bernardo [6200-5600 cal yr BP]). Con el fin de en-
tender mejor la relacion entre los ciervos y los grupos humanos se propuso una metodologia multriproxy
queincluy6 zooarqueologia, tafonomia, microdesgaste y mesodesgaste dental, analisis de isotépos esta-
blesy morfometria geométrica. El ciervo de cola blanca es la especie mas importante en el yacimiento del
preceramico tardio de Cerro Mangote. El estudio de los restos de ciervo en Sitio Sierra permitié observar
que este animal fue el plato principal en los banquetes lo cuales probablemente estuvieron mediados
poractividades rituales. El basurero de la operacién 1B del yacimiento Cerro Juan Diaz evidencié que este
se habia producido como desechos de las actividades de manufactura de artefactos y ornamentos elabo-
rados con huesos, astas y dientes de ciervo. En el caso de Playa don Bernardo las evidencias sefialan que
los impactos de la llegada de las comunidades humanas a la isla produjeron impactos irreversibles en |a
fauna local, entre ellos la extincién del ciervo enano de la isla, entre 5700-2300 afos cal BP. El ciervo de
cola blanca probablemente fue una especie con acceso restringido dado su significado ritual polisémico
en la Bahia de Parita en particular en el periodo de diferenciacion social. El registro zooarqueolégico de
esta zona no evidencia que los grupos humanos dependieran del consumo de los ciervos para sobrevivir,
estos grupos tenian unas dietas de amplio espectro que favorecid la conservacién de esta especie hasta
nuestros dias.

Resum

‘objectiu d’aquesta investigacié és entendre la cacera del cérvol de cua blanca (Odocoileus virgin-

ianus) i del cérvol nan (Mazama sp.) com una estratégia de subsisténcia al Panama Prehispanic, des

del periode Preceramic fins el periode de diferenciacié social a la Bahia de Parita (Cerro Mangote
[7800-4600 cal yr BP], Sitio Sierra [2200 -500 cal yr. BP] i Cerro Juan Diaz [300 BCE - 1600 CE]) i a |'Ar-
chipiélago de la Perlas (Playa don Bernardo [6200-5600 cal yr BP]). Amb la finalitat de copsar millor la
relacié entre els cérvols i els grups humans s'ha proposat una metodologia multriproxy que ha inclos
zooarqueologia, tafonomia, microdesgast i mesodesgast dental, analisi d’isotops estables i morfometria
geometrica. El cérvol de cua blanca és I'espécie més important al jaciment del preceramic tarda de Cerro
Mangote. Lestudi de les restes de cérvols a Sitio Sierra va permetre d’'observar que aquest animal fou el
plat principal en els banquets, els quals probablement van estar vinculats a activitats rituals. labocador
de l'operacié 1B del jaciment Cerro Juan Diaz va evidenciar que s'havia format a partir dels materials de
desfeta de les activitats de manufactura d’artefactes i ornaments elaborats amb ossos, banyes i dents
de cérvol. En el cas de Playa don Bernardo, les evidéncies assenyalen que els efectes de I'arribada de les
comunitats humanes a l'illa van produir impactes irreversibles en la fauna local, entre els quals hi hauria
I'extincié del cérvol nan de l'illa, entre 5700-2300 anys cal BP. El cérvol de cua blanca probablement fora
una espécie amb accés restringit donat el seu significat ritual polisémic a la Bahia de Parita, en particu-
lar en el periode de diferenciacio social. El registre zooarqueologic d’aquesta zona no evidencia que els
grups humans depenguessin del consum dels cérvols per sobreviure; aquests grups tenien unes dietes
d’ampli espectre que van afavorir la conservaci6 d’aquesta espécie fins els nostres dies.
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1. Introduction

ore than 40 years of archaeological re-

search in Panama has revealed a wealth

of information about human popula-
tions having inhabited the Isthmus of Panama for
more than 13,000 years (Cooke and Ranere, 1992;
Cooke et al., 2013; Ranere and Cooke, 2020). Most
of the material resulting from these archaeological
researches, now stored at the Smithsonian Tropical
Research Institute (STRI) in Panama City, is made
of well-preserved and well-documented faunal re-
mains (Cooke et al., 2007; 2008; 2016). This collec-
tion can be apprehended from two perspectives,
continental sites on one hand and insular sites on
the other hand. While in continental assemblages
of animal bones, the white-tailed deer (Odocoileus
virginianus) is by far the most abundant species, in
island samples, the brocket deer (Mazama sp.) is
the only represented cervid according to current
state of taxonomic knowledge (Cooke et al., 2016;
Buckley et al., 2017). In chronological terms, these
samples are ranging from c.8000 years B.P. to up to
the Spanish conquest in the XVIth century (Cooke,
2005; Cooke et al., 2007; 2008).

The two cervid species, white-tailed deer and
brocket deer, are an important part of the sub-
sistence strategies that allowed human groups to
extract matter and energy from the environment
(Earle, 1980). Hunting is a subsistence strategy
that has an impact on the animal populations con-
sumed and in the communities of which they are
part (Ojasti, 2000). Environmental, socio-politi-
cal and technological factors could cause changes
in subsistence strategies (Earle 1980). Taking that
into account, it could be expected different sub-
sistence strategies towards deer populations not
only because of complexification of the societies
tending to extirpate themselves from the nature
through the development and intensification of
agriculture, but also because environmental dif-
ferences between the mainland and the islands.

This research seeks to understand the hunting of
the white-tailed deer (Odocoileus virginianus) and
dwarf deer (Mazama sp.) as a subsistence strategy,
in Pre Columbian Panama in the area of Parita Bay
and Pearl Island archipelago through the study
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of the archaeofaunal material of Cerro Mangote
(7800-4600 cal yr BP), Playa don Bernardo (6200-
5600 cal yr BP), Sitio Sierra (2200 -500 cal yr. BP)
and CerroJuan Diaz (300 BCE-1600 CE). Specifical-
ly, this study search to answer the following ques-
tions: 1. How cervids allow us to reconstruct an-
cient paleoenvironments? 2. Are there differences
between inland and mainland deer populations?
3. Which was the purpose of cervid accumulations
in each one of the archaeological sites? 4. Are there
changes in deer hunting across time? and 5. Are
there hunting seasonality patterns in the archae-
ological sites?. By answering these questions, it is
expected to contribute to the knowledge of the Pre
Columbian subsistence strategies in Panama.

In order to respond to these questions, a multi-
proxy methodology was selected. A standardized
zooarchaeological and taphonomical analysis
was designed with the purpose of comparison be-
tween and within sites. At the same time detailed
mesowear, microwear, and stable isotope analy-
ses were performed to deep down into the diet of
these cervids. Finally, a geometric morphometric
analysis was used to study inland and mainland
deer populations. A complete description of the
materials and methods employed in this thesis are
presented in chapter 5.

To answer the research questions, the results sec-
tion is presented as a compendium of three papers
published in international peer-reviewed jour-
nals, a book chapter, and a final section still un-
published. The first one is entitled “Behind white-
tailed deer teeth: A micro- and mesowear analysis
from three Panamanian pre-Columbian archae-
ological sites” and was published in Quaternary
International (Martinez-Polanco et al., 2019). The
aim of this paper was to use tooth microwear and
mesowear analyses in order to infer the duration
and seasonality (wet versus dry season) of human
interactions with white-tailed deer at three Pana-
manian archaeological sites with different chro-
nologies and unequal population size and density
— Cerro Mangote (AG-1), Sitio Sierra (AG-3), and
CerroJuan Diaz (LS-3).

The second one is entitled “Following white-tailed
deerto the hilltop: A zooarchaeological and tapho-



nomic analysis of deer hunting at Cerro Mangote, a
Late Preceramic (7800-4600 cal yr BP) site in cen-
tral Pacific Panama”, this one was also published in
Quaternary International (Martinez-Polanco et al.,
2020). The objective of this paper was to describe
deer hunting patterns at Cerro Mangote in order
to identify hunting management strategies. To
achieve so, we propose a multi-proxy zooarchaeo-
logical and taphonomical analysis.

The third paper is “Zooarchaeological and tapho-
nomical study of the white-tailed deer (Cervidae:
Odocoileus virginianus Zimmerman 1780) at Sitio
Sierra, a pre-Columbian village in Pacific Coclé
province, Panama, with an evaluation of its role in
feasts”. This one was published in Archaeological
and Anthropological Sciences (Martinez-Polanco
and Cooke, 2019). The aim was to seek feasting
traits in a Panamanian archaeological site —Sitio
Sierra— through a zooarchaeological and tapho-
nomical analysis of white-tailed deer remains.

The fourth paper is entitled “Crafting white-tailed
deer (Odocoileus virginianus) bone and antler at Cer-
roJuan Diaz (LS-3), Greater Coclé Culture Area, Pan-
ama”. This one is a book chapter (Martinez-Polanco
etal., 2020) that compiles the presentations of the
13th Meeting of the Worked Bone Research Group
(WBRQG) of the International Council for Archaeo-
zoology (ICAZ). This paper addresses the crafting
of tools and ornaments made of white-tailed deer
bone and antler based on a single feature within
an extensive village-cum-cemetery known as Cer-
roJuan Diaz (LS-3).

Closing the results chapter, a section dedicated
exclusively to Playa don Bernardo is presented.
These results are not published yet. This chapter
is entitled “Living on a continental island: Inter-
actions between a dwarf deer (Mazama sp.) and
a Mid-Holocene community (6.2-5.6 cal yr BP) on
Pedro Gonzélez island (Pearl Island Archipelago,
Panama)”. In this chapter will be presented all the
results of the taphonomical study of the dwarf
deer found at Playa don Bernardo, as well as the
microwear, mesowear, isotope and geometric
morphometric results. The aim of these analyses
was 1. to describe deer accumulation at Playa don
Bernardo; 2. to study the Pearl Island dwarf deer’s

ancient diet; 3. to make inferences about current
Pearl Island dwarf deer taxonomy, and 4. to eval-
uate Mid-Holocene human impacts on Pedro
Gonzalezisland.

In order to facilitate the lecture of the discussion
section, at the end of the results it is presented a
data summary in which the most relevant results
presented in each paper are summarized. In the
seventh chapter the research questions of this the-
sis are discussed and in the eight chapter the con-
clusions are presented.
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2. Theoretical background

ubsistence strategies allow a human group

to extract matter and energy from the envi-

ronment (Earle, 1980). Hunting is a subsist-
ence strategy that impacts both the exploited ani-
mals’ populations, and the communities in which
the hunters lived (Ojasti, 2000). However, human
impacts are not always negative, because people
learn how to manage animal populations for their
own benefit. Zeder (2015) defines management
as “the manipulation of the conditions of growth
of an organism, or the environment that sustains
it, in order to increase its relative abundance and
predictability and to reduce the time and energy
required to harvest it”. A wild population of a giv-
en species can be managed in order to increase its
numbers -- if it is beneficial -- or to decrease them
-- if it is harmful. Management also enables har-
vesting a given species on a regular basis, as well
as monitoring the favorable and unfavorable be-
havior it might present, such as suddenly moving
elsewhere, or becoming too aggressive (Sinclair
et al., 2006). The strategy of sustainable harvest-
ing consists of culling an animal population at
the same rate at which it increases under natural
conditions (Sinclair et al., 2006), i.e., people need
to apply hunting strategies that allow animals to
be extracted without decreasing the population.
Some examples of management are: (1) hunting a
constant proportion of animals each year, (2) fixing
a harvesting season, (3) establishing hunting areas,
(4) focusing hunting on males rather than females,
and (5) orienting hunts towards older rather than
younger age groups (Sinclair etal., 2006).

An indirect practice for managing a wild animal
population is to manage its food sources (Ojasti,
2000; Sinclair et al., 2006). Linares (1976) proposed
the concept of “garden hunting”, which refers to the
hunting and consumption of animals that are attract-
ed to plants that grow in gardens. Feeding by animals
on garden produce has two major effects: (1) animal
populations increase more than under natural condi-
tions, and (2) animals are easier to catch or hunt, for
example, by using pit-falls and traps, which do not
interfere directly with tending gardens.
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Environmental, socio-political and technological
factors could cause changes in subsistence strate-
gies (Earle,1980). However, Earle (1980) argues that
the key variable for the understanding of chang-
es in subsistence strategies is human population
density; consequently, an increase or decrease in
human population will affect the use of resources.
The increase of the population could generate two
simultaneous processes: 1. Intensification of ex-
isting strategies - process involving the reduction
of the best preys - and 2. Diversification towards
new strategies (Earle, 1980). Diversification of di-
ets as increasingly costly species were added to
support a larger population. Both trends increased
the amount of labor dedicated to procuring food
(Johnson and Earle, 2000). Intensification can be
defined as the ability of a human population to ob-
tain more food in a given unit of time and space.
This is a process in which efficiency is increased to
extract more resources (Betts and Friesen, 2004)

However, to understand hunting strategies, it is
necessary to study the social and the symbolic as-
pects of hunting. Taking into account that, hunt-
ers make choices of what to seek and what to kill.
They do not necessarily conceive these goals in the
narrow terms of protein and calories. Human nu-
tritional needs are complex and flexible (Rusell,
2012). Human decisions could respond to ecolog-
ical factors but also there are other aspects that
must be taken into account. People may choose
not to hunt or eat certain animals because of food
taboos, mythological associations or personal rela-
tionships with that species or category of animals
(i.e spirit masters of the game species) (Rusell, 2012).

All hunter “animal choices” were embedded in
wider social, environmental, and technological
contexts (deFrance, 2009). The choices that peo-
ple made could vary according to the circumstanc-
es and the role of the same animal could change
depending of the context (i.e Food taboos mark
gender differences, age distributions, and re-
productive and productive stages) (Rusell, 2012).
According to Rusell (2012) taboos could shape
hunting decisions much more powerfully than do
cost-benefit utility considerations. For example, in
stratified societies dietary restrictions are the way
to restrict certain foods to the elite, for instance,



when hunting is reserved for some individuals or
the consumption of certain animals in particular
moments, such as feasts.

Feasting is customarily considered by New World
archaeologists to be a primary behavioral correlate
of elites in pre-European chiefdom-level societies,
However, feast occur at every level of socioeco-
nomic complexity, in egalitarian, transegalitarian,
chiefly and state societies, although they play dif-
ferent roles (Hayden, 2001; Russo, 2004). Feast-
ing is of greatest importance in transegalitarian
groups (groups between egalitarian foragers and
complex chiefdoms), because in these groups
feasts provide a platform for advertising and con-
solidating the authority that comes from prestige
at social gatherings (Rusell, 2012). The universal
ethnographic record shows that other social typol-
ogies, such as “tribal” societies in the tropical land-
scapes of New Guinea and New Ireland, indulge in
this widespread cultural pattern, frequently in the
context of ancestor veneration (Rappaport, 1984;
Bolyanatz, 2000). In the archaeological record of
the Southeast of the United States (South Carolina,
Georgia, and Florida) circular to U-shaped accumu-
lations of oyster shell or rings of other shells (be-
tween 50 and 250 m in diameter) were rerecorded
during the late Archaic (5000-3000 B.P). These
special features imply considerable organization-
al effort, and draw attention to the fact that feasts
play an important role in the egalitarian fisher/
hunter communities of Late Archaic coastal socie-
ties (Russo, 2004; Thompson et al., 2011).

Hayden (2001:28) minimally defines a feast as
any sharing between two or more people of spe-
cial foods (i.e., foods not generally served as daily
meals or offered for a special purpose or occasion).
According to the same author, feasting comprised
various behaviours principally designed to create
or maintain important social relationships: 1. Mo-
bilize labour, 2. Establish cooperative relationships
within groups or exclude other groups, 3. Create
cooperative alliances between social groups, 4.
Invest surpluses and generate profits, 5. Attract
desirable mates, labor, allies or wealth exchanges,
6. Create political power through the creation of a
network of reciprocal debts, 7. Extract surplus pro-
duce from the general populace for elite use, 8. So-

licit favours, and 9. Compensate for transgressions
(Hayden, 2001).

Hayden (2001) divides feasting into four broad
categories: 1. Minimally distinctive feasts, 2. Pro-
motional/alliance feasts, 3. Competitive feasts, 4.
Tribute feasts. He argues that several feasting traits
may be distinguished in archaeological contexts
some of which are related to special locations and/
or facilities for holding feasts, to spacious storage
facilities, and to unusually commodious cooking
facilities (Hayden, 1996; 2001; Masson, 1999; Brown,
2001; Clarke, 2001; Kirch, 2001; Wiessner, 2001; Ve-
ga-Centeno Sara-Lafosse, 2007; Twiss, 2008; Hull,
2014). Hayden (1996) also proposes that wealth or
status may be displayed during a feast with prestige
or ritualized items, and with serving accoutrements
of unusual quality (See: Hayden, 1996; Junker, 2001;
Perodie, 2001; Wiessner, 2001; Twiss, 2008).

Wealth includes valuables used in display, ritual
and exchange and special, rare or highly desired
subsistence products. While, subsistence goods in-
clude food, drugs, and production technology used
to meet basic household needs (Brumfiel and Earle,
1987). The objects made from bone was a powerful
symbol of status and prestige and could represent
the prestige value of the animal in the spiritual or
symbolicworld (deFrance, 2009).

Animal bone objects or artifacts usually are pro-
duced by a specialist. Specialized artisans are
usually a minority of the group, and they dedicate
most of theirtime to the manufacture of their prod-
ucts, which prevents them from dedicating them-
selves to other basic subsistence activities, being
forced to exchange their crafts for basic products
(Brumfiel and Earle, 1987). That means that spe-
cialization involves economic differentiation and
interdependence. The definition of specialization
focused on differential participation on economic
activities (Costin, 1991).

According to Costin (1991) specialization is a com-
plex notion that involves a number of dimensions
of variation. 1. The affiliation of the specialist (in-
dependent or attached); 2. The nature of the prod-
uct (subsistence goods, wealth items or services);
3. The intensity of specialization (part-time or full-
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time); 4. The scale of the production unit (individ-
ual industry, household industry, workshop indus-
try, village industry, or large scale industry); 5. The
volume of output per individual specialist.

Inthe archaeological record, the most common ev-
idences of specialization are: 1. the presence of raw
materials; 2. The concentration of manufacture
debris; 3. The abundance of tools and 4. facilities
associated with production (Costin, 1991). Gates St-
Pierre et al. (2016) signals the importance to con-
sider animals as a source of raw material as much
as a source of food when studying the anatomical
representation and the spatial distribution of bones
on a site. Meanwhile, Rusell (2012) notes that small
numbers of limited body parts used as artifacts or
found in special contexts may signal a tabooed and
ideologically important animal, rather than one
hunted occasionally at a distance from the settle-
ment as would be a more typical interpretation.

Political development is usually accompanied by
an intensification of elite-sponsored artisanal pro-
duction. Thisis because the production, exhibition,
and distribution of wealth are politically important
activities is through and use that leaders define
their own social statuses and those of others, and
at the same time define it with all their rights and
obligations (Johnson and Earle, 2000)
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3. Research context

3.1. Environmental context: Parita Bay and Pearl Is land Archipelago

3.1.1. Parita Bay

he volcanicactive Pacific coast of Parita Bay is the most north-westerly extension of the much more
extensive Panama Bay. Politically, Parita Bay belongs today to the provinces of Herrera and Coclé,
and, geographically, it represents the north-eastern corner of the Azuero Peninsula (Figure 3.1).

e

L,

Chiriqui

Caclé
Parita
Bay

Veraguas

o

“« =y ;
Golfo de Qﬁ B
Panumé  Pearl Islar .

8°0'0"N

] 4 Herrera

- Awu
Peninsula

E e

Santes

.

Archipelago -

Known in popular parlance as the dry crescent
(Arco Seco). The term dry crescent refers to the fact
that strong north-south trade winds accentuate
desiccation during the usually 4 to 5 month dry
season in this region (Cooke et al., 2008). All over
the isthmus, wet season precipitation is heavi-
ly influenced by orography, and, in the vicinity of
Parita Bay, convectional up-lift, and electric storms
are less pronounced than elsewhere in the coun-
try. During the wet season (May-December), the
landscape is green and lush, and seasonal swamps
form in low-lying areas. Fresh water is provided by
rivers, which rise in the central mountain range
(Cordillera Central), or down the north-south hilly
spine of the Azuero Peninsula . During the sunny
dry season (strongest in January-April) the water

Figure 3. 1Key points geographical localization: Azuero Peninsula, Parita Bay, Pearl Island Archipelago, Panama Bay, Darien coast and Coiba island.

table falls dramatically and evapo-transpiration is
very rapid. Some streams (but not the largest riv-
ers) dry out, and vegetation cut for clearing fields
burns quickly (Cooke et al., 2008). By April, the
landscape has become brown and parched (Cooke
et al., 2008). Vegetation history has documented
an early Holocene onset of fire-induced forest re-
moval in the central Pacific lowlands and foothills,
except for gallery forests included some tall trees
(e.g. barrigdn (Bombax barrigon) and higuerdn (Fi-
cus spp.)) (Figure 3.1), which remain lush and tall
along stretches of major rivers, such as the Santa
Maria, Parita and La Villa, in whose watersheds
the referred three sites are located (Piperno, 2011).
Surviving wooded patches contain many fire-toler-
ant taxa that have xeromorphic characteristics (i.e.
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microphyllous leaves, thorns, leaves, and thick bark) as well as drought-adapted tree species, such as
chumico (Curatella americana), and nance (Byrsonima crassifoloia), which often occur in large stands (Lin-

ares,1977: Figure 3.2).

Figure 3. 2 Vegetation examples of Parita Bay. a. Barrigon (Bombax barrigon) Image: M.F. Martinez-Polanco, April 2015, Cocle province; b.
Gallery woods along Santa Maria River in the late dry season. Image: M.F. Martinez-Polanco, April 2015, Cocle province. c. Wine Palm (Acro-
comia aculeata). Image: R. Cooke, 1975, Cocle province. d. Corozo (Attalea butyracea). Image: R. Cooke, 1975, Cocle province e. Wine palms
(Acrocomia aculeata). Image: R. Dickau, 2005. Ancon, Panama City. . Corozo gunzo (Attalea butyracea). This palm species was planted
around pre-Columbian settlements. Image: R. Cooke, 1975, Cocle province.

3.1.2. Pearl Island Archipelago

earl Island Archipelago is located in Pana-

ma Bay 50—135 km from Panama City, but

only 40 km from the Darien province coast
(Figure 3.1). It is composed of ~200 islands. The
biggest is Isla del Rey (234 km?). The second-larg-
est in Central America after Coiba (490 km?2) locat-
ed also in Panama (Figure 3.1). The islands of the
archipelago were connected to the mainland dur-
ing marine transgressive stages of the last glacial
period, they were isolated from the continent, and
each other, only during the warmer periods of gla-
cial cycles when ocean levels they were approaching
the current ones (Peltier, 2002; Rohde, 2019). During
the ice ages and most of the thaws, they would have
been hills on coastal plains (Redwood, 2020). They are
platformislands (Cooke etal., 2016; Martin etal., 2016).

PedroConzalez (14.9km?) isthethird-largestisland
in the archipelago. The wet tropical forest would
be the potential vegetation of the island (Figure
3.3). On the island, mangroves are scattered on
rocky substrates and sandy areas. Most of the small
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freshwater streams are seasonal. Reefs and coral
patches are scattered throughout the island. The
current climate of the archipelago is characterized
by a short and intense dry season (January-April),
and a period of heavy rains (May-December). The
archipelago's multi-year climate variability is de-
fined by the interface between the intertropical
convergence zone (ITCZ) and the El Nino oscilla-
tion (ENSO) (Cooke etal., 2016).



Figure 3.3 Espavé (Anacardium excelsum). Image: M.F. Martinez-Polanco, May 2014, Pedro Gonzalez; b. Rocky substrates and sandy areas at
Pedro Gonzalez. Image: M.F. Martinez-Polanco, May 2014; c. Mangroves at Pedro Conzilez. Image: M.F Martinez-Polanco, September 2015.

3.2. Archaeological context: Human set-
tlement in Pre-Columbian Panama

In the next section, the cultural chronology of the
area will be presented by using Cooke et al. (2013a)
proposal.

3.2.1. Hamlet Agriculture period: Late
Preceramic (6000-2500 BCE) and Early
Ceramic (2500-500 BCE)

rchaeological and paleoecological studies

of Panamanian Pacific regions and archae-

ological sites cover times from the Paleoin-
dian occupations during the Late Glacial period un-
til the initial Spanish contact (Cooke and Ranere,
1992b; Huard, 2013; Ranere and Cooke, 2020). They
provide detailed reconstructions of human im-
pacts on the environment (Piperno, 2006; 2011).
Paleoindians using fluted projectile points (11.200-
10.000 cal BCE) were roaming the landscape when
the atmosphere was drierand coolerand when the
Pacific littoral zone was an arid, thorny scrubland
(Piperno and Pearsall, 1998). Lake core sediments
raised from Lake La Yeguada in the Pacific foothills
(650 m a.s.l.) indicate that human groups began

burning and clearing forests at the Pleistocene/
Holocene boundary. Evidence of human pertur-
bation of local vegetation intensified after 7000
BP with the advent of swidden farming (i.e. Piper-
no, 1984; 2011; Piperno and Jones, 2003). Swidden
farming is an agricultural system in which tem-
porary clearings are cropped for fewer years than
they are allowed to remain fallow (Sanchez, 1976).
The strikingly clear layers of charred vegetation
and soil depletion are noteworthy given the small
and scattered human settlement activity at this
time (Piperno, 2006). Exogenous cultigens were
adopted after ca 8000 cal BCE according to mi-
crobotanical data from the Aguadulce rock-shel-
ter (AG-13, 20 m a.s.l.) and Cueva de los Ladrones
(LP-1, 300 m a.s.l.). The inventory included lerén
(Calathea allouia), arrowroot (Maranta arundinacea),
bottle gourd (Lagenaria siceraria), maize (Zea mays),
manioc (Manihot esculenta) and squash (Cucurbita
moschata) (Piperno, 2005; 2011). Native yam was
added later by about 5700 BP. Sites within ca 20
km from the active marine shore benefitted from a
mixed subsistence strategy of hunting, fishing and
farming resulting in multiple grades of alteration
to the flora and fauna on the landscape between
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6000 and 2500 BCE (Cooke et al., 2013b). The collection of wild or tended american oil palm fruits (Elaeis
oleifera) was practiced intensively at the Aguadulce Shelter where seasonal swamps would have offered
an accessible habitat for this oil-rich species (Dickau, 2010).

In this thesis, two archaeological sites of this chronology were studied: Cerro Mangote (AG-1) and Playa
don Bernardo (PDB) (figure 1). In the next section these two sites will be presented.
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Figure 3. 4 Archaeological sites geographical location.
3.2.1.1. Cerro Mangote (AG-1) The nature of Cerro Mangote’s location is relevant

for the understanding the Late Preceramic resi-
dence pattern: on top of a 48 m-high hill on the
north bank of the Santa Maria River, at the inland
edge of a high tidal flat, or “albinas” (now [2020]
largely turned into commercial shrimp tanks) (Fig-
ure 3.5). Inland from the hill, the present-day en-
vironment comprises sugarcane fields, cattle pas-
tures, remnants of wooded savannas, and swamps
and ox-bow lakes, which represent earlier undated
meanders of the river (Cooke and Ranere, 1989:
Figure1). Today the site’s eastern edge is 8 km from
the active marine shoreline of Parita Bay. Howev-
er, sedimentation at the mouth of the Santa Maria
River has moved the coastline seaward at a rate
of nearly 1 km every thousand years (Barber, 1981;
Clary et al., 1984), so that at the time Cerro Man-
gote was first occupied, the shoreline was only 1-2
km distant (Ranere, 1979; Cooke, 1984; Cooke and
Ranere, 19922;1999)

his site is located in Coclé province on the

central Pacific coast of Panama (Figure 3.4).

A noteworthy variety of vertebrate remains
and cultural materials, consisting mostly of lithics,
was recovered there (McGimsey 1956; Cooke and
Ranere 1992a, 1992b; Ranere 1979). It is a Late Pre-
ceramic habitation site with a large midden compo-
nent that contains abundant remains of marine in-
vertebrate exoskeleton (mostly crabs and mollusks).
After its abandonment by the Late Preceramic res-
idential occupants, Cerro Mangote continued be-
ing used as a burial ground for peoples using Early
Ceramic and Middle Ceramic pottery wares. These
ceramic-using people likely resided at the Cerro
Girén (Co-2/AG-2) site, which is located very close to
the northern (Coclé) bank of the River Santa Maria
(Ladd, 1964).
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Archaeological remains are distributed in an area measuring 70 m (east-west) by 25 m (north-south) on
the north slope of the ridge just below the crest. Two archaeological investigations were carried out, the
first one, by McGimsey in 1955 and 1956, and the second one by Ranere in 1979 (McGimsey, 1956; Ranere,
1979; McGimsey et al., 1986; Cooke and Ranere, 1992¢).

McGimsey’s excavation strategy consisted of opening two trenches and four pits. The west trench was 6
m long and 1 m wide and the east trench was 8.5 m long and 1 m wide. The pit dimensions varied from 1 x
1mto2x2m. Sterile red clay and rock were found at a depth of 180 cm in the south end of the site and

90 cmin the north end (McGimsey, 1956; McGimsey et al., 1986).

Table3.1. Radiometric dates from Cerro Mangote (AG-1) (Ranere, 1979; Cooke and Ranere, 1992¢).

Sample # date

L Charcoal Y-458d

VLT Protothaca

m Crassostrea

TEM-208/
Beta-1704

The objective of Ranere’s excavations was to ex-
pose undisturbed deposits in two or three exca-
vation units measuring 1 x 2 m in order to collect
samples of flora, archaeofauna, charcoal, lithics,
and other cultural materials in addition to the sed-
iments themselves. Upon arrival at the site, Ranere
and his crew discovered a number of large open
looter’s pits. These pits were cleaned out and their
walls straightened in order to examine them for
undisturbed deposits. In total, four units were ex-
cavated in 1979 measuring 1x3m,1x3 m,1X 2.5

TEM-206/ Beta-1703

6810+110 7845-7465
6710+175 7964-7165
4650+165 5302-4437

m and 1x 1.5 m. All undisturbed deposits were ex-
cavated with hand tools by natural strata divided
into10 cm sputs for every strata thicker than1o cm.
All deposits were screened on site through ¥4 inch
mesh (6.35 mm). In a number of undisturbed 10 cm
spits, ca 50 liters of deposits were screened using
1/8 inch (3.175 mm) mesh. In addition, 15 liters from
each excavation level were water sieved back in
the field laboratory. Seven column samples of sed-
iments from the excavations were also collected.
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Figure 3. 5. a. McGimsey preparation to excavations 1956. Image: McGimsey archive. b. Detailed of McGimsey excavation 1956. Image:
McGimsey archive. c. Cerro Mangote 1956. Image: McGimsey archive. d. Ranere excavation1979. Image: R. Cooke, 1979. e. Detailed of Ranere
excavation1979. Image: R. Cooke, 1979.

Ranere interpreted the stratigraphy of Cerro Mangote as having two major culture-bearing zones: the “red
zone” and the “brown zone”. During the red zone occupation, the intensity of human activities was not
enough to change the natural character of the red clay sediments. The red zone was radiometrically dated
by asingle charcoal sample to 4810 +110 BP (7845—7465 cal BP). The more intense human occupation in the
brown zone altered soil composition by incorporating more significant quantities of organic materials. Two
radiometric charcoal dates bracket its occupation between 6670 + 215 BP (Beta-1219) [7964-7165 cal BP] and
5555 +110 BP (Beta-1218) [4146-3591 cal BP) (Ranere, 1979; Cooke and Ranere, 1992c¢).
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Figure 3. 6. Stratigraphy of Cerro Mangote (Ranere 1979).

The description of the stratigraphy (Figure 3.6) of
Cerro Mangote follows Ranere (1979):

Layer 2: A layer of silt 10-15 cm thick caps the pit fill
zone and represents the post-occupational deposit
at the site.

Layer3a.-3b: A series of horizontally bedded lenses
composed in large part of shells, crab remains and
bones, often heavily crushed, lies over the red silty
clay layer. Known as the “brown zone”, this is the
densest occupational refuse on the site. This zone
is notasingle depositional unit, however, since the
inhabitants constantly cut pits into each other, so
that the upper 80-100 cm of the “brown zone” con-
sists of pit fill of one sort or another.

Layer 4: A layer of light red silty clay, approximately
20 cm thick. overlies the red clay layer. Occupational
debris is more abundant than in the previous layer.

Layer 5: A layer of red clay from 25 cm to over100 cm
thick overlies the andesite boulders. The base of this

50 cm

deposit is culturally sterile, but the upper portion
contains the earliest cultural materials at the site.

Layer 6a.-6b: Andesite boulders underlie all sedi-
ments at the site; in places, these boulders are ex-
posed on the surface, while in other areas they are
buried by more than 2.5 m of deposits.

The most common artifact remains from Cerro
Mangote are chipped stone tools and the flakes
resulting from their manufacture. The flakes and
cores from which they are struck are made of a
variety of cryptocrystalline silicates, including pet-
rified wood and, more rarely, quartz crystal and
andesite. Flakes are removed from irregular cores
and bifacial cores with hard hammerstone per-
cussion. These flakes are then used for a variety of
tasks, usually with no further modification. Where
present, secondary retouch normally consists of
steep unifacial flaking along the flake edge. Addi-
tional tools in the lithic assemblage include chop-
pers, chopper-grinders, one-hand manos, edge
ground cobbles, boulder milling stone bases, nut-
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ting stones, a fragment of cobblestone bowl, and a
stone disc. An important feature of the stone tool
assemblage are “edge ground cobbles,” e.g. hand-
sized river cobbles that were used for pounding
and grinding on their edges, rather than on the
flatter areas of the tool (McGimsey 1956; Ranere
1975, 1979; Cooke and Ranere 1992b). These tools
are commonly found in Late Preceramic and Early
Ceramic occupations at a large number of sites in
Central Panama.

The zooarchaeological record of the site contains
terrestrial taxa that customarily frequent mud
flats, mangroves, riverine woods and open areas in
the close vicinity of the site (Cooke et al., 2007). The
most frequently hunted mammals were raccoons
(Procyon lotor) and white-tailed deer (Odocoileus
virginianus). Black and green iguana (lguana spp.)
were also common in the site’s middens. The best
represented birds are coastal waders (Scolopacidae
spp.) and white ibis (Eudocimus sp.) (Cooke et al.,
2013). Estuary-tolerant taxa dominate the fish re-
mains and include: marine catfish (Ariidae spp.),
snook (Centropomus spp.), corvinas (Cynoscion spp.),
toadfish (Batrachoides spp.), and small-sized Pacif-
ic sleepers (Dormitator latifrons) (Cooke and Ranere
1989, 1992b, 1992a, 1999). Two particularly inter-
esting zooarchaeological finds were reported at
Cerro Mangote, one being the presence of the dis-
tal tips of two manatee ribs (Trichechus manatus).
Manatees do not exist today on the Pacific coast of
tropical America nor did they in the past. This fact
demonstrates that these specimens were brought
to the site from the Caribbean coast (Cooke and
Ranere, 1992c). The second find is the oldest record
for a domestic dog (Canis lupus familiaris) in Central
America, represented by a humerus of a form that,
subjectively, recalls a collie-like breed (Cooke and
Ranere, 1992a).

McGimsey’s team recovered 67 human individuals
in the 1955 and 1956 excavations, and Ranere’s team
12individuals during the 1979 tests (McGimsey, 1956;
Ranere, 1979; McGimsey et al., 1986). Nevertheless,
associated artifacts and radiocarbon dates suggest
that most of the human burials at thessite likely post-
date the Late Preceramic midden, perhaps by thou-
sands of years (McGimsey et al. 1966:27; McGimsey
etal.1987:151; Huard 2013: Table 2.2).
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3.2.1.2. Playa don Bernardo (PDB)

he site of Playa don Bernando (PDB) is locat-

ed on Pedro Gonzalez Island (14 ha) in the

Pearl island archipelago (Figure 3.4). PDB is
located in a tropical rain forest near the shoreline,
and its midden deposits date between 4200 and
3600 cal BCE (Figure 3.7). Itis the only Late Prece-
ramic site—as far as we are aware of -- on the plat-
formislands of Central America (Cooke et al., 2016;
Martin etal., 2016).

Figure 3. 7. a. and b. Excavation at Playa don Bernardo 2015. Im-
age: M.F. Martinez-Polanco, September 2015; c. Aerial photograph
of Playa don Bernardo. Image: ).M. Martin, October 2015; d. dwarf
deer antler 2015 excavation detail at Playa don Bernardo. Image:
J.M. Martin, October 2015; e. Dwarf deer mandible 2008 excava-
tion detail at Playa don Bernardo. Image: ].M Martin, August 2008;
f- turtle shell 2015 excavation detail at Playa don Bernardo. Image:
J.M. Martin, October 2015.
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Figure 3. 8. Excavation plan at Playa don Bernardo, adapted to Cooke et al. 2016.

All prospection and excavation of the sampled ar-
chaeological sites in Pedro Gonzalez was directed
by Martin between 2007-2009 and 2015. The exca-
vations procedures consisted in test pits with var-
ying depth between 1.2 and 4.1 m. The total area
covered by these pits was 6.5 m? that represents
less than 1% of the archaeological site (Cooke et al.,
2016). In 2015, a new excavation was opened (Fig-
ure 3.8). The intervened area was 4x7 m and the to-
tal excavated area was 28 m2 and the depth of this
cut was 4.3 m. During both field seasons arbitrary
levels of 10 cm were followed and faunal remains
were recovered by using graded geological sieves
with water (Cooke et al., 2016).

Macrostratum I

Macrostratum II

Macrostratum III

400 cm.

Figure 3. 9. Playa don Bernardo stratigraphy.

Cooke et al. (2016) proposed a vertical zonation
of three Preceramic stratum groups or Macrostra-
ta. Macrostratum | contains packed marine shells
mixed with moderate amounts of vertebrate bone
(5740-5600 Intercept cal BP); Macrostratum Il is a
more laminated and heterogeneous unit contain-
ing irregular patches of marine shell fragments
(5920 Intercept cal BP); Macrostratum Il is edaph-
ically quite homogeneous (6000-5900 Intercept
cal BP). It is characterized by sporadic marine shell
and dense vertebrate bone in an excellent state of
preservation (Figure 3.9).
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By the time the first human colonists arrived by
sea, Pedro Gonzalez Island had approached its cur-
rent configuration. These colonists occupied the is-
land for four to six centuries. They cultivated maize
and unidentified root crops and prepared them
with small grinding stones where phytoliths were
find (Martinetal. 2016). They fished in multiplein-
shore marine habitats (Cooke and Jimenez, 2009),
drove or scavenged dolphins (Delphinus delphis and
Tursiops truncatus) and hunted sea turtles (most-
ly Eretmochelys imbricata) and small land tortoises
(Kinosternon spp.), iguanas (lguana iguana), several
genera of large snakes (Boa constrictor and Colubri-
dae gen.), a few birds (mostly cormorants [Phala-
crocorax olivaceus]) and a depauperate suite of ter-
restrial mammals including dwarf deer (Buckley et
al., 2017), opossums (Didelphis marsupialis), agouti
(Dasyprocta punctata), spiny rats (Proechimys sem-
ispinosus), furry spiny rats (Diplomys labilis), paca
(Cuniculus paca), and monkeys (Cebus sp.) (Cooke
et al., 2016; Martin et al., 2016). It is noteworthy
to mention that some of the species found in the
archaeological record that are no longer found in

Pedro Conzalez island. Such as, dwarf deer, opos-
sum, spiny rats, paca, monkeys and turtles (Martin
etal., 2016).

Dwarf deer (<10 kg) are the most abundant terres-
trial mammal in the assemblage. The island’s in-
habitants consumed venison and used deer bones
to make ornaments and tools (Martinez-Polanco
et al., 2015; Buckley et al., 2017). While a ceramic
period occupation existed, it was observed that
the number of deer remains decrease across time,
with none remaining by the ceramic occupations
in the island (Martinez-Polanco et al., 2015; Martin
etal., 2016).

The stone assembly recovered in PDB represents
an opportunistic unifacial industry on flakes with
a microlithic component. Within the lithic materi-
al that was analyzed, 63% of cores, nodules, flakes
and discarded carvings made of agate were iden-
tified -a variety of quartz found in volcanic rocks-,
16% stone tools made of basalt and 13% of arcillo-
lite (Martin etal., 2016).

Table 3. 2. Radiometric dates of Playa don Bernardo (Cooke et al., 2016).

date 20 cal BP

3.2.2. Village Agriculture and Social Dif-
ferentiation period (500 BCE-1520 CE)

his period witnessed increased settlement
size and its nucleation, accompanied by
social and ideological transformations sig-
nalled by the emergence of the Greater Coclé semi-
otictradition by about 200 BCE (Cooke, 2005; 2011).
This tradition represents a 1500-year continuum
of tri- and polychrome painted ceramics. Locally
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m Argopecten circularis B-256752 4860 + 50 5720-5560 5600
[EEEET carbonised palm B-256751 4900 % 40 5660-5580 5600
[[EEEE T Argopecten circularis B-243898 4980 * 40 5870-5650 5740
5 carbonised material B-261219 5240 % 50 6000-5890 & 5810-5760 5920
S5 carbonised material B-261218 5140 % 40 5840-5750 & 5840-5750 5900
[ B carbonised material B-261217 5150 + 40 5840-5850 & 5840-5750 5900
[EEEJELETIN carbonised Delphinus bone  p-304632 5350 + 40 5990-5870 5910
[CEEJLES N carbonised material B-278902 5330 + 40 6190-5930 6000

produced fine goldwork accompanied ceramics
after ca 400 BCE. Many motifs in both media were
zoomorphic, and the tradition’s most biologically
realistic phase spanned 550-1400 CE (Labbe, 1995;
Cooke et al., 2000).

Starting ca 200 BCE personal ornaments made
of marine shells enter the cultural inventory. The
five most favored genera and/or species were the
Pacific giant conch (Lobatus galeatus), thorny oys-
ters (Spondylus spp.), olive shells (Oliva spp.), Pa-



cific giant conch (Larkinia grandis) and pearl oyster
(Pinctada mazatlanica). Discrete refuse lenses with
significant amounts of debris at Cerro Juan Diaz
demonstrated production was specialized, proba-
bly at the household level (Mayo, 2004; Mayo and
Cooke, 2005). After ca 700 CE, the most influential
individuals and probable descent groups were ca-
pable of accumulating impressive quantities and
varieties of fine pottery for lavish burials like the
well-known cemeteries of Sitio Conte (Lothrop,1937;
Hearne and Sharer, 1992) and El Cafio (Mayo and
Mayo, 2013; Mayo and Carles, 2015) (Figure 3.10).

The Greater Coclé lithicinventory includes multiple
functional tools appropriate for daily and seasonal
activities of farming, hunting and fishing villages.
Specialized quarries and workshops are scattered
across the landscape and many of the cluster in
the volcanic highlands. These localities provided

basalts and andesites for multi-use polished tools,
and lava-stones, tuffs and ignimbrites for fashion-
ing grinding tools for maize. Field data pointto es-
tablished exchange routes interconnecting stone
quarries, tools in early stages and finished arte-
factsin villages (Cooke, 1984).

Finally, at the ceremonial center of El Cafio in sea-
sonal swamp lands of Coclé province, a regional
tradition of sculptures made mostly from hexag-
onal basalts developed (Mayo et al., 2010). The
anthropomorphic and zoomorphic iconography is
unique in Lower Central America and vouches for
this site’s being the primeval location of an ancient
ethnic polity that subsequently fissioned.

In this thesis, two archaeological sites of this chro-
nology were studied: Sitio Sierra (AG-3) and Cerro
Juan Diaz (LS-3).
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Figure 3.10. Geographical location Greater Coclé semiotic tradition archaeological sites: Sitio Conte, EIl Caito and Cerro Juan Diaz (LS-3).
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3.2.2.1. Sitio Sierra (AG-3)

village was established at Sitio Sierra by

the end of the second millennium BP, and

there were people still living there at con-
quest (1515-1519 CE). Thereis noevidence thatitwas
a high-ranked village. Itis located 4 km south-east
of La Loma village (Aguadulce District, Coclé Prov-
ince, Panama) (Figure 3.4) on a slight rise adjacent
to the Santa Maria river, and about one km north
of its current channel. At this point—a straight-line
distance of ~13 km from the marine shore of Parita
Bay — the Santa Maria runs completely fresh today
although slight tidal influence occurs here (Cooke
and Tapia Rodriguez,1994). Studies of paleo-chan-
nels have not been undertaken, however, and it is
conceivable that oxbow lakes easily visible today
just north of Sitio Sierra represent the major chan-
nel of the Santa Maria river during all or part of the
village’s occupation. In the 1970s, the vegetation
was typical of dry wooded savannahs impacted
by post-contact cattle grazing. Swampy areas had
large stands of bucayo or gallito (Erythrina fusca),
which has edible new buds and leaves (Cooke,
1972). The gallery forest along the Santa Maria was
ecologically healthy, and included some tall trees
(e.g. Bombax barrigon or barrigdbn and Ficus maxmi-
ma or higuerén) (Figure 3.2). The village appears to
have been occupied continually based on ceramic
sequences although the small quantities of pot-
tery belonging to the Cubitd horizon (1500-1250
BP) (see: Cooke, 2011) may reflect a lull in occupa-
tion. Surface ploughing had altered the natural
stratigraphy by 1970-1975 when the site was ex-
cavated, and domestic features dated after about
1300 BP were not found in a pristine state. The site
has been a cane field belonging to the Ingenio San-
ta Rosa since 1975.

Archaeological remains are distributed over 45
ha., although it is not known whether the whole
area was ever simultaneously occupied. Richard
G. Cooke’s (24 m?) excavations between 1970 and
1971 (Cooke, 1972) employed only arbitrary levels of
10 cm. All pits were taken to bedrock. Small exten-
sions to the initial pits were made in 1973 during a
field course for Institute of Culture students, and in
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Figure 3.11 a. Site vegetation wet season. Image: R. Cooke, 1975; b.
Site vegetation at the late dry season. Image: R. Cooke, 1973; ¢. Pro-
file B3 context. Image: R. Cooke, 1975; d. Deer remains in anatomical
connection found at context A 2/1. Image: R. Cooke, 1975; e. Deer
remains recovered at context B3. Image: R. Cooke, 1975; f. Deer re-
mains found at context B3. Image: R. Cooke, 1975.

1975, a considerably larger excavation was made dur-
ing the entire dry season (December-May) using dé-
capage techniques, which followed natural and cul-
tural strata, and located several discrete features such
as refuse lenses, structure floors with post molds,
various kinds of pits, earth ovens, and two cemeteries
(Cooke,1979;1984; Isaza Aizpurua, 1993; 2007) (Figure
3.11). In this campaign, 3.4 mm sieves lying flat were
used to recover faunal remains, and small columns
were kept back for sieving with water over 2 mm
mesh. “Slit” trenches, 0.75 m wide, were used to de-
termine the spatial extent, depth, and undulations of
refuse lenses -- with considerable success.



In the 1975 excavations, two major areas were opened, and worked by décapage: Cut A and Cut B (Figure
3.12). Table 3 presents a list of the features employed for this study together with their inferred functions. In
most cases, animal remains were found on structure floors, and in refuse lenses found adjacent to them or
thrown over living floors.

75/E TRENCH 2 ‘

N.

75/D

12 B
6

o First level prop “ . 75/C
Second level prop
+ Hearth stones .
=\

19 4
20 9 N

R ,.-;-.2, B 1-1 context TRENCH 1
15 o* .2

0 e .
B |

. H
& 23 2% .

A 1-1 context A 1-2 context ¥~ B 1-2 Context
75/B
eee Floor limits
“== Hearths
4 Storage pits ——
o024 Burials | |TRENCH 3 =

Figure 3.12. Excavation plans and photographs Sitio Sierra (AG-3). a. A1/1 context plan, there is an oval structure with hearths and storage
pits. Modified from Cooke (1979:35) b. Excavations pits made between 1969 and 1975. Modified from Isaza Aizpurua (1993).

Table 3.3 Sitio Sierra (AG-3) context descriptions and dates. The Datations were taken of Isaza Aizpurua (2007) compilation.

Tconventional C-14 age BP +1-sigma range.

2calibrated 2-sigma range BCE/CE.

Kitchen refuse probably from a dwelling outside the pit

limits

w8 Kitchen refuse, dense accumulation 1-8556 1475 + 110 BP 335 - 770 cal CE
A2-2

Pit located at the base of A2-2
WA Oval domestic  structure with a hearth and two 1-8613 1715 + 90 BP 90 - 540 cal BCE

Al1-2 hourglass-shaped pits
CEI- 1835 + 90 BP 21 cal BCE - 395 cal CE
9701
“ Kitchen refuse accumulated gradually above B3
“ Kitchen refuse deposited rapidly over B2
_ Two superimposed structure floors alongside two hour-
glass ovens
Floor of a circular structure 1-9702 2015 + 80 BP 350 cal BCE - 209 cal CE
1-9703 1975 + 80 BP 177 cal BCE - 224 cal CE
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In Cut A, the lowest house floor was reconstruct-
ed as an oval about 8x4 m (Figure 3.10), and the
position of post molds suggests multiple re-ha-
bilitation of the house in the same spot. A date of
1715 + 90 BP (90 — 540 cal BP) was based on wood
charcoal from a small hearth, but §3C (-25) was
not calculated empirically at that time, and this
omission could be a source of error. The typology
of the pottery associated with the house (the ear-
ly Aristides group) (Ladd, 1964; Cooke, 1972; 1976;
Isaza Aizpurua, 1993) is consistent with this date.
Two hourglass-shaped pits with burned stones in
a central position for placing cooking pots, are in-
ferred to be hornillas in local parlance: subterrane-
an earth ovens, which are still in use in the region.
A layer of soil with less cultural material suggests
the abandonment of the lowest house A-1-1, which
was followed by a later house (A-2-1) of which only
the edge was recovered (Figure 3.12). Wasp nestsin
clay (Sceliphron sp.) had fallen into a shallow trough
alongside the house floor of A-2-1, ostensibly made
by water dripping from the palm frond roof. This
inference was based on impressions of palm leaves
on the back of some of the wasp nests. Others bore
impressions of grasses (Poaceae), which allude to
these nests having adhered to walls made cane
(Cooke, 1979; 1984: 284). Another refuse lens (A-
3) -- probably from an unidentified house -- was
thrown over A-2, cutting deeply into the house
floor (Figure 3.12).

In Cut B, a circular structure with post-molds was
found above and alongside the lowest burial
ground. It was associated with two charcoal dates
with &63C inferred at -25: 2015+80BP (350 cal BCE
— 209 cal CE), and 1975+80 BP (177 cal BCE — 224
cal CE). The dates are earlier than those for Cut A’s
house, and are consistent with the high proportion
of La Mula group pottery in the house —the first bi-
and tri-chrome style in Greater Coclé (Cooke, 1972;
1979; 1984; Isaza Aizpurua, 1993) (Figure 3.10). Fea-
ture B-3—exclusively a refuse lens -- was deposited
over the lowest structure (B-1), and an intermedi-
ate level of pits and trash heaps (B-2).

Carbonized macrobotanical remains were found
in some quantity in houses and rubbish dumps at
AG-3. Nearly 99% belong to maize, and many frag-
ments of legged maize-grinding tables (metates)
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and grinding stones (manos) were deposited on
structure floors, and in trash heaps. Spanish con-
tact-period chronicles, however, vouch for the cul-
tivation of manioc (Manihot esculenta), sweet pota-
toes (Ipomoea batatas), and squash (Cucurbita sp.) in
the colluviumalongsideriversthatenter Parita Bay.
Maize and manioc complement themselves agri-
culturally and dietetically. Squash pollen and phy-
toliths were identified in domestic contexts at Sitio
Sierra. Carbonized palm nuts of Attalea butyracea
(corozo gunzo in regional Spanish) were probably
collected in nearby fields where these palms are
usually left standing today during de-vegetation
for pastures and fields (Dickau, 2005).

The zooarchaeological record shows the consump-
tion of marine shellfish (i.e grand ark, Larkinia gran-
dis); single-banded moonsnail, Natica unifasciata);
mangrove crabs (i.e mouthless crab, Cardisoma cras-
sum); a wide variety of fish (70% marine/estuarine
and 30% freshwater); frogs (Leptodactylus insular-
um) and toads (Rhinella marina); charred mud tur-
tles (Kinosternon scorpioides); snakes (Boa constric-
tor) and iguanas (lguana iguana); several species of
birds, and open land and gallery forest mammals:
white-tailed deer (Odocoileus virginianus), paca
(Cuniculus paca), armadillo (Dasypus novemcinctus),
and opossum (Didelphis marsupialis) (Cooke and
Ranere, 1989; 1999; Cooke et al., 1996; 2007; 2008;
2013a). The frog and the toad, whose remains are
common, can both be eaten by humans after dil-
igent skinning, and toad may have served a ritual
function as well a culinary one (Cooke, 1989).

3.2.2.2Cerro Juan Diaz (LS-3)

erro Juan Diaz is a large archaeological site

(~150 ha), located near to Los Santos village,

in the province with the same name (Figure
3.4; Figure 3.10). Itis situated at an elevation of less
than 42 meters of height, located 35 meters from La
Villariver. Its location allows a quick access to the sea,
from which is only 4 km away and into the region to-
wards the highlands of Gran Coclé. During the period
of occupation, it would have been 0.25-1 km closer to
the coast (Cooke etal., 1998) (Figure 3.13).

Cerro Juan Diaz was an important village, where
people with special occupations such as shamans



were buried. The politic organization of this village
was chiefdom. At spanish contact, Cerro Juan Diaz
would have been within the territory of a chieftain
whom the spanish named Parita. He had acquired
prestige as a successful warrior beyond his territo-
ry (Lothrop, 1937; Cooke et al., 2003; Haller, 2004).
A pueblo de indios called Cubita had been estab-
lished at Cerro Juan Diaz by 1575 CE.

The economy of this population was mixed: agri-
culture, fishing, hunting and gathering (Cooke and

Sanchez Herrera, 1997; Cooke et al., 1998). Cerro
Juan Diaz has a long and complex occupation his-
tory. The site was occupied between 200 CE until
the middle of XVI century. Here, were identified
a series of dumps that denote domestic activities
between 250 CE and 1400 CE, but also mortuary
sites 100 CE-1400 CE. Activity areas related to the
manufacture of shell and bone artifacts were also
identified (Mayo, 2004; Mayo and Cooke, 2005).

Figure 3.13. a. and b. Operation 1B excavation preparation. Image: Cooke, R. 1994; c. Cervo Juan Diaz dry season. Image: R. Cooke, 1994; d.

and e. Operation 1B excavation detail. Image: R. Cooke, 1994.
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Many of these activities have been combined in the
same period of time; others on the contrary have
been developed or practiced only during a specific
period of time. There is also evidence that ancient
inhabitants slightly modified the hill’s topogra-
phy, levelling the southern section (See: Platform,
figure 3.12) where the majority of the burials were
placed (Cooke etal.,1998; 2000; Diaz, 1999).

A multi-annual archaeological project (1992-2001)
directed by Richard G. Cooke documented human
occupation. The excavation strategy consisted in
eleven field “operations” varied in size from 2 x 1
m test pits (ops-3a and 22) to op-31, which covered
~800 m2 (Figure 3.14). Given that the site has been
severely damaged by random illegal excavations,
the excavations had to adapt to this problem. The
features identified in the operations varied among
them with regard to depth, complexity, and cultur-
aland biological content. All the operations except
op-2 showed evidence for some kind of mortuary
activity (Sanchez, 1995; Cooke et al., 1998; 2000;
Diaz, 1999; Cooke, 2001).

In this work we will focus on Operation 1B. This ex-
cavation was directed by Luis A. Sanchez and Adri-
an Badillain1992. They opened a 2x 5 m area of ex-
cavation on a flat area of CerroJuan Diaz30 m from
the La Villa River. They identified an ellipsoidal
accumulation of sherds, lithics, shells and animal
bones about 1.1 m on the longer axis, and about
0.2 m in depth (Feature 1) (figure 3.15). It seems to
have formed quickly, the pottery found there could
be partially restored, this is evidence that it did not
alter much after deposition. In this feature were
founded abundant vertebrate remains of fish, am-
phibians, reptiles, birds and mammals. The pot-
tery belongs to the Cubita ceramic group, which
dates between about 500 and 750 CE. Two years
later, in 1994, Olman Solis expanded the original
excavation to a 6 x 13 m area. In this excavation was
observed that the Feature 1 formed part of a larg-
er deposit (Stratum B), which formed in a slight
depression on flat terrain. It would appear that it
represented the refuse associated with a dwelling.
Stratum B is consistently about 20 cm thick. The
matrix is mostly fine silt and ash.

Platform T

Figure 3.14. Cerro Juan Diaz operation distributions. Modified from
Cooke and Sanchez Herrera (1997).
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Table 3. 4. Radiometric dates of Cerro Juan Diaz.

[o]F I Stratified refuse
[o]: B Burial
[+ Burial

[*] .73 Burial
(257 Burial

[o]: 33 Burial
[*]:7-3 W Burial
[*].7=3 ™ Burial

[*]: %=1 Burial
[o]:F= Burial
[C1:3= W Burial
[ Burial

[+]: <3 Burial
(o] Burial
2.7 Burial

[F 2= Burial
[*]:%=1 Burial
[o]:F<3 Burial
[*].77 ™ Burial
[*].7=7 Burial
[e]JF20 Stratified refuse
[o] P70 Stratified refuse
[F]F B Kitchen refuse
2.7 Burial
(o510 Burial

[o] 1 Stratified refuse
[*]:73 W Burial
[F]F0 stratified refuse
[*]: %=1 Burial
[o]:F= Burial
[C1:= W Burial
[ Burial

[+]: <3 Burial

(o] B3 Burial
2.2~ 3 Burial
[F:2-3 Burial

[*]: A3 Burial

o] A3 Burial
[*].77 ™ Burial
[*].2=F9 Burial

[ 5<F 0 Burial

[o] 2 Burial
[ Burial
21X Burial
(2] Burial

Human bone
Human tooth
Human tooth
charcoal
charcoal
charcoal
charcoal
Human tooth
Dentin protein
charcoal
Human tooth
Human tooth
Human tooth

Human dentine

Human tooth
Human tooth
charcoal
Human tooth
Human tooth
Charcoal
Charcoal
Charcoal
Maize
Human tooth
charcoal
Charcoal
charcoal
Charcoal
Charcoal
Charcoal
charcoal
charcoal
charcoal
Charcoal

Carbonized tallo
Carbonized food
Carbonized food

Charcoal
Charcoal
charcoal
charcoal
charcoal
charcoal
charcoal
Human tooth

TO-4627
B-224786
B-224778
B-131420
GX-25402
B-131417
GX-25701
B-224781
B-147880
1-18679
B-224779
B-147876
B-224780
B-148203
B-224783
1-18637
1-18671
B-224785
B-224788
1-18672
B-54979
B-54976
TO-4594
B-147877
1-18287
B-54975
1-18288
B-54977
1-18638
1-18286
1-18222
1-18675
1-18287
B-121163
B-121162
B-121157
B-121156
B-121164
B-18221
1-18681
1-18682
B-133337
B-133339
B-133338
B-148204

2090+120
2220+£40
1880+40
1860+£70
1830+40
1830+50
1810+50
1800+40
1780+40
1730+ 80
1700£40
1640+40
1690+40
1630+40
1620+40
1570+80
1570+ 80
1570+40
1560+40
1560+80
1530+130
1490+60
1470 £ 90
1460 £ 40
1450+ 80
1450+ 60
1440+ 80
1420+ 50
1380+ 80
1380+ 80
1370+ 80
1330+ 110
1310+ 80
1260 £90
1180 +60
1110 £ 50
1010 x60
950 £ 60
820 £80
750+ 80
650+ 110
670+ 40
610+ 50
670+ 40
360+ 40
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M| e || tembe e
description

401BC-135CE
387-197 BC
53-236 CE
335 CE
258-321 CE
264-330 CE
84-335 CE
96-338 CE
348-377 CE
87-107 CE
246-416 CE
271-538 CE
250-422 CE
338-539 CE
345-541 CE
273-644 CE
265-273 CE
402-572 CE
410-583 CE
338-646 CE
724-768 CE
428-651 CE
390-764 CE
482-659 CE
415-694 CE
430-671 CE
415-694 CE
541-682 CE
433-489 CE
433-489 CE
474-485 CE
435-450 CE
583-894 CE
635-976 CE
690-983 CE
777-1019 CE
894-1162 CE
990-1214 CE
1031-1291 CE
1049-1399 CE
1058-1458 CE
1268-1396 CE
1285-1414 CE
1268-1396 CE
1450-1636 CE
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Figure 3.15. Cerro Juan Diaz, Operation 1 feature 1.Image: R. Cooke
personal archive.

3.3 New World cervids

ervids were important to pre-Columbian

communities in the ancient anthropogenic

savannahs of central Panama, not only as
a food resource, but also as symbols of standard
cosmological spaces (Cooke, 2005). Nowadays,
in Panama inhabits 3 cervid species: white-tailed
deer (Odocoileus virginianus Zimmermann 1780),
Central American red brocket (Mazama temama
Kerr, 1792) and Amazonian brown brocket deer
(Mazama nemorivaga Cuvier, 1817) (Buckley et al.,
2017). White-tailed deer is the only deer reported
from this seasonally dry area of Panama and the
only one identified by zooarchaeological analysis
at Parita Bay (i.e. Cooke, 2004; Cooke et al., 2008;
Martinez-Polanco and Cooke, 2019). Meanwhile, in
the Caribbean coast, M. temama is more frequent (i.e
Linares, 1976), and at the Pearl Island archipelago,
M. nemorivaga is the common species. In this sec-
tion, will be presented the taxonomic relationship
between these species, their ecology characteris-
tics in order to have a referent. Itis also includes red
brocket (Mazama americana Erxleben, 1777) because
inhabits lowland in Colombia near Panama.

Molecular dating suggests that the Cervidae orig-
inated and radiated in central Asia during the
Late Miocene and that Odocoileini dispersed to
North America around the Miocene—Pliocene
boundary (Gallina, 2019). Cervids reached South
America in the latest Pliocene about as soon the
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emergence of an isthmian land bridge permit-
ted (Webb, 1998; 2000). Their success in South
America may be attributed in part to the absence
of any other ruminants (Eisenberg, 2000). Neo-
tropical cervids underwent a rapid radiation after
migration into South America. Most New World
Cervidae descendent from the immigration of a
single Odocoileine genus and extended widely in
the neotropical region (Webb, 1998). The cervids
began to radiate into the available habitats, and
perhaps invaded in two phases. The first phase in-
cludes Hippocamelus and Pudu radiation and then
Mazama (Eisenberg, 2000; Gilbert et al., 2006).
The brockets and Pudus evolved more recently as
small-bodied forms descended from larger ances-
tors (Eisenberg, 2000). The origination of living
cervids of South America was estimated to 200 kya
for Hippocamelus, Blastocerus, Ozotoceros, 65 kya for
Mazama, 48 kya for Odocoileus, and 16 kya for Pudu
(Merino et al., 2005) (Figure 3.16).

The cervids in America are adapted to a wide
range of habitats from dense forest to open envi-
ronments (Emmons, 1999). Their adaptations in-
clude morphological, physiological and behavioral
traits that maximize their efficient use of natural
resources (Gallina, 2019). The phylogenetic infer-
ences show that the evolution of secondary sexual
characters (antlers, tusk-like upper canines, and
body size) has been strongly influenced by chang-
es in habitat and behavior (Merino and Vieira Ros-
si, 2010; Gallina, 2019).

Mazama is one of the more diverse genera among
Neotropical deer with 10 recognized species.
However, their phylogenetic relationship is very
complex (Ruiz-Garcia et al., 2007; Duarte et al,,
2008; Escobedo-Morales et al., 2016; Gutiérrez et
al., 2017, Heckeberg, 2020). The genus Mazama
is polyphyletic (Gilbert et al., 2006; Duarte et al.,
2008; Hassanin et al., 2012; Gutiérrez et al., 2017;
Heckeberg, 2020) and Mazama genera represents
separate radiations events with high levels of mo-
lecular and cytogenetic divergence (Gallina et al.,
2019a). Traditional morphological traits such as
unbranched antlers used to identify Mazama spe-
cies are evolutionary convergent features, asso-
ciated with adaptations to similar environments
(Gonzalez and Duarte, 2020). There is no consen-



sus in the specific position of all Mazama species,
the studies based on molecular data agree in point-
ing a close relationship of gray brocket deer Mazama
gouazoubira and M. Mazama nemorivaga with South
American genera Blastocerus, Hippocamelus, Ozotoc-
eros and Pudu, recognized as the gray clade. Mazama
americana, Mazama temama, Mazama bororo, Maza-
ma bricenii, Mazama nana and Mazama pandora are
grouped altogether with genus Odocoileus forming
the red clade (Merino et al., 2005; Gilbert et al.,
2006; Ruiz-Garcia et al., 2007; Duarte et al., 2008;
Merino and Vieira Rossi, 2010; Escobedo-Morales et
al., 2016; Gutiérrez et al., 2017; Gallina et al., 20193;
Heckeberg, 2020) (Figure 3.16). Thisimplies that the
genus Mazama is paraphyletic (Gallina, 2019).

A completely resolved phylogeny of Neotropical
deer is not available until now (Merino and Vieira
Rossi,2010; Gallinaetal.,2019b; Heckeberg, 2020).
Afterdecadesof research, the taxonomy and evolu-
tionary history of South American cervids remains
enigmatic, partly because of the scarce Plio- and
Pleistocene fossil record (Webb, 2000). The use
of complementary approaches such as ecological
niche modeling, traditional and geometric mor-
phometrics, cytogenetics and reproductive char-
acters, new sequence techniques would provide
more information about the evolutionary patterns
of Neotropical deer (Gallinaetal., 2020a; Gonzalez
and Duarte, 2020).

41



guuamul:ura T69)

M souazoubira Emsglxi)

. gouazoubira (ms¥(l-l}1)
. gouazoubira (T113
. gouazoubira (ms 45)

. gouazoubira %Tl 1)
M. gouazoubira (msg325)
M. gouazoubira (msg330)
M. gouazoubira Emsgﬁ-i;

. gouazoubira (msg43
M. gouazoubira (T112)
M. gouazoubira (msg53)
H. bisulcus (hapl)

H. bisulcus(hap2)
B dichotomus (F“)

B. dichotomus (HAPB)
B. dichatomus (HAPA)
B. dichotomus (HAPC)
B. dichotomus (HAPD)
H. antisensis (gb)

S'S'S!Z

=2

Gray Clade

0. bezoarticus (OB1)

0. bezoarticus (OBS)
0. bezoarticus (OB7)

M. nemorivaga (T122-PA)
M nemorivaga (T49-PA)

M. nemorivaga (T149-RO)
M. nemorlvnia (T19-RO)

Pudu puda (g
M ame ricana (Tll(l-PR)
. americana (T205-PR
\l. americana (T192-PR
M. americana (T120-GO)
‘VI. ameru:ana T39- I'A
M. americana (T21-R
M. americana (Tlﬁl-PA)
M. americana (T34-AM)
M. americana T31-AM)
M. americana (T36-PA)

p(gh)
M. americana (T164-PA)
M. ame ricana le]-PA{
M. americana (T70-PR
M. americana (T35-AM)
M. americana (T28-AC)
M. americana (T41-PA
M. ame ricana Tlﬁ MT)
M. americana
M. americana (11
M. americana (T22- RO)
M. bororo (msg54)
M. bororo (T7 l;
M. bororo (T64

|
0.06 005 0.04 003 002 001 0.00

Figure 3.16. Cervidae phylogenetic tree after: Barbanti Duarte et al. (2008).
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3.3.1. White-tailed deer (Odocoileus vir-
ginianus Zimmermann 1780)

hite-tailed deer (Odocoileus virginianus

Zimmermann 1780) is distributed from

southern Canada to Brazil (Eisenberg,
1989; Smith, 1991). It is a polytypic species that has
become well adapted to a wide range of habitats
from temperate to subtropical, and semi-arid en-
vironments to rainforest, and savannas (Eisenberg,
1989; Emmons, 1999). Thirty-eight subspecies have
been described, of which 24 live in Latin Ameri-
ca, where it is one of the largest extant mammals
(Gallinaetal., 2010; 2019b).

White-tailed deer differ in body size, coat color,
and other physical features throughout its range
(Eisenberg, 1989; Gallina et al., 2010; 2019b). The
array of their measures is: total length: 104-240
cm, adult males in USA weight 90-135 kg and fe-
males 20-40% less (Gallina et al., 2010), but in the
Neotropics the body size averages 50 kg, for males,
and 35 kg for females (Gallina et al., 2010; 2019b).
Adult males bear forked antlers with a variable
number of tines Figure 3.17.a. The basic color is a
light brown dorsum, with a white venter. The un-
derside of the tile is white. The fawn is spotted at
birth Figure 3.17.a. The pelage of whitetails found
inthe high Andes has a gray coatyear-round Figure
3.17.a, while lowlands deer appears reddish-brown
through year (Heffelfinger, 2011).

Habitat use by this deer species is predicated upon
the quality, quantity, and heterogeneity of avail-
able forage and cover protection (Sanchez-Rojas
et al., 1997; Gallina et al., 2010; Ramirez Lozano,
2012). Diet varies among regions and seasons due
to discontinuities in the availability of food, cover, and
water (Sanchez-Rojas et al., 1997). In high rainfall peri-
ods, a large quantity of foodstuffs becomes available to
the deer although, paradoxically, dietary diversity may
be diminished at the beginning of the rains when the
deer become more selective, choosing young leaves of
trees, shrubs, and vines (Sanchez-Rojas et al., 1997; Bel-
loetal.,2001; 2004; Arceo et al., 2005). Dry seasons are
critical periods during which the deer orientate their
foraging towards the most nutritious fruits, and leaves
trees, shrubs and herbs available in that moment
(Sanchez-Rojas et al.,1997; Bello et al., 2001; 2004;

White-tailed deer is crepuscular, their movements
could be related to different ecological, environ-
mental and behavioral variables. Hunger, repro-
duction, physiological condition, habitat, predator
and human activity are the behavioral variables
to which deer could respond (Gallina et al., 2010;
2019b). The amount of precipitation is a key factor
in deer reproduction (Gallina et al., 2019b). Deer
occurin small social groups. The most common as-
sociation is mother and the nearly grown offspring
or a courting male and female, but in some cases
large aggregations could be observed in open ar-
eas (Eisenberg, 1989; Gallina et al., 2010; 2019b).
White-tailed deer are strong swimmers and will
readily cross sizable streams within their home
range (Marchinton and Hirth,1984).

Figure3.17. a. white-tailed deer young male. June 2016, PNN Chin-
gaza, Colombia; b. white-tailed deer male with velvet antlers. Sep-
tember 2007, PNN Chingaza, Colombia a. white-tailed deer male.
October 2017, Cali, Colombia; d. white-tailed deer male. September
2013, Paz de Ariporo, Colombia; b. white-tailed deer females. Oc-
tober 2017, Cali, Colombia; f. white-tailed deer female. June 2016,
PNN Chingaza, Colombia . white-tailed deer females. July 2008,
Panama City; h. white-tailed Deer calf. April 2006, Villavicencio,
Colombia; c. white-tailed deer calf. August 2013, Tauramena, Co-
lombia; j. white-tailed deer calf. September 2013, Paz de Ariporo.
Images: M.F. Martinez-Polanco.
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To sum up, white-tailed deer is 1. ecologically
protean residing in deserts, savannahs, prairies,
mountains, and deciduous and tropical forests
2. able to adapt well to agricultural landscapes,
3. trophically plastic, 4. an opportunistic feeder
and 5. selective feeder (Eisenberg, 1989; Smith,
1991; Teer, 1994; Gallina et al., 2010). It chooses
relatively nutritious and highly digestible plants
and plant parts, such as young leaves (Eisenberg,
1989; Smith, 1991; Teer, 1994; Arceo et al., 2005;
Gallina et al., 2010; 2019b). However, it also feeds
on grasses, sedges, nuts, fungi, fruits, and fall-
en flowers (Eisenberg, 1989; Smith, 1991; Galli-
na et al., 2010; 2019b; Ramirez Lozano, 2012).

3.3.1.1.Whitetails populations in islands

hitetails also are found in islands, on

the coast of Georgia and South Caro-

lina, USA (Blackbeard/Sapelo, Hilton
Head, Hunting and Bull islands). These are not
discrete and completely isolated islands but sim-
ply coastal areas separated from the mainland by
a river or marshy area. Deer on these islands are
smaller than the mainland deer. It seems that deer
are able to swim between the mainland and some
of these barrier island (Heffelfinger, 2011).

Key deer, smallest of the North-American white-
tailed deer, occupy islands south Miami (Florida,
USA) from Little Pine Key to Sugarloaf Key. This
population is geographically, phenotypically and
genetically differentiated from mainland deer
populations. The islands size ranges between 8 to
2400 ha. The distance between Big Pine (the big-
gest island) to adjacent islands varies from 0.1 to
6.4 km, and all shows deer activity (Hardin et al.,
1984). The body size of does averages 30 kg and 40
kg for bucks (Heffelfinger, 2011).

In Panama whitetails are native to the 673 km2island
of Coiba situated 24 km off the Pacific coast of Pana-
ma. This deer is smaller than other central American
whitetails, their weightis 22.5 kg. In Contadora Island
at Pearl Island archipelago, 48 km of Panama Pacific
coast, inhabits a deer population that is result of es-
capes or liberations from a captive herd brought from
the mainland (Heffelfinger, 2011).
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In South America, there are two island deer popu-
lations that are isolated from the mainland. Deer
on Isla de Margarita (40 km approx.) off the Vene-
zuelan Caribbean coast and Curacao Island popu-
lation (60 km) off Venezuela’s northwest coast. The
Margarita populations were isolated long time ago
and show morphological differentiation -small-
er body sizes, and distinctive cranial and peculiar
mandible traits- from the mainland populations.
The weight of males average 31 kg and females 27
kg (Molinari, 2007). In the case of Curacao Island,
the archaeological record of the island shows that
there are no evidences of deer from archaic pe-
riod (500 AC), deer remains are presents before
this period when the Caquetios migrants arrived
to the island. It seems that Caquetios transported
live deer in wooden canoes across 60 km of ocean.
This evidence represents the earliest known deer
translocation in America (Heffelfinger, 2011). In
other island of the Caribbean such as Aruba, Islas
Los Roques, Trinidad and Tobago are also archae-
ological evidence the deer translocation. In Carri-
acou and Grenada are reported after 1500 cal yr BP
(Fitzpatrick, 2015).

3.3.2. Central American red brocket (Ma-
zama temama Kerr,1792)

his species is distributed in Central Ameri-

ca to Northwest of south America - Mexico,

Belize, Guatemala, El Salvador, Honduras,
Nicaragua, Costa Rica, Panama and Colombia) (Ei-
senberg, 1989; Bello-Cutiérrez et al., 2010; Gallina
et al., 2019a). Red brocket prefers well preserved
forest sites, perennial and sub perennial forest,
cloud forest, low-dry forest and low-flooded forest.
It also lives in transformed forest, secondary forest
and croplands (Bello-Gutiérrez et al., 2010; Gallina
et al., 2019a), through in some conservation areas
it avoided deforested sites and agricultural fields.
For this reason, it is considered habitat specialist
(Gallinaetal., 2019a).

The measures range are: total length 90-120 cm;
12-32 kg weight. Their colour is reddish and the
ventral area is white. The males wear a simply
spikes without ramifications (Gallina et al., 2019a)
(Figure 3.18).
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Figure 3. 18 a. Central American red brocket calf. Image: https://
bioweb.bio/galeria/Foto/Mazama%20zamora/Registros%20fo-
togr%C; %A1ficos/431895; b. Central American red brocket male.
Image:  http://venadosrbtc.blogspot.com/p/los-ungulados-de-la-
rbtchtml. c. Central American red brocket female. Image: https://
wwwi.biolib.cz/en/image/id360429/.

Red brocketis generally seenaloneorin pairs, it for-
ages early in the morning and during the evening
(Eisenberg, 1989; Bello-Gutiérrez et al., 2010).
Their diet is specialized, consuming less than 10
classes of plants during the dry seasons and 10 to
15 during the wet season (Bello-Gutiérrez et al.,
2010; Gallina et al., 2019a). Fruit is preferred when
it is available (Eisenberg, 1989). In the Calakmul
Biosphere Reserve (Mexico), red brocket is a forest
specialist species because it consumes 20 species
of forest plants and its diet is composed by fruits
(80%), leaves and flowers (20%) (Weber, 2005).

3.3.3. Amazonian Brown Brocket deer
(Mazama nemorivaga Cuvier, 1817)

his species is distributed in Central and South
America - Panama (San Jose Island), Colom-
bia, Venezuela, French Guiana, Guyana, Su-
rinam, Brazil, Peru and Ecuador- (Eisenberg, 1989;
Rossi et al., 2010; Gallina et al., 2019a). This species
inhabits tropical and subtropical broadleaf moist
forest biome and most of them are related to the

Amazon region. Amazon red brocket exhibit some
selectivity for pulpy fruits with hard exocarp (Eisen-
berg,1989).

Their morphometric range is: total length: 76-102
cm and their average weight 15 kg (Gallina et al.,
2019a). Their colour is dark brown and the ventral
furis yellowish or whitish. The males wear a simply
spikes without ramifications (Eisenberg,1989; Ros-
sietal, 2010; Gallina et al., 2019a). The Amazoni-
an brown brocket is solitary and active all day. This
species presents territorial behaviour (Eisenberg,
1989; Rossi et al., 2010) (Figure 3.19).

The presence of brocket deer species along their
distribution has been considered as indicator of
well-preserved tropical forest. They live in forest
habitats (Gallina etal., 2019a).

: Rl S e St 2 SR

Amazonian Brown Brocket deer female. Image: https://
www.mammalwatching.com/2019/06/11/primarily-peruvian-pri-
mates-owlet-lodge-and-los-amigos-research-station-trip-re-
port/2019-50-amazonian-brown-brocket-mazama-nemoriva-
ga-2/. b. Amazonian Brown Brocket deer male. Image: https://
www.naturalista.mx/taxa/74553-Mazama-nemorivaga

3.3.4. Red Brocket deer (Mazama amevi-
cana Erxleben,1777)

he red brocket deer (Mazama americana)

is a medium-sized artiodactyl, weighing

between 20 and 30 kg at maturity. Their to-
tal length varies between 90 to 145 cm (Varela et al.,
2010). M. Americana is the largest species in the ge-
nus Mazama (Gallina et al., 2019a). Their body color
is reddish-brown, the neck and face are grey, the
hind limbs, tail and part or their face are white. Males
wear antlers, that are short and straight spikes turned
backwards without ramifications (Figure 3.20).

This species is one of the most abundant and
widely distributed cervids in Neotropical forest.
Its distribution ranges from Colombia, Venezuela,
through Argentina and Brazil (Emmons,1999). This
species is found in all main forest biomes of South

45



America and overlaps its ranges with M. guazoubi-
ra, M. nemorivaga, M. nana and M. bororo and show
strong morphological and life style convergent
features, but currently occupies different habitats.
Red brockets inhabit a variety of ecosystems such
as montane forest, lowland dry forest, rainforest,
savannas near to forest edges. The species eleva-
tion ranges reach an altitude of up to 2000 m a.s.l.
(Varelaetal., 2010). However, other authors report
higher elevation ranges. For example in Colombia
at Sierra Nevada de Santa Marta even up to 4000
m a.s.|. (Alberico etal., 2000).

The diet of Amazonia red brocket populations indi-
catesa fruitand seed-eating dominated diet, while
leaves, flowers and fungi are consumed in less
quantity. The diet composition changes season-
ally and geographically (Varela et al., 2010). This
species is shy and wary. They are also solitary but
it can be observed in pairs during the mating sea-
son (Varela et al., 2010; Gallina et al., 2019a). They
frequently visit mineral licks and trees with fruits.
They are exceptional swimmers and frequently
use small streams for their movements as an an-
ti-predatory strategy (Varela etal., 2010).

Figure 3.20. a. Red brocket deer male. Image: https://pt.wikipedia.
org/wiki/Ficheiro:Red Brocket (Mazama_americana) male_
(28091090800).jpg . b Red brocket deer female. Image: https://
panama.inaturalist.org/observations/10470099. c¢. Red brocket
deer calf. Image: https://www.anywhere.com/flora-fauna/mam-
mal/corzuela-colorada
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3.4. White-tailed deer in pre-Columbian
times

he white-tailed deer played an important

role in pre-Columbian intellectual systems.

The Maya linked this species to agriculture,
the sun, rain, the cyclical nature of time, and, fe-
cundity and prosperity (Brown, 2001; Pohl, 1981).
The Maya managed deer populations in order
to ensure an adequate meat supply for feasting.
They achieved this by preferentially hunting young
adults, in order to guarantee reproductive success
(Carr, 1996; Masson, 1999). Another kind of Maya
management entailed the elite control of forests
that were frequented by deer as a conservation
strategy. It is known, as well, that the Maya kept
deer in captivity, taming and corn-feeding them
(Carr,1996; Masson, 1999; Masson and Peraza Lope,
2008; Montero-Lopez, 2012, 2009; Thornton, 2011).
In the Andean world, white-tailed deer also played
an important role in the symbolic sphere. For in-
stance, in Moche pottery are represented hunt-
ing deer scenes, as ritual hunts to obtain victims
for sacrifice (Bourget, 2001). The purpose of deer
hunting was not to obtain food but to capture deer
for ritual sacrifice (Bourget, 2001). Probably the
hunt itself was seen as an offering to the deities
(Rusell, 2012).
The white-tailed deer was important to pre-Co-
lumbian communities in the ancient anthropo-
genic savannahs of central Panama, not only as a
food resource, but also as symbols of standard cos-
mological spaces (Cooke, 2005). Deer antlers and
bones were commonly employed for making ar-
tefacts and ornaments (Cooke, 2004a). Male deer
with branched antlers are frequently represented
on polychrome ceramics and occasionally on cast-
gold pendants after about 2300 cal yr BP (Cooke,
2004; 2011; Cooke and Jiménez, 2010) (Figure
3.20). Cooke and Ranere (1989) and Cooke (1992a)
inferred -- on the basis of early sixteenth century
CE chronicles -- that deer hunting in the lowlands
bordering Parita Bay was socially controlled, being
proscribed periodically for prestigious members
of the community (perhaps warriors) in order to
protect deer stocks, and thus ensure sufficient car-
casses for periodic feasts. Large quantities of dried
and salted deer carcasses (venado en cecina is the
Spanish-language term) were deposited in special
store-houses in the village of Nata in the chiefdom
controlled by a descent group of the same name.



Figure 3. 21. Ceramic Deer representation from Gran Coclé semiotic tradition. Images: Cooke, R.G.
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4.0BJECTIVES

4.1. General objective

o understand deer hunting as a subsistence strategy in Pre-Columbian times in Panama, through

multiproxy study of deer samples from pre-ceramic groups to complex politicized societies locat-

ed in continental areas (Cerro Mangote, Sitio Sierra and Cerro Juan Diaz sites) and in islands (Playa
don Bernardo site) in order to better understand human and deer relation across time and space.

4.2 Particular objectives

- To study deer diet as a proxy to reconstruct paleoenvironments through a combined analysis of mi-
crowear, mesowear and stable isotopes.

- To determine the hunting seasonality patterns based on changes in deer diet along the year.

- To perform a comparison between insular and continental deer populations through a geometric mor-
phometric study.

-Todetermine the purpose of cervid accumulations in different Panamanian archaeological sites through
a taphonomical study.

- To compare deer hunting across time and space and to evaluate management strategies through a
zooarchaeological study.

- To contribute to the knowledge of the Pre Columbian subsistence strategies in Panama.
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5. Materials and Methods

5.1. Materials

he sampling of the materials for this thesis varies between site, the research question and the
methods selected. In table 5.1 it will be find the sample size arranged by site and methodology
and in the next paragraphs a description of the sample by method.

Table 5. 1. Sample size by archaeological site and method. Abbreviations: n/a: not analyzed.

2502

Playa don Bernardo (PdB)

Zooarchaeology Isotope
Mesowear .
and Taphonomy analysis
85 40 41
34 27 38

Geometric
morphometrics
30

2082 va
2073 20 18 11 va
4225 70 57 55 va
11782 209 142 145 30

5.1.1. Zooarchaeology and Taphonomy

o Cerro Mangote (AG-1): The remains coming from
two different excavations were organized by occu-
pations periods: the red zone (n=270) and brown
zone (n=1812). In total, 2082 white-tailed deer re-
mains were studied (Table 5.1).

oSitio Sierra (AG-3): For this study the materials
were organized by excavation unit and context. Unit
A, contexts: A3; A2-1 [ A2-2; 404 (a pit); A1-1/A1-2.
Unit B, Contexts: B4; B3; B2; B1. In total, 2973 white-
tailed deer remains were analyzed (Table 5.1).

«CerroJuan Diaz (LS-3): The sample is composed by
4225 white-tailed deer remains from operation 1B
(Tables.1).

eIn the case of Playa don Bernardo the zooarchae-
ological and taphonomical analysis were already
performed and one part of them were published
(Martinez-Polanco et al. 2015) and the other one
will be presented in this thesis. The number of re-
mains analyzed was 2502 (Table 5.1). To determine
size changes at PDB the sample was composed by
30 teeth, MS-lI=7 and MS-Il1=23. We do not count
with any teeth from MS-I.

5.1.2. Mesowear and Microwear

[l available deer dental material from

Playa don Bernardo, Cerro Mangote, Sitio

Sierra and Cerro Juan Diaz were select-
ed. For mesowear analysis, 209 teeth were select-
ed (Cerro Juan Diaz n=70; Sitio Sierra n=20; Cerro
Mangote n=34; Playa don Bernardo n=85). In order
to perform microwear analysis, 142 teeth were em-
ployed (Cerro Juan Diaz, n=57; Sitio Sierra, n=18;
Cerro Mangote, n=27; Playa don Bernardo, n=57)
(Table 5.1). In both cases, we selected only adults,
takinginto account the degree of wear of the teeth,
notincluding the most worn ones, and also the un-
worn teeth. In the case of Cerro Juan Diaz, we se-
lected teeth from operations 1, 3, 4, 5 and 31. We
sampled all contexts at Sitio Sierra (A3, A2-1/A2-2,
A1-1 [ A1-2, B4, B3, and B2). At Cerro Mangote, we
focused our sample on the brown zone, which rep-
resents the more intense occupation in the site. In
the case of Playa don Bernardo samples from all
the macrostratums were selected.

Scores of extant cervids collection from the Amer-
ican Museum of Natural History in New York
(AMNH) and Smithsonian National Museum of
Natural History in Washington D.C. (NMNH) were
calculated to compare with the archaeological ones
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from Playa don Bernando. Extant white-tailed deer
(Odocoileus virginianus) from Coiba Island and Florida
Keys (n=18); Amazonian brown brocket deer (Maza-
ma nemorivaga) from Colombia, Venezuela, British
Guiana, Brazil and Peru (n=20); Central American
red brocket (Mazama temama) from Mexico, Gua-
temala, Nicaragua, Costa Rica and Panama (n=42);
red brocket (Mazama americana) from Colombia,
Venezuela, Ecuador, Bolivia and Brazil (n=55).

5.1.3. Stable isotope analysis

orthisanalysis were selected bone and teeth

of deer archaeological samples from Playa

don Bernardo (n=41), Cerro Mangote (n=38),
Sitio Sierra (n=11) and CerroJuan Diaz (n=55) (Table
5.1). Consistent element and side was obtained to
avoid mistakenly re-sampling the same individual
twice in cases where samples were from the same
stratigraphic layer. Where bone, dentine, and
enamel were available from the same individual,
all three were sampled to reconstruct early (enam-
el) versus later (bone and dentine) isotope results.

5.1.4. Geometric morphometrics

nardo and 205 modern teeth from the collec-

tion of Museum national d’histoire naturelle
(MNHN), American Museum of Natural History
in New York (AMNH) and Smithsonian Nation-
al Museum of Natural History in Washington D.C.
(NMNH) were studied (Table 5.1). Lower third mo-
lars were selected for this study and only the left
mandibles and teeth were used in the modern
collections in the case of the archaeological site we
used both sides (17 left and 13 right) but all pictures
of right mandibles were mirrored left.

30 archaeological teeth from Playa don Ber-

5.2. Methods
5.2.1. Zooarchaeological analysis

Zooarchaeology studies the animal remains found
in archaeological contexts. These findings are
product of human complex behavior related to the
environmental context and cultural choices. The
purpose of zooarchaeology is to understand hu-
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man and animal relationships in the past (S. Davis
1989; Chaix and Meniel 2005; Reitzand Wing 2008;
Hesse and Wapnish 1985).

Inorderto explain cultural change or continuity in the
past by using faunal remains, itis important to distin-
guish different uses or patterns that could affect the
formation of the zooarchaeological record. Taphono-
my plays an important role in the study of animals in
the past. Zooarchaeology implies interdisciplinarity,
because uses concepts, methods and techniques of
the other disciplines such as: biology, ecology, geol-
ogy, paleontology, anthropology among others (S.
Davis 1989; Chaix and Meniel 2005; Reitz and Wing
2008).

At the same time, there are other approaches that
could be useful to the zooarchaeological analysis. For
example, etnoarchaeological research, spatial analy-
sis, isotopic chemistry, geometric morphometrics or
experimentation. This kind of information could be
used to better understand post-depositional aspects,
temporal and spatial factors, and also socio-econom-
ical characteristics of the assemblage studied (Chaix
and Meniel 2005; S. Davis 1989; Reitzand Wing 2008).

5.2.1.1. Anatomical representation

ervid remains were analyzed and identi-

fied by using a modern reference collection

housed at Smithsonian Tropical Research
Institute (STRI) Archaeology Laboratory in Pana-
ma. At the same time, classical manuals were used
as reference (Barone 1976; Schmid 1972) and man-
uals written about zones near the study area (i.e.
Pena and Pinto 1996; Broughton and Miller 2016;
France 2009; Hillson 1999).

In many occasions the anatomic identification
level is limited by the remains fragmentation and
many elements are classified as unidentified, to
avoid the loss of information from these remainsin
this thesis it was used the classification suggested
by Rosell (2001) in three main categories:

eLong bone: They are formed by a cylindrical dia-
physis with two epiphyses that are located at their
ends. There are the animal extremities, except for
the carpals and tarsals.



oFlat bone: There are characterized by an irregular
and flattened morphology means that practically
no medullary cavity is present. They are the ones
that make up the cranial, axial skeletons and the
girdles (pectoral and pelvic) of the animals.

eArticular bone: These bones do not have a med-
ullary cavity and inside they are formed by spongy
tissue very dense and compact. There are the car-
pal and tarsals.

The zooarchaeological analysis employed several
units of quantification, in this thesis were used the
following ones, summarized by: Reitz and Wing,
(2008), Chaix (2005) and Klein and Cruz-Uribe
(1984).

*Number of Remains (NR): This refers to the total
number of remains that make up the zooarchae-
ological assemblage, without taking into account
the degree of taxonomical and anatomical identi-
fication that precision that was attained.

eNumber of Identified Specimens (NISP): This in-
dex takes into account only the bone remains that
were identified taxonomically. Thisindex usually is
lower than the NR.

eMinimum Number of Elements (MNE): This in-
dex quantifies the elements belonging to an in-
dividual, whether they are whole or fragmented.
For this quantification, it is necessary to take into
account different variables of each identified bone
fragment, such as the area of the bone, the face,
its position in the skeleton, the number of times
that appears in the skeleton and its age. Each bone
is divided into concrete portions, numbered from
the nearest to the mouth to the furthest (Figure
5.1). Each bone is, in turn, composed of four faces,
which together make up the anatomical element
and allow its identification with a higher level of
precision 1. Anterior, cranial or dorsal; 2. Posterior,
caudal or palmar / plantar; 3. Exterior or lateral; 4.
Interior or medial (Schmid 1972).

Figure 5.1. Scheme of portions in long and flat bones of white-tailed
deer.

eMinimum Number of Individuals (MNI): This in-
dex defines the minimal number of animals that
could be present in the assemblage. This index
does not reflect the real abundance of the animals,
and is only a guide to the minimum number of in-
dividuals present in the assemblage. In addition,
this index does not imply that the animals were
complete when the accumulation was formed.
This index is calculated by summing the most fre-
quent element taking into account laterality, age
and size.
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5.2.1.2. Age and sex

In zooarchaeology, the study of age allows to un-
derstand human behaviors such as sedentism,
mobility and storage, because multiple physio-
logical events correspond to a seasonal periodicity
that are reflected in the increase of bone tissues.
The growth rate of these tissues is related to fac-
tors such as metabolic rates, reproductive cycles,
migration patterns, nutrition and climate cycles,
which may give indications of the relationship of
men with animals in the past (S. Davis 1989; Chaix
and Meniel 2005; Reitz and Wing 2008).

The age at death of white-tailed deer was estab-
lished by reference to epiphyseal fusion, tooth
eruption sequence, and tooth wear. Based on Pur-
due (1983) data presented in the table 5.2, it was
established three grades of fusion: without fusion,
in the cases where the epiphysis was separated
of the diaphysis (Figure 5.2, c. b.); Evident fusion,
when the epiphysis was united to the diaphysis but
a line it is observed; and complete fusion, in the
cases where the diaphysis was complete linked to
the epiphysis and the union line is not observed
(Figures.2,a.).

10 cm

Figure 5. 2. Fusion degrees observed in white-tailed deer radius. a.
without fusion b. without fusion c. fused.
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Table 5. 2. Long bone fusion sequence after Purdue (1983). In paren-
theses initial fusion month.

Element Initial fusion Half-fused Complete

Female Male Female Male Female Male

Radius (px) 2 5 2 5 5 8
Humerus (di) 2 5 2 8 20 12
2nd Phalanx 5 8 5 8 11(8) 17
1st Phalanx 11(8) 11 11(8) 11 20 17
Tibia (di) 17(14) 17(14) 17(14) 17 20 23
Calcaneum 17(14) 20 20 20 29(26) 29(26)
Ulna (px) 20 20 20 20 29(26) A(38)
Femur (px) 20 20 20 20 32 A(38)
Metacarpal 20 23 20 23 29(26) 29(26)
Metatarsal 20 17 20 23 29(26) 29(26)
Radius (di) 20 29(26) 20 29(26) 29(26) A(38)
Femur (di) 23 29(26) 23 29(26) 29(26) A(38)
Tibia (px) 23 29(26) 23 29(26) 29(26) A(38)
Ulna (di) 23 29(26) 29(26) | 29(26) 29(26) 35(32)
Humerus (px) 29(26) A(38) 29(26) A(38) A A(38)
Cervical vert. (ce) 2 2 2 2 5 5
Thoracic vert. (ce) 2 2 2 2 5 5
Lumbar vert. (ce) 2 2 2 2 5 5
Acetabullum 5 8 5 8 11(8) 11
Atlas (do) 11(8) 8 11(8) 8 17(14) 20
Sacrum 17(14) 11 17(14) 17 A
Lumbar vert. (po) 23 17 23 20 35 A(38)
Lumbar vert. (an) 20 17 29(26) 20 35 A(38)
Thoracic vert (po) 29(26) 29(26) A
Thoracic vert (an) 23 29(26) 29(26) | 29(26) A
Cervical vert. (an) 29(26) 35(32) 29(26) | 35(32) A A(38)
Cervical vert. (po) 29(26) A(38) 29(26) A(38) A A(38)
Pubis symphysis 23 A(38) 29(26) A(38) A A(38)

Tooth eruption and attrition sequences are criteria
used to determine the relative age of herbivorous
mammals, because the eruption of the teeth and
theirreplacement follows a chronological sequence.
However, animal diet, geographic location and indi-
vidual variability could influence dentition (S. Davis
1989; Hillson 1996, 1999; Mariezkurrena 1983). From
tooth eruption and tooth wear it is possible to es-
tablish relative age classes not an exact age (Reitz
& Wing 2008). Tooth crown height is reduced by at-
trition and surface crown changes could be used to
determine relative ages (Reitz & Wing 2008).

In the case of the white-tailed deer age is estimat-
ed based on the classical research of Severinghaus
(1949), who made a detailed description of the pro-
cess of eruption and dental wear of this species. He
used modern wild population sample from New
York (United States), he proposed a series of age
classes and subclasses. However, the exact deter-
mination of the age is challenging when one deals
with archaeological samples. Specially in the case
of Neotropical white-tailed deer because there are
differences between populations in tooth chronol-
ogy and tooth wear due to differences in habitat
quality and environmental characteristics (Ojasti,
2000). In order to fine-tune age classes, data from
contemporary animals are needed from which
relationships can be established with the archae-
ofaunal samples. This is all very well in theory, but
as far as we know, there are no such studies of Ne-
otropical deer for making direct comparisons. For



these reason was selected two broader categories:
juveniles and adults. Also, because they have a
meaning in the dynamics of the populations.

eJuveniles: This relative age classes are compound
by individual minors to 18 months. This age class is
characterized by deciduous or replacement teeth,
the eruption of the third molar, and the absence of
dental wear, if there is very slight.

eAdults: Individuals older than 18 months corre-
spond to this age group because individuals have
complete adult teeth, the third molar is fully active
and thereareslight to moderate wear in the premo-
lars and molars. Individuals older than 6 years have
permanent teeth with high and very high wear.

The white-tailed deer is a species that present a
marked sexual dimorphism, the males are bigger
than females and also present branched antlers
(Figure 5.3). By using this trait distinguishing males
from females is straightforward. However, these
differences are evident after a year and a half of age
when the deer have reached reproductive age (Galli-
na et al. 2010; Verme and Ullrey 1984; Galindo-Leal
and Weber1998). An important characteristicis that
given the presence of the antlers in the skull of the
males, the front being stronger while that of the fe-
males is more gracile (Reitzand Wing 2008).

Size changes: In order to study size changes in PDB
deer, it was calculated the crown area of m3. It was
employed the software Fiji to take the maximum
length and width measuresin mmand then the area
was calculated and standardized by log1o function.

5.2.1.3. Skeletal representation profiles

profiles are used to understand the final com-

position of the archaeological sites. This com-
position could be influenced by two aspects: 1.
Differential transport and 2. Differential conserva-
tion process (Binford 1981; Klein 1989). Differential
transport models start from the assumption that
the prey skeleton is distributed along a path that
starts at the kill site and finish to the place of final
consumption (Metcalfe and Jones 1988). Metcalfe and
Jones (1988) proposed the followings selective trans-
port strategies: 1. Bulk strategy, where large quantities
of anatomical parts of high, medium and low quali-
ty are selected, being more abundant those of lower
quality; 2. Gourmet strategy, in which the high utility
parts are the most frequent and the parts of moderate
utility are not included; 3. Unbiased strategy, in which
the parts appear proportionally according to their
quality; 4. Reverse utility strategy, the lower quality
parts are very abundant in contrast with the parts of
greater quality thatare almost not represented.

,n zooarchaeology the skeletal representation

Figures. 3. a. Male white-tailed deer; b. female white-tailed deer.
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To perform skeletal differential distribution anal-
ysis, the bone elements were grouped by parts:
head (skull, mandible, maxilla, molars and premo-
lars); axial skeleton (vertebrae and ribs); forequar-
ter (scapula, humerus, radius and ulna); hindquar-
ters (pelvicwaist, femur, patella and tibia); forefoot
(metacarpal and carpal); hindfoot (metatarsal and
tarsal) and foot (metapodia and phalanges). From
these bone elements the NR was quantified by
body part and then the archaeological bone fre-
quencies with the expected frequencies if the deer
skeleton were complete, applying the following
equation:

d=(LnX)-(LnY)

Where X is the percentage of each skeletal portion
(% NISP) and Y is the percentage of the same por-
tion in a complete skeleton. Both values were nat-
urally log-transformed to give linearity back to the
variables. Positive values show that the skeletal
portion is more abundant compared to the stand-
ard and negative values that the skeletal portions
are underrepresented (Reitz and Wing 2008).
The skeletal portions were organized as a follows:
Head (cranium, mandible, maxilar); Axial (Atlas,
axis, lumbar vertebrae, thoracic vertebrae, cervical
vertebrae, sacral vertebrae, sternum, ribs); Fore-
quarter (scapula, humerus, ulna, radius); Forefoot
(acetabulum, ileum, ischium, femur, tibia); Hind-
quarter (scaphoid, trapezium, uncinated, lunate,
metacarpal. Rudimental metacarpal); Hindfoot
(Patella, metatarsal, astragalus, calcaneus, cuboid,
cuneiform, intern cuneiform) and foot (metapods,
phalanx proximal, phalanx medial, phalanx distal,
phalanx) (Reitzand Wing 2008).

To carry out the selective transport analysis, the
abundance index of skeletal parts or MAU (Min-
imal Animal Units) was obtained (Lyman 2008).
The MAU is obtained by dividing the number of
elements identified by the number of anatomical
units present in a complete skeleton. MAU% is the
relativized scale obtained by dividing between the
standard (greater MAU) and multiplying by 100.
Subsequently, the MAU% was compared against
the utility index proposed for the white-tailed deer
by Madrigal and Holt (2002) modification of the
index proposed by Binford (1984) and the simpli-
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fied index of Metcalfe and Jones (1988). For this
purpose, the MAU of the long bones was obtained
by dividing by two, the phalanges dividing into
eight, the cervical vertebrae dividing into five (ex-
cluding the atlas and the axis), the thoracic verte-
brae dividinginto twelve and the lumbar vertebrae
into seven (Madrigal and Holt 2002; Sauer1984).

Bone differential destruction may be influenced
by its own characteristics, such as its density and
also for the interaction and intensity of the exter-
nal forces that acting on the bone (Lyman1994). To
study the differential conservation in relation to
bone density (VD) were used Lyman (1994) values
averaged following Reitz and Wing (2008), and it
were plotted volume density (VD) against NISP,
and calculate a correlation coefficient (Pearson’s r)
between these variables.

5.2.2. Taphonomical analysis

he taphonomical analysis focused on bone

' breakage and surface alteration. Surface
alterations were identified macroscopically

and microscopically. All skeletal specimens were
examined using a stereomicroscope (Leica Wild
M10, up to 120). The Atlas of taphonomic identi-

fications were used as reference (Fernandez-Jalvo
and Andrews 2016).

5.2.2.1. Bone breakage: Fragmentation
and fracture

he remains found in archaeological sites are

' characterized by the high degree of frag-

mentation, which could be caused by differ-

ent taphonomical agents such as biological agents

and/or physical process. Two different words could

be used to distinguish this causes, fragmentation

when the cause is a physical process and fracture

when a biological agentis the responsible (Fernan-
dez-Jalvo and Andrews 2016).

The inherent characteristics of the bone produce
different break patterns when the bone is green
or dry (Bunn 1983; Villa and Mahieu 1991). Green
bones have a high degree of plasticity, but they
could break when the pressure is greater than
their strength. In these cases, the fracture follows
the natural lines of the bone. The fractures are



produced by biological agents when the bone is
green, because their intention is to obtain the nu-
trients that are inside the bones (Bunn 1983; Villa
and Mahieu1991).

The opposite case is the fragmentation of the dry
bone, because the physical characteristics of the
bone changed, now the bone lost its moisture and
its organic properties, the bone is fragile and brit-
tle. At this moment the bone reacts different in
front of pressure, forming perpendicular cracks.
This kind of fragmentation is produced by physical
process without any intentionality (Bunn 1983; Vil-
la and Mahieu1991).

To study long bone representation, the anatomical
zone (proximal, medial, distal, whole) of the long
bones (humerus, radius, femur, tibia, and meta-
tarsal) were recorded. In order to evaluate bone
breakage, it was distinguished colour changes
in the outlines and also fracture angle in order to
discriminate an old breakage (occurring at or near
the time of deposition) from a new breakage (oc-
curring during or after the excavation) (Steadman,
Plourde, and Burley 2002).

Villa and Mahieu (1991) proposed a methodology
to study breakage bone patterns. They studied the
fracture plan, by observing 3 aspects: 1. Fracture
angle; 2. Delineation and 3. Fracture surface. The
fracture angle is established in relation to the cor-
tical bone and could be: straight, oblique or mixed
(Figures.4). Thedelineationis studied with respect
to longitudinal bone axis and could be: transversal,
curved and longitudinal (Figure 5.4). The aspect of
the fracture surface which could be: smooth or ir-
regular (Figure 5.4). By studying this characteris-
tics Villa and Mahieu (1991) observed that the frac-
tures are curved with oblique angles and smooth
surfaces. While, fragmentation is transversal with
straight angles and smooth or irregular edges.

Fracture angle

S

Straight Oblique Mixed

Delineation

\_/
Transversal

Curved Longitudinal

Fracture surface

ard

Smooth Irregular

Figure 5. 4. Bone fracture and fragmentation characteristics.

5.2.2.2. Butchering

yman (1987) defines butchering as the hu-

man reduction and modification of an ani-

mal carcass into a consumable part. In this
definitions consumable refers, to all forms of use
of carcass products including but not restricted to
consumption of products as food. Human behav-
iors could be studied through butchering process
and evidenced by the butchery pattern as deter-
mined from an assemblage of faunal remains. It
is assumed that prehistoric butchers utilized the
most pragmatic butchering process and evidence
of butchering could be interpreted as reflecting ef-
ficient human activity (Lyman, 1994).

Butchering consists of a set or series of sets of hu-
man activities directed towards the extraction
of consumable resources from a carcass (Lyman
1994). Preparing carcasses for consumption in-
volves a series of activities that includes the extrac-
tion of external nutrients (skin, meat, and tendons)
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to obtaining internal resources (fat and marrow)
(Binford, 1981). Butchery marks can be identified
in the archaeological record; they are known as cut
marks. According to Binford (1981), cut marks can
result from three activities: 1) skinning; 2) disartic-
ulation and 3) filleting (Binford, 1981). Skinning is
the activity that refers to the extraction of the ani-
mal's skin, separating it from the rest of the body.
This type of cut marks are produced in areas with
little muscle mass, these will tend to be transverse
marks, of variable intensity, and mainly located on
the skull (frontal and parietal), mandible, in the
distal radius and tibia, and in the metatarsals, al-
though there may be some variability (Binford,
1981). In the case of deer, it is expected to find cut
marks of this type located near the antlers.

The disarticulation consists of dismembering the
animal into quarters. This type of activity is carried
out to facilitate the transport of the animal and is
done following the anatomy of the animal. In this
way, the axial, cranial, and coxal skeleton are iso-
lated from the appendicular skeleton. In this pro-
cess, the scapula is held together with the humer-
us, while the femur is separated from the coxal by
the acetabular zone. The disarticulation marks are
located at very specific points, in articular surfaces
of the ends of long bones on the surfaces of verte-
brae or pelvic parts. The separation of the forelimb
can be observed in incisions located on the caudal
aspect of the scapula and the external face of some
ribs. In the case of the posterior limb, the cut marks
are found in the proximal area of the femurand the
acetabulum (Binford, 1981).

Defleshing is the extraction activity of meat, which
is attached to the bones. This process is one that
leaves the greatest number of marks, although
there may be variability depending on the type of
consumption made of the animal. The marks that
can be observed on the bone surface are incisions
and scrapes, which are generally longitudinal and/
or oblique, that present variable longitudes but
on many occasions are long. Although they can be
found on all the skeletal parts of the animal, more
frequently in the parts with less muscle mass. They
arevery frequentinthediaphysis of the long bones,
but also in the metaphyses of the bones, particu-
larly in areas of muscle insertions. In flat bones are
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also observed this kind of marks (Binford, 1981).
Oncetheextraction oftheskinand meatis finished,
the bones keep some nutrients inside. the peri-
osteum, which can also be consumed or removed
to facilitate bone fracture, this activity leaves very
fine incision-like cut marks in groups and parallel
to the longitudinal axis of the bone (Binford, 1981;
Blumenschine and Selvaggio, 1988). The marrow
and fat contained mainly in the epiphyses of the
long bones. To obtain the marrow, the bones need
to be breakage. During this process, it is recurrent
that the joints are affected, even disappearing.
This has to do with crushing them to access the in-
ternal content of the bone (Binford, 1981).

5.2.2.3. Surface alterations

he changes observed on the bone surfac-

es could provide information on aspects

related to the agents and their degree of
participation in the process of site formation.
The physical, mechanical and chemical processes
through which some alterations occurred remain
unchanged over time. For this reason, experimen-
tal and actualistic perspectives can be used to un-
derstand it (Shipman 1981).

5.2.2.3.1. Anthropic modifications

Attention was focus on four anthropic modifica-
tions: cut marks, fracture, thermal damage and
tooth marks. Then, they will be described.

oCut Marks: They are linear grooves, with a variable
longitude and width. The transversal section of a
cut mark has a “V” shape, and their walls and the
bottom presents microestriae. Sometimes, associ-
ated to a cut mark it is found barbs or small striae,
at the end or the start of the principal mark. Other
traits that could be identified are shoulder effect,
when the prominent sector of the edge touches
the cortical bone. Basically are identified four types
of cut marks: 1. Incisions or slicing marks (slight
grooves with a variable longitude and width); 2.
Scrape marks (shallow, wide striae that run along
the bone lengthwise); 3. Chop marks (cuts of small
length deep and wide) and 4. Saw marks (Deep,
short and concentrate incisions). The type of mark
depends on the instrument used and also on how
the instrument has been used. The presence of cut



marks is incidental. However, the position and the
type are common used to described the butchering
process. Theanalysis of cut marks took intoaccount
the number of striations, location on the anatomi-
cal element, distribution over the surface (isolated,
clustered and crossed), orientation with respect to
the longitudinal axis of the bone (oblique, longi-
tudinal and transverse) and delineation (straight,
sinous or curved) (Binford 1981; Potts and Shipman
1981; Shipman and Rose 1983; Fernandez-Jalvo and
Andrews 2016) (Figure 5.5). The cut marks were
also measured under the microscope.
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Figure 5. 5. Cut marks characteristics.

eFracture: Humans break bones with some inten-
tion, nutritional or technological (to manufacture
artifacts or tools). To fracture green bone, the tech-
nique more common is direct percussion, against a
rock (anvil) using a chopping tool (hammerstone).
Other strategy is to change surface bone temper-
ature (hot and cold) (Caceres et al. 2002; Outram
2001). In the archaeological remains could be
identified the next traits: Percussion stigmas (cir-
cular or oval depressions produced by bone com-
paction when there is an impact that does not
have sufficient force to break the bone); 2. Percus-

sion impacts (Depressions in the cortical bone in
which the maximum intensity is produced when
the bone is broken); 3. Percussion cones (Small ex-
tractions of bone tissue that are detached in the
percussion impact zone); 4. Cortical flakes (small
detachments of cortical tissue resulting from per-
cussionimpactwhichinturn leave a negative in the
cortical section of the element); 6. Parasitic splin-
ters (percussion cones which did not fully detach).
7. Counter-strokes (cuneiform fractures located
on the face opposite the point of impact) (Binford
1981; Johnson 1985; Blumenschine and Selvaggio
1988; Blumenschine 1995; Pickering and Egeland
2006; Fernandez-Jalvo and Andrews 2016).

Another type of human fracture is known as peel-
ing, this is a flexion fracture. This kind of fracture is
usually found in ribs, flat bones and vertebrae apo-
physys. To break the bone one part is in the mouth
and another in the hand and the pressure origins
this kind of fracture. This type of fracture is identi-
fied by bent fracture edges and cortical flakes that
leave the trabecular tissue exposed (Pickering et
al. 2013; Fernandez-Jalvo and Andrews 2016).

eBurning damage: The study of burning changes
into the bone surfaces could bring us information
about animal consumption and processing. The
colour changes observed macroscopically is the
most common way to study this aspect. In this the-
sis, six degrees of thermal damage were identified
[from o (unburned) to 5 (calcined) and 6 when 2
burning colours were observed] using Stiner et
al. (1995) criteria. Grade 0: no apparent alteration;
Grade 1: bone surface with small scattered spots of
brown color, conserving part of its collagen; Grade
2: the bone presents a homogeneous brown color;
Grade 3: the bone is charred, acquiring a black
color. The collagen has been completely lost in this
phase; Grade 4: gray and / or bluish coloration of
the bone; Grade 5: the bone is completely calcined,
white. In figure 5.6 could be observed some exam-
ples of this stages.
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Figure 5. 6. Burning damage coloration changes.

Human tooth marks: Human tooth marks were
classified by following their morphology and their
position into the bone, as 1. pits (ovoid shape and
shallowness), or 2. scores (elongated shape and in-
ternal crushing) (Fernandez-Jalvoand Andrews 2011;
Landt 2007; Pickering et al. 2013; Fernandez-Jalvo
and Andrews 2016). Their distribution, orientation
and dimensions were taken into account.

5.2.2.3.2. Non-anthropic modifications

Humans are not the lone responsible to produce
faunal accumulations, other agents as carnivores
and rodents could do this or at least modified it
(Brain 1981; Fernandez-Jalvo and Andrews 2016).

e Carnivores: carnivores can produce changes on
the bone surface as a consequence of the extrac-
tion of soft tissues and by the action of fracturing
the bones to consume the marrow. By definition
carnivore tooth mark are sinuous striations with a
U-shaped cross-sectionwith aflatorirregular back-
ground. Their morphology, length and width are
variable and sometimes they have rounded edges
(Binford 1981; Bunn 1983; Shipman 1981). The ba-
sictypes of bite that can be identified are: 1. Scores,
tooth scratches, or striations (can be short, parallel
and linear. Sometimes they can have a U-section
or a V-section); 2. pits (they are oval or circular and
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sometimes the cortical tissue is preserved within
the depression); 3. Digestion (the action of saliva
or gastricjuices makes the elements appear round-
ed or even polished); 4. Punctures or perforations
(they are deep depressions left by a molar or by a
dental series on the surface of the bone); 5. Fur-
rowing (loss of bone tissue by pitting); 6. Notches
(semicircular marks in the fracture edge) (Binford
1981; Maguire, Pemberton, and Collet1980; Selvag-
gi01994; Fernandez-Jalvo and Andrews 2016).

eRodents: Rodents can modify bone remains when
are exposed to the open air. These animals use the
bones to wear their continuously growing dentures
or to obtain some minerals needed for their diets.
Rodent bites have a particular morphology that is
characterized by the presence of wide grooves of
variable length with flat and parallel bottoms or
in the shape of a fan (Maguire, Pemberton, and
Collet 1980; Brain 1981; Fernandez-Jalvo and An-
drews 2016). The fact that the rodents had access
to the bones means that the bones lost their fresh
condition before being covered by sediment which
would indicate a relatively long period of expo-
sure of the sediments to weathering phenomena
(Maguire, Pemberton, and Collet 1980; Brain 1981).



5.2.2.4 Bone artefacts manufacture

anufacture is the process of transform-

ing the raw material into an artifact,

going through different stages such
as extraction, elaboration, and decoration. This
process leaves different anthropogenic evidenc-
es (Pérez Roldan 2005; Pérez Roldan 2013). The
materials that provide the most information on
manufacturing traces are elements such as the
core, debris, and blanks/preform, which help to
reconstruct the entire manufacturing process of
each analyzed artifact (Pérez Réldan 2005; Pérez
Roldan 2013; Nagy 1990; Wells 2012). The core re-
fers to that fragmented or complete bone or to the
horn that presents transversal or longitudinal cuts
or percussions, which are determined as part of
the extraction technique. Cores exhibit evidence
of this process as cutting, hacking and wedging
marks, but there are no signs of additional work-
ing such as scraping, grinding or polishing which
would indicate the intention to create a finished
tool. The purpose of this activity is to produce
blanks or performs. This has not been anatomi-
cally modified and sometimes combines extrac-
tion marks with others, such as cut marks (Pérez
Réldan 2005; Pérez Roldan 2013; Nagy 1990; Wells
2012). Blanks are portions of osseous material cut
from cores that will be further reduced into tools.
One or more proposed tools may be conceived at
the time of removal, but the type is not always
apparent. Blanks generally retain evidence of the
ways in which they were removed such as groov-
ing and snapping (incisions, notches, fractures)
(Pérez Réldan 2005; Pérez Roldan 2013; Nagy 1990;
Wells 2012). Debris is defined as fragmented piec-
es of osseous material too small to be reduced into
tools and displaying a single cut edge and no other
modification such as grinding or polishing. These
pieces represent discard in the process of reducing
material to a blank or preform and can be difficult
to distinguish from highly fragmented cores. Into
this group are the articular ends that have been
cut in order to expose useable segments. This area
usually conserves wear due to cutting or transverse
sawing or in some cases, percussion (Pérez Réldan
2005; Pérez Roldan 2013; Nagy 1990; Wells 2012).
The artifact is the finished product (Pérez Réldan
2005; Pérez Roldan 2013; Nagy 1990; Wells 2012).

A series of activities involves the manufacture pro-
cess. Abradingis the reduction of the surface mate-
rialusingagrindingimplementsuchasasandstone
abrader. Abrasion used in the manufacture of tools
results in striations, a series of thin, parallel lines.
Chopping is a percussive action where a relatively
heavy tool cuts into the raw material resulting in a
series of notches in the chopped surface. Cutting
is produced with sharp tools which are pushed
and pulled over the surface leaving incisions in the
form of small channels. Grooves are generally larg-
er, deeper versions of incisions. Incising and groov-
ing are two actions that are performed during the
cutting of the raw material. Scraping is an action
aiming at reducing and shaping the surface of the
raw material by pulling and pushing a scraping
tool over the surface while applying pressure. The
resulting debris is often dust-like pieces of materi-
al. Finally, polishing is an action which adds lustre
to the surface of osseous tools, achieved through
abrasion with a very fine stone and often soft ma-
terials such as hide (Nagy 1990; Pérez Réldan 2005;
Pérez Roldan 2013).

5.2.2.5. Post-depositional modifications

oisture can produce changes in the sur-

face of bone remains, which may be the

presence of manganese stains, concre-
tions or root affectations.

e Manganese stains: manganese stains are black
and could be isolated or concentrated in one point
of the bone. They are produced by bacteries who
lives in humid and aerobics environments with a
neutral pH or close to neutral (Fernandez-Jalvo and
Andrews 2016). The manganese stains could tell us
about the presence of puddles of water or low in-
tensity flows (Lopez-Gonzalez, Grandal-d’Anglade,
and Vidal-Romani 2006).

« Concretions: The presence of concretions are re-
lated to humidity changes in the substrate where
the bone is. These changes give rise to a dilatation
and a compaction of the sediments together with
their humidification and drying (Courty, Goldberg,
and Macphail 1989).
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eRoot damage: The signs produced by the presence
of roots on the surface of the bones are are defined
as sinuous, wide, elongated, superficial grooves
and with a U-shaped section, which appear in a
detritic way and that can affect a part or all of the
remains (Binford 1981; Hesse and Wapnish 198s;
Lyman 1994; Fernandez-Jalvo and Andrews 2016).
There can be two mechanisms of variation, a disso-
lution of the bone surface that is in direct contact
with the roots through the segregated acids during
the absorption of nutrients that allow their growth
(Johnson 1985). The second, by the action of fungi
and bacteria during the process of plant decompo-
sition (Grayson 1988).

5.2.3. Mesowear and Microwear analysis
5.2.3.1.The teeth

he tooth is a hard structure consisting of a

dentine and enamel. Cementum is a softer

material than bone that protects the roots of
the tooth and makes it stay in place. Also in some
herbivores cementum is found on the labial and
lingual surfaces of some teeth. Infundibulum is
found in the premolars and molars of some ungu-
lates (i.e. camelids, cervids, bovids, equids). It is a
tunnel-shaped structure found in the body of the
crown of the premolars and/or molars where it is
wider than on the occlusal surface (Hillson 1996,
1999; Reitz and Wing 2008).

The main function of teeth is to capture and pro-
cess food. Animals that have different types or
rather shapes of teeth are known as heterodonts,
such as mammals. Each type of tooth has a func-
tion, so that the incisors are responsible for cutting
or holding, the canines to drill or grab, the premo-
lars and molars to process food, grind and / or crush
(Hillson 1999, 1996; Reitz and Wing 2008).

In general, the teeth of mammals are made up of:
2. incisors, they have a crown and a simple root;
Canines also have a simple root and punctuated
crowns; 3. Premolars, which may have one or more
roots and simple or complex crowns; and 4. Mo-
lars, which have several roots and complex crowns
(Hillson 1996, 1999; Reitz and Wing 2008).

60

The denture of the cervids is selenodont, which is
characterized by a triangular shape of the cusps.
The occlusal surface of the molars and premolars
is not covered with enamel. The layers of enamel,
dentine and cementare rather exposed. Cementin
the center, surrounded by a layer of enamel, then
a layer of dentin, all wrapped in a second outer
layer of enamel. These characteristics, the triangu-
lar shape and the exposure of the layers, together
with the lateral movement of the maxilla and the
mandible allow the animals that have this type of
denture to chew in a very efficient way very hard
vegetal material; because when the upper and
lower molars and premolars cross, they cut and
grind what they are consuming (Hillson 1996).

Deer teeth are brachydont or mesodont because
they feed on fibrous vegetation. This type of den-
tition is characterized by having teeth and are cov-
ered by enamel that covers a little more than the
gum line which allows them to have a reserve of
material that is worn out with time to go consum-
ing hard plant materials (Hillson 1996).

The white-tailed deer dentition consists of 3 mo-
lars and 3 premolars on each side of the jaw; 3 mo-
lars and 3 premolars on each side of the jaw and
has only 3 incisors and 1 canine on the jaw for a to-
tal of 28 teeth (Severinghaus 1949). The whitetails
dental formulaeis:

(0 0 3 3)
(313 3)

The mesowear an microwear analysis were per-
formed at Molecular Laboratory at Institut Catala
de Paleoecologia Humana i Evolucié Social (IP-
HES) in Tarragona.

5.3.2.2. Mesowear analysis

ortelius and Solounias (2000) proposed a
method known as mesowear in order to
identify the diet of a particular species from
a particular location in space and time. They used
the three main dietary categories of browser, graz-
er, and mixed feeder as defined by Hofmann and
Stewart (1972). They were looking for a method to



quickly analyze large amount of samples of extinct
taxa placed in museums in order to better under-
stand ungulate paleocommunities. Mesowear is
result of the attrition and abrasion over long period
anditreflects the annual diet of an animal (Amano
et al. 2016; Rivals, Rindel, and Belardi 2013; Rivals
et al. 2017; Fortelius and Solounias 2000).

Mesowear analysis involves the observation of
cusp morphology, by describing the sharpness and
the relief of molar tooth cusps. Mesowear is scored
macroscopically from the buccal side of upper mo-
lars, preferably the paracone of M2. The relative
contribution of attrition and abrasion to the to-
tal wear should be considered to understand this
method, sharp cusps mean that attrition (tooth on
tooth) predominates strongly, and blunt cusps are
product of abrasion (food on tooth). Leaf browsing
herbivorous had an attritive wear patterns (sharp
molar cusp) and grazing animals with high abra-
sion diets results an abrasive wear patterns (blunt
molar cusp) (Fortelius and Solounias 2000).

According to Fortelius and Solounias (2000),
mesowear analysis is applicable only if factors re-
lated to diet have a significantly stronger influence
on wear patterns than factors related to structure
or wear stage. This authors found that wear in un-
gulates tends to be stable during life, except for
the earliest and latest stages. For this reason, it is
recommended to select only adult individuals.
Sample size is also relevant, they observed that
mesowear pattern stabilizes after about 20 or 30
individuals, and usually gives a reasonable approx-
imation afterabout10.

Besides, Rivals, Mihlbachler, and Solounias (2007)
study of mesowear and crown height measure-
ments of a large sample of one brachydont, one
mesodont and one hypsodont species conclude
that: mesowear is not stable throughout the
lifespan of an individual; and mesowear stability is
related to initial crown height. For this reason, it is
recommended to select individuals showing inter-
mediate degrees of dental wear when mesowear is
more related to diet and not with age. Also, it is sug-
gested not include in mesowear analyses unworn
(and marginally worn) teeth, extremely worn teeth,
and those with broken or damaged cusp apices.

Mihlbachler et al. (2011) proposed a standard-
ized method “mesowear ruler”. It consists in a cast
of six stages of modern horse cusps ranging in
shape from high and sharp (stage 0) to completely
blunt with no relief (stage 6) according to the de-
gree of facet development. Mesowear is scored on
each specimen and then averaged for each sam-
ple, “mesowear score” This ruler-shaped platform
could be placed near the fossil for comparison, even
though itis created to horses it could be used in oth-
er species. In this thesis were used the “mesowear
ruler” developed for sika deer (Rivals and Takatsuki
2015) and adapted to deer by us (Figure 5.7).
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Figure 5. 7. Mesowear score example from Pedro Gonzalez samples.

Itisimportant, to keep in mind that the high levels
of abrasion could be produced also from the soil or
dust particle ingestion. In order to test how this af-
fected the mesowear score Kaiser et al. (2011) per-
formed an analysis of ungulates and they found
that mesowear is more related to the effect of eat
grazes than dust or soil. Other researchers show
the same pattern in different species (Kubo and
Yamada 2014; Saarinen and Lister 2016).

5.3.2.3. Microwear analysis

icrowear analysis allows to distinguish

browsers, grazers and mixed feeders by

studying microscopic features on the
tooth enamel (Solounias and Semprebon 2002).
The abrasion of food particles over the tooth
enamel produce a microwear pattern. There is a
great variability in the hardness and abrasiveness
of plants, and also in the parts and the age of the
plant, all of these characteristics will produce dif-
ferent patterns on the tooth enamel (Solounias
and Semprebon 2002). Two basic features appear
on the enamel surface during the mastication
process: scratches and pits. This pattern is quickly
produced and continuously overwritten and thus
indicates the diet of the last days or weeks before
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death (Grine 1986). It brings insights about the
paleonvironmental conditions weeks or even days
within the time of the animal death. It responds to
animal food preferences and their dietary ecology
(DeSantis 2016; Xafis, Nagel, and Bastl 2017; M.
Davis and Pineda Munoz 2016; Solounias and Sem-
prebon 2002).

Microwear has been used to differentiate among
browsers, grazers, and mixed feeders in extant
ungulates and in the fossil record. Solounias and
Semprebon (2002) proposed to observe the pat-
terns of microwear by using low magnification mi-
croscopes (35x), so far the studies have been con-
ducted with high magnification microscopes.

Solounias and Semprebon (2002) and Semprebon
et al. (2004) developed a detailed protocol for the
study of microwear and involves several steps. First,
the occlusal surface of each tooth was cleaned with
ethanol 96%. Second, the occlusal surface was
molded using a high-resolution silicone dental im-
pression material (i.e., polyvinyl siloxane). Third,
the positive cast was created by using transparent
epoxy resin. When the cast was made, they are
ready to be examined under the stereomicroscope.
Initially, Solounias and Semprebon (2002) pro-
posed to performed microwear analysis on the
second enamel band of the paracone of upper M2.
However, it is observed that the microwear can be
distinguish in the other molars and also premolar 4.
Therefore, if the sample is not large, other molars or
even premolar 4 could be used. The upperand lower
teeth can also be used, and other parts of the tooth
can also be considered too (Figure 5.8) (Xafis, Nagel,
and Bastl 2017; Rivals, Julien, et al. 2015).

The cast is observed under the stereomicroscope. A
Zeiss Stemi 2000C stereomicroscope at 35x magni-
fication were used to observe microwear features
(pits and scratches) on the enamel bands, are quan-
tified by using an ocular reticle 0.4 x 0.4 mm area.
Solounias and Semprebon (2002) observed that mi-
crowear could be variable on a single tooth, to avoid
this, they propose to count in two different enamel
locations. Then the two counts per cast were aver-
aged to obtain a mean number of pits and scratches.
Sometimes, cast represents badly preserved ena-
el or taphonomic defects (features with unusual
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Figure 5. 8. Nomenclature of the tooth cusps on (a) lower and (b)
upper molars.

morphology and size, or fresh features made dur-
ing the collecting process or during storage). In this
occasions, itis suggested by King, Andrews, and Boz
(1999) to remove them from the analysis.

Starting from pits and scratches means, they con-
structed bivariate plots of the extant ungulates. In
this way, they organized all taxa by dietary catego-
ry and they obtain a value and ranges for brows-
ing, grazing, and mixed feeding ungulates. So, the
scratches counting allows distinguish three dietary
categories: browsers (0-17), grazers (17.5-29.5) and
mixed feeders which presents some overlapping
values (Solounias and Semprebon 2002). In this the-
sis, it was used the R code proposed by Rivals (2019)
to create the bivariate plots.

As stated above the principal microwear traits are pits
and scratches, however Solounias and Semprebon
(2002) mention others, thereupon are explained:

« Pits: Pits shape s circular or sub-circularand had sim-
ilar widths and lengths. Could be: small, large (deeper
and less refractive, and their size is almost the diame-
ter of small pits) or punctures.(Figure 5.9a.and c.).



o Scratches: Scratches are elongated microfeatures
that are not merely longer than they are wide but
have straight, parallel sides. Scratch texture was as-
sessed as being either fine (i.e., narrow scratches that
appear relatively shallow and have low refractivity),
coarse (i.e. wide scratches thatare also relatively deep
but have high refractivity, relatively shiny) (Figure 5.9
a.b.c).

e

Figure 5.9. Examples of microwear features on the enamel bands of
the occlusal surface of white-tailed deer teeth. a. Small pits and fine
scratches on a m1 from Cerro Juan Diaz (specimen C]D-OP5-145);
b. Fine and coarse scratches on a m2 from Cerro Mangote (specimen
CM-CO40-169); c. Fine and coarse scratches and small and large pits
on a m2 from Cerro Juan Diaz (specimen C]D-SP-160).

 Gouges: This features have ragged, irregular edg-
es and are much larger (approximately 2—3 times as
large) and deeper than large pits.

e Cross scratches: Cross scratches are oriented some-
what perpendicularly to the majority of scratches
observed on tooth enamel.

The microwear pattern is sensitive to seasonal, lo-
cal and individual variations in diet (Semprebon et
al. 2016). The variability of the microwear pattern is
correlated with the duration of the accumulation of
an assemblage (Rivals, Schulz, and Kaiser 2009) for
that reason it allows an estimation of the duration
of the human occupation in a specific location and
in a precise period —seasonality- (Sanchez-Hernan-
dez et al. 2014; Rivals and Semprebon 2011; Rivals
and Takatsuki 2015). Also it allows to identify if the
archaeological assemblages are result of a single or
multiple death events. Taking into account that the
scratches are sensitive to seasonal variations and
each season could be associated with specific food
it is expected that each season produce a specific
microwear signal. If the mortality events took place
across seasons more diverse will be the range of
food and the microwear signal (Rodriguez-Hidalgo
etal. 2016; Rivals, Solounias, and Schaller 2011).

Rivals etal. (2015) proposed a methodology to study
the scratches variation, by using the standard de-
viation and the coefficient of variation, that allows
to distinguish 3 types of human occupations: 1. Sea-
sonal or Shorter events; 2. Events longer than a sea-
son events; 3. Separated events, according to their
position in the heat map of the scratches coefficient
of variation (X axis) and the scratches standard var-
iation (Y axis).

5.2.4. Stable isotope analysis

he isotopic geochemistry is another tool to
study prehistoric subsistence patterns and
their transformation over time; the local, sea-
sonal climate patterns in the past; and the recon-
struction of human environment interactions (Reitz
and Wing 2008). This approach is also helpful to
study the origin and complexity of agriculture and
it provide important insights into the food combi-
nations which form diets providing understandings
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into prehistoric foodways that, when coupled with
other zooarchaeological information, have further
implications for the socioeconomic organization of
cultures in the past (i.e. Allitt, Stewart, and Messner
2008; Balasse, Bocherens, and Mariotti 1999; Em-
ery, Wright, and Schwarcz 2000; Sharpe et al. 2018;
Kwak and Zedler1997; White et al. 2001).

Stable isotopes show a trophic level effect in which the
relative proportions of one isotope to another change
inasystematic way between the consumerand its food
source. Fractionation depletes or enriches isotopes
measured as a ratio of the heavier isotope to the lighter
one. The deviation from the standard is expressed on
differential units delta relative toa standard and meas-
ured in parts per thousand or per mil. Isotope values
are reported in standard delta notation:

d=[(Rsample — Rstandard)/(Rstandard)]*1000

R ="¢/?c, "N/“N or ®0/*O (McKinney et al. 1950). The
standards are V-PDB (Pee Dee Belemnite) for carbon; at-
mospheric nitrogen (Ambient Inhalable Reservo ir AIR)
fornitrogenand, VV\SMOW (Vienna Standard Mean Ocean
Water) for oxygen (Coplen1996, 2011; Mariotti1983).

The carbon, nitrogen, and oxygen isotopicratios are obtained
from organic (collagen) and mineral (carbonate) compo-
nents of teeth and bone. Carbon isotopes should be studied
from both the organic (collagen) and inorganic (hydroxyapa-
tite) portions of bone and teeth to interpret dietary combina-
tions. The organic component reflects protein sources in the
diet and the inorganic component a whole diet (Ambrose
and Norr1993; Kellnerand Schoeninger2007).

Carbon isotopes are the most common of the iso-
topesstudied fordietary information. The stable car-
bon isotope composition of animals tends to reflect
the isotopic composition of the plant basis of their
diet (Deniro and Epstein 1978; van der Merwe 1982).
Plantsincorporate various numbers of carbon atoms
through the photosynthesis pathway which converts
carbon dioxide into more complex molecules; there-
fore, a distinction of plants is made on the number
of carbon atoms they incorporate, plants in G, in Ca
and crassulacean acid metabolism (CAM). G plants
include wheat (Triticum aestivum), rice (Oryza sativa),
all root crops, legumes, vegetables, nuts, honey and
most fruits. Algae and phytoplankton are also Cs
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plants. Ca plants include millet (Panicum miliaceum),
maize (Zea mays), sorghum (Sorghum vulgare), ama-
ranths (Amaranthus spp.), chenopods (Chenopodium
spp.), sugarcane (Saccharum spp.), tropical pasture
grasses, and saltmarsh grasses. CAM plants fix car-
bon dioxide by either Cs or Ca pathways depending
the environmental conditions such as salinity, day
length, night temperature, and water stress. Their
ratios are intermediate. Cacti (Cactaceae) euphorbs
(Euphorbiaceae), agaves (Agavaceae), bromeliads
(Bromeliaceae) and orchids are examples of CAM.
Generally, are found in hot environments. The study
of carbon isotopes in herbivores can be used to de-
tect variation in the availability of C4 plants across
time and landscape (Harrison and Katzenberg 2003;
Krueguer and Sullivan1984).

The use of bone apatite carbonate for dietary recon-
struction is polemic because problems with bone
diagenesis. However, the possibility to recover bio-
genicisotopic signals from apatite offers the oppor-
tunity to extend paleodietrary research recovering
dietary information from skeletal remains from
which collagen has long disappeared (Quade et al.
1992). Bone carbonate is derived from the total di-
etary pool of carbon ingested (Ambrose and Norr
1993; Tieszen and Fagre 1993).

Nitrogen isotopic values varies in terrestrial plants.
Legumes obtain nitrogen from atmosphere and soil
while non-legumes obtain it only from the soil. *N
values become more positive as nitrogen is trans-
ferred along the way from plants to herbivores and
carnivores. This information with the carbon allow
to distinguish the trophic level of the consumer and
also the amount of marine/lacustrine contributions
to the organism’s diet (Deniro and Epstein 1978;
Schoeninger, Deniro, and Tauber1983).

Isotopic oxygen values reflect the composition of the
water that the individual consumed throughout his
life, also reflecting the climate and geography of the
areawhere he lived (Hobson1999; Knudson and Price
2007; Luz, Cormie, and Schwarcz 1990). The values of
6'80 are also influenced by some characteristics of
the individual, such as body size, habits of water con-
sumption, domestic ranges among others.



5.2.4.1. Laboratory Protocol

one and dental fragments were sampled

either because they were already isolated

or were extracted using a diamond-tip drill.
Collagen extraction protocol for bone and/or den-
tine followed standard methodology per Longin
(1971) and modified per France, Owsley, and Hayek
(2014). None of the sampled fragments bore signs of
glue or other consolidants. Solid fragments (~200-
800 mg) were sonicated in ultrapure water, then
placed into centrifuge tubes and weighted to estab-
lish the initial weight of the sample. Samples were
demineralized with 0.6M hydrochloric acid (HCI) in
4°C conditions, rotating the solution every 24 hours
until reactions ceased. After neutralizing the sam-
ples in ultrapure water, humic acids were removed
through submersion in a 0.125 M sodium hydroxide
(NaOH) solution for 24 hours at room temperature.
The remaining organic materials in the neutralized
solution were solubilized by soaking in 0.03 M HCI
at 95°C overnight. Purified collagen was extracted
through isolating the soluble phases and lyophiliz-
ingit. Samples weighed into tin cups were combust-
ed in a Costech 4010 Elemental Analyzer coupled
to a Thermo Delta V Advantage mass spectrome-
ter. The 613Cm”agen, 8N, gen Values are calibrated
against an internal acetanilide and urea_UIN3 ref-
erence materials, as well as USGS40 and USCS41
(Schimmelmann et al. 2009). Error has consistently
been recorded at +0.2%o (10) for both carbon and
nitrogen values.

Structural carbonate from bone, dentine, and
enamel was extracted according to modified meth-
ods of Bryant et al. (1996). Fine bone/dental powder
ground by agate mortar and pestle was soaked in
2-3% sodium hypochlorite (NaClO) solution over-
night to remove organic components. Neutralized
samples were soaked for four hoursin1Maceticacid
solution buffered with1 M calcium acetate (pH~4.5)
to remove secondary carbonate phases (Garvie-Lok,
Varney, and Katzenberg 2004; Pelletier et al. 2016).
Desiccated, neutralized samples were weighed
into Exetainer vials, reacted with concentrated (SG
>1.92) phosphoric acid (H3PO,), and analyzed on a
Thermo Gas Bench Il connected to a Thermo Delta
V Advantage mass spectrometer. The 6*C_, _ and
&®0_,  values were calibrated against NBS-19
and LSVEC carbonate reference materials and have

an error of +0.2%o (10).

All carbonate samples were analyzed with the Fou-
rier-Transform Infrared Spectrometer with the at-
tenuated total reflectance attachment (FTIR-ATR).
Following pertinent literature, samples with IR-SF
(mineral crystallinity index values) above 4.0 and
C/P ratios (indicating the mineral carbonate phos-
phate) less than 0.1 were omitted from our analysis
(Smith etal. 2007; Wright and Schwarcz1996).

Bone and teeth extraction were performed at the
Molecular Laboratory at Institut Catala de Paleoec-
ologia Humana i Evolucié Social (IPHES). Sample
preparation was carried out the Archaeology Labo-
ratory at George Masson University and were ana-
lyzed at the Smithsonian Museum Conservation
Institute Stable Isotope Mass Spectrometry Labora-
tory. The carbonate samples were analyzed with the
FTIR-ATR at the Smithsonian Institution Museum
Conservation Institute.

5.2.5. Geometric morphometrics

eometric morphometric (CM) analysis is

the statistical study of shape and size and

their covariations with other variables. In
zooarchaeology GM have been used to explore do-
mestication and population variation (Bopp-Ito et
al. 2018; Cucchi et al. 2011, 2017, 2019; Drake, Co-
querelle,and Colombeau 2015; Duval etal. 2015; Ha-
ruda etal. 2019; Larson et al. 2007; Owen et al. 2014;
Seetah etal.2014).

There are some concepts that must be defined to
better understand GM. The first one is shape, it could
be defined as: “All the geometric information that
remains when location, scale and rotational effects
are filtered out from an object” (Kendall 1977). An-
otherone s centroid size, it is the one measure of size
thatis mathematically independent of shape. Finally,
landmarks, that are discrete anatomical loci that can
be recognized as homologous in all specimens in the
study. In GM a datum is the set of all individual land-
marks. The assumptions behind landmarks in GM
are that the landmarks are consistent in their rela-
tive position from one specimen to another, and they
cover adequately the overall form of the biological
structure, can be located and relocated without error,
and finally share the same planarity (Bookstein 1996;
Zelditch, Swiderski, and Sheets 2012).
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Bookstein (1996) proposed a classification of land-
marks: type | corresponds to discrete juxtaposition
of tissues, or sufficiently small features to be de-
fined by a single point; type Il landmark corresponds
to maximum of curvature; it may correspond to sim-
ilar developmental features; type Il landmark is an
extremal point that can correspond to an end-points
of diameters, a centroid, or an intersection between
interlandmark segments and it is constructed geomet-
rically. Ideally landmarks are homologous anatomical
locithat provide adequate coverage of the morphology
and can be found repeatedly and reliably.

Measurement error is defined as “the variability of
repeated measurements of a particular character
taken on the same individual, relative to its var-
iability among individuals ..” (Bailey and Byrnes
1990). Measurement errors could be systematic or
random. The systematic ones are consistent biases
in a measurement meaning that all measures are
incorrect to a consistent degree. These errors could
interact with a biological factor for this reason are
the worst. The random errors are not frequent but
they are modeled by a statistical distribution (nor-
mal) (Zelditch, Swiderski, and Sheets 2012). The
sources of systematic errors are multiple and could
be: 1. individual (the biological variation among
members of the population), 2. imaging technol-
ogy and 3. Measurement (Zelditch, Swiderski, and
Sheets 2012). Others source of error are: User-based
sources of error (i.e. experience among research-
ers, inherent researcher tendencies for precision
and accuracy, and comprehension of instructions),
and data collection-based sources of error (repeat-
ability of landmark protocols) (Shearer et al. 2017;
Mufoz-Muiioz and Perpinan 2010). Here, every sin-
gle measurement was made by the same person to
avoid any inter-individual error. By decomposing
the error into its sources and treating each potential
source of error as a factor by performing a Procrustes
ANOVA or a MANOVA the error could be avoided
(Zelditch, Swiderski, and Sheets 2012). A way to re-
duce intra-individual measurement error is to aver-
age the repeated measures of the same specimens,
in this way it could be quantify measurementerror.

GM compared the shape configurations of several

specimens using Ceneralized Procrustes Analysis
(GPA); minimizing the sum of squared distances be-
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tween homologous landmarks by translating, rotat-
ing and scaling them to best fit (Rohlf and Slice 1990).
This procedure aligns the coordinates with a least
squared approach to remove the originals scale, posi-
tion and orientation allowing the comparisons.

In this thesis, a 2 dimensions’ model of the lower
third molar was proposed. In order to construct it,
only the left mandibles and teeth were selected in
the modern collections. In the case of the archae-
ological site both sides were used but all pictures
of right mandibles were mirrored left. A picture of
each specimen occlusal surface was taken oriented
parallel to the camera focal plane. A Canon T3i with
Canon macro lens EF-S6ommwas used. A landmark
protocol was proposed, 13 points were selected in
order to describe m3 shape, most of them are type |
and Il (Figure 5.10). Landmarks were digitized from
images with a TPSdig2 v. 2.17 (Rohlf 2005). The GPA
was performed by using R Geomorph package (Ad-
ams and Otarola-Castillo 2013) and Morpho) (Klin-
genberg 2011). To assess variation in user accuracy
and precision 13 landmarks were placed on 10 rep-
licates of the same tooth picture and 10 replicates
of different teeth pictures. A t test was performed
to compare the two samples by using the new set of
Procrustes coordinates (or shape coordinates) prod-
uct of the GPA.

Figure 5.10. Type | and || Landmarks examples used to describe the
shape of m3.
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ARTICLE INFO ABSTRACT

Keywords: The white tailed-deer (Odocoileus virginianus Zimmermann 1780) is one of the largest mammals in Holocene
Odocoileus virginianus America. It was a primary resource for pre-Columbian communities in the wooded savannas of Panama for
Microwear several millennia. The oldest remains yet found refer to the Late Preceramic period (6000-4500 cal yr BP), when
Mesowear

people were already farming (i.e. at Cerro Mangote). Deer bones, antlers, and inferentially, sinews and skins,
were used for tools, ornaments, musical instruments, and furniture. A prominent role in regional (i.e., Greater
Coclé) symbolism is evidenced by the frequent representation of these cervids on ceramic, gold, and bone art
objects at hierarchized villages and burial grounds during the period 2300-500 cal yr BP. We infer the duration
and seasonality of human-deer interactions across a region characterized climatically by ~4 month intense dry
seasons, and ~8 month unpredictable wet seasons. We combine microwear and mesowear analyses of deer teeth
at three pre-Columbian sites with different time spans ~Cerro Mangote (AG-1) (5900-3020 cal yr BP), Sitio Sierra
(AG-3) (2300-500 cal yr BP), and Cerro Juan Diaz (LS-3) (2300-400 cal yr BP)-. The two dental wear methods
indicate that the white-tailed deer was a browser at these sites. The microwear results, based on the degree of
variability in the numbers of microwear traits such as scratches and pits, show that white-tailed deer hunting was
restricted to wet seasons at Cerro Mangote and Cerro Juan Diaz while, at Sitio Sierra, different kinds of occu-
pational events involving white-tailed deer occurred throughout the year.

Sitio sierra
Cerro mangote
Cerro Juan Diaz
Panama

et al., 2010; Ramirez Lozano, 2012).

Habitat use by this deer species is predicated upon the quality,
quantity, and heterogeneity of available forage (Sénchez-Rojas et al.,
1997; Gallina et al., 2010; Ramirez Lozano, 2012). Diet varies among

1. Introduction

1.1. The white-tailed deer

The white-tailed deer (Odocoileus virginianus Zimmermann 1780) is
one of the largest extant mammals in tropical America whose body
mass averages 50 kg for males, and 30 kg for females (Emmons, 1999).
This species is notably protean in its choice of habitat, being able to
adapt to vegetated deserts, savannas, prairies, mountains, and both
temperate deciduous, and tropical dry and evergreen forests (Smith,
1991). Generally, the white-tailed deer avoids densely wooded biomes.
Behaviorally, it is plastic, and trophically, it is opportunistic especially
in regard to its consumption of human food crops. It chooses relatively
nutritious and highly digestible plants and plant parts, such as young
leaves (Eisenberg, 1989; Smith, 1991; Teer, 1994; Arceo et al., 2005;
Gallina et al., 2010). However, it also feeds on grasses, sedges, nuts,
fungi, fruits, and fallen flowers (Eisenberg, 1989; Smith, 1991; Gallina

seasons due to discontinuities in the availability of food, cover, and
water (Sanchez-Rojas et al., 1997). In high rainfall periods, a large
quantity of food resources becomes available to the deer although,
paradoxically, dietary diversity may be diminished at the beginning of
the rains when the deer become more selective, choosing young leaves
of trees, shrubs, and vines (Sanchez-Rojas et al., 1997; Bello et al.,
2001, 2004; Arceo et al., 2005). Dry seasons are critical periods during
which the deer orientate their foraging towards the most nutritious
fruits, and leaves trees, shrubs and herbs that are then available
(Sénchez-Rojas et al., 1997; Bello et al., 2001, 2004; Arceo et al., 2005).
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Fig. 1. Geographical location of Cerro Mangote (AG-1), Sito Sierra (AG-3) and Cerro Juan Diaz (LS-3) and pictures of the areas during the wet and dry seasons.

Images Cooke's personal archive.

1.2. Pre-Columbian targeting of white-tailed deer on the Pacific watershed
of Panama

Zooarchaeological data show that the white-tailed deer was a tar-
geted mammal species across the ancient anthropogenic savannas of
central Pacific Panama for at least 8000 cal years (Cooke et al., 2007,
2008). It merits the term “apex species,” not only for its primary role in
human dietary well-being and in social feasting events (Martinez-
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Polanco and Cooke, 2019), but also for affording a ready supply of raw
material for making tools and personal ornaments. In addition, after
about 2300 cal yr BP, adult male white-tailed deer became prominent
actors in the symbolic realm of the Greater Coclé culture area being
often depicted in diverse ways on painted and modelled ceramic art and
on goldwork (Cooke, 2004b, 2011; Cooke and Jiménez-Acosta, 2010).

This paper concentrates on three pre-Columbian sites located within
15 km of the active Pacific coast of Parita Bay — Cerro Mangote (AG-1),
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Sitio Sierra (AG-3), and Cerro Juan Diaz (LS-3) (Fig. 1), which is the
most north-westerly extension of the much more extensive Panama Bay.
Politically, Parita Bay belongs today to the provinces of Herrera and
Coclé, and, geographically, it represents the north-eastern corner of the
Azuero Peninsula. Known in popular parlance as the dry crescent (Arco
Seco), its eponym (Parita) refers to the paramount chieftain who held
sway over several chiefdoms that abutted onto Panama Bay during the
immediately pre-Conquest years (1515 and 1522) (Haller, 2004; Isaza
Aizpurua, 2007, 2013; Cooke et al., 2008). The term dry crescent refers
to the fact that strong north-south trade winds accentuate desiccation
during the usually 4-5 month dry season in this region (Cooke et al.,
2008). All over the isthmus, wet season precipitation is heavily influ-
enced by orography, and, in the vicinity of Parita Bay, convectional up-
lift, and electric storms are less pronounced than elsewhere. During the
wet season (May-December), the landscape is green and lush, and
seasonal swamps form in low-lying areas. Fresh water is provided by
rivers, which rise in the central mountain range (Cordillera Central), or
down the north-south hilly spine of the Azuero Peninsula. During the
sunny dry season (strongest in January-April) the water table falls
dramatically and evapo-transpiration is very rapid. Some streams (but
not the largest rivers) dry out, and vegetation cut for clearing fields
burns quickly (Cooke et al., 2008). By April, the landscape has become
brown and parched (Cooke et al., 2008). Vegetation history has docu-
mented an early Holocene onset of fire-induced forest removal in the
central Pacific lowlands and foothills, except for gallery forests included
some tall trees (e.g. barrigon (Bombax barrigon) and higuerdén (Ficus
spp.)), which remain lush and tall along stretches of major rivers, such
as the Santa Maria, Parita and La Villa, in whose watersheds the re-
ferred three sites are located (Piperno, 2011b) (See Fig. 2 a. and f.).
Surviving wooded patches contain many fire-tolerant taxa that have
xeromorphic characteristics (i.e. microphyllous leaves, thorns, leaves,
and thick bark) as well as drought-adapted tree species, such as chumico
(Curatella americana), and nance (Byrsonima crassifoloia), which often
occur in large stands (Linares, 1977: Fig. 3). This was the kind of an-
thropogenic environment that nurtured human-white-tailed deer sym-
biosis during most of the Pre-Columbian Era.

Our objective in this article is to use microwear and mesowear
analysis of teeth in order to infer the duration and seasonality (wet
versus dry season) of human interactions with white-tailed deer at three
Panamanian archaeological sites with different chronologies and un-
equal population size and density — Cerro Mangote (AG-1), Sitio Sierra
(AG-3), and Cerro Juan Diaz (LS-3).

2. Regional setting

Cerro Mangote (AG-1), Sitio Sierra (AG-3), and Cerro Juan Diaz (LS-
3) are now located respectively eight, 13 and four km inland from the
active coastline of Parita Bay in central Pacific Panama (provinces of
Coclé and Herrera) (Fig. 1). The Pre-Columbian landscape in the vici-
nity of the three sites would not have been identical, but would have
comprised variable combinations of wooded savanna (with extensive
open and/or grassy areas), dry forest remnants especially on hills, tidal
flats, mangroves, freshwater seasonal swamps, and mature gallery
forest along larger rivers (Cooke et al., 2008). Since about
6000 cal years ago, the deltas of the Santa Maria and Parita rivers have
been prograding seawards. Delta formation is particularly rapid at the
outlet of the Santa Maria because of its particularly large sediment load
due to its length of 145 km from its source in the central cordillera to
Parita Bay (Clary et al., 1984; Weiland, 1984; Cooke and Ranere, 1999;
Isaza Aizpurua, 2007, 2013).

Cerro Mangote (AG-1): is today located in Aguadulce District,
Coclé Province, Panama at the edge of Parita Bay, and just landward of
a zone of high tidal flats (Clary et al., 1984; Cooke and Ranere, 1999). It
is situated on the flattish summit (~48 m a.s.1) of a small hill located on
the north bank of the Santa Maria River (Fig. 1). The active marine
shore would have been only 2km away at the time people stopped
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living there on a regular basis (Cooke, 1984; Cooke and Ranere, 1999).
Excavations were conducted by McGimsey in 1955 and by Ranere in
1979 (McGimsey, 1956, 1958; Ranere, 1979; McGimsey et al., 1986;
Cooke and Ranere, 1992c¢). It is a small site (ca. 2250 m?) that was used
exclusively as a dwelling for a maximum of 2880 years (5900-
3020 cal yr BP) (Table 1). The shell-bearing kitchen middens spread
across the hill's summit are assigned exclusively to the Late Preceramic
in the regional cultural sequence (McGimsey, 1956, 1958; Ranere,
1979; McGimsey et al., 1986; Cooke and Ranere, 1992c). Burial activ-
ities, however, continued long after the abandonment of the dwelling
site, by which time pottery was in use (4425-2010 cal yr BP) (Smith-
Guzman, personal information, August 2019). Isotope proportions (C
and N) calculated from human bone collagen infer a predominantly
terrestrial diet that included significant amounts of C; plants, but with
input from C,4 plants, whose source is likely to have been maize (Norr,
1995; Cooke et al., 1996). Cerro Mangote had a small catchment area,
over which the mammals most frequently hunted were white-tailed
deer and raccoon (Procyon lotor) (whose isthmian subspecies is known
to prefer mangroves), green and black iguanas (Iguana iguana and
Ctenosaura similis), and several bird species from marine edge, man-
grove, dry forest, and riverine biomes (Cooke et al., 2013a). Aquatic
foods comprised inshore molluscs and crabs, and almost exclusively
marine fish with a clear bias towards the capture of oligohaline marine
catfish (Ariidae), snook (Centropomus spp.), and toadfish (Batrachoides
spp.), as well as smaller sleepers (Dormitator latifrons) from inshore
pools. Non-fish vertebrates provided as much dietary meat as fish
(Cooke and Ranere, 1989, 1992a; Cooke, 1992; Mayo and Cooke,
2005).

Ranere (1979) interpretation of the stratigraphy at Cerro Mangote is
that there are only two major culture-bearing zones, which he named
the “Red Zone” and the “Brown Zone”. During the red zone occupation,
which is estimated to have lasted from ca 5900calyr B.P. to ca
5500 cal yr B.P., the intensity of human settlement was not sufficient to
modify the natural (red clay) character of the soil development with
organic matter. The more intense brown zone occupation apparently
added much larger amounts of organic matter, and built up from ca
5500 B.P. to ca 4500calyr B.P. or whenever the first Monagrillo
complex pottery entered the record (Willey and McGimsey, 1954;
Ranere, 1979; Cooke and Ranere, 1992c). Table 1 presents radiocarbon
data for the site and a description of each occupation zone.

Sitio Sierra (AG-3): is located 4 km south-east of La Loma village
(Aguadulce District, Coclé Province, Panama), on the north bank of the
River Santa Maria, and 12.5 km straight line distance from its current
marine outlet (Fig. 1). This site was excavated by Richard Cooke from
1971 to 1975 (Cooke, 1979, 1984; Isaza Aizpurua, 1993, 2007). This
village was established by the end of the second millennium BP, and
people were still living there at the time of the conquest (1515-1519
CE). It appears to have been occupied continually based on the un-
broken ceramic sequences (Cooke, 2011). There is no evidence that it
was a high-ranked village in a chiefdom known to be under the aegis of
Escoria at Spanish contact (Cooke et al., 2003; Cooke, 2011). The
subsistence pattern of this population at about 1500 cal yr BP com-
prised fishing (30% freshwater and 70% marine fish) and hunting
mostly deer, iguanas, and freshwater turtles (Cooke and Ranere, 1989,
1999; Cooke et al., 1996, 2007, 2008; 2013a). Carbonized macro-
botanical remains were found in some quantity in houses and rubbish
dumps at AG-3. Nearly 99% belong to maize, and many fragments of
legged maize-grinding tables (metates) and grinding stones (manos)
were deposited on structure floors, and in trash heaps. Squash (Cu-
curbita sp.) pollen and phytoliths were identified in domestic contexts.
Carbonized palm nuts (Attalea butyracea) were probably collected in
nearby fields where these palms are usually left standing today during
de-vegetation for pastures and fields (Dickau, 2005, 2010) (see Fig. 2
c.).

In the 1975 excavations, two major areas were opened, and worked
by décapage: Cut A and Cut B. Table 1 presents a list of the features
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employed for this study together with their inferred functions. In most
cases, animal remains were found in pit fills, and in refuse lenses found
adjacent to houses or thrown over their living floors (Cooke, 1979:35).

Cerro Juan Diaz (LS-3): is located on the coastal plain bordering
Parita Bay and on both banks of the tidal valley of the Parita River. The
site is dominated by a 42 m-high hill located in Los Santos Province
(Fig. 1). Today, Cerro Juan Diaz is 4.3 km inland from the active marine
shore although, when the settlement was thriving, it would have been
0.25-1 km closer to the coast (Cooke et al., 1998). Fieldwork was car-
ried out by an international team under Cooke's supervision from 1992
to 2001. Eleven field “operations” were performed here, each one with
different dimensions ranging from 2 X 1m test pits to an
800 m? décapage excavation (Cooke et al., 1998, 2000). Cerro Juan Diaz
is a residential-cum-mortuary site (2300-400 cal yr BP), where dwelling
floors, kitchen middens, and trash pits, alternate with graves, many of
which have multiple burials with individuals treated for death in dif-
ferent ways (Diaz, 1999; Cooke et al., 2000). Residential areas, shell
and bone artifact workshops (Mayo, 2004; Mayo and Cooke, 2005), and
several ritual zones including burials and associated features, such as
stone-walled ovens, were located. Also, there is evidence for low-level
modification of the hill's topography by the ancient inhabitants of the
site who, for example, leveled the southern section of the hill where

70

Quaternary International xxx (XXXX) XXX=XXX

Fig. 2. Some examples of typical plant species of the
dry crescent of the central Pacific lowlands of the
isthmus of Panama.

a. Barrigon (Bombax barrigon), a tall deciduous tree
of the remnant gallery forest along the Santa Maria
river near Sitio Sierra (AG-3). Image: Martinez-
Polanco, M.F. April, 2015, Cocle province.

b. Ciruelo (Spondias purpurea), a cultivated decid-
uous tree, which produces an edible fruit (hog-plum
in English). Stakes of this species are planted to
make living fences between pastures, usually re-
inforced with barbed wire fences. The juicy fruits
are eaten by birds, cows, horses and humans. Image:
Martinez-Polanco, M.F. April 2014, Cocle province.
c. Corozo gunzo (Attalea butyracea). This palm spe-
cies was planted around pre-Columbian settlements,
and is still protected in pastures, which have been
cleared for homogenizing forage. The fronds are
much appreciated for roof- and wall-thatching.
Image: Cooke, R. 1975, Cocle province.

d. Wine palms (Acrocomia aculeata). Image: Dickau,
R. 2005. Ancén, Panama City.

e. American oil palm (Elaeis oleifera). Image: Dickau,
R. 2005. Casita de Piedra, Chiriqui,

f. Gallery woods along Santa Maria River in the late
dry season. The tall palms are coconuts (Cocos nu-
cifera) which were observed by the Spanish around
Parita Bay in the early sixteenth century CE and
appear to have been in the process of colonizing the
Pacific coast of Panama. Image: Martinez-Polanco,
M.F. April 2015, Cocle province.

some of the burials were placed, and which probably functioned as a
social or ritual space used for gatherings (Cooke et al., 1998, 2000).
Some grave units at Cerro Juan Diaz contained individuals buried with
special artifacts, such as hammered gold plaques, carefully crafted
marine shell necklaces and other personal ornaments made of marine
shells, including thorny oyster (Spondylus spp.), and preforated teeth of
carnivores including jaguar (Panthera onca), puma (Puma concolor), and
ocelot (Leopardus pardalis) (Sanchez, 1995; Cooke et al., 1998; Diaz,
1999). The subsistence economy of this population was mixed: marine
shellfish gathering; fishing in inshore waters and tidal rivers; agri-
culture heavily biased towards maize; hunting emphasizing iguanas,
birds, white-tailed deer, and smaller terrestrial mammals (Jiménez-
Acosta and Cooke, 2001; Cooke et al., 2007, 2013a; Isaza Aizpurua,
2007; Cooke and Jiménez-Acosta, 2008).

In sum, Cerro Juan Diaz presents a complex stratigraphy produced
by multiple activities carried out in the same settlement over at least
1900 years (i.e., burials and associated activities, dwellings, kitchen
refuse, workshops, and social and residential areas). In Table 1, we
present the radiocarbon dates and a brief description of the operations.
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Fig. 3. Mesowear results for the archaeological white-tailed deer (Odocoileus
virginianus) from Cerro Mangote (AG-1), Sitio Sierra (AG-3) and Cerro Juan Diaz
(LS-3). Data on modern ungulates from Fortelius and Solounias (2000) and
Rivals et al. (2013, 2017).

3. Materials and methods
3.1. Materials

We selected all available white-tailed deer dental material from the
three sites. For mesowear analysis, we sampled 124 teeth (Cerro Juan
Diaz n = 70; Sitio Sierra n = 20; Cerro Mangote n = 34). In order to
perform microwear analysis, 102 teeth were employed (Cerro Juan
Diaz, n = 57; Sitio Sierra, n = 18; Cerro Mangote, n = 27). In both
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cases, we selected only adults, taking into account the degree of wear of
the teeth, not including the most worn ones, and also the teeth without
wear. In the case of Cerro Juan Diaz, we selected teeth from operations
1, 3, 4, 5 and 31. We sampled all contexts at Sitio Sierra (A3, A2-1/A2-
2, A1-1/A1-2, B4, B3, and B2). At Cerro Mangote, we focused our
sample on the brown zone, which represents the more intense occu-
pation in the site.

3.2. Methods

3.2.1. Microwear and mesowear

Analyses of microwear and mesowear allow different kinds of
dietary inferences. Broadly speaking, microwear distinguishes among
browsers, grazers, and mixed feeders (Solounias and Semprebon, 2002).
Since plant species, and their component parts, vary with regard to
hardness and abrasiveness, distinct patterns are etched into the tooth
enamel in the form of microscopic pits and scratches (Solounias and
Semprebon, 2002). Patterns are produced quickly, and are continuously
overwritten. Consequently, they indicate the type of diet during the last
days or weeks before an individual's death (Grine, 1986). In addition,
paleoenvironmental conditions, food preferences, and dietary ecology
can be inferred weeks, or even days, before an animal dies (Solounias
and Semprebon, 2002; Davis and Pineda Munoz, 2016; DeSantis, 2016;
Xafis et al., 2017).

Microwear patterns are also sensitive to seasonal, local and in-
dividual variations in diet (Semprebon et al., 2016). This variability
depends to a degree upon how long it took a death assemblage to ac-
cumulate (Rivals et al., 2009) and, by inference, how long, or at which
season of the year, people lived in a given locality (Rivals and
Semprebon, 2011; Séinchez-Herndndez et al.,, 2014; Rivals and
Takatsuki, 2015). In addition, microwear is capable of identifying
whether archaeological assemblages are the result of a short death
event, or of multiple ones over longer periods of time (Rivals et al.,
2015). Taking into account that, firstly, scratches in the enamel are

Table 1

Cerro Mangote (AG-1), Sitio Sierra (AG-3) and Cerro Juan Diaz (LS-3) context descriptions and dates. The dates were calibrated by using INTCAL13.
Site code Context Context description Method Material Lab. Number Measured date” Cal BP (20)”
AG-1 Above red clay Preceramic dump site Radiometric charcoal Y-458d 6810 = 110 5974-5531 BCE
AG-1 Red zone Preceramic dump site Radiometric charcoal B-1219 6670 = 215 6014-5215 BCE
AG-1 Red zone Preceramic dump site Radiometric Protothaca TEM-206/Beta-1703 6330 = 170 5617-4859 BCE
AG-1 Red zone Preceramic dump site Radiometric Crassostrea TEM-174 5990 * 180 5317-4488 BCE
AG-1 Red zone Preceramic dump site Radiometric Crassostrea TEM-176 5440 + 130 4532-3982 BCE
AG-1 Red zone Preceramic dump site Radiometric Crassostrea TEM-175 5140 = 120 4241-3666 BCE
AG-1 Red zone Preceramic dump site Radiometric Crassostrea TEM-207,/Beta-1702 4630 = 150 3661-2926 BCE
AG-1 Brown zone Preceramic dump site Radiometric Crassostrea TEM-208/Beta-1704 3980 * 160 2901-2039 BCE
AG-1 Brown zone Preceramic dump site Radiometric charcoal p-1218 3555 + 100 2196-1641 BCE
AG-3 A2-1/A2-2 Kitchen refuse Radiometric charcoal 1-8556 1475 + 110 335-770 CE
AG-3 Bl Floor of a circularstructure Radiometric charcoal 1-9702 2015 = 80 350 BCE - 209 CE
AG-3 Bl Floor of a circularstructure Radiometric charcoal 1-9703 1975 + 80 177 BCE - 224 CE
AG-3 Al-1/A1-2 Oval domestic structure Radiometric charcoal CEI-9701 1835 * 90 21 BCE - 395 CE
AG-3 Al-1/A1-2 Oval domestic structure Radiometric charcoal 1-8613 1715 = 90 90-540 BCE
LS-3 OP.1 Kitchen refuse AMS Maize TO-4594 1470 = 90 390-764 CE
LS-3 OP.3 Kitchen refuse Radiometric charcoal 1-18679 1730 = 80 87-107 CE
Ls-3 OP.3 Kitchen refuse Radiometric charcoal 1-18222 1370 = 80 474-485 CE
1S-3 OP.3 Kitchen refuse Radiometric charcoal 1-18287 1310 * 80 583-894 CE
Ls-3 OP.3 Kitchen refuse Radiometric charcoal 1-18288 1450 * 80 415-694 CE
LS-3 OP.3 Kitchen refuse Radiometric charcoal 1-18675 1330 = 110 435-450 CE
Ls-3 orP.3 Kitchen refuse Radiometric charcoal 1-18672 1380 * 80 433-489 CE
LS-3 OP.3 Kitchen refuse Radiometric charcoal 1-18671 1570 + 80 265-273 CE
LS-3 OP. 4 Kitchen refuse Radiometric Charcoal B-121163 1260 *= 90 635-976 CE
LS-3 OP. 4 Kitchen refuse Radiometric Carbonized tallo B-121162 1180 *= 60 690-983 CE
LS-3 OP. 4 Kitchen refuse Radiometric Carbonized food B-121157 1110 * 50 777-1019 CE
LS-3 OP. 4 Kitchen refuse Radiometric Carbonized food B-121156 1010 *= 60 894-1162 CE
LS-3 OP. 4 Kitchen refuse Radiometric Charcoal B-121164 950 + 60 990-1214 CE
LS-3 0OP.31 Kitchen refuse Radiometric charcoal 1-18681 750 + 80 1049-1399 CE
LS-3 OP.31 Kitchen refuse Radiometric charcoal 1-18682 650 + 110 1058-1458 CE
2 conventional C-14 age BP + 1-sigma range.
b calibrated 2-sigma range BCE/CE.
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sensitive to seasonal variation, and, secondly, that each season may be
associated with specific foods, it stands to reason that each season
produces a specific microwear signal. The more seasonal are the mor-
tality events, the more diverse will be the range of food and the mi-
crowear signal (Rivals et al., 2011; Rodriguez-Hidalgo et al., 2016). By
using the standard deviation and the coefficient of variation, analysis of
scratch variability permits distinguishing short or long mortality events
(Rivals et al., 2015).

On the other hand, mesowear reflects the physical characteristics of
the plants that the animals consume, which are visible on the occlusal
relief and overall shape of the molar cusps (Fortelius and Solounias,
2000). For example, browser diets show little abrasion and molars are
characterized by sharp buccal cusp apices. Conversely, grazers have
abrasive diets and they ingest grit. Thus, their molars have more
rounded and blunt apices. To sum up, mesowear results from attrition
and abrasion over a long period of time, and reflects the annual diet of
an animal (Fortelius and Solounias, 2000; Rivals et al., 2013, 2017;
Amano et al., 2016).

Tooth mesowear: Mesowear analysis involves the observation of cusp
morphology, and proceeds by describing the sharpness and the relief of
molar tooth cusps (Fortelius and Solounias, 2000). These attributes are
scaled from O (more sharp) to 6 (more blunt); mesowear is scored on
each specimen and then averaged for each sample (Mihlbachler et al.,
2011; Rivals et al., 2013, 2017).

Tooth microwear: We follow the method proposed by Solounias and
Semprebon (2002) and Semprebon et al. (2004). Microwear analysis
comprises several steps: 1) selecting teeth, 2) making a mould of the
occlusal surface using a material appropriate for dental impressions,
such as polyvinylsiloxane, 3) making a cast using transparent epoxy. In
order to observe the epoxy casts under incident light, we used a Zeiss
Stemi 2000C stereomicroscope at 35X magnification. The microwear
features (pits and scratches) were quantified on the enamel bands, and
on the mesiobuccal cusp of the second molar within a standard
(0.4 x 0.4 mm) area by using an ocular reticle. Counting the scratches
allows distinguishing three dietary categories: browsers (numbers of
scratches in the range of 0-17), grazers (numbers of scratches in the
range of 17.5-29.5), and mixed feeders which present some over-
lapping values (Solounias and Semprebon, 2002). In order to compare
the variability of the scratches and the pits, we performed a two-way
variance analysis (ANOVA) without replication when the data meet the
assumptions to carry out the test, while, in the opposite case, we per-
formed a Kruskal-Wallis test and a Mann-Whitney pairwise test in order
to identify differences between groups. In this article, the R code pro-
posed by Rivals (2019) was used to create the bivariate plots.

Scratch variability: We also quantified the variability of the number
of scratches, in order to estimate the relative duration of the occupation
of the sites by following Rivals et al. (2015). This tool allows to dis-
tinguish among three types of human occupations (a. Seasonal or
shorter events; b. Longer-than- a-season events; c. Two separated
events) according to their position on the heat map of the scratches'
coefficient of variation (X-axis) and the scratches’ standard variation (Y-
axis).

4. Results

Tooth mesowear: In Table 2 we present the results of the mesowear
analysis. Mesowear analysis shows very low values indicating that
white-tailed deer diet at the archaeological sites was low in abrasive-
ness — a situation that is similar to that of present-day typical browsers
or browse-dominated mixed feeders. It is likely that Cerro Mangote deer
were heavier browsers than those hunted at the other sites, although
the difference is not statistically significant (Fig. 3). However, the
Kruskal-Wallis test shows that there are no significant differences be-
tween the three sites (H = 0.06; p = 0.96).

Tooth microwear: The number of scratches and pits is low in the
three cases (Table 2), locating their values in the lower part of the 95%
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Table 2

Summary of mesowear and microwear data for the archaeological white-tailed
deer (Odocoileus virginianus) from Cerro Mangote (AG-1), Sitio Sierra (AG-3)
and Cerro Juan Diaz (LS-3). Abbreviations: n: sample size; MWS: Mesowear
score; NS: Number of scratches; NP: Number of pits; M: mean; SD: Standard
deviation; CV: coefficient of variation.

SITE Mesowear Microwear
n MWs n NS NP
LS-3 M 70 1.17 57 11.59 7.5
sD 1.31 2.52 4.52
cv 1.12 0.21 0.6
AG3 M 20 0.95 18 10.75 9.61
SD 0.82 3.12 4.11
cv 0.86 0.29 0.42
AG-1 M 34 1.02 27 10.92 7.25
sD 1.02 1.89 3.86
cv 1.02 0.17 0.53
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Fig. 4. Bivariate plot of the average numbers of pits and scratches in the ar-
chaeological white-tailed deer (Odocoileus virginianus) from Cerro Mangote (AG-
1), Sitio Sierra (AG-3) and Cerro Juan Diaz (LS-3). Error bars correspond to
standard error of the mean (= 1 SEM). Ellipses correspond to the Gaussian
confidence ellipses (p = 0.95) on the centroid for the extant leaf browsers and
grazers from Solounias and Semprebon (2002).

confidence ellipse in comparison to the modern browsers (Fig. 4). Mi-
crowear analysis indicates that deer were typical browsers at the time
of death. There is no significant difference in the number of scratches
among the three sites (F = 1.82; gl = 2; p = 0.16). However, there are
significant differences in pits among the three sites (Table 1). The
number of pits is highest at Sitio Sierra (H = 6.06; p = 0.04). Table 3
summarizes graphically the differences in pit variation among the
samples from Sitio Sierra, Cerro Mangote and Cerro Juan Diaz, and
shows that there no differences in the case of Cerro Mangote and Cerro
Juan Diaz.

Scratch variability: Scratch variability at Cerro Mangote is low (see
Fig. 5) falling in area a. on the heat map, and thus corresponding to
seasonal or shorter events. In the case of Cerro Juan Diaz, it is not

Table 3
Mann-Whitney pairwise pit comparison between Cerro Mangote (AG-1), Sitio
Sierra (AG-3) and Cerro Juan Diaz (LS-3).

Sito Sierra (AG-3) Cerro Juan Diaz (LS-3)

Cerro Juan Diaz (LS-3) 0.02 -
Cerro Mangote (AG-1) 0.01 0.94
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Fig. 5. Heat map (boundary lines of the three regions with the error prob-
ability) and the fossil samples from Cerro Mangote (AG-1), Sitio Sierra (AG-3)
and Cerro Juan Diaz (LS-3). a. Seasonal or shorter events; b. Longer than a
season events; c. Separated events (data from Rivals et al., 2015).

possible clearly to distinguish scratch variability because it falls on the
boundary between areas a. and b. On the other hand, scratch variation
at Sitio Sierra is notably higher than at the other sites, falling in area b.
of the heat map, and thus indicating several events at different time of
the year or events distributed over one or several years (Fig. 5).

5. Discussion

This study presents mesowear and microwear analyses of white
tailed deer teeth from three Panamanian pre-Columbian sites located in
the so-called dry crescent of the central Pacific lowlands of the isthmus.
The low scratch and pit variation in the samples from Cerro Mangote
and Cerro Juan Diaz suggests that white-tailed deer were more likely to
have been hunted at these sites during the rainy season
(May-December) when the deer were more selective about their diet,
and focused on the young leaves of particular shrub and vine taxa
(Sanchez-Rojas et al., 1997; Bello et al., 2001, 2004; Arceo et al., 2005).
On the other hand, at Sitio Sierra, deer were likely hunted mostly
during the dry season since pits and pit variation have a higher fre-
quency in these samples than in those from Cerro Mangote and Cerro
Juan Diaz. A wide diversity of available plant species and plant parts
(e.g. fruits, seeds, leaves and woody forage) from several taxa of shrubs
and trees, are conducive to a more variable white-tailed deer diet
during the dry months (Sanchez-Rojas et al., 1997; Bello et al., 2001,
2004; Arceo et al., 2005).

Martinez-Polanco and Cooke (2019) presented a detailed zooarch-
aeological and taphonomical study of the white-tailed deer at Sitio
Sierra. They describe a communal feasting event at which deer meat
was consumed in large quantity. Socially, holding communal feasts of
this nature would have been more practical and appealing between late
December and late April, than during the rainy and stormy months. Dry
season is the time of year when the communities of the Pacific-side
Ngébe (formerly Western Guaymi) held their stick-throwing competi-
tions — the krun (Ngébere) or balseria (Spanish) -, which were attended
by many people from dispersed hamlets scattered over the landscape,
and which offered great prestige to the individual or kin group that had
been able to accrue sufficient food and fermented maize beverages -
known as do kwaga in Ngdbere and chicha fuerte in Panamanian Spanish
- for feeding a throng of guests (Young, 1976).

The Maya, whose realms were situated further north on the Central
American isthmus, linked the white-tailed deer to agriculture, the sun,
rain, and the cyclical nature of time - features that they believed were
the supernatural correlates of fecundity and prosperity (Pohl, 1981;
Brown, 2001). According to Pohl (1981) the Maya still hold feasts in
mid-December in the hope of a good harvest the following year, and no
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harvest ceremony can be held until the agricultural cycle has been
formally concluded. The Maya situation described by Pohl lends sup-
port to the hypothesis that the feasting event identified at Sitio Sierra
was timed for the early dry season when cobs are harvested rapidly in
order to diminish weevil (Curculionidae: Sitophilus zeamais) and avian
attacks (e.g., in Panama's case, parrots and parakeets [Amazona, Ara-
tinga, and Pionus spp.] (Cooke et al., 2013a)).

Cerro Mangote is a considerably older dwelling-site than Cerro Juan
Diaz and Sitio Sierra (likely maximum span, 7800-5500 cal yr BP), and,
covering 2250 m? (McGimsey, 1956), its lifestyle and subsistence were
understandably quite different from that of the Sitio Sierra nucleated
village. The earliest Late Preceramic inhabitants of this hill-top settle-
ment consumed maize according to microbotanical data (Piperno,
2011b) — an issue discussed in greater detail below —, and two coeval
rock-shelters did so also. At one of these — the Aguadulce Shelter
(AG-13) —, located ca 18 km inland from the Parita Bay shoreline in a
narrow coastal plain (Ranere and Hansell, 1978; Piperno et al., 2000).
At this site, Late Preceramic cultigens included, in addition to maize,
squash (Cucurbita moschata), lerén (Calathea allouia), bottle gourd (La-
genaria siceraria), arrowroot (Maranta arundinacea), manioc (Manihot
esculenta), and, possibly, an American yam (Dioscorea sp.) (Piperno,
2011a). These domesticates would have needed rain to germinate and
sprout.

The multi-cultigen Late Preceramic agriculture in the lands bor-
dering Parita Bay was enhanced by palms, such as the American oil
palm (Elaeis oleifera), whose easily-collected and bunched orange-red
fruits provide an oil, which would have afforded an important source of
calories (see Fig. 2 e.). Carbonized remains of the American oil palm
have only been identified at the Aguadulce Shelter among the Parita
Bay sites, and they dominated the macrobotanical assemblage here
during all periods, including the Late Preceramic (Dickau, 2010) —
meriting the consideration that the intensive exploitation and proces-
sing of this palm's fruits was a major wet season activity at the Agua-
dulce Shelter (Cooke and Ranere, 1992b). Ecologically, this makes
sense since the American oil palm forms large stands in poorly drained
soils, which leave the palms under water during the rainiest periods.
Such habitats surround the Aguadulce Shelter today. Carbonized parts
of the fruits of coyol or wine palm (Acrocomia aculeata), whose fruits
have an edible mesocarp, a hard oily kernel, edible hearts, and a sap
used today for making palm wine (See Fig. 2 d.). Carbonized seeds of
the fruits of the fire-resistant nance tree (Byrsonima crassifolia), which
today is made into drinks and flavoured desserts, and would have
provided an important source of vitamins in the past, were found under
the shelter, too. Lastly, phytolith and pollen evidence shows that maize
was used at the Cueva de los Ladrones rockshelter (LP-1) from the very
bottom of its Late Preceramic occupation (7800-7630 calyr BP)
(Piperno et al., 1985; Piperno, 2011b). At this early stage of maize's
evolution, of course, it would not have been as productive as varieties
used at the later villages (Cooke, 1984: 283-286; Dickau, 2010:
Table 2). At such an early stage of development, of course, maize would
have been far less productive than varieties used at Panamanian vil-
lages until about 2300 cal yr BP (Galinat, 1980; Cooke, 1984:283-286).
The discovery at El Gigante rockshelter, in Honduras, of robustly do-
mesticated productive staple grain landraces with 10-14 rows, which
were directly AMS-dated between 4340 and 4020 calyr BP (Kennett
et al., 2017), suggests that the timing of the appearance in the regional
diet of productive staple maize landraces has not yet been identified on
the isthmus of Panama.

Archaeologists who work in Panama have discussed whether Cerro
Mangote was occupied preferentially during the dry season, and whe-
ther its temporary residents participated in a seasonal round, moving
from site to site and changing subsistence activities as the optimality of
resources varied seasonally (Piperno and Pearsall, 1998: 293; Cooke,
2005: 142). The question is whether the denizens of coastal sites such as
late Preceramic Cerro Mangote (7800-5500 calyr BP) and the Early
Ceramic Monagrillo site (4500-3200calyr BP) would have
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preferentially fished during the dry months when this activity was
purportedly more practical. But, there are multiple issues with this
supposition. Artisanal fishing practiced today around Parita Bay does
not offer a perfect analogy with pre-Spanish fishing practices since it
relies mostly on dug-out and gunwaled canoes with outboard motors.
Before the recent globalization of fishing practices in Panama, however,
modern fisherfolk often preferred to stay in port during the dry season
because of the strength of on-shore winds and the real dangers of
capsizing. Falling into shallow waters in Parita Bay would have been
dangerous in ancient times because of the threat caused by large in-
shore sharks, such as hammerheads (Sphyrna spp.), tiger-shark (Galeo-
cerdo cuvier) and bull-shark (Carcharhinus leucas) (Cooke et al., 2016).
Estuary-loving American crocodiles (Crocodylus acutus) would have
represented another genuine threat to life in those pre-firearm days. It is
understandable why these afore-named marine animals were so pro-
minent in the painted and modelled ceramic art of the Greater Coclé
semiotic tradition, which materialized in the last five centuries BCE
(Cooke, 2011), because, on a cognitive level, these animals would have
required supernatural appeasement mediated by shamans (Cooke,
2004a; Cooke and Jiménez-Acosta, 2010).

At the time of the shell-bearing middens, in which our deer samples
were laid down at Cerro Mangote, between 8000 and 5500 cal yr BP,
fishing was bimodal, comprising a focus on fish taxa whose body masses
averaged 0.7 kg weight, and were likely taken in mangrove channels
and tidal rivers close by the site, and a second strategy concentrating on
smaller fish, such as fat sleepers (Eleotridae: Dormitator latifrons), which
became entrapped in desiccating albina pools when the rains stopped,
when they could be easily have been caught by hand or with scoops
(Cooke and Ranere, 1999). Fishing strategies around Parita Bay had
changed, however, by 4500 cal yr BP (Cooke, 1992): thereafter, human
consumption focused on small fish under about 200g live weight,
which move into estuarine waters in large shoals, and are most eco-
nomically trapped with inter-tidal barrier tidal traps that do not require
complex technology (Cooke and Tapia, 1994; Zohar and Cooke, 1997,
2019). Until the last decade, when globalization caused great changes
in traditional fishing in Panama, a sizable proportion of catches around
Parita Bay was salted and wind-and-sun dried, and then exported or
carried to inland communities. In pre-Columbian times, salt would have
been most economically obtained by scraping the salt-laden dried out
surface of the albinas during dry periods, and then boiled down in clay
vessels. Arguments have been made that the coast to interior movement
of fish was prevalent in pre-Conquest times (Carvajal-Contreras et al.,
2008) and it is substantiated by finds of the bones of small thread--
herrings (Clupeidae: Opisthonema libertate), long-fin herrings (Pristi-
gasteridae: Ilisha fuerthii) and croakers (Sciaenidae: Ophioscion typicus)
in the Early Ceramic middens at the Cueva de los Ladrones rock-shelter,
located 20 km inland (Cooke, 2001; Carvajal-Contreras et al., 2008).

Dry seasons at Cerro Mangote, then, would have facilitated both
drying and salting fish, and collecting sleepers in albina pools, but that
does not mean that fishing was ignored during the wet months. A dry
season occupation of Cerro Mangote may also have coincided tempo-
rally with trapping over-wintering shore birds, e.g., whimbrel
(Numenius phaeopus), willet (Catoptrophorus semipalmatus), and small
calidrid sandpipers, as well as iguana-hunting by night in the man-
groves (Cooke, personal observation in mangroves near Cerro
Mangote). All these taxa were reported in the middens at Cerro
Mangote (Cooke et al., 2007; Cooke et al., 2013b). But, there again,
arguing for rigid seasonality in this case is counter-intuitive: exploiting
birds and iguanas could have been practiced by people who stayed
year-round at the site. In sum, dry and wet seasons favoured different
subsistence activities at Cerro Mangote, and wet season occupation is
substantiated by the mass collection of the mangrove crab (Gecarci-
nidae: Cardisoma crassum) (Ranere, 1979; McGimsey et al., 1986). This
crab species is very abundant at the beginning of the wet season (late
April-June), when vast numbers congregate at the landward edges of
mangroves, where they can be trapped using collective methods
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(Bright, 1966).

Even though the maize planted at Cerro Mangote (Norr, 1995;
Dickau, 2010; Piperno, 2011a) would not have yet attained the foliage
density and kernel-size of later varieties, the large number of grinding
implements in the kitchen midden (some with maize phytoliths in-
crusted on them) is consistent with constant maize use, and the ex-
istence of nearby fields (McGimsey, 1956; Ranere, 1979; Piperno,
2011a). It is well known that crops planted in fields or garden plots
increase the deer population because deer prefer second-growth vege-
tation, and would thus have benefitted from the disturbance of primary
forest cover for opening garden plots and fields (Smith, 1991; Teer,
1994; Geist, 2000; Gallina et al., 2010; Cherry et al., 2018). It is in-
teresting to pointed out that even the palm fruit availability in the area
our results do not evidence that deer consumed it.

Lastly, as an addendum, the fact that isotope data for intensive
maize consumption at Cerro Mangote (Norr, 1995; Cooke et al., 1996:
114 Fig. 5), which is very similar to Sitio Sierra's, would appear to be at
odds with the early maize that, we argue, would have been sown in
Cerro Mangote's fields or garden plots, on-going evaluation of the
burials at this site by Smith-Guzmaén (personal communication, August
2019) is confirming that their calibrated [INTCAL 13] 14¢ age spans the
time period between 2475 BCE and 230 CE. Therefore, Norr's published
isotope estimates for high maize consumption at Cerro Mangote should
correspond temporally, not to the shell-bearing middens there, but to a
time-span during when large-kernelled and multi-rowed productive
races were likely being consumed.

At Cerro Juan Dfaz, seasonality for deer hunting could not be evi-
denced from the microwear analysis. Two alternatives stand out: firstly,
Cerro Juan Diaz represents a village occupied all year round, and sec-
ondly, inferring only wet season hunting is a sampling issue because we
used samples from different excavation units or “operations,” which
could belong to dissimilar occupational events. This may explain their
location on the boundary between area a. and b. on the heat map
(Fig. 5). But the discovery at Cerro Juan Diaz of several funerary pre-
cincts spanning at least 1800 calendar years, some of which show
evidence for discrete burial groups with connotations of kinship re-
lationships and ancestor-worship (Cooke and Sdnchez Herrera, 1997;
Cooke et al., 1998, 2000; Diaz, 1999), argues strongly for long-term
sedentary occupation.

6. Conclusion

Microwear and mesowear analyses address the issue of the times of
year when deer hunting was practiced at three sites bordering Parita
Bay in the strongly seasonal dry crescent of Pacific Panama: Cerro
Mangote (AG-1), Cerro Juan Diaz (LS-3), and Sitio Sierra (AG-3). At two
sites located in two different watersheds with markedly different cali-
brated radiocarbon ages, and very different population sizes — Cerro
Mangote and Cerro Juan Diaz -, the tooth wear data infer that the
ubiquitous white-tailed deer were likely hunted mostly during the wet
season (May to November). On the contrary, results from Sitio Sierra
show that white-tailed deer were hunted preferentially during the early
dry season (December to April) when productive varieties of maize
would have been nearing collection or already harvested, and rapidly
consumed during seasonal festivities evinced by our taphonomic stu-
dies.
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ARTICLE INFO ABSTRACT

Keywords: The white-tailed deer (Odocoileus virginianus Zimmermann 1780) was an apex species for Precolumbian sub-
Late Preceramic sistence in the anthropogenic savannas and tropical dry forests bordering Parita Bay on the central Pacific coast
Panama

of Panama. This paper focusses on Late Preceramic Cerro Mangote, a multi-component site whose domestic
occupation corresponds to a maximum time-period of 7900 and 4600 cal BP. At this time, this site's inhabitants
developed mixed subsistence strategies including farming and hunting, along with coastal fishing and in-
vertebrate collection. Communities across the seasonally dry and windy plains and foothills of the central Pacific
practiced swidden agriculture — a variety of plant food production that would have favored “garden hunting”
(sensu Linares 1976), which, in this region, most likely involved white-tailed deer because of this species' ac-
knowledged attraction to cultivated plots. Zooarchaeological and taphonomic analyses of white-tailed deer bone,
tooth and antler samples from Cerro Mangote are based on two sequential Late Preceramic occupation layers.
Results reveal that the same strategies for white-tailed deer hunting and for the treatment of their carcasses
continued without change throughout the Late Preceramic period at Cerro Mangote.

White-tailed deer -Cerro Mangote
Garden hunting-wildlife management

1. Introduction (Colombia), and Arroyo Seco-2 (Argentina) (Bryan et al., 1978; Correal,

1981; Casamiquela and Dillehay, 1989; Dillehay, 1997; Adovasio and

Human occupations in the Isthmus of Panama are well documented
after ca 13,200 BP and are represented by both Clovis and Fluted
Fishtail Point Paleoindian traditions. They continue without apparent
hiatuses into post-contact time (Cooke and Ranere, 1992b; Cooke et al.,
2013; Ranere and Cooke this issue). There is a hint of an earlier human
presence in the Isthmus in the form of two fragmentary bifaces that
resemble El Jobo points dated to ca 15,800 BP at the Venezuelan site of
Taima-Taima (Bryan et al.,, 1978; Bryan et al., 1979; Cooke et al.,
2013). This inference is indirectly backed up by mtDNA research based
on present-day Panamanian populations (Perego et al., 2012). Hunting
of megafauna by groups using Clovis points in North America and
Fluted Fishtail Points in South America is well documented. A number
of pre-Clovis (and pre-Fluted Fishtail) sites in South America also pro-
vide evidence for the hunting of megafauna, including Taima-Taima
(Venezuela), Monte Verde (Chile), Huaca Prieta (Peru), Tibitd

Pedler, 2016; Politis et al., 2016). But coastal fishing and gathering
were prominent subsistence activities at others pre-Clovis sites in-
cluding Monte Verde (Chile) and Huaca Prieta (Peru) (Dillehay, 1997;
Dillehay et al., 2017). Fishing, hunting and gathering continued along
the Pacific coast of northern South America at the Los Vegas sites in
Ecuador (Stothert, 1985; Stothert et al., 2003; Stahl and Stothert, 2020)
and in the Nanchoc Valley in the foothills of northern Peru (Dillehay,
2011) along with the important addition of cultivating plants.
Although there are Late Pleistocene paleontological sites in Central
Pacific Panama with megafauna, they are not associated with humans
(Lucas, 2014) and may all date back to ca 47,000-45,000 BP (Pearson,
2005). Faunal remains were not preserved in any of the sites in Panama
with deposits dated to either the Paleoindian period (ca 13,200-11,700
BP) or the Early Preceramic Period (ca 11,700-8200 BP). Archaeofaunal
evidences are first found in the Panama archaeological sequence at sites
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dating to the first part of the Middle Holocene in middens with abun-
dant marine invertebrate remains, or in relatively dry rockshelter de-
posits. An abundance of marine shell enhances the survival of other
organic remains in the otherwise acidic soils typical of Panama's humid
tropical climate (cf. Carvajal-Contreras et al., 2008). Cerro Mangote is
one of the few Mid-Holocene sites that has yielded well-preserved
faunal samples.

White-tailed deer (Odocoileus virginianus Zimmermann 1780) are
one of the most abundant mammals at Late Preceramic Cerro Mangote
and, when body mass is considered, are dietarily and culturally by far
the most important. This species is widely distributed in North, Central
and northern South America (Gallina et al., 2010). All Central and
South American deer are of late Tertiary Nearctic origin, and this spe-
cies is one of the largest surviving mammals in this region (Baker,
1984). It possesses an average body mass of 50 kg for males and 30 kg
for females (Emmons, 1999). “Whitetails” are very adaptable animals
being able to live in a wide range of habitats and environments, from
deserts to tropical forests, due largely to their notably plastic diets.
They prefer to focus their feeding on young leaves, but will consume
grass, sedges, nuts, fungi, fruits, and fallen flowers. They also forage on
several kinds of crops (Eisenberg, 1989; Smith, 1991; Gallina et al.,
2010).

The archaeological, paleoecological and chronometric records for
Central Pacific Panama indicate significant forest clearance by 9500 BP,
likely for garden plots for growing arrowroot (Maranta arundinacea),
leren (Calathea allouia), squash (Cucurbita spp.) and bottlegourd
(Lagenaria siceraria) (Piperno et al., 1991; Piperno and Pearsall, 1998).
These same records indicate an intensification of forest clearing by ca
7900 BP, which is believed to signal the introduction of swidden cul-
tivation in the region (Piperno et al., 1991; Piperno and Jones, 2003;
Piperno, 2011). Starch grains and phytoliths of maize (Zea mays) — an
exogenous crop of northern (Mexican) origin — were recovered in the
Aguadulce Shelter (Coclé province) at ca 7900 BP, and at Cueva de los
Ladrones (Coclé) (where Preceramic maize pollen was also recovered)
at ca 7700 BP (Piperno, 2011). Starch grains from manioc (Manihot
esculenta) — a southern exogenous cultigen — was recovered in the
Aguadulce Shelter at ca 7700 BP (Piperno, 2011).

Hunting is a subsistence strategy that impacts both the exploited
animals’ populations, and the communities in which the hunters lived
(Ojasti, 2000). However, human impacts are not always negative, be-
cause people learn how to manage animal populations for their own
benefit. A wild population of a given species can be managed in order to
increase its numbers — if it is beneficial — or to decrease them - if it is
harmful. Management also enables harvesting a given species on a
regular basis, as well as monitoring the favorable and unfavorable be-
haviour it might present, such as suddenly moving elsewhere, or be-
coming too aggressive (Sinclair et al., 2006). The strategy of sustainable
harvesting consists of culling an animal population at the same rate at
which it increases under natural conditions (Sinclair et al., 2006), i.e.,
people need to apply hunting strategies that allow animals to be ex-
tracted without decreasing the population. Some examples of man-
agement are: (1) hunting a constant proportion of animals each year,
(2) fixing a harvesting season, (3) establishing hunting areas, (4) fo-
cusing hunting on males rather than females, and (5) orienting hunts
towards older rather than younger age groups (Sinclair et al., 2006).

An indirect practice for managing a wild animal population is si-
multaneously to manage its food sources (Ojasti, 2000; Sinclair et al.,
2006). Linares (1976) proposed the concept of “garden hunting”, which
refers to the hunting and consumption of animals that are attracted to
plants that grow in gardens. Feeding by animals on garden produce has
two major effects: (1) animal populations increase more than under
natural conditions, and (2) animals are easier to catch or hunt, for ex-
ample, by using pit-falls and traps, which do not interfere directly with
tending gardens.

The management of white-tailed deer was an important task for the
human groups that inhabited communities located in the environs of
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Parita Bay (Cooke et al., 2007). Early 16™ century CE colonial docu-
ments (1515-1550 CE) relate how white-tailed deer in the Central
Pacific lowlands were managed socially and ritually through the estab-
lishment of special hunting grounds, and the imposition of strict taboos
against eating “meat” (read: deer). This new method of ritually medi-
ated management was arguably better suited to individual territories
with social hierarchies typical of tropical chiefdoms, which are clear in
the cultural archaeological record for Central Panama (Cooke, 2005).

The white-tailed deer is considered to be of Least Concern according
to The IUCN (International Union for Conservation of Nature) Red List
of Threatened Species. This publication adduces that the present-day
status of this species is stable in light of its adaptability. This view is
based primarily on the fact that this species increased considerably in
North America during the last century. On the other hand, white-tailed
deer populations in Central America and northern South America are
small and in decline (Gallina and Lépez Arévalo, 2016). Recently, ar-
chaeozoologists have become increasingly interested in applying their
knowledge of past animal populations and their management to im-
proving present-day management strategies (i.e Lyman, 2006, 2011;
2012; Bjorkman and Vellend, 2010; Faith, 2012; Rick and Lockwood,
2013; Faith and Lyman, 2016).

In the lowland plains of Coclé province white-tailed deer were still
quite common in the early 1970s when RGC began his archaeological
research there. But soon after rich citizens began hunting the deer using
repeating rifles fired from double traction vehicles, and wild popula-
tions plummeted (RGC personal observation). Nowadays, however,
white-tailed deer are being corralled, and at some properties in Coclé
(i.e. near Aguadulce, not far from Cerro Mangote, and near Penonome),
large numbers of whitetails are penned up and breeding. But these are
commercial enterprises for selling deer meat and hides. It is highly
doubtful whether knowledge of past human management practices is
being applied, and it is open to investigation whether a proportion of
the corralled populations is being released into the wild. Taking into
account the importance of deer in Panama and the contributions that
zooarchaeology can give to modern wild life managers, the aim of this
paper is to describe deer hunting patterns at Cerro Mangote in order to
identify hunting management strategies. To achieve so, we propose a
multi-proxy zooarchaeological and taphonomical analysis.

2. Regional setting: Cerro Mangote

Cerro Mangote is located in Coclé province on the central Pacific
coast of Panama (Fig. 1). A noteworthy variety of vertebrate remains
and cultural materials, consisting mostly of lithics, was recovered there
(McGimsey, 1956; Ranere, 1979; Cooke and Ranere, 1992a, 1992b). It
is a Late Preceramic habitation site with a large midden component that
contains abundant remains of marine invertebrate exoskeletons (mostly
crab and mollusks). After its abandonment by the Late Preceramic re-
sidential occupants, Cerro Mangote continued being used as a burial
ground for peoples using Early Ceramic and Middle Ceramic pottery
wares (following the ceramic sequence of Greater Coclé [see Isaza
Aizpurua, 2007]). These ceramic-using people likely resided at the
Cerro Girén (Co-2/AG-2) site, which is located very close to the
northern (Coclé) bank of the River Santa Maria (Ladd, 1964).

The nature of Cerro Mangote's location is relevant to understanding
its Late Preceramic residence pattern: on top of a 48 m-high hill on the
north bank of the Santa Maria River, at the inland edge of a high tidal
flat, or “albinas” (now [2020] largely turned into commercial shrimp
tanks). Inland from the hill, the present-day environment comprises
sugarcane fields, cattle pastures, remnants of wooded savannas, and
swamps and ox-bow lakes, which represent earlier undated meanders of
the river (Cooke and Ranere, 1989: Fig. 1). Today the site's eastern edge
is 8 km from the active marine shoreline of Parita Bay. However, se-
dimentation at the mouth of the Santa Maria River has moved the
coastline seaward at a rate of nearly 1 km every thousand years (Barber,
1981; Clary et al., 1984), so that at the time Cerro Mangote was first
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Fig. 1. Cerro Mangote geographical localization.

Table 1

Cerro Mangote dates (Ranere, 1979; Cooke and Ranere, 1992b). Dates in this
paper are all calibrated with INTCAL 13 using marine 13 for calculating shell
date.

Zone Sample Lab. '4C date  Sigma  Cal BP
Sample #

Red Charcoal Y-458d 6810 110 7845-7465

Brown  Protothaca TEM-206/Beta-1703 6710 175 7964-7165

Brown  Crassostrea  TEM-208/Beta-1704 4650 165 5302-4437

occupied, the shoreline was only 1-2 km distant (Ranere, 1979; Cooke,
1984; Cooke and Ranere, 1992a, 1992b; 1999).

Archaeological remains are distributed in an area measuring 70 m
(east-west) by 25 m (north-south) on the north slope of the ridge just
below the crest. Two archaeological investigations were carried out, the
first one, by McGimsey in 1955 and 1956, and the second one by
Ranere in 1979 (McGimsey, 1956; Ranere, 1979; McGimsey et al.,
1986; Cooke and Ranere, 1992b).

McGimsey's excavation strategy consisted of opening two trenches
and four pits. The west trench was 6 m long and 1 m wide and the east
trench was 8.5 m long and 1 m wide. The pit dimensions varied from
1 x 1mto2 X 2m. Sterile red clay and rock were found at a depth of
180 cm in the south end of the site and 90 cm in the north end
(McGimsey, 1956; McGimsey et al., 1986).

The objective of Ranere's excavations was to expose undisturbed
deposits in two or three excavation units measuring 1 X 2 m in order to
collect samples of flora, archaeofauna, charcoal, lithics, and other cul-
tural materials in addition to the sediments themselves. Upon arrival at
the site, Ranere and his crew discovered a number of large open looter's

pits. These pits were cleaned out and their walls straightened in order to
examine them for undisturbed deposits. In total, four units were ex-
cavated in 1979 measuring 1 X 3 m, 1 X 3 m, 1 X 25 m and
1 X 1.5 m. All undisturbed deposits were excavated with hand tools by
natural strata divided into 10 cm excavation levels in strata thicker than
10 cm. All deposits were screened on site through Y inch mesh
(6.35 mm). In a number of undisturbed 10 cm levels, ca 50 L of deposits
were screened using 1/8 inch (3.175 mm) mesh. In addition, 15 L from
each excavation level in two units were water sieved back in the field
laboratory. Seven column samples of sediments from the excavations
were also collected.

Ranere interpreted the stratigraphy of Cerro Mangote as having two
major culture-bearing zones: the “red zone” (6810 =+ 110 BP
[7845-7465 cal BP]) and the “brown zone” (6670 * 215 BP [7964-
7165 cal BP] to 4650 = 165 [5302-4437 cal BP]) (Table 1 and Fig. 2).
During the red zone occupation, the intensity of human activities was
not enough to change the natural character of the red clay sediments
(Ranere, 1979; Cooke and Ranere, 1992b).

The most common artifact remains from Cerro Mangote are chipped
stone tools and the flakes resulting from their manufacture. The flakes
and cores from which they are struck are made of a variety of crypto-
crystalline silicates, including petrified wood and, more rarely, quartz
crystal and andesite. Flakes are removed from irregular cores and bi-
facial cores with hard hammerstone percussion. These flakes are then
used for a variety of tasks, usually with no further modification. Where
present, secondary retouch normally consists of steep unifacial flaking
along the flake edge. Additional tools in the lithic assemblage include
choppers, chopper-grinders, one-hand manos, edge ground cobbles,
boulder milling stone bases, nutting stones, a fragment of cobblestone
bowl, and a stone disc. An important feature of the stone tool
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PIRrock

50 cm

more than 2.5 m of deposits.

assemblage are “edge ground cobbles,” e.g. hand-sized river cobbles
that were used for pounding and grinding on their edges, rather than on
the flatter areas of the tool (McGimsey, 1956; Ranere, 1975, 1979;
Cooke and Ranere, 1992a). These tools are commonly found in Late
Preceramic and Early Ceramic occupations at a large number of sites in
Central Panama.

The zooarchaeological record of the site identified terrestrial taxa
that customarily frequent mud flats, mangroves, riverine woods and
open areas in the close vicinity of the site (Cooke et al., 2007). The most
frequently taken mammals were raccoons (Procyon lotor) and white-
tailed deer. Black and green iguanas (Iguana spp.) were also common in
the site's middens. The best represented birds in them are coastal wa-
ders (Scolopacidae spp.) and white ibis (Eudocimus sp.) (Cooke et al.,
2013). Estuary-tolerant taxa dominate the fish remains and include:
marine catfish (Ariidae spp.), snook (Centropomus spp), corvinas (Cy-
noscion spp.), toadfish (Batrachoides spp.), and small-sized Pacific
sleepers (Dormitator latifrons) (Cooke and Ranere, 1989, 1992a; 1992b,
1999).

Two particularly interesting zooarchaeological finds were reported
at Cerro Mangote, one being the presence of the distal tips of two
manatee ribs (Trichechus manatus). Manatees do not exist today on the
Pacific coast of tropical America nor did they in the past. This fact
demonstrates that these specimens were brought to the site from the
Caribbean coast (Cooke and Ranere, 1992b). The second find is the
oldest record for a domestic dog (Canis lupus familiaris) in Central
America, represented by a humerus of a form that, subjectively, recalls
a collie-like breed (Cooke and Ranere, 1992b).

McGimsey's team recovered 67 human individuals in the 1955 and
1956 excavations, and Ranere's team 12 individuals during the 1979
tests (McGimsey, 1956; Ranere, 1979; McGimsey et al., 1986). Never-
theless, associated artifacts and radiocarbon dates suggest that most of
the human burials at the site likely postdate the Late Preceramic
midden, perhaps by thousands of years (McGimsey et al., 1986:151;
Huard, 2013: Table 2.2).

3. Materials and methods
3.1. Materials

McGimsey's work team in 1955 and 1956 did not use sieves. They

8o

2. Pit disturbance

3a. Medium brown silt with whole shell & crab
3b. Medium brown silt with crushed shell & crab
3b. 3c. Medium brown silt with small shell & crab

4. Dark brown silt

5. Reddish tan silt whole & crushed shell & crab
6a. Light reddish brown silty clay

6b. Basal red clay

Brodent disturbance

S Ml charcoal & fire stained silt
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Fig. 2. Cerro Mangote stratigraphic profile, based
on Ranere (1979). A description of the stratigraphy
follows:

2.A layer of silt 10-15 cm thick caps the pit fill zone
and represents the post-occupational deposit at the
site.

3a.-3b. A series of horizontally bedded lenses com-
posed in large part of shell, crab and bone, often
heavily crushed, lies over the red silty clay layer.
Known as the “brown zone”, this is the densest oc-
cupational refuse on the site. This zone is not a
single depositional unit, however, since the in-
habitants constantly cut pits into each other, so that
the upper 80-100 cm of the “brown zone” consists
of pit fill of one sort or another.

4. A layer of light red silty clay, approximately
20 cm thick. overlies the red clay layer. Occupa-
tional debris is more abundant than in the previous
layer.

5. A layer of red clay from 25 cm to over 100 cm
thick overlies the andesite boulders. The base of this
deposit is culturally sterile, but the upper portion
contains the earliest cultural materials at the site.
6a.-6b. Andesite boulders underlie all sediments at
the site; in places, these boulders are exposed on the
surface, while in other areas they are buried by

gathered large vertebrate bones as they came across them while dig-
ging. In the 1970s, Ralph Medlock analyzed the abundant white-tailed
deer sample and estimated an MNI of 41 individuals from 1189 bones
(Cooke and Ranere, 1992b: Table 2). These materials were stored at the
University of Arkansas and were returned to Panama in 2015. They are
now housed in the Archaeology Laboratory of the Smithsonian Tropical
Institute (STRI) in Panama City.

Ranere's excavation units were all sieved using % inch (6.35 mm)
mesh and selected units were kept back for sieving over 1/8 inch
(3.175 mm) mesh. In addition, fifteen liters of sediment from un-
disturbed levels in units 1 and 2 were water sieved. These materials are
also stored at the STRI Archaeology Laboratory.

For this study, we analyzed the white-tailed deer remains recovered
during AJR’s 1979 and McGimsey's 1955-1956 excavations organizing
them by the red zone (n = 270) and brown zone (n = 1812). These
remains were analyzed and identified by using a modern reference
collection housed at STRI Archaeology Laboratory.

3.2. Methods

The units of quantification are used in zooarchaeology to estimate
relative frequencies of taxa in the faunal assemblages. This way, it can
study environmental fluctuations, successions, taphonomic, recovery
and sampling biases and synchronic and diachronic cultural differences
(Reitz and Wing, 2008).

Our zooarchaeological analysis employed several units of quantifi-
cation:

—

. Number of Remains (NR): This refers to the total number of remains
that make up the zooarchaeological assemblage, without taking into
account the degree of taxonomical and anatomical determination
precision that was attained (Reitz and Wing, 2008).

2. Number of Identified Specimens (NISP): This index takes into ac-
count only the bone remains that were determined taxonomically.
This index usually is less than the NR (Reitz and Wing, 2008).

3. Minimum Number of Elements (MNE): Lyman (1994: 290) defines

MNE as the “Minimum number of complete skeletal elements ne-

cessary to account for all observed specimens”. This index quantifies

the elements belonging to an individual, whether they are whole or
fragmented. For this quantification, it is necessary to take into
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Table 2
Cerro Mangote white-tailed deer (Odocoileus virginianus), NISP (Number of Identified Specimens) and MNE (Minimal Number of elements).

Element Red zone Brown zone
NISP NISP% MNE MNE% NISP NISP% MNE MNE%

Occipital 0 0.00 0 0.00 9 0.50 6 0.56
Basisphenoid 0 0.00 0 0.00 3 0.17 3 0.28
Presphenoid 1 0.37 1 0.65 1 0.06 1 0.09
Temporal 1 0.37 1 0.65 0 0.00 0 0.00
Frontal 0 0.00 0 0.00 8 0.44 6 0.56
Antler 12 4.44 8 5.23 36 1.99 20 1.87
Nasal 0 0.00 0 0.00 5 0.28 5 0.47
Premaxila 0 0.00 0 0.00 2 0.11 2 0.19
Maxilar 3 1.11 3 1.96 29 1.60 15 1.40
Tympanic bulla 0 0.00 0 0.00 5 0.28 5 0.47
Mandible 13 4.81 8 5.23 70 3.86 40 3.73
Incisive 0 0.00 0 0.00 1 0.06 1 0.09
Molar 2 0.74 2 1.31 8 0.44 8 0.75
Premolar 2 0.74 2 1.31 9 0.50 9 0.84
Atlas 1 0.37 1 0.65 21 1.16 19 1.77
Axis 1 0.37 1 0.65 14 0.77 14 1.31
Lumbar vertebrae 19 7.04 10 6.54 75 4.14 68 6.34
Thoracic vertebrae 9 3.33 7 4.58 74 4.08 70 6.53
Cervical vertebrae 5 1.85 5 3.27 76 4.19 70 6.53
Sacral vertebrae 2 0.74 2 1.31 4 0.22 3 0.28
Caudal vertebrae 0 0.00 0 0.00 2 0.11 1 0.09
Sternum 0 0.00 0 0.00 5 0.28 5 0.47
Ribs 17 6.30 10 6.54 114 6.29 97 9.05
Scapula 12 4.44 7 4.58 40 2.21 32 2.99
Humerus 17 6.30 11 7.19 90 4.97 72 6.72
Ulna 6 2.22 0 0.00 36 1.99 34 3.17
Radius 7 2.59 4 2.61 60 3.31 42 3.92
Trapezium 0 0.00 0 0.00 1 0.06 1 0.09
Uncinate 0 0.00 0 0.00 3 0.17 3 0.28
Lunate 1 0.37 1 0.65 1 0.06 1 0.09
Metacarpus 6 2.22 5 3.27 34 1.88 24 2.24
Rud. metacarpus 0 0.00 0 0.00 1 0.06 1 0.09
Acetabulum 0 0.00 0 0.00 7 0.39 7 0.65
Tleum 3 1.11 2 1.31 32 1.77 22 2.05
Ischium 2 0.74 2 1.31 28 1.55 20 1.87
Pubis 1 0.37 1 0.65 3 0.17 3 0.28
Pelvic girdle 2 0.74 2 1.31 3 0.17 3 0.28
Femur 23 8.52 15 9.80 121 6.68 66 6.16
Tibia 13 4.81 7 4.58 90 4.97 48 4.48
Patella 0 0.00 0 0.00 3 0.17 3 0.28
Metatarsus 8 2.96 7 4.58 86 4.75 52 4.85
Astragalus 8 2.96 8 5.23 64 3.53 64 5.97
Calcaneus 7 2.59 7 4.58 28 1.55 22 2.05
Cuboid 2 0.74 2 1.31 7 0.39 7 0.65
Cuneiform 1 0.37 1 0.65 3 0.17 3 0.28
Intern cuneiform 1 0.37 1 0.65 0 0.00 0 0.00
Perciform 0 0.00 0 0.00 2 0.11 2 0.19
Metapods 1 0.37 1 0.65 23 1.27 13 1.21
Phalanx prox. 6 2.22 6 3.92 35 1.93 35 3.26
Phalanx med. 2 0.74 2 1.31 13 0.72 13 1.21
Phalanx dist. 0 0.00 0 0.00 11 0.61 11 1.03
Craneum fragment 1 0.37 1 0.06
Vertebrae fragment 5 1.85 23 1.27
Long bone 44 16.30 390 21.52
Flat bone 0 0.00 1 0.06
Spongy bone 2 0.74 1 0.06
Indeterminate 1 0.37 0 0.00
TOTAL 270 100.00 153 100.00 1812 100.00 1072 100.00

account different variables of each identified bone fragment, such as 2008).

the area of the bone, the face, its position in the skeleton, the 5. Minimum Anatomical Units (MAU): is obtained by dividing the

number of times that it appears in the skeleton and its age.

. Minimum Number of Individuals (MNI): This index defines the
minimal number of animals that could be present in the assemblage.
This index does not reflect the real abundance of the animals, and is
only a guide to the minimum number of individuals present in the
assemblage. In addition, this index does not imply that the animals
were complete when the accumulation was formed. This index is
calculated by summing the most frequent sided element taking into
account laterality, age and size (Sensu White[MNI]; Reitz and Wing,

number of elements identified by the number of anatomical units
present in a complete skeleton. The norming procedure involves
dividing all observed MAU values by the greatest observed MAU
values and multiplying by 100 to scale the values between 0 and
100. Subsequently, the MAU% was compared against the utility
index proposed for the white-tailed deer by Madrigal and Holt
(2002) modification of the index proposed by Binford (1984) and
the simplified index of Metcalfe and Jones (1988). For this purpose,
the MAU of the long bones was obtained by dividing by two, the
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phalanges dividing into eight, the cervical vertebrae dividing into
five (excluding the atlas and the axis), the thoracic vertebrae di-
viding into twelve and the lumbar vertebrae into seven (Sauer,
1984; Madrigal and Holt, 2002).

The age at death of white-tailed deer was established by reference to
epiphyseal fusion, tooth eruption sequence, and tooth wear. Two ca-
tegories were used: sub-adults (< 24 months) and adults (> 24 months)
(Severinghaus, 1949; Purdue, 1983). Taking into account that this
species exhibits sexual dimorphism, we distinguished males when an-
tlers were present (Smith, 1991).

Bone differential destruction may be influenced by its own char-
acteristics, such as its density and also for the interaction and intensity
of the external forces acting on the bone (Lyman, 1994). In order to
determine sample integrity, MAU and its frequencies were calculated
(Lyman, 2008), as well as the conservation differential in relation to
bone density (VD). We used Lyman (1994) values averaged following
Reitz and Wing (2008). We plotted volume density (VD) against NISP,
and calculated a correlation coefficient (Pearson's r) between these
variables. In order to study skeletal completeness, we compared ar-
chaeological bone frequencies with the expected frequencies if the deer
skeleton was complete, applying the following equation:

d = (LnX)-(LnY)

where X is the percentage of each skeletal portion and Y is the per-
centage of the same portion in a complete skeleton, both are standar-
dized by using the natural logarithm (Ln). Positive values show that the
skeletal portion is more abundant compared to the standard and ne-
gative values that show that the skeletal portions are underrepresented
(Reitz and Wing, 2008).

The remains found in archaeological sites are characterized by the
high degree of fragmentation, which could be caused by different ta-
phonomic agents such as biological agents and/or physical processes
(Fernandez-Jalvo and Andrews, 2016). The inherent characteristics of
the bone produce different break patterns when the bone is fresh or dry
(Bunn, 1983; Villa and Mahieu, 1991). Fresh bones have a high degree
of plasticity, but they could break when the pressure is greater than
their strength. In these cases, the fracture follows the natural lines of
the bone. The fractures are produced by biological agents when the
bone is fresh, because their intention is to obtain the nutrients that are
inside the bones (Bunn, 1983; Villa and Mahieu, 1991). The opposite
case is the fragmentation of the dry bone, because the physical char-
acteristics of the bone have changed, now the bone has lost its moisture
and its organic properties, the bone is fragile and brittle. At this mo-
ment the bone reacts differently to pressure, forming perpendicular
cracks. This kind of fragmentation is produced by physical processes
without any intentionality (Bunn, 1983; Villa and Mahieu, 1991). To
study long bone representation, we recorded the anatomical zone
(proximal, medial, distal, whole) of the long bones (humerus, radius,
femur, tibia, and metatarsal). The taphonomic analysis focused on bone
breakage and surface alteration. In order to evaluate bone breakage, we
distinguished color changes in the outlines and also fracture angle in
order to discriminate an old breakage (occurring at or near the time of
deposition) from a new breakage (occurring during or after the ex-
cavation) (Steadman et al., 2002).

Surface alterations were identified macroscopically and micro-
scopically. All skeletal specimens were examined using a stereomicro-
scope (Leica Wild M10, up to 120x). The analysis of cut marks took into
account the number of striations, location on the anatomical element,
distribution over the surface (isolated, clustered and crossed), orienta-
tion with respect to the longitudinal axis of the bone (oblique, long-
itudinal and transverse) and delineation (straight or curved) (Binford,
1981; Potts and Shipman, 1981; Shipman and Rose, 1983). Six degrees
of thermal damage were identified [from 0 (unburned) to 5 (calcined)
and 6 when 2 burning colors were observed] using the criteria of Stiner

82

Quaternary International xxx (XXXX) XXX=XXX

et al. (1995).

Tooth marks were analyzed and compared systematically in order to
distinguish between human and non-human marks (i.e. those made by
carnivores, and rodents). Human tooth marks were classified as pits
(ovoid shape and shallowness) and scores (elongated shape and internal
crushing) (Landt, 2007). Carnivore and rodent marks were classified as
pits, punctures and scores (Binford, 1981; Selvaggio, 1994). Other da-
mage produced during consumption, such as notches, crenulated edges
or pitting, was recorded; their distribution, orientation and dimensions
were taken into account. Finally, post-depositional modifications were
recorded, such as manganese, adhering concretions, root damage, and
weathering probably commensurate with humidity (Grayson, 1988;
Lopez-Gonzalez et al., 2006).

In order to identify the differences between the two occupations
(red zone and brown zone), a t-test was performed in cases where all
assumptions were accepted or the Mann Whitney test when the as-
sumptions were not met.

4. Results

The white-tailed deer remains recovered at Cerro Mangote during
Ranere's 1979 excavations and McGimsey's 1955-1956 excavations,
and studied for this analysis, numbered 2082 of which 270 were found
in the red zone and 1812 in the brown zone (Table 2). The Late Pre-
ceramic inhabitants of Cerro Mangote used a single strategy for ex-
ploiting and managing white-tailed deer during the red zone and brown
zone occupations. A total of 45 individuals was identified, all of them
were adults and at least 14 were males (Table 3). None of the in-
nominate specimens were suitable for sexing, so the only criterion
available was the presence or absence of antler pedicles. We identified 3
individuals with unfused antler pedicles and 11 with antlers attached.
There are very few cranial bones in the collection. The over-
representation of antlers could reflect the selective retention of frontal/
antler pieces by the ancient inhabitants of the site. For this reason, it is
possible that the sex ratio of the deer population is not reflected in the
archaeological collection. Differences between the NISP% of the brown
and the red zone were not significant (z = —0.497; p = 0.618) and the
MNE% (z = —0.682; p = 0.494).

Volume density (VD) results shows an insignificant negative corre-
lation between NISP and VD in the red zone (rp = —0.26, p = 0.20)
and brown zone (rp = —0.34, p = 0.09) (Fig. 3). This results suggest
that the taphonomical process that is mediated by the structural density
of the skeletal parts did not exert a major influence on the frequencies
of skeletal parts in the Cerro Mangote deer samples. The anatomical
representation in both edaphic zones shows that whole deer were taken
up to the dwellings. They continued to consume the same kinds of fish
as well, and the fact that they took quite large fish 50 m up to the hill
top makes it likely that their dwellings were there (Cooke and Ranere,
1999).

The highest MAU% values in the red zone were for the femur

Table 3

Cerro Mangote white-tailed deer (Odocoileus virginianus), NISP (Number of
Identified Specimens) and MNI (Minimal Number of Individuals) by age cate-
gories and sex ratio.

Zone

Red Brown Total
NISP 270 1812 2082
NISP % 12.97 87.03 100
MNI 9 36 45
MNI% 20 80 100
Sub-adults 0 0 0
Adults 9 36 45
Males 3 11 14
Males % 33.33 30.56 100
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Fig. 3. NISP (Number of Identified Specimens) against VD (Volume density) values of white-tailed deer (Odocoileus virginianus) identified at Cerro Mangote.

followed by the humerus, and in the brown zone the highest MAU%
values were for the humerus followed by the femur (Table 4). There are
no significant differences in the MAU% between the brown and red
zones (z = —1.329; p = 0.183). According to these results consumers
preferred the meatiest elements (Madrigal and Holt, 2002). At Cerro
Mangote, the forefoot and the foot were under-represented, however
the hindfoot is well represented in both zone samples (Fig. 4). The t-test
suggests that there are not significant differences between the two oc-
cupations (t = 0.006; p = 0.995). This pattern may be related to
working deer skins because foot elements generally remain attached to
them. Besides, their nutritive value is poor (Madrigal and Holt, 2002).
Alternatively, domestic dogs, which we know were present at the site
(Cooke and Ranere, 1992b), may have consumed or run off with them,
because we do not find any evidence of carnivores in the deer bone
analyzed, indicating no evidence for in situ ravaging by dogs.

In terms of long bone representation, 555 remains were long bones
(26.65%), and the most represented zone was the distal, followed by
the proximal, and lastly the medial. At Cerro Mangote no complete long
bones were found. The length of the deer remains varies between 10
and 80 mm (Fig. 5). There are no significant differences between the
two occupations (z = —0.04; p = 0.96). 257 (12.34%) deer remains
show the characteristic fracture pattern of fresh breakage. Percussion
marks were observed in 160 (62.25%) elements. Also identified were:
percussion cones (n = 43; 16.73%), negative cortical flakes (n = 17;
6.61%) and medular flakes (n = 43; 16.73%) (Fig. 6:c.). The absence of
complete elements and the fresh fracture patterns observed in the
samples from both occupation zones suggest that the ancient in-
habitants of Cerro Mangote took advantage of deer bone marrow.

Anthropic modifications were identified in 434 remains (20.84%),
and most of them were fractures (12.34%), burning damage (6.62%)
and cut marks (1.72%) (Table 5). Only 66 cut marks were identified in

36 elements representing 1.72% of the total sample. Most of them were
found in the brown zone. These marks are fairly superficial and have 1)
straight incisions (69.70%), 2) superficial scraping (25.76%) and 3)
deeper hack marks (4.55%). The position of the cut marks infers 1)
defleshing (63.41%), 2) skinning (29.27%), and 3) disarticulation
(7.32%) (Fig. 6:a.). The cut marks identified are related to all processes
of deer preparation and consumption, (i.e., defleshing, skinning and
disarticulation); but the great majority of marks is related to defleshing
(Table 6). Cooked meat was consumed to judge from the patterns of
burning discoloration identified in some elements. 138 (6.62%) ele-
ments show thermal alteration. Color grade 2 and 3 were the most
frequent (Fig. 6:d.). Ribs were peeled clean with the teeth (Fig. 6 b.), as
we identified in three elements with cortex loss (0.14%) (see Table 5).
Post-depositional modifications were identified in 686 remains
(32.94%), the most prevalent being concretions (31.65%) followed by
root damage (0.72%), manganese stains (0.48%), and rodent gnawing
(0.09%) (Table 7).

5. Discussion

We have interpreted Late Preceramic Cerro Mangote as a site where
small groups lived in order to farm, hunt, fish, and collect shellfish and
crabs in mangrove channels, along the marine shore, and in tide pools.
Similar sites were scattered over the landscape of lowland central
Pacific Panama (Cooke and Ranere, 1992a). The variability of white-
tailed deer diet — evinced by tooth wear at the moment they were
hunted — points towards their wet season feeding (Martinez-Polanco
et al., 2019). This makes sense in a garden hunting scenario because
maize and manioc planted nearby would have been tender and leafy in
the wet season. Collecting the most frequent crab species — the
mouthless crab (Cardisoma crassum) - would have occurred
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Table 4
MNE (Minimal Number of Elements), MAU (Minimal Animal Units), MAU% of White-tailed deer (Odocoileus virginianus) from Cerro Mangote. Occ.: Occurrence.
Element Red zone Brown zone
MNE OcCC. MAU MAU% MNE OCC. MAU MAU%
Mandible 8 2 4.00 53.33 40 2 20.00 55.56
Maxilar 3 2 1.50 20.00 15 2 7.50 20.83
Atlas 1 1 1.00 13.33 19 1 19.00 52.78
Axis 1 1 1.00 13.33 14 1 14.00 38.89
Lumbar vertebrae 10 7 1.43 19.05 68 7 9.71 26.98
Thoracic vertebrae 7 12 0.58 7.78 70 12 5.83 16.20
Cervical vertebrae 5 5 1.00 13.33 70 5 14.00 38.89
Ribs 10 26 0.38 5.13 97 26 3.73 10.36
Scapula 7 2 3.50 46.67 32 2 16.00 44.44
Humerus 11 2 5.50 73.33 72 2 36.00 100.00
Ulna 0 2 0.00 0.00 34 2 17.00 47.22
Radius 4 2 2.00 26.67 42 2 21.00 58.33
Trapezium 0 2 0.00 0.00 1 2 0.50 1.39
Uncinate 0 2 0.00 0.00 3 2 1.50 4.17
Lunate 1 2 0.50 6.67 1 2 0.50 1.39
Metacarpus 5 2 2.50 33.33 24 2 12.00 33.33
Acetabulum 0 2 0.00 0.00 7 2 3.50 9.72
Ileum 2 2 1.00 13.33 22 2 11.00 30.56
Ischium 2 2 1.00 13.33 20 2 10.00 27.78
Pubis 1 2 0.50 6.67 3 2 1.50 4.17
Femur 15 2 7.50 100.00 66 2 33.00 91.67
Tibia 7 2 3.50 46.67 48 2 24.00 66.67
Patella 0 2 0.00 0.00 3 2 1.50 4.17
Metatarsus 7 2 3.50 46.67 52 2 26.00 72.22
Astragalus 8 2 4.00 53.33 64 2 32.00 88.89
Calcaneus 7 2 3.50 46.67 22 2 11.00 30.56
Cuboid 2 2 1.00 13.33 7 2 3.50 9.72
Cuneiform 1 2 0.50 6.67 3 2 1.50 4.17
Intern cuneiform 1 2 0.50 6.67 0 2 0.00 0.00
Perciform 0 2 0.00 0.00 2 2 1.00 2.78
Phalanx prox. 6 8 0.75 10.00 35 8 4.38 12.15
Phalanx med. 2 8 0.25 3.33 13 8 1.63 4.51
Phalanx dist. ) 8 0.00 0.00 11 8 1.38 3.82
Head Axial Forequarter Forefoot Hindquarter Hindfoot Foot
2,50
2,00
1,50
1,00
0,50
0,00
-0,50
-1,00
-1,50
-2,00
-2,50

Red zone =—e—Brown zone

Fig. 4. Ratio diagram of skeletal portions using NISP (Number of Identified Specimens) of white-tailed deer (Odocoileus virginianus) identified at Cerro Mangote.

preferentially in the early wet season (May-June) at the time when (Calidris mauri and C. pusillus), knot (Calidris canutus), willet (Tringa

massive nuptial displays make it easier to harvest large numbers. semipalmata), and whimbrel (Numenius phaeopus) although all these

Wading birds (Scolopacidae) identified at Cerro Mangote to species or species occur in smaller numbers in the wet season. Black and green

species pairs are all migratory in central Pacific Panama and are most iguanas, osprey (Pandion haliaetus), great egrets (Ardea alba), yellow-

widespread in the dry months, i.e, western or semipalmated sandpipers lored parrots (Amazona ochrocephala), and the doves that could be
8
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Fig. 5. Longitude of the archaeological white-tailed deer (Odocoileus virginianus) fragments measures taken in millimeters at Cerro Mangote.

identified to genus or species are present year-round.

Two factors suggest that Cerro Mangote experienced year-round
occupations, especially during the brown zone episode: 1) the presence
of manatee bone from the Caribbean, which points to established coast-
to-coast trade routes and hints at crafting on the site (taking into con-
sideration the appropriateness of manatee ribs for this activity (Cooke
and Jiménez-Acosta, 2010), and 2) the fact that animal food was con-
tinually carried up to the top of the hill where the houses would have
been.

The analyzed data point towards the management of white-tailed
deer populations, which allowed a stable and sustained harvest during
the maximum Cerro Mangote Late Preceramic occupation (7900-4600
BP) although improved dating precision will probably narrow this es-
timate. The management consisted principally of emphasizing the
hunting of adults. This strategy enabled younger animals of re-
productive age to breed while the mature adults had already fulfilled
their reproductive purpose. In the archaeological record of Sabana de
Bogota, Colombia, the same strategy has been observed at a ca 3000-
year occupation at Aguazuque (5025 *+ 40 BP [5895-5660 cal BP] to
2725 + 35 BP [2880-2760 cal BP], where both adult female and male
deer were hunted (Martinez-Polanco et al., 2015). This strategy is used
today for managing white-tailed deer populations in North America
(Jensen, 1996; Campbell et al., 2005). The zooarchaeological and ta-
phonomical study of deer at Sitio Sierra (AG-3) - a large village located
in the alluvial bottomlands of the Santa Maria river and occupied be-
tween about 2200 and 500 B.P. - shows evidence for different deer
hunting patterns. In a sample of 38 individuals, 22 were sub-adults
(58%) and 16 were adults (42%). At Sitio Sierra deer were used as the
main course during feastings. Taking into account that the presence of
young animals is a characteristic feature of feasting behavior, the meat
of young individuals was preferred over adult meat (Martinez-Polanco
and Cooke, 2019). At Sitio Sierra deer management was socially con-
trolled, being proscribed periodically for prestigious members of the
community (perhaps warriors) in order to protect deer stocks, and thus
ensure sufficient carcasses for periodic feasts (Cooke and Ranere, 1989;
Cooke, 1992).

Cultivation of crops near the settlement would have favored deer
population density, taking into account that deer prefer second-growth

vegetation enabled by the anthropogenic disturbance of primary forest
cover by the expansion of agricultural fields (cf. Smith, 1991; Gallina
et al., 2010; Cherry et al., 2018). Animals that approached the crops
were targeted in the manner of garden hunting described by Linares
(1976). At Cerro Mangote, such a hunting strategy in which no fawns or
young were killed thus ensured that these animals reached adulthood
and reproduced, guaranteeing a stable and long-term top-rank meat
supply. The proximity of large salt flats in the albinas would have fa-
cilitated the storage of dried and salted carcasses. That this strategy was
successful, is demonstrated by the fact that large white-tailed deer
populations survived in the wooded savannas of central Pacific Panama
until the Spanish conquest (Cooke et al., 2007, 2008), both of which
reference the important eye-witness accounts of Spanish soldiers
Pascual de Andagoya and Gaspar de Espinosa who belonged to gov-
ernor Pedrarias Davila's first expeditions westwards and then south
over the Central Cordillera from Santa Maria la Antigua and later Pa-
nama City. These soldiers had to live off the land or commandeer food
from local leaders. White-deer populations held on during the Repub-
lica eras until recently when motorized hunting with powerful firearms
led to a dramatic crash. But these deer are increasingly being penned up
for provisioning restaurants and wealthy homes, and it is hoped that a
release-to-the-wild protocol will soon be implanted by conservationists.

Cerro Mangote was not the only Late Preceramic site in the lowlands
and foothills of the dry central Pacific coast to practice deer hunting. At
Aguadulce Shelter, phytolith and starch grain evidence dates plant
cultivation to ca 8600-7700 BP that includes a wider range of cultigens
than currently reported at Cerro Mangote: leren, arrowroot, squash
(Cucurbita moschata) and bottle gourd (Piperno et al., 2000; Piperno,
2009, 2011). Once again, the presence of crops would have increase the
deer population, because it has been observed that deer prefer second-
growth vegetation and would thus thrived through the disturbance of
primary forest cover by the expansion of agricultural fields (Smith,
1991; Gallina et al., 2010; Cherry et al., 2018).

6. Conclusion

The white-tailed deer was dietarily and culturally by far the most
important mammal at Late Preceramic Cerro Mangote between ca 7900
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Fig. 6. Examples of anthropic modifications identified on White-tailed deer (Odocoileus virginianus) bones at Cerro Mangote. a. Cut marks in a rib; b. peeling in a rib;

c. medular flakes; d. different burning colorations.

Table 5
Anthropic modifications to white-tailed deer (Odocoileus virginianus) bones at
Cerro Mangote.NR: Number of remains.

Zone Cut marks Burning damage Fractures Bite marks NISP
NR %NR NR %NR NR  %NR NR  %NR

Red 6 16.67 21 15.22 20 7.78 1 33.33 48

Brown 30 83.33 117 84.78 237 9222 2 66.67 386

Total 36 100.00 138 100.00 257 100.00 3 100.00 434

and 4600 BP, as it was at all sites with archaeofaunas that have been
studied in the ancient anthropogenic savannas and dry forests of central
Pacific Panama. This is predictable since disturbance of primary dry
forest cover by the expansion of agricultural fields and their crops is
well known to have been beneficial to white-tailed deer populations
The fact that the manner of deer exploitation followed the same pattern
in the two occupations identified at the site (one less intense [red zone],
and the other more intense [brown zone]) indicates that a social group
with the same traditions occupied the site throughout the Late
Preceramic (although much more refined AMS radiocarbon dating with
multiple samples is required to narrow down the time span). This is not
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at all surprising in a region where multiple lines of evidence have
stressed strong population and cultural continuity since the early
Holocene or even earlier. Detailed taphonomic evidence demonstrated
that the Cerro Mangote hunters were managing deer populations in a
more positive way (by preferentially culling adults) than in later
ceramic-using periods when larger regional populations and more
densely occupied villages likely exerted growing pressure on the en-
vironment, making earlier adult-focused conservationist strategies
more difficult to maintain. Besides in these villages another kind of
management came to the fore: the control of access to deer hunting by
certain privileged persons of the community and at certain moments of
the year.
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Description of cut marks identified on White-tailed deer (Odocoileus virginianus) bones at Cerro Mangote. Trans: transversal; Obl: oblique; Long: longitudinal; Ant:
anterior; Post: posterior; Lat: lateral; Prox: Proximal; Med: medial; Dist: distal; Sup: superficial. Maximum length taken in millimeters.

Zone Element Ne Type Orientation ~ Location Distribution Delineation =~ Measures  Action performed

Red Ulna 1 Incision Obl. Post. Prox. Straight  Isolated Deep 9 Defleshing
Rib 11 Scraping (3)- incision (8) Obl. Ant. Straight Isolated Sup. 6.62 Defleshing
Rib 1 Incision Trans. Straight  Isolated Sup. 8 Defleshing
Long bone 4 Incision Obl. Sinuous Isolated Deep 5
Long bone 2 Incision Obl. Straight Isolated Sup. 1.25
Long bone 5 Scraping (3)- incision (2) Obl. Str.-Sin. Isolated Sup. 1.5

Brown  Antler 1 Scraping Obl. Ant. Dist. Straight Isolated Sup. 6 Skinning
Antler 3 Incision Trans. Ant. Prox. Straight ~ Parallels  Deep 10 Skinning
Ulna 1 Incision Trans. Ant. Prox. Straight  Isolated Sup. 4 Defleshing
Ulna 1 Scraping Obl. Lat. Prox. Straight Isolated Sup. 6 Defleshing
Humerus 2 Incision Obl. Post. Dist. Straight  Isolated Deep 4.5 Defleshing
Humerus 1 Incision Trans. Ant. Dist. Straight  Isolated Sup. 5 Defleshing
Metacarpus 1 Incision Obl. Post. Med. Straight  Isolated Deep 4 Skinning
Cervical vertebrae 1 Hack mark Trans. Straight Isolated Deep 3 Disarticulation
Lumbar vertebrae 1 Incision Trans. Straight  Isolated Sup. 14 Defleshing
Pubis 1 Scraping Obl. Post. Med. Straight  Isolated Sup. 1.5 Defleshing
Femur 1 Incision Obl. Post. Med. Straight  Isolated Sup. 1 Defleshing
Femur 1 Scraping Obl. Post. Med. Straight  Isolated Sup. 4.5 Defleshing
Femur 3 Incision Trans. Post. Med. Straight  Isolated Deep 4 Defleshing
Astragalus 1 Incision Obl. Straight  Isolated Deep 2 Defleshing
Metatarsus 1 Scraping Long. Post. Med. Straight  Isolated Sup. 1.5 Skinning
Metatarsus 2 Incision Obl. Lat. Dist. Straight  Isolated Deep 3.25 Skinning
Metatarsus 2 Hack mark Trans. Lat. Prox. Straight  Isolated Deep 1 Disarticulation
Metatarsus 2 Incision Trans. Lat. Dist. Straight  Isolated Deep 25 Skinning
Phalanx prox. 1 Incision Obl. Post. Med. Straight Isolated Sup. 4.4 Skinning
Phalanx prox. 1 Incision Trans. Ant. Med. Straight  Isolated Sup. 1 Skinning
Long bone 4 Scraping Obl. Straight Isolated Sup. 1.25
Long bone 1 Incision Trans. Straight  Isolated Deep 6
Long bone 1 Scraping Trans. Straight Isolated Sup. 2
Long bone 1 Incision Obl. Straight  Isolated Sup. 10
Long bone 1 Incision Obl. Sinuous Isolated Sup. 4
Long bone 1 Incision Obl. Straight Isolated Sup. 5
Long bone 1 Incision Obl. Straight  Isolated Deep 7.68
Long bone 1 Incision Obl. Straight Isolated Sup. 2.8
Long bone 1 Scraping Obl. Straight  Isolated Sup. 25
Long bone 2 Incision Obl. Straight Isolated Sup. 4.5

Table 7
Post-depositional modifications identified on White-tailed deer (Odocoileus virginianus) bones at Cerro Mangote.
Zone Rodent damage Concretion Root damage Manganese NISP
NR %NR NR %NR NR %NR NR %NR
Red 1 0.37 76 28.15 4 1.48 2 0.74 270
Brown 1 0.06 583 32.17 11 0.61 8 0.44 1812

(such as personal or professional relationships, affiliations, knowledge
or beliefs) in the subject matter or materials discussed in this manu-
script.
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Abstract

The white-tailed deer (Cervidae: Odocoileus virginianus) was the most widespread sizeable mammal in the ancient anthropo-
genic savannahs of the Pacific watershed of Panama. This cursorial, browsing and gregarious species was not only a major
component of human diet for several thousand pre-contact years but also an iconic mammal imbued with polysemic symbolism.
Deer were the most frequently consumed mammal in most pre-Columbian refuse deposits, and deer bones and antlers were used
to fashion several kinds of implements. Spanish eye-witness chroniclers of the years of conquest (15151550 CE) refer to cultural
proscriptions against eating mammal meat by certain groups in the chiefdoms that bordered Parita Bay on the Pacific coast.
Spanish soldiers extolled larders replete with dried and salted deer carcasses. This situation alludes to periodic “feasts”, which are
considered to be an important mechanism for enhancing social relations and for cementing alliances. We argue that feasting
behaviour is identifiable at Sitio Sierra (AG-3), a large village located in the alluvial bottomlands of Coclé province near a major
river (Santa Maria) and occupied between about 2200 and 500 cal yr. B.P. The representation of all deer body parts in some refuse
piles at this site—including complete and articulated remains—is predicted correlate of rapid and mass consumption typical of
feasting. Deer body parts with high meat values predominate. Young animals were consumed. Most of the observed cut marks on
deer bones represent de-fleshing. There is little evidence for rodents’ gnawing the bones and no evidence of carnivore gnawing.
The zooarchaeological data are corroborated by data on ceramic vessels and by physical signs of cooking at the site.

Keywords Odocoileus virginianus - Cervidae - Feasts - Farming village - Social differentiation

Introduction

The white-tailed deer (Odocoileus virginianus Zimmermann
1780) is the largest of three deer species found today in
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Central America (Guatemala, Belize, El Salvador, Honduras,
Costa Rica and Panama). It is (1) ecologically protean residing
in deserts, savannahs, prairies, mountains and deciduous and
tropical forests, (2) able to adapt well to agricultural land-
scapes, (3) trophically plastic and (4) an opportunistic feeder
(Eisenberg 1989; Smith 1991; Teer 1994). It favours browsing
on shrubs and trees but will feed on grass, sedges, nuts, fungi,
fruits and fallen flowers (Eisenberg 1989; Gallina et al. 2010;
Smith 1991). It is one of the largest extant mammals in the
Neotropics, where body mass averages 50 kg for males and
30 kg for females (Emmons 1999).

The white-tailed deer played an important role in pre-
Columbian intellectual systems. The Maya linked this species
to agriculture, the sun, rain, the cyclical nature of time and
fecundity and prosperity (Brown 2001; Pohl 1981). The
Maya managed deer populations in order to ensure an ade-
quate meat supply for feasting. They achieved this by prefer-
entially hunting young adults, in order to guarantee
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reproductive success (Carr 1996; Masson 1999). Another kind
of Maya management entailed the elite control of forests that
were frequented by deer as a conservation strategy. It is
known, too, that the Maya kept deer in captivity, taming and
corn-feeding them (Carr 1996; Masson 1999; Masson and
Peraza Lope 2008; Montero-Lopez 2012, 2009; Thornton
2011). Some contemporary Mexican First American groups,
such as the Mayos and Yaquis in Sonora and the Tzotziles in
Chiapas, still incorporate white-tailed deer into their rituals
and feasts (Montoliu 1976; Vifias Vallverdi and Sanchez del
Tagle 2000; Moctezuma 2007; Moctezuma and Lopez Aceves
2007).

The white-tailed deer was important to pre-Columbian
communities in the ancient anthropogenic savannahs of cen-
tral Panama, not only as a food resource but also as symbols of
standard cosmological spaces (Cooke 2005). Deer antlers and
bones were commonly employed for making artefacts and
ornaments (Cooke 2004a). Cooke and Ranere (1989) and
Cooke (1992) inferred—on the basis of early sixteenth centu-
ry CE chronicles—that deer hunting in the lowlands bordering
Parita Bay was socially controlled, being proscribed periodi-
cally for prestigious members of the community (perhaps war-
riors) in order to protect deer stocks, and thus ensure sufficient
carcasses for periodic feasts. Large quantities of dried and
salted deer carcasses (“venado en cecina” is the Spanish-
language term) were deposited in special store-houses in the
village of Nata in the chiefdom controlled by a descent group
of the same name.

Feasts and feasting: some general comments

Feasting is customarily considered by New World archaeolo-
gists to be a primary behavioural correlate of elites in pre-
European chiefdom-level societies. However, feast occurs at
every level of socioeconomic complexity, in egalitarian,
transegalitarian, chiefly and state societies, although they play
different roles (Hayden 2001; Russo 2004). Feasting is of
greatest importance in transegalitarian groups (groups be-
tween egalitarian foragers and complex chiefdoms), because
in these groups feasts provide a platform for advertising and
consolidating the authority that comes from prestige at social
gatherings (Rusell 2012). The universal ethnographic record
shows that other social typologies, such as “tribal” societies in
the tropical landscapes of New Guinea and New Ireland, in-
dulge in this widespread cultural pattern, frequently in the
context of ancestor veneration (e.g. Rappaport 1984;
Bolyanatz 2000). In the archaeological record of the
Southeast of the United States (South Carolina, Georgia and
Florida) circular to U-shaped accumulations of oyster shell or
rings of other shells (between 50 and 250 m in diameter) were
recorded during the late Archaic (5000-3000 B.P.). These
special features imply considerable organizational effort and
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draw attention to the fact that feasts play an important role in
the egalitarian fisher/hunter communities of Late Archaic
coastal societies (Russo 2004; Thompson et al. 2011).

In today’s Panama, feasting is a traditional component of a
complex ritual game spread over several days, which was—
and occasionally still is—practiced by the populous First
American cultural group, the Ngébe, who traditionally live
in small communities based on descent groups, which are
scattered across mostly broken terrain. Proponents of the
balseria or krun (the name of the game in Spanish and
Ngidbére) must ensure a prodigious amount of plant foods—
maize (Zea mays) (on the Pacific) and peach palm (Bactris
gasipaes) (on the Caribbean)—in order to provide sufficient
fermented beverages made of one or other of these plants for
the invitees (Young 1976).

Brian Hayden (2001: 28) minimally defines a feast as any
sharing between two or more people of special foods (i.e.,
foods not generally served as daily meals or offered for a
special purpose or occasion). According to the same author,
feasting comprised various behaviours principally designed to
create or maintain important social relationships, such as fol-
lows: (1) mobilize labour, (2) establish cooperative relation-
ships within groups or exclude other groups, (3) create coop-
erative alliances between social groups, (4) invest surpluses
and generate profits, (5) attract desirable mates, labour, allies
or wealth exchanges, (6) create political power through the
creation of a network of reciprocal debts, (7) extract surplus
produce from the general populace for elite use, (8) solicit
favours and (9) compensate for transgressions (Hayden 2001).

Hayden (2001) divides feasting into the following four
broad categories: (1) minimally distinctive feasts, (2)
promotional/alliance feasts, (3) competitive feasts and (4) trib-
ute feasts. He argues that several feasting traits may be distin-
guished in archaeological contexts, some of which are related
to special locations and/or facilities for holding feasts to spa-
cious storage facilities and to unusually commodious cooking
facilities (Brown 2001; Clarke 2001; Hayden 2001, 1996;
Hull 2014; Kirch 2001; Masson 1999; Twiss 2008; Vega-
Centeno Sara-Lafosse 2007; Wiessner 2001). Hayden also
proposes that wealth or status may be displayed during a feast
with prestige or ritualized items and with serving accoutre-
ments of unusual quality (Hayden 1996; Junker 2001;
Perodie 2001; Twiss 2008; Wiessner 2001). Other cultural
traits of feasting behaviour are linked to the consumption of
food and fermented beverages, such as follows: (1) unusually
large accumulations of food remains known as “feasting mid-
dens”, (2) large quantities of vessels used for preparing and
serving food, food preparation or serving vessels, which in-
clude unusual types, sizes, quality or materials, (3) high fre-
quency of carcass-processing, (4) high frequency of young
animals, (5) consumption of rare or costly-to-obtain foods,
(6) emphasis on large animals, (7) low frequency of post-
depositional modifications, (8) wanton discard of edible
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material (i.e. articulated joints and unprocessed bone) and (9)
special properties of certain resources (i.e. abundance, inten-
sified exploitation, invulnerability to overexploitation)
(Altamirano-Sierra and Vargas-Nalvarte 2016; Clarke 2001;
DeBoer 2001; Dietler 2001; Hayden 2001, 1996; Kelly
2001; Knight 2001; Masson 1999; Montero-Lopez 2012,
2009; Montero Lopez and Varela Scherrer 2017; Twiss
2008; Vega-Centeno Sara-Lafosse 2007; Wiessner 2001).

The aim of this article is to seek feasting traits in a
Panamanian archaeological site—Sitio Sierra—through a
zooarchaeological and taphonomical analysis of white-tailed
deer remains. Based on the literature available and the char-
acteristics of the Gran Coclé culture, we expected to find the
following: (1) large quantities of vessels used for preparing
and serving food, and which include unusual types and sizes,
and uncommonly high quality of materials and/or decoration,
(2) high frequency of carcass-processing, (3) high frequency
of young animals, (4) low frequency of post-depositional
modifications and (5) wanton discard of edible material (i.e.
articulated joints and unprocessed bone). In sum, our
zooarchaeological analysis is enhanced by evidence for spe-
cial kinds of social behaviour inferred by pottery and by
cooking practices in order to reconstruct a more complete
view of feasting situations.

Gran Coclé culture

Archaeologists place Sitio Sierra in the Greater Coclé culture
areas (“Gran Coclé”) whose geographical boundaries are
broadly defined by the manufacture or regular use of a distinc-
tive semiotic system, which is manifested in painted and
modelled pottery, lapidary work, semi-monumental scuplture,
goldwork, resin, marine shell and bone (Lothrop 1942, 1937).
The Greater Coclé culture area was never geographically finite
or static and exhibits non-linear regional variations in material
culture through time, as well as fluctuating frontier zones
(Cooke 2011).

In central Pacific Panama, white-tailed deer were hunted in
a Preceramic agricultural period (8000—4500 BP') and a sub-
sequent Early Ceramic agricultural period (4500-2500 BP)
(Cooke et al. 2008). During this long time period, exogenous
plant domesticated, such as maize (Zea mays), manioc
(Manihot esculenta) and squash (Cucurbita moschata), en-
tered Greater Cocle subsistence systems (Piperno 2011a).
Subsistence activities and their relative importance varied
greatly across a landscape full of multiple ecological niches
(Piperno 2011b). Many excavated archaeological sites be-
longing to these periods are rock shelters or coastal

! We use uncalibrated radiocarbon years (BP) for dates allotted to time periods,
but when specific radiocarbon dates are given, the reported conventional date
is placed first in years BP followed by the 2 sigma calibration run by INTCAL
13.
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settlements built up on and around shell-bearing middens with
taxonomically varied vertebrate faunal remains (Cooke 1995;
Cooke and Ranere 1989). Most sites belonging to these pe-
riods, which have been excavated, are rock shelters or coastal
middens containing marine shell. One Early Ceramic site
(Zapotal [PR-14]) was a 1-ha settlement with simple houses
on an old beach ridge overlooking coastal habitats (Cooke
1995; Cooke and Ranere 1992a). However, it is unlikey that
the known geographical distribution of sites of these two pe-
riods objetively reflects the real distribution of populations
across the landscape to judge from the results of archaeolog-
ical surface surveys (Cooke 1992; Cooke and Ranere 1992a)
and of regional palaeovegetational records (Piperno 2006,
2011a).

In fact, the Greater Coclé semiotic system cannot be iden-
tified objectively until bi- and tri-chrome pottery began to be
manufactured between about 2500 and 1700 BP (Cooke
2011). During and after this time period, settlements on the
Pacific watershed nucleated and clustered mostly along major
rivers with intervals between them averaging about 2 km in
the lower and flatter reaches of the rivers (Cooke 1979; Isaza
Aizpurua 2013, 2007). One village—La Mula-Sarigua—was
located on a fossil beach ridge overlooking the Parita Bay
coastline between 2200 and 1700 BP when the Pacific ocean
would have been considerably closer than today because of
coastal geomorphologcal changes (summarized in Clary et al.
1984; Hansell 1987, 1988).

Burial grounds

Two funerary precincts in the lowlands bordering Parita Bay
were recipients of particularly intensive and informative
excavations—Sitio Conte and El Cafo (Lothrop 1942, 1937;
Mayo and Mayo 2013). Some of the burials fulfil the criteria
for being “elite”, and the quality and quantity of the funerary
furniture elucidate a society whose top-rank members were
able to accumulate colossal wealth interred in earth-cut
graves, which had very little stone architecture. Some well-
endowed graves appear to have belonged to warriors (Mayo
and Carles 2015) and others to specialist practitioners and
artisans (Cooke and Jimenez 2010). The most likely maxi-
mum time span for these two precincts is 1250-900 BP.
Both are located very close to each other, and it is not clear
whether they are chronologically sequential—because chang-
es in riverine drainage forced a change in burial location—or
whether they belonged to two social groups, such as moieties
within a single chiefdom.

The thousands of painted and modelled clay vessels that
were unearthed from Sitio Conte and El Cafio have allowed
anthropological interpretations of the zoomorphic images of
the Greater Coclé Semiotic Tradition, which includes abstract
representations of the white-tailed deer. Whether complete
animals or synecdoches—i.e. fragments that symbolize the
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whole animal—images clearly depict branched antlers and
thus exclude brocket deer (Mazama sp.) taxa as models
(Cooke et al. 2008: figure 6-6 a—e). Cooke and Ranere
(1992a): 285) argued that many Greater Coclé images that
combine anthropomorphic and animal elements may represent
mythical figures (i.e. cultural heroes or cosmological actors)
and/or corporate group eponyms, whose symbolism could on-
ly be understood by members of the social unit. Shamanic
transformation involving the most feared animals (sharks,
crocodiles and jaguars) is likely also be involved (Labbe
1995; Cooke 2004b: 123-124).

The village at Sitio Sierra (AG-3)

A village was established at Sitio Sierra by the end of the
second millennium BP, and there were people still living there
at conquest (1515-1519 CE). There is no evidence that it was
a high-ranked village. It is located 4 km south-east of La Loma
village (Aguadulce District, Coclé Province, Panama) (Fig. 1)
on a slight rise adjacent to the Santa Maria river and about

1 km north of'its current channel. At this point—a straight-line
distance of ~ 13 km from the marine shore of Parita Bay—the
river Santa Maria runs completely fresh today although slight
tidal influence occurs here (Cooke and Tapia 1994). Studies of
palaeo-channels have not been undertaken, however, and it is
conceivable that ox-bow lakes easily visible today just north
of Sitio Sierra represent the major channel of the Santa Maria
river during all or part of the village’s occupation. In the
1970s, the vegetation was typical of dry wooded savannahs
impacted by post-contact cattle-grazing. Swampy areas had
large stands of “bucayo” or “gallito” (Erythrina fusca), which
has edible new buds and leaves (Cooke 1972). The gallery
forest along the Santa Maria was ecologically healthy and
included some tall trees (e.g. “barrigon” (Bombax barrigon
and “higuerdon” (Ficus spp.)). The village appears to have been
occupied continually based on ceramic sequences although
the small quantities of pottery belonging to the Cubita horizon
(1500-1250 BP) (see Cooke 2011) may reflect a lull in occu-
pation. Surface ploughing had altered the natural stratigraphy
by 1970-1975 when the site was excavated, and domestic
features dated after about 1300 BP were not found in a pristine
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state. The site has been a cane field belonging to the Ingenio
Santa Rosa, since 1975.

Archaeological remains are distributed over 45 ha, al-
though it is not known whether the whole area was ever si-
multaneously occupied. RGC’s (24 m?) excavations between
1970 and 1971 (Cooke 1972) employed only arbitrary levels
of 10 cm. All pits were taken to bedrock. Small extensions to
the initial pits were made in 1973 during a field course for the
Institute of Culture students, and, in 1975, a considerably
larger excavation was made during the entire dry season
(December-May) using décapage techniques, which followed
natural and cultural strata and located several discrete features,
such as refuse lenses, structure floors with post moulds, vari-
ous kinds of pits, earth ovens and two cemeteries (Cooke
1984, 1979; Isaza Aizpurua 2007, 1993). In this campaign,
3.4-mm sieves lying flat were used to recover faunal remains,
and small columns were kept back for sieving with water over
2 mm mesh. “Slit” trenches, 0.75 m wide, were used to deter-
mine the spatial extent, depth and undulations of refuse
lenses—with considerable success.

In the 1975 excavations, two major areas were opened and
worked by décapage—cut A and cut B (Fig. 2). Table 1 pre-
sents a list of the features employed for this study together
with their inferred functions. In most cases, animal remains
were found on structure floors and in refuse lenses found
adjacent to them or thrown over living floors.

In cut A, the lowest house floor was reconstructed as an
oval about 8 x4 m (Fig. 2), and the position of post moulds
suggests multiple rehabilitation of the house in the same spot.
A date of 1715+90 BP (90-540 cal BCE, calibrated 2-sigma
range) was based on wood charcoal from a small hearth, but
135 (— 25) was not calculated empirically at that time, and this
omission could be a source of error. The typology of the pot-
tery associated with the house (the early Aristides group)
(Cooke 1976, 1972; Isaza Aizpurua 1993; Ladd 1964) is con-
sistent with this date. Two hourglass-shaped pits with burned

stones in a central position for placing cooking pots are in-
ferred to be “hornillas” in local parlance—subterranean earth
ovens, which are still in use in the region. A layer of soil with
less cultural material infers the abandonment of the lowest
house A-1-1, which was followed by a later house (A-2-1),
of which only the edge was recovered (Fig. 2). Wasp nests in
clay (Sceliphron sp.) had fallen into a shallow trough along-
side the house floor of A-2-1, ostensibly made by water drip-
ping from the palm frond roof. This inference was based on
impressions of palm leaves on the back of some of the wasp
nests. Others bore impressions of grasses (Poaceae), which
allude to these nests having adhered to walls made of cane
(Cooke 1979, 1984: 284). Another refuse lense (A-3)—prob-
ably from an unidentified house—was thrown over A-2, cut-
ting deeply into the house floor (Fig. 2).

In cut B, a circular structure with post-moulds was found
above and alongside the lowest burial ground. It was associ-
ated with two charcoal dates with '35 inferred at — 25: 2015 +
80 BP (350 cal BCE-209 cal CE, calibrated 2-sigma range)
and 1975+80 BP (177 cal BCE-224 cal CE, calibrated 2-
sigma range). The dates are earlier than those for cut A’s bot-
tom house and are consistent with the high proportion of La
Mula group pottery in the house. La Mula is the first bi- and
tri-chrome style in Greater Coclé (Cooke 1984, 1979, 1972;
Isaza Aizpurua 1993) (Fig. 2). Feature B-3—exclusively a
refuse lense—was deposited over the lowest structure (B-1),
and an intermediate level of pits and trash heaps (B-2). This is
a clear candidate for “Feasting midden”.

Sitio Sierra subsistence patterns: some general
observations

Carbonized macrobotanical remains were found in some
quantity in houses and rubbish dumps at AG-3. Nearly 99%
belong to maize, and many fragments of legged maize-
grinding tables (“metates”) and grinding stones (“manos”

Table 1 Sitio Sierra (AG-3) context descriptions and dates

Context Description Lab. # Date® Date cal.”

A3 Kitchen refuse probably from a dwelling outside the pit limits

A2-1/A2-2 Kitchen refuse, dense accumulation 1-8556 1475+110 BP 335-770 cal CE

404 Pit located at the base of A2-2

Al-1/A1-2 Oval domestic structure with a hearth and two hourglass-shaped pits 1-8613 1715490 BP 90-540 cal BCE
CEI-9701 1835+90 BP 21 cal BCE-395 cal CE

B4 Kitchen refuse accumulated gradually above B3

B3 Kitchen refuse deposited rapidly over B2

B2 Two superimposed structure floors alongside two hour-glass ovens

Bl Floor of a circular structure 1-9702 2015+80 BP 350 cal BCE-209 cal CE
1-9703 1975+ 80 BP 177 cal BCE-224 cal CE

? Conventional C-14 age BP + 1-sigma range
® Calibrated 2-sigma range BCE/CE
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Fig. 2 Excavation plans and photographs of Sitio Sierra (AG-3). a A 1/1
context plan; there is an oval structure with hearths and storage pits.
Adapted from Cooke (1979: 35). b Excavation pits made between 1969

were deposited on structure floors and in trash heaps. Spanish
contact-period chronicles, however, vouch for the cultivation
of manioc (Manihot esculenta), sweet potatoes (Ilpomoea
batatas) and squash (Cucurbita sp.) in the colluvium along-
side rivers that enter Parita Bay. Maize and manioc comple-
ment themselves agriculturally and dietetically. Squash pollen
and phytoliths were identified in domestic contexts at Sitio
Sierra. Carbonized palm nuts of Attalea butyracea (“corozo
gunzo” in regional Spanish) were probably collected in nearby
fields where these palms are usually left standing today during
de-vegetation for pastures and fields (Dickau 2005).

The zooarchaeological record shows the consumption of
marine shellfish (i.e. grand ark, Larkinia grandis; single-
banded moonsnail, Natica unifasciata); mangrove crabs (i.e.
mouthless crab, Cardisoma crassum); a wide variety of fish
(70% marine/estuarine and 30% freshwater); frogs
(Leptodactylus insularum) and toads (Rhinella marina); mud
turtles (Kinosternon scorpioides); snakes (Boa constrictor)
and iguanas ([guana iguana); several species of birds and
open land and gallery forest mammals, such as white-tailed
deer (Odocoileus virginianus), paca (Cuniculus paca), arma-
dillo (Dasypus novemcinctus) and opossum (Didelphis
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marsupialis) (Cooke and Ranere 1989, 1999, Cooke et al.
1996, 2008, 2013). The frog and the toad, whose remains
are common, can both be eaten by humans after diligent skin-
ning, and toad may have served a ritual function as well a
culinary one (Cooke 1989).

Burial grounds | and Il

The two cemeteries at Sitio Sierra were separated by more
than 500 years. They exhibit different burial modes, and both
are the antitheses of the sumptuous elite graves of Sitio Conte
and El Cafio mentioned previously. This fact must be taken
into account when feasting is evaluated since Sitio Sierra was
undoubtedly an egalitarian village where no sign was found of
top-ranked elites. However, some degree of internal ranking is
found in all egalitarian villages.

The oldest cemetery (I) comprised 23 individuals and
belonged to a discrete burial zone underneath and alongside
a circular feature with post-holes (B-1), which was some kind
of structure. The burials were placed individually or in pairs
and either in primary flexed mode or deposited secondarily in
orderly or disorderly bundles. Burial goods have a domestic
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emphasis, consisting of one to five monochrome or bichrome
vessels of the Aristides ceramic complex (Cooke 1979, 1976;
Ladd 1964); a one-hand grinding stone; chalcedony prismatic
blades and flake tools, including scrapers; complete basalt
polished axes; polishing stones for axes, and basalt axe-
sharpening stones. Four caudal spines of the spotted eagle
ray (Aeteobatus narinari) constitute the only burial goods
with a possible ritual function, being perhaps used for blood-
letting (Cooke 2004b). Only one individual—a 1-2-year-old
child—owned decorative goods: four perforated cubic beads
of iron pyrite and twelve tear-shaped pendants of thorny oys-
ter (Spondylus princeps) (Cooke and Sanchez Herrera 1997:
figure 8k). One adult male, practised at repairing axes, was
interred with basalt cobbles, broken basalt axes, several basalt
polishing stones and chalcedony flake scrapers (Cooke 1978).
His aural exostoses allude to activities in windy marine waters
or to diving in cool water (Smith-Guzman and Cooke 2018).
Perhaps he himself fashioned or repaired the dug-out canoe
that transported him down the river to Parita Bay and beyond.

Human dentin dates for four individuals in cemetery I (#0,
6, 17 and 22) range from 1950+40 BP (41 cal BCE-
129 cal CE, calibrated 2-sigma range) to 1770 +£40 BP
(135 cal BCE-379 cal BCE, calibrated 2-sigma range). A
considerably older individual (B.23) was found protruding
from the basal clay. It returned a date of 2840 +40 BP
(Beta-148201; 1121-903 cal BCE calibrated 2-sigma range)
and showed signs of a severe treponemal infection reminiscent
of syphilis. Speculating, the remains may have been buried
there when there was no one living at Sitio Sierra (cf. Smith-
Guzman et al. 2018, with reference to a sick person’s being
buried at an abandoned settlement in Bocas del Toro).

The twelve deceased recovered in cemetery II were
placed mostly singly and in a fully extended position.
The exceptions are a bundle and a supernumerary crani-
um. An adult male aged between 35 and 50 years pos-
sessed the greatest number and variety of grave goods: the
partial skeleton of a scarlet macaw (Ara macao) heaped
up over the tibiae; a string of 20, <0.8-cm-long trapezoi-
dal beads of green feldspar (sericite) across the lower
arms; and a broken flute made from the humerus of a
brown pelican (Pelecanus occidentalis) resting against the
cranium. Scattered around the body were placed four
polished axes, four small plain buff and red-slipped ves-
sels, and a small red-slipped pot-stand. Human dentin pro-
tein gave a '*C date of 102030 BP (909-1147 cal BCE;
calibrated 2-sigma range). An adult female’s mortuary ob-
jects consisted only of a broken and partial incense burner
containing a calcined paca femur, and the partial skeleton
of a crested bobwhite quail (Colinus cristatus)—a com-
mon ground-dwelling bird of dry and scrubby areas. The
custom of placing partial artefacts in this cemetery was
epitomized by the mid-shaft of a possible pot-stand in
the late Macaracas or Parita style of Greater Coclé.
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Charcoal found within it dated to 920+80 BP (988—
1261 cal BCE calibrated 2-sigma range). This date is in
harmony with a dentin date for the pot-stand’s owner of
980+30 BP (beta-41904; 993-1155 cal BCE; calibrated
2-sigma range).

Material and methods
Materials

All vertebrate remains recovered during the excavations at
Sitio Sierra were separated from cultural materials in the field
and then dried in the shade and bagged. They were transported
to the Archaeology Laboratory of the Smithsonian Tropical
Institute (STRI) in Panama City where they were analysed and
identified by using a modern reference collection. The mate-
rials were organized by excavation unit and context. Unit A,
contexts: A3; A2-1/A2-2; 404 (a pit); Al-1/A 1-2. Unit B,
contexts: B4; B3; B2; B1 (Cooke 1984, 1979, 1972; Isaza
Aizpurua 1993). A summary of the contexts whose deer re-
mains were studied is given in Table 1.

Methods

The zooarchaeological analysis employed several units of
quantification:

*  Number of remains (NR): This refers to the total number
of remains that make up the zooarchaeological assem-
blage, without taking into account the degree of taxonom-
ical and anatomical precision that was attained (Reitz and
Wing 2008).

*  Number of identified specimens (NISP): This index takes
into account only the bone remains that were identified
taxonomically. This index usually is less than the NR
(Reitz and Wing 2008).

*  Minimum number of elements (MNE): This index quan-
tifies the elements belonging to an individual, whether
they are whole or fragmented. For this quantification, it
is necessary to take into account different variables of each
identified bone fragment, such as the area of the bone, the
face, its position in the skeleton, the number of times that
appears in the skeleton and its age. Each bone is divided
into concrete portions, numbered from the nearest to the
mouth to the furthest. Each bone is, in turn, composed of
four faces, which together make up the anatomical ele-
ment and allow its identification with a higher level of
precision. 1, Anterior, cranial or dorsal; 2, posterior, cau-
dal or palmar/plantar; 3, exterior or lateral; 4, interior or
medial (Schmid 1972).
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e Minimum number of individuals (MNI): This index defines
the minimal number of animals that could be present in the
assemblage. This index does not reflect the real abundance
of the animals and is only a guide to the minimum number
of individuals present in the assemblage. In addition, this
index does not imply that the animals were complete when
the accumulation was formed. This index is calculated by
summing the most frequent element taking into account
laterality and age size (Reitz and Wing 2008).

e Minimum anatomical units (MAU): The MAU is obtained
by dividing the number of elements identified by the num-
ber of anatomical units present in a complete skeleton.
MAU% is the relativized scale obtained by dividing be-
tween the standard (greater MAU) and multiplying by
100. Subsequently, the MAU% was compared against
the utility index proposed for the white-tailed deer by
Madrigal and Holt (2002)’s modification of the index pro-
posed by Binford (1984) and the simplified index of
Metcalfe and Jones (1988). For this purpose, the MAU
of the long bones was obtained by dividing by two, the
phalanges by eight, and the cervical vertebrae by five (ex-
cluding the atlas and the axis), the thoracic vertebrae by
twelve and the lumbar vertebrae by seven (Madrigal and
Holt 2002; Sauer 1984).

The age at death of white-tailed deer was established by
reference to epiphyseal fusion, tooth eruption sequence and
tooth wear. Two categories were used: sub-adults (<
24 months) and adults (>24 months) (Purdue 1983;
Severinghaus 1949). Purdue (1983) established a long bone
fusion chart for white-tailed deer from North America. On the
basis of Purdue’s work, we established the following three
degrees of fusion: (1) without fusion (in those cases where
the epiphysis was separated from the diaphysis; (2) recent
fusion, where the epiphysis is clearly united to the diaphysis
but a line is observed between epiphysis and diaphysis; and
(3) completely fused, in those cases where the diaphysis was
firmly joined to the epiphysis. One must bear in mind that not
all bone elements fuse at the same time. Some elements fuse
before the animal has matured and others later. However, in
order to fine tune age classes, data from contemporary animals
are needed from which relationships can be established with
the archaeofaunal samples. This is all very well in theory, but,
as far as we know, there are no such studies of Neotropical
deer for making direct comparisons.

In the case of white-tailed deer, it is counted on the classical
research of Severinghaus (1949), who made a very detailed
description of the process of eruption and dental wear of this
species. He used an actual sample from New York (United
States) and proposed a series of age classes and subclasses.
However, the exact determination of the age is very difficult
by using archaeological samples, especially in the case of
Neotropical white-tailed deer because there are differences
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between populations in tooth chronology and tooth wear due
to differences in habitat quality and environmental character-
istics (Ojasti 2000). For this reason, we selected two broader
categories, juveniles and adults; also, because they have a
meaning in the dynamics of the populations.

In order to determine sample integrity, MAU and its fre-
quencies were calculated (Lyman 2008), as well as the con-
servation differential in relation to bone density (VD). We
used Lyman’s (1994) values averaged following Reitz and
Wing (2008), and we plotted volume density (VD) against
NISP and calculated a correlation coefficient (Pearson’s r)
between these variables. In order to study skeletal complete-
ness, we compared archaeological bone frequencies with the
expected frequencies if the deer skeleton were complete, ap-
plying the following equation:

d = (LnX)~(LnY)

where X is the percentage of each skeletal portion and Y is
the percentage of the same portion in a complete skeleton.
Positive values show that the skeletal portion is more abun-
dant compared to the standard and negative values that the
skeletal portions are underrepresented (Reitz and Wing
2008). To study long bone representation, we recorded the
anatomical zone (proximal, medial, distal, whole) of the long
bones (humerus, radius, femur, tibia, and metatarsal).

The taphonomical analysis focused on bone breakage and
surface alteration. In order to evaluate bone breakage, we dis-
tinguished colour changes in the bone outlines as well as frac-
ture angle in order to discriminate an old breakage (occurring
at or near the time of deposition) from a new breakage (occur-
ring during or after the excavation) (Steadman et al. 2002).
Villa and Mahieu (1991) proposed a methodology for study-
ing patterns of bone breakage, i.e. (1) fracture angle, (2) de-
lineation morphology and (3) fracture surface. The fracture
angle is established in relation to the cortical bone and can
be straight, oblique or mixed. Delineation morphology is eval-
uated with respect to longitudinal bone axis and can be trans-
verse, curved and longitudinal. The aspect of the fracture sur-
face can be smooth or irregular.

Surface alterations were identified macroscopically and mi-
croscopically. All skeletal specimens were examined using a
stereomicroscope (Leica Wild M10, up to 120). The analysis
of cut marks took into account the number of striations, loca-
tion on the anatomical element, distribution over the surface
(isolated, clustered and crossed), orientation with respect to
the longitudinal axis of the bone (oblique, longitudinal and
transverse) and delineation (straight or curved) (Binford
1981; Potts and Shipman 1981; Shipman and Rose 1983).
Six degrees of thermal damage were identified [from 0
(unburned) to 5 (calcined) and 6 when 2 burning colours were
observed]; grade 0, no apparent alteration; grade 1, bone sur-
face with small scattered spots of brown colour, conserving
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part of its collagen; grade 2, the bone presents a homogeneous
brown colour; grade 3, the bone is charred, acquiring a black
colour. The collagen has been completely lost in this phase;
grade 4, grey and/or bluish coloration of the bone; grade 5, the
bone is completely calcined, white (according to the criteria of
Stiner et al. (1995)).

Tooth marks were analysed and compared systematically
in order to distinguish between human and non-human marks
(i.e. those made by carnivores and rodents). Human tooth
marks were classified as pits (ovoid shape and shallowness)
and scores (elongated shape and internal crushing) (Landt
2007). Carnivore and rodent marks were classified as pits,
punctures and scores (Binford 1981; Selvaggio 1994). Other
damage produced during consumption, such as notches, cren-
ulated edges or pitting, was recorded, too; their distribution,
orientation and dimensions were taken into account. Finally,
post-depositional modifications were recorded, such as man-
ganese, adhering concretions, root damage, and weathering
probably commensurate with humidity (Grayson 1988;
Lopez-Gonzalez et al. 2006).

Results
Zooarchaeological analysis

At Sitio Sierra, 2973 remains of white-tailed deer were found in
our samples. A total of 38 individuals was identified. Twenty-
two individuals were sub-adults (58%), and 16 were adults
(42%) (Table 2). The greatest quantity of remains was found in
context B-3, followed by A2-1/A-2-2 and A1-1/A1-2 (Table 2).

Anatomical representation—MAU The highest MAU%
values by context are as follows: mandible (A3, B1), femur
(A2-1/2-2, B3), ilium (A1-1/A1-2, B4), lumbar vertebrae

Table 2 White-tailed deer (Odocoileus virginianus), by age groups,
from Sitio Sierra (AG-3). NISP (number of identified specimens) and
MNI (minimal number of individuals) by age categories from Sitio
Sierra (AG-3)

NISP  NISP% MNI NMI%
Sub-adults Adults  Total

A3 225 7.57 2 1 3 7.89
A2-1/A2-2 618 2079 4 3 7 18.42
404 64 2.15 2 2 4 10.53
Al-1/A1-2 291 979 3 2 5 13.16
B4 88 296 2 1 3 7.89
B3 1528 5140 5 5 10 26.32
B2 62 209 3 1 4 10.53
Bl 97 3.26 1 1 2 5.26
Total 2973 100.00 22 16 38 100.00
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(404), ulna (B4), humerus and radius (B2) (Supplementary
material, Table 1).

Volume density We observed that some elements with low
density are often under-represented, but not in all cases
(Fig. 3). There is a statistically insignificant negative correla-
tion between NISP and VD at context B4 (r,=—0.29, p=
0.16), B2 (r,=0.001, p=0.99) and BI (r,=-0.08, p=
0.69), and there is a statistically significant negative correla-
tion in the other contexts at A3 (r,=—0.48, p=0.01), A2-1/2-
2 (r,=—0.44, p=0.02), 404 (r,=—0.55, p=0.004), Al-1/1-
2 (r,=—0.53,p=0.006) and B3 (r,=—0.43, p =0.03). These
results suggest that density-mediated attrition was not respon-
sible for the varying frequencies of skeletal parts.

Skeletal completeness A general pattern is observed at Sitio
Sierra: head, forefoot, hind foot and foot are under-
represented in most of the contexts, while the forequarter
and hindquarter are over-represented (Fig. 4).

Long bone representation A total of 252 remains were long
bones (8.47%); the most represented zone was the distal,
followed by proximal, whole and medial. In Fig. 5, the distri-
bution of anatomical zone by context shows that context A2-
1/A2-2 contains the largest number of complete elements.

Taphonomical analysis
Anthropic modifications

At Sitio Sierra, anthropic modifications were identified in 635
remains (21.35%), and most of them were burning damage
and cut marks (Table 3, Fig. 6).

Bone fracture patterns: at Sitio Sierra, 161 (5.41%) deer
remains show the characteristic fracture pattern of fresh
breakage. The rank order of contexts that show fresh
breakage is B3, A3, B4, A1/1-A1/2, A2/1-A2/2, B2 and
B1 (Table 3, Fig. 6b).

Cut marks: 769 cut marks were identified in 187 elements
representing 6.28% of the total sample. Context A2/1-
A2/2 showed the largest number of cut marks, followed
by B3, A1/1-A1/2, A3, 404, B2, B4 and B1. These marks
are characterized by be fairly deep and straight incisions
(64.23%), superficial scraping (27.43%) and deeper hack
marks (8.32%). The position of the cut marks infers
defleshing (59.69%), skinning (31.51%) and disarticula-
tion (8.78%) (see Supplementary material, Table 2, Fig.
6¢c—¢).

Burning damage: At Sitio Sierra, 285 elements show
thermal alteration representing 9.58% of the sample.
Most of them were founded in context B3. The majority
of the remains shows colour grade 3 (Table 3, Fig. 6a).
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Tooth marks: Two elements (0.32%) in unit A2/1-A2/2
show evidence of human tooth marks: a long bone with
cortex loss and a rib showing peeling (Table 3). There is
no evidence of carnivore tooth marks in the Sitio Sierra
sample.

Post-depositional modifications

Post-depositional modifications were identified in 1156 re-
mains (39%), and concretions (18.83%) and manganese stains
(17.92%) were the most prevalent (Table 4, Fig. 7). We
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propose that all these changes were related to high humidity.
Other post-depositional modifications include the following:

Rodents: Only eight (0.26%) remains indicate gnawing.
They were identified in contexts A1/1-A1-2 and B3 (1.03
and 0.33%) (Table 4, Fig. 7).

Concretions: 560 (18.83%) remains present concretions,
and most of them are from context B3, followed by A2/1-
A2/2, B4, 404, A1/1-A1/2, A3, B2 and B1 (Table 4, Fig.
7b).

Root damage: 45 (1.51%) deer bones present root dam-
age. Principally, in contexts 404, A2/1-A2/2, A3, Al/1-
Al1/2, B4, B3 and BI (Table 4, Fig. 7a).

Forequarter Forefoot Hindquarter Hindfoot Foot

A2-1/A2-2 - @ =404 —e— Al-1/A1-2

B3 —@— B2 coo @Bl

99



Archaeol Anthropol Sci

Fig. 5 Anatomical representation 100
of long bones of white-tailed deer .
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fied at Sitio Sierra (AG-3)
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Manganese: 533 (17.92%) remains at Sitio Sierra show
manganese stains. Most of them in B3, followed by A2/1-
A2/2, A1/1-A1-2, A3, B2, B4, Bl and 404 (Table 4, Fig.
7¢).

Weathering: This type of modification was identified in
18 remains (0.60%), mostly in A2/1-A2/2, B3, 404, A1/
1-A1/2, B4 and B2 (Table 4, Fig. 7d).

Discussion

The sampling at Sitio Sierra was by no means perfect overall,
since B-3 was the only context excavated in its entirety and
sampled amply, from six 1 x 1.5-m units over 3.4 mm mesh.
B-3 shows the clearest indication of being a “feasting midden”
according to the following criteria: (1) large quantities of ves-
sels used for preparing and serving food, food preparation or
serving vessels, which include unusual types, sizes, quality or

404 Al-1/A1-2 B4 B3 B2 B1

OProx. OMed. @Dist. MWhole

materials; (2) high frequency of carcass-processing; (3) high
frequency of young animals; (4) low frequency of post-
depositional modifications and (5) wanton discard of edible
material (i.e. articulated joints and unprocessed bone). B-3
shows the clearest indication of being a “feasting midden.”
Deer remains represented 51.4%, followed by context A 2-1/
2-2, with 20.8%. The representation of all body parts in these
contexts suggests that deer were brought back to the site
where they were processed in situ.

Context A2-1/A2-2 also accords well with feast-related
activities although it exhibits qualitative differences with
B-3, with which it is broadly coeval on the basis of shared
ceramics. Complete and articulated deer remains represented
(31.6%) (Fig. 2¢), while, in context B-3, fewer elements were
found complete (8.2%). In contexts A2-1/A2-2 and B-3, there
is a special focus on body parts with high meat values, such as
femur. Madrigal and Holt (2002) established that the white-
tailed deer femur has a high meat values. However, the

Table 3 Anthropic modifications

to white-tailed deer (Odocoileus Cut marks Burning damage Fractures Human tooth marks NR

virginianus) bones at Sitio Sierra

(AG-3). NR, number of remains NR 9eNR NR JeNR NR %eNR NR PNR
A3 15 6.67 3 1.33 38 16.89 0 0.00 225
A2/1-A2/2 61 9.87 37 5.99 18 291 2 0.32 618
404 15 23.44 0 0.00 0 0.00 0 0.00 64
Al/1-Al1/2 28 9.62 9 3.09 25 8.59 0 0.00 291
B4 6 6.82 9 10.23 29 3295 0 0.00 88
B3 48 3.14 221 14.46 44 2.88 0 0.00 1528
B2 10 16.13 0 0.00 4 6.45 0 0.00 62
Bl 4 4.12 6 6.19 3 3.09 0 0.00 97
Total 187 285 161 2 2973
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Fig. 6 Examples of anthropic
modifications identified on white-
tailed deer (Odocoileus
virginianus) bones at Sitio Sierra
(AG-3) B3 context. a Sacral ver-
tebrae with thermal damage (stage
3). b Long bone percussion cones.
¢ Vertebrae shows a cut mark
(hack mark). d Mandible with cut
marks (deep and superficial inci-
sions). e Mandible with cut marks
(deep and superficial incisions)

forequarters were over-represented in almost all contexts ex-
cept A-3 and -B4.

The taphonomical analysis shows that contexts A2-1/A2-2
(9.9%) and B3 (3.1%) contained the highest frequency of cut
marks. In B-3, cut marks were particularly concentrated on
mandibles, humerus and femur (Fig. 6). The marks are located
at identical positions on several elements that could be ex-
plained for the similar anatomy of the deer and the sharing
of traditional practices between generations. Heat damage is
not frequent in the overall Sitio Sierra deer samples but attains
the highest frequencies in contexts B-3 (14.5%) and A2-1/A2-
2 (6%). Most bones have a grade 3 staining pattern that can
occur at a temperature that varies between 300 and 400 °C
(Nicholson 1993). There is little evidence for gnawing by
rodents even though mouse and rat bones are frequent at the
site (mostly common cane mouse, Zygodontomys
brevicauda). No bones show evidence for gnawing by

@ Springer

carnivores, and very few canid elements were found at Sitio
Sierra. Overall, there is a slight preference at Sitio Sierra for
the consumption of meat from young animals (58%). Yet,
there are no data to support deers being bred in captivity.
However, the slightly higher number of young individuals at
Sitio Sierra may suggest that people took fawns and fed them
before the feastings.

A depositional feature that signals a feasting role for B-3
are the finds of the following several partial animal skeletons:
(1) charred mud turtles (some of these deposited with
conjoining carapace elements) [173/10]; (2) unusually large
numbers of marine toad elements, including some with
snapped sacral vertebrae indicative of in situ butchering
(Cooke 1989) [184/20]; (3) a burnt nine-banded armadillo
[119/5]; (4) a burnt and charred Muscovy duck (Cairina
moschata [domesticated male]) [15/1] (Cooke et al. 2013)
and (5) a white-faced whistling duck (Dendrocygna viduata)
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Table 4 Post-depositional

modifications identified on white- Rodents Concretion Roots Manganese Weathering NR

tailed deer (Odocoileus

virginianus) bones at Sitio Sierra NR ~ %NR  NR %NR ~ NR  %NR  NR %NR  NR  %NR

(AG-3)
A3 0 0.00 9 4.00 6 2.67 37 1644 0 0.00 225
A2/1-A22 0 0.00 112 1812 7 113 123 19.90 8 1.29 618
404 0 0.00 10 1563 15 23.44 5 7.81 2 3.13 64
Al/1-ALl2 3 1.03 9 3.09 6 2.06 37 1271 1 0.34 291
B4 0 0.00 24 2727 6 6.82 8 9.09 1 1.14 88
B3 5 0.33 382 25.00 3 020 289 1891 5 0.33 1528
B2 0 0.00 6 9.68 0 0.00 28 4516 1 1.61 62
Bl 0 0.00 8 8.25 2 2.06 6 6.19 0 0.00 97
Total 8 560 45 533 18

[22/1] (Cooke and Ranere 1992a: table a) (in square brackets:
number of specimens followed by minimum number of indi-
viduals). It seemed to the excavator (RGC) that the carcasses
of large marine catfish (Ariidae) were thrown from the oven or
barbecued directly onto the refuse pile since the neurocrania of
several large specimens had the component bones still joined
or clustered together. The largest tropical eastern Pacific ma-
rine catfish (Sciades dowii) produced 333 elements from 18
individuals, with a total body mass of 35.45 kg—as much as
an immature white-tailed deer (Cooke and Ranere 1999:
Table 4).

The pottery

Pottery, in the contexts that we are arguing are bona fide
feasting events, is much more numerous than in other contexts
in spite of the fact that sherds are on average much larger.
Context B-3 contained 14,518 sherds, and contexts A-2-1
and A-2-2, 18,419. In contrast, contexts B-1 and B-2—
rejected as feasting locations—have much less pottery (total
7633 sherds), and vessel size is much smaller. Fine pottery is
found in B-1 and in A-1-1—but not in the feasting contexts. In
context B-1, chronologically the oldest in the sample, fine La
Mula wares represent 37% of painted wares. Context A-1—
200-300 years more recent—contains a short-lived and well-
made bowl with a strongly everted rim and a remarkably thin
wall (the Zumbito type). The flat rims are decorated with
abstract deigns filled with kaolin. Beautifully painted Tonosi
Polychrome sherds were best represented in context A-2-1 in
accordance with its chronological placement in the Greater
Coclé sequence of fine painted wares (Cooke 2011). In con-
texts A-2-1, A-2-2 and B-3, on the other hand, large sherds of
the Aristides group pervade the refuse, comprising shallow
bowls (Giron and Cocobo types and large urns with tall,
slightly everted necks, which are optimal for heat retention
or liquid storage (Escota type) (Cooke 1976, 1972). In fact,
vessel fragments from features A-2-1, A-2-2 and B-3 are
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noticeably larger than in all other contexts and appear to have
been buried quickly (Cooke 1979).

Cooking

The frequency of hearths and clepsydra-shaped cooking
pits at Sitio Sierra, inside or just outside structures, con-
firms that cooking was undertaken in houses, probably on
a daily basis for preparing the kind of victuals that were
regularly consumed, including broths and gruels that in-
cluded large amounts of small fish (<300 g). Underneath
the large refuse pile of B-3, an hour-glass-shaped pit had
post-holes at the periphery. This oven may have been used
during the feast responsible for B-3’s accumulation, being
filled in once the feast was over. To sum up, we propose
that contexts A2-1/A2-2 and B3 meet some of the criteria
for being “feasting middens”. It is not straightforward to
interpret the hypothetical feasts, and feasible explanations
are multiple, i.e., ancestor worship (bearing in mind the
presence at Sitio Sierra of two cemeteries), rites of pas-
sage like the modern Guna chicherias, celebrations of
cultural awareness and group oral history—similar to the
Ngibe balseria—and political gatherings designed to en-
hance the reputation of the provider. In the last case, the
providers at Sitio Sierra did not reward the invitees with
sumptuous goods as in the potlaches of the American
north-west or, one assumes, at feasts at high status Sitio
Conte and El Cafio. Speculating, perhaps the feast repre-
sented by context A2-1-1/A2-1-2 was of the “minimally
distinctive” kind (Hayden 2001)—a small-scale house-
hold and moderate-sized lineage solidarity feast, which
took place in and around the cane and palm thatch resi-
dence. Another possibility is an end-of-fast feast in hon-
our of males who were forbidden deer meat for diverse
reasons, and, when the taboo was over, gorged themselves
on deer meat from storage houses.
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Fig. 7 Examples of post-depositional modifications identified on white-tailed deer (Odocoileus virginianus) bones at Sitio Sierra (AG-3) B3 context. a
Radius with root damage. b Astragalus with concretions. ¢ Astragalus shows manganese stains d Astragalus shows weathering

Final comments

Early sixteenth century CE Spanish chronicles observed that
deer were very abundant in Parita Bay as they had been for
5500 years. This infers a stable white-tailed deer population in
the central Pacific wooded savannahs in spite of continuing

@ Springer

human predation. The Spanish soldiers who doubled as obser-
vant eye-witness chroniclers noticed that deer hunting was
communal and that deer were frightened and corralled by
firing the savannah. This kind of communal hunting has a
modern analogy among the Huaorani—an Ecuadorian
Amazonian hunter-gatherer group—who hunted collared
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peccary (Pecari tajacu) by using spears. Hunting these pecca-
ries was a special event for the Huaorani involving the entire
community, and collective efforts were necessary because
peccaries move in herds and are very destructive of crops
and gardens. After such a hunt, all the meat was consumed
quickly in a peccary feast (Rival 2001).

The early sixteenth century CE chroniclers, Pascual de
Andagoya [1514] and Gaspar de Espinosa [1517], observed
that hunting deer and other mammals was forbidden in chief
Parita’s territory—Ilocated in the south of Sitio Sierra—but not
in neighbouring territories (de Andagoya 1994; de Espinosa
1994). The most logical explanation for the Spaniards’ obser-
vations is that they came across a temporary proscription in
forcé in this particular territory, which was not being enforced
at that time in other chiefdoms. But, there are other reasons;
Cooke and Ranere (1992b) suggested a deer proscription
along totemic lines (i.e. for a high-ranked deer clan). Such is
the ubiquity of animal images on the art objects of Greater
Cocl¢, that some form of totemism probably played an impor-
tant role in human—animal relations. After all, the Bribri (a
present-day First American group in Costa Rica) have a
ranked system of naming clans after animals of different kinds
and behaviours (Nygren 1998; Stone 1961). This situation
accords with Lévi-Strauss’s (1964) view that totemism is an
intellectual system that reflects a social unit’s classificatory
schemes based on natural species organization. Totemism
used empirically observable discontinuities among natural
species in order to organize society conceptually. In the
Nukak’s—a Colombian Amazonian hunter-gatherer socie-
ty—case, some animals, i.e. tapir, deer and jaguar contain or
represent spirits of the ancestor, and, hence, they are “like
people” (Politis and Saunders 2002). This accounts for the
ritual avoidance of hunting these animals. Similarly, the
Huaorani’s peccaries are not related to people and that allowed
them to hunt and consume these animals on some occasions
(Rival 2001). The Makuna, who are a people from the
Colombian Amazon, only fished and hunted terrestrial prey
beyond immediate family needs when a ritual feast was orga-
nized for several families and under the supervision of a sha-
man (Arhem 2001). Politis and Saunders (2002) note that for
the Nukak the edibility of a particular food depends on the
physical and ritual state of the consumer. Adult males of Sitio
Sierra and its social environs could perhaps only hunt and
gorge themselves on deer after a prior ritual preparation; deer
hunting was mediated by ritual activities linked to special
occasions.

Conclusion
By studying the deer sample from Sitio Sierra in conjunction

with the evidences of the ceramic and the cooking, we con-
clude that ritual activities mediated the feasts that are inferred
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by the zooarchaeological, taphonomical and archaeological
evidences at Sitio Sierra. We clearly identify several charac-
teristics of feasting according to the literature such as the fol-
lowing: (1) large quantities of vessels used for preparing and
serving food, food preparation or serving vessels, which in-
clude unusual types, sizes, quality or materials; (2) high fre-
quency of carcass-processing; (3) high frequency of young
animals; (4) low frequency of post-depositional modifications
and (5) wanton discard of edible material (i.e. articulated joints
and unprocessed bone). White-tailed deer meat was clearly the
most important animal food in the feasts that we have
hypothesised, which likely served guests large quantities of
fermented maize chicha as well as grilled sweet potatoes,
manioc and squash, whose cultivation is inferred by
microbotany and contact period documentary evidence.
However, the refuse pile in context B-3 included carcasses
of particularly tasty birds and mammals that would have
complemented the feast. This special menu contrasts with
the everyday meals at Sitio Sierra whose remains were widely
scattered around houses and comprised foods, such as marine
and river fish, iguanas and small turtles. Offering roast deer
meat in a feast—an animal with restricted access because ofits
polysemic ritual significance—would have been an honour
for the guests and proof of the provider’s status in an essen-
tially low-status village.
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6.4. Crafting white-tailed deer (Odocoil-
eus virginianus) bone and antler at Cerro
Juan Diaz (LS-3), Greater Coclé Culture
Area, Panama’

Abstract

his paper refers to a feature at Cerro Juan

Diaz (LS-3) in the Central Pacific coast-

al plains of Panama bordering Parita Bay.
Covering 200 ha, this site was occupied between
300 BCE and 1600 CE. The feature was cross-dat-
ed with pottery of the Cubita stylistic horizon to
500-700 CE andcontained abundant fragment-
ed cultural and faunal materials. Analyses of hu-
man-modified mammal bones indicated that this
trait, named “Operation [Op.] 1/1B,” represented a
craft-specific work area. In Op. 1/1B, white-tailed
deer (Odocoileus virginianus) remains were used for
making tools and ornaments. Their taphonomy
and usage are the primary concerns of this paper.
The refuse in Operation 1/1B at Cerro Juan Diaz
clearly represents the waste of adeerboneand ant-
ler workshop. In this site, we did not find the final
products that were used at elite graveyards such
as Sitio Conte. This workshop appears only to have
prepared tubes fashioned from white-tailed long
bones. Knowledge of bone industry techniques
and methods may have been passed down from
generation to generation within a family nucleus.

Key words

hite-tailed deer-Bone-Antler-Work-
shop-Panama-Complex societies

6.4.1. Introduction

he white-tailed deer (Odocoileus virginianus
Zimmermann 1780) is widely distributed
from southern Canada to Brazil (Eisenberg
1989; Smith 1991. It is a polytypic species that has
become well adapted to a wide range of habitats
from temperate to subtropical, and semi-arid en-
vironments to rainforest, and savannas (Eisenberg
1989; Emmons1999). This species is well adapted to
Neotropical wooded savannas (Emmons 1999). This

*Book that compiles the presentations of the 13th Meeting of the-
Worked Bone Research Group (WBRG) of the International Council
for Archaeozoology (ICAZ). Book chapter in press.
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biome prevailed over much of the Holocene land-
scape of Lower Central America, especially along the
seasonally dry Pacific side of Panama, where it be-
came one of the mostimportant species over time to
human populations that inhabited this area (Cooke,
Jiménez-Acosta, and Ranere 2007, 2008; Cooke and
Ranere1992; Eisenberg 1989).

White-tailed deer antlers and bones served as
raw materials to craft artifacts and ornaments
throughout the Americas, for instance in Canada
(Gates St-Pierre 2010; Gates St-Pierre, Boisvert,
and Chapdelaine 2016; Gates St-Pierre et al. 2016;
Berg and Bursey 2000), United States of America
(Martin 1976; R. Moore 2017; Byrd 2011; Wheeler
and Coleman 1996; Penders 2005), Mexico (Blas-
co Martin et al. 2019; Valentin and Pérez Roldan
2010; Pérez Roldan 2013; Pérez Réldan 200s5; Paris
etal. 2020), Guatemala (Emery and Aoyama 2007;
Emery 2008, 2009), Belize (Boileau and Stanchly
2020), West Indies (Giovas 2018), Panama (Cooke
and Jiménez-Acosta 2010; Cooke 2004), Colombia
(Correal 1990; Groot 1992) and Ecuador (Stahl and
Athens 2002). In archaeological sites from these
areas, deer bone workshops are articulated to a
particular social and economic organization and in
some cases, they could also be linked to a symbolic
and ritual world.

Wealth is seen through items of ritual signifi-
cance, rare, or highly desirable items meant to be
displayed. While, subsistence goods include food,
drugs, and production technology used to meet
basic household needs (Brumfiel and Earle 1987).
The objects made from bone was a powerful sym-
bol of status and prestige and could represent the
prestige value of the animal in the spiritual or sym-
bolic world (deFrance 20009).

Animal bone objects or artifacts usually are pro-
duced by a specialist. Specialized artisans are usu-
allyaminority of the group, and they dedicate most
of their time to the manufacture of their products,
which prevents them from dedicating themselves
to other basic subsistence activities, being forced
to exchange their crafts for basic products (Brum-
fiel and Earle 1987). That means that specializa-
tion involves economic differentiation and interde-
pendence. The definition of specialization focused



on differential participation on economic activities
(Costin1991). In the archaeological record, the most
common evidences of specialization are: 1. the pres-
ence of raw materials; 2. The concentration of man-
ufacture debris; 3. The abundance of tools and 4. fa-
cilities associated with production (Costin 1991).

Political development is usually accompanied by
an intensification of elite-sponsored artisanal pro-
duction. This is because the production, exhibition,
and distribution of wealth are politically important
activities. It is through the use of these artifacts that
leaders define their own social statuses and those of
others, and at the same time, define it with all their
rights and obligations (Johnson and Earle 2000).

This paperaddresses the crafting of toolsand orna-
ments made from white-tailed deer bone and ant-
ler based on a single feature within an extensive
village known as Cerro Juan Diaz (LS-3). This is one
aspect of the multi-faceted symbiosis between the
white-tailed deer and pre-Columbian human groups
on the Isthmus of Panama. Based on the literature
available and the characteristics of the Gran Coclé cul-
ture, we expected to find evidences of specialization,
in particular: the presence of raw materials and the
concentration of manufacture debris, concentrated
within the same space in the settlement.

6.4.1.1. Presentation of the site

erro Juan Diaz (LS-3) (Fig.1 b.) is located on

both banks of the La Villa River (Fig.1a.). To-

day this river divides two provinces: Herrera
to the north and Los Santos to the south. In mac-
ro-geographical terms, these two provinces belong
to the Azuero peninsula. A multi-annual archaeo-
logical project (1992-2001), supervised by Richard
G. Cooke, documented human occupation at Cerro
Juan Diaz (LS-3) (Fig. 1 c). Excavations began as a
salvage operation requested by Panama’s Institute
of Culture because looters (known regionally as
huaqueros) violated graves containing goldwork
and caused a disorderly disarray to the site (Cooke
and Sanchez Herrera1997; Cooke et al. 1998). Field-
work had to adapt to extensive damage caused by
random looting (Cooke and Sanchez 2004). Over
nine years, eleven field “operations” (“Ops.”) were
undertaken. These varied in size from 2x1 m test-
pits (Ops. 3a and 22) to ~800 m2 (Op. 31). The fea-

tures identified during the field operations varied
greatly with regards to depth, topography, complex-
ity, function and cultural and biological content. All
the operations except one (Op. 2) showed evidence
for some form of mortuary activity. Structures at
Cerro Juan Diaz including domestic ones had pud-
dled clay floors and roofs supported by stout poles.
One that was completely cleared was circular and
associated with small family-type cemetery (Carva-
jal-Contreras, Sanchez, and Cooke 2006).

Sitio Conte
El Caiio |

Bahia de
Farita

@
Cerro Juan Diaz (LS-3)

Figure1.a.CerroJuan Diaz (LS-3), Sitio Conte and El Caiio geograph-
ical location; b. View of Cerro Juan Diaz; c. Operations location at
CerroJuan Diaz, Operation1/1Bis located at the southwest corner of
the archaeological site near Operation 8 (Red circle). Adapted from
Cooke and Sanchez Herrera (1997); d. Operation1/1B during excava-
tion. e. Detail of square 5, level:40-50 cm, Operation 1/1B.
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Cerro Juan Diaz was an archetypal ecotonal set-
tlement. Subsistence practices and their empha-
ses reflected this: agriculture had plentiful maize
fields in alluvial zones; fishing in inshore marine
waters and in the mixing zone of estuaries; inverte-
brate collection in marine-coastal habitats and tid-
al rivers; hunting of iguanas, birds, medium-sized
mammals and deer along river banks, in open
areas and in wooded savannas; and gathering of
wild fruits mostly from human-tended palms (Car-
vajal-Contreras 1998; Cooke, Jiménez-Acosta, and
Ranere 2007, 2008; Cooke et al. 2013; Dickau 2010;
Jiménez-Acosta and Cooke 2001).

The first clear indication of human settlement at
LS-3 goes back to about 300 BCE. Potsherds of the
La Mula Phase of the Greater Coclé ceramic tra-
dition (Cooke 2011; Cooke, Isaza Aizpurua, et al.
2003; Labbe 1995) are abundant in the basal layers
that accumulated on the southern side of the 42
m-high eponymous hill (Cerro Juan Diaz) where
the original inhabitants faced off a slope and lev-
elled the land behind. This small earthen platform
was used for burials (Ops. 3 and 4) (Fig.1.c). Pottery
from all the diachronic sub-divisions of the Greater
Coclé ceramic sequence are recorded at LS-3. This
confirms regularity of occupancy although occa-
sional withdrawal from the site cannot be ruled
out. Pre-Columbian people stopped living there
after violent Spanish incursions in the second dec-
ade of the 16th century CE (Sauer 1966). However,
the site was briefly occupied later in this century
(ca. 1575 CE) when an “Indian town” or “pueblo de
indios” was founded by colonial managers on and
around the central eponymous hill with non-lo-
cal Native Americans of mixed cultural heritage
(Cooke, Sanchez Herrera, et al. 2003).

The treatment and placement of the dead varied
both synchronously and diachronically. These be-
haviors show a ranked society where some social
groups had more privileges than others as evi-
denced by the burial associated elements that
accompanies them. These were made with shells
and in some cases with animal bones such as deer,
also lithic and pottery and in a few cases, gold ele-
ments were found (Carvajal-Contreras 1998; Cooke,
Jiménez-Acosta, and Ranere 2007, 2008; Cooke
et al. 2013; Jiménez-Acosta and Cooke 2001; Diaz
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1999). Field work in 1992 suggested that one indi-
vidual in feature 2- Op.3 either had a high relative
rank in the community or age group or practiced a
particular occupation (e.g., that of shaman-curer)
(Cooke et al. 1998:104-107). The objects that sup-
ports this interpretation were two hammered high
carat gold plaques with convergent raised spirals,
about 400 elongate (4-5 cm long) Spondylus beads,
and 24 jaguar (Panthera onca) and puma (Puma con-
color) canines. The inventory of artifacts in Op.3, Fea-
ture 1 also included two ribbon-handled and red-
slipped pottery incense burners. These have stylistic
counterparts in graves in the south of the Azuero
Peninsula where mortuary pottery belongs to the
Tonosi Phase (200-500 CE) (Cooke et al.1998).

In the shaft of Op. 3, Feature 2, seven tight bundles
were carefully placed together in the west and
south quadrants. Four AMS dates run on bone from
four individuals in this group have a combined 20
range of 345-583 cal CE (Smith-Guzman 2017). A
polished agate bead (c.f. Ichon 1980: Fig.86a) was
found with package 8 in this group, which was a
probable female aged between 18 and 21 years old
(Smith-Guzman 2017). Other agate beads of the
same type were found with package 7 (a 35 yearold
probable male) as well as with the very commin-
gled package 2 and 11. Five perforated canines of
jaguar and puma were deposited in package 2

In Op.3, Feature 16, all artifacts were deposited with
children (Smith-Guzman 2016). Items made of ma-
rine shell artifacts and animal teeth prevail. For ex-
ample, 33 Spondylus shell pendants were found with
an infant aged one or two. In another bundle, a six- to
seven-year old child wore the most impressive array
of ornaments in the grave unit: a hammered pure
copper ring suspended (probably from the nasal sep-
tum) with twisted cotton string; 31 dog-shaped Spon-
dylus; two polished stone bars, the largest of which
was made from an unidentified bluish stone and is
perforated longitudinally, and 74 perforated canines
(55 puma canines in one group, while the other con-
tained canines of two pumas, 12 ocelots [Leopardus
pardalis], and four raccoons [Procyon lotor]). In terms of
the relative material and symbolic wealth this group
of children appears to have been internally ranked. If
this holds true, it would suggest that their families or
descent groups were also hierarchically ranked.



A different use for the sub-oven graves at Cerro
Juan Diaz was provided by Feature 94 in Operation
3, which was cut by one of the stone-walled ovens.
Consisting of a box-shaped tomb, it was used twice.
The second burial 14C dates to 1500 + 40 BP (429-
643 cal CE). The second interment, that of a young
woman, was primary and flexed on the back. After
being placed in the grave, large sherds from three
deep ceramic bowls painted in the Cubita style (ty-
pological age: 500-700 CE) were thrown in along
with a legged metate of volcanic stone (Cooke and
Sanchez Herrera1997: Fig.6 a; Cooke, Sanchez Her-
rera, and Udagawa 2000: Fig. 8.6 bottom right).
The Cubita style is the one that prevails in the
crafters’ middens in Operation 1/1B. Also buried
with the young woman in Feature 94 was a carved
and polished frog with an anomalously long tail
(Cooke, Sanchez Herrera, and Udagawa 2000: Fig.
8.7 uw.), which had been mended with a string. The
shiny white shell is likely a Pacific giant conch (Lo-
batus galeatus) and therefore possibly crafted in
Op. 8, that is described as a shell workshop (Mayo
2004). Underneath the young woman, scattered
human remains from an earlier interment were
found intermingled with 97 ornaments made of
mother-of-pearl (Pinctada mazatlanica) and a sin-
gle perforated margin snail (Prunum sapotilla), a
small ivory-colored marine gastropod.

The likelihood that the burials in the platform at
Cerro Juan Diaz referred to a descent group or one
of its components is corroborated by the place-
ment of graves in Operation 4 (Diaz 1999). This
cemetery was used later in time rather than the
sub-oven graves in Op. 3. Mortuary pottery and 14C
dates pointto usage between 900 and 1200 CE. The
cemetery is dominated physically by a large, deep
pit cut into bedrock (Op. 4., Feature 4). Diaz esti-
mated that 27 individuals were buried in Feature
4 (20 adults and seven children and infants) (Diaz
1999: Table 3, ¢). The person buried at the bottom
of Feature 4 was an adult woman placed near a
very fine polychrome urn painted in the Late Maca-
racas style (Cooke, Sanchez Herrera, and Udagawa
2000: Fig. 8.9a.). Seven extended burials were laid
around the edge of Feature 4 but not in the center
of the pit. Perhaps these individuals represented
lower-ranked individuals of a particular descent
group or sub-division thereof.

Other burials in Operation 4 were remarkably het-
erogeneous in size, form, and numbers and types
of burial treatments. A family or descent group
focus is indicated by single graves housing many
forms of burial: in urns; primary extended; prima-
ry and secondary flexed, alone or in groups; and
niches cut into bedrock (often containing sever-
al skeletons or parts of skeletons). Skulls without
bodies were included in some graves. Tombs were
constantly re-used (Cooke, Sanchez Herrera, and
Udagawa 2000: Fig. 8.6, a-d). This funerary be-
havior is remarkably similar to the one observed
at Playa Venado, ca. 200 km east. The few artifacts
that were placed with the dead in Operation 4 are
comprised of monochrome and polychrome ce-
ramic vessels, Spondylus animal effigies, abstract
mother-of-pearl pendants and bone ornaments
including trapezoidal plaques with perforations
probably fashioned from deerlong bones and deer
tooth pendants (Diaz1999; Cooke 2004: Fig. 8 k.).

6.4.1.2. White-tailed deer bone and arti-
facts operation1/1B

ur study of white-tailed deer bone arti-
facts and ornaments refers to Operation
1hB (Figa.cde). The first excavation
named Op. 1 was directed by Luis Alberto Sanchez
and Adrian Badilla in 1992. They opened a2 x5 m
area of excavation in a small alluvial flat on the
south-western edge of Cerro Juan Diaz (LS-3) and
about 30 m from the La Villa River (Fig. 1 b.). They
identified an ellipsoidal accumulation of sherds,
lithics, shells and animal bones about 1.1 m on the
longer axis, and about 0.2 m in depth (Rasgo 1, Op.
1). It seems to have built up quickly, as many sherds
could be refitted indicating little post-deposition-
al disturbance. The sherds were mixed with large
amounts of marine shells and vertebrate remains:
fish, amphibians, reptiles, birds and mammals.
The pottery belongs to the Cubita ceramic group,
which, as described above, dates between about
500 and 700 CE. The frequency of the “Ciruelo” type
of plates confirms contemporaneity with burial fea-
ture 94 among the sub-oven graves in Operation 3.

Two years later, in 1994, Olman Solis expanded the
original excavation to 6 x 13 m and revealed the
full extent of the feature, which rested in a slight
depression on a flat terrain (Fig.1. d.e.). The refuse
lay stratified with post-holes, which form the edge
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of a circular or oval structure (Cooke and Sanchez
Herrera 1997). The pristine artifact-bearing layer
(Stratum B) is consistently about 20 cm thick but
it would originally have been thicker as it extends
into the 30 cm plow zone above it whose materials
were collected but were thrown away for formal
analysis (Stratum A). The matrix is mostly fine silt
and ash (Fig. 1 e). Only one organic sample in the
midden was radiocarbon-dated: a well-carbonized
fragment of a maize cob. Its AMS date of 1470 + 90
BP (390-764 cal CE) [TO-4594] is consistent with the
ceramics associated with the feature but needs to
be re-run since 6®C was not calculated.

6.4.2. Materials and methods

6.4.2.1. Materials

e analyzed white-tailed deer remains
recovered during excavations conduct-
ed in 1992 and 1994 in Operation 1/1B

at Cerro Juan Diaz. An undisturbed layer about 20
cm thick (Stratum B) was selected for analysis. It
contained 3379 bone fragments inferred to belong
to white-tailed deer, since this species is the only
deer reported from this seasonally dry area of Pan-
ama, and the only one identified by zooarchaeo-
logical analysis at other sites. In Op. 1/1B, the term
'Stratum A’ was used for the plow zone. It was not
included in the deer bone analysis because of the
possibility of sediment-mixing. These remains were
analyzed and identified by using a modern refer-
ence collection housed at the Smithsonian Tropical
Research Institute (STRI) Archaeology Laboratory in
Panama City.

6.4.2.2. Methods

aria Fernanda Martinez Polanco’s zooar-
chaeological analysis employed several

units of quantification:

1. Number of Remains (NR): This metric refers
to the total number of remains that make up the
zooarchaeological assemblage. It takes into ac-
count the total of the remains conserved as a
whole, without considering the precision of the
taxonomical or anatomical determination (Reitz
and Wing 2008).

2. Number of Identified Specimens (NISP): This
index considers only the bone remains that were
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identified taxonomically (Class and below). This
index usually provides lower numbers than the NR
(Reitzand Wing 2008).

3. Minimum Number of Elements (MNE): Lyman
(1994: 290) defines MNE as the “Minimum num-
ber of complete skeletal elements necessary to
account for all observed specimens”. This index
quantifies the elements belonging to an individu-
al, whether they are whole or fragmented. For this
quantification, it is necessary to take into account
different variables of each identified bone frag-
ment, such as the area of the bone, the face, its po-
sition in the skeleton, the number of times that it
appears in the skeleton and its age.

4. Minimum Number of Individuals (MNI): This
index is calculated by summing the most frequent
anatomical element that belongs to a taxon, tak-
ing into account laterality, age and size (sensu
White 1953; Reitz and Wing 2008). It does not re-
flect the real abundance of an animal and is only
a guide to the real number of individuals present
in the death assemblage. Neither does this index
imply that the animals were complete when the
accumulation was formed (Reitz and Wing 2008).
5. Minimum Anatomical Units (MAU): MAU is ob-
tained by dividing the number of taxonomical-
ly identified elements (MNE) by the number of
times this element appears in a complete skele-
ton. %MAU is the relativized scale obtained by di-
viding the MAU for each element by the greatest
MAU and multiplying by 100. Subsequently, the
%MAU was compared against the utility index
proposed for white-tailed deer by Madrigal and
Holt’s (2002) modification of the index proposed
by Binford (1984), and the simplified index of Met-
calfe and Jones (1988). For this purpose, the MAU
of the long bones was obtained by dividing by two,
the phalanges by eight, the cervical vertebrae by
five (excluding the atlas and the axis), the thorac-
ic vertebrae by twelve and the lumbar vertebrae
into seven (Madrigal and Holt 2002). Then a scat-
ter graph was produced, on the X axis is the utility
index and on the Y axis the %MAU and a correla-
tion coefficient (Spearman’s rho) was calculated
between these variables.

The age at death of white-tailed deer was estab-
lished by reference to epiphyseal fusion, tooth



eruption sequence, and tooth wear. Two age catego-
ries were used: sub-adults (<24 months) and adults
(>24months) (Severinghaus 1949; Purdue 1983).
This deer species exhibits sexual dimorphism, and
Maria Fernanda Martinez Polanco identified males
when antlers were present (Smith1991).

The differential destruction of bone may be in-
fluenced by its intrinsic characteristics, such as its
density. Another influence is the intensity of ex-
ternal forces that act on the bone (Lyman 1994).
In order to determine sample integrity, MAU and
its frequencies were calculated (Lyman 2008) as
well as the conservation differential in relation to
bone density (VD). We used Lyman's (1994) aver-
aged values following Reitz and Wing (2008). We
plotted volume density (VD) against NISP and cal-
culated a correlation coefficient (Spearman’s rho)
between these variables. In order to determine
skeletal completeness, we compared archaeolog-
ical bone frequencies with the expected frequen-
cies if the deer skeleton were complete, applying
the following equation:

d = (LnX)-(LnY)

X is the percentage of each skeletal portion (%
NISP) and Y is the percentage of the same portion
in a complete skeleton; both are standardized by
using the natural logarithm (Ln). In this type of
graphic, positive values imply that the skeletal
portions are overrepresented and negative values
indicate that the skeletal portions are underrepre-
sented compared to the standard (Reitz and Wing
2008). The skeletal portions were organized as a
follows: Head (cranium, mandible, maxilla); Axial
(Atlas, axis, lumbar, thoracic, cervical, and sacral
vertebrae, sternum, ribs); Forequarter (scapula, hu-
merus, ulna, radius); Forefoot (acetabulum, ilium,
ischium, femur, tibia); Hindquarter (scaphoid, tra-
pezium, uncinated, lunate, metacarpal, rudimen-
tary metacarpal); Hindfoot (Patella, metatarsal,
astragalus, calcaneus, cuboid, cuneiform, intern
cuneiform) and foot (metapodials, proximal, me-
dial, and distal phalanx) (Reitzand Wing 2008).

To study long bone representation, we recorded
the anatomical zone (proximal, medial, distal,

whole) of the long bones.

The remains found in archaeological sites are char-
acterized by the high degree of fragmentation,
which could be caused by different taphonomical
agents such as biological agents and/or physical
processes. In order to, distinguish the agent of the
fragmentation (physical or biological) two differ-
ent concepts could be used fragmentation when
the cause is a physical process and fracture when a
biological agent is the responsible (Fernandez-Jal-
vo and Andrews 2016).

The inherent characteristics of the bone produce
different breakage patterns depending if the bone
is green or dry (Bunn 1983; Villa and Mahieu 1991).
Green bones have a high degree of plasticity, but
they could break when the pressure is greater than
their strength. In these cases, the fracture follows
the natural lines in the structure of the bone. The
fractures are produced by biological agents when
the bone is fresh, because their intention is to ob-
tain the nutrients that are inside the bones (Bunn
1983; Villa and Mahieu 1991). The opposite case is
the fragmentation of the dry bone; because the
physical characteristics of the bone changed, now
the bone has lost its moisture and its organic prop-
erties, and it becomes fragile and brittle. As such,
dry bones reacts differently under pressure, form-
ing perpendicular cracks. This kind of fragmenta-
tionis produced by physical processes (natural pro-
cesses) without any intentionality (Bunn1983; Villa
and Mahieu1991).

For the purpose of identifying the biological agent
causing the bone breakage and the surface alter-
ation we distinguished color changes in the out-
lines and also fracture angle for distinguishing
an old breakage (occurring at or near the time of
deposition) from a new breakage (occurring during
or after the excavation) (Steadman, Plourde, and
Burley 2002). Villa and Mahieu (1991) observed that
the fractures are curved with oblique angles and
smooth surfaces, while fragmentation is transversal
with straight angles and smooth or irregular edges.
Butchering consists of a set or series of sets of hu-
man activities directed towards the extraction
of consumable resources from a carcass (Lyman
1994). Preparing carcasses for consumption in-
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volves a series of activities that includes the extrac-
tion of external nutrients (skin, meat, and tendons)
to obtaining internal resources (fat and marrow)
(Binford, 1981). Butchery marks can be identified
in the archaeological record; they are known as
cut marks. They are linear grooves, with a variable
longitude and width. The transversal section of a
cut mark has a “V” shape, and their walls and the
bottom present microestriae (Potts and Shipman,
1981; Shipman and Rose, 1983a; 1983b). According
to Binford (1981), cut marks can result from three
activities: 1) skinning; 2) disarticulation and 3) fil-
leting (Binford, 1981). Skinning is the activity that
refers to the extraction of the animal's skin, sepa-
rating it from the rest of the body. This type of cut
mark is produced in areas with little muscle mass,
such as the skull, mandible, distal radius and tib-
ia, and in the metatarsals (Binford, 1981). The dis-
articulation consists of dismembering the animal
into quarters. This type of activity is carried out to
facilitate the transport of the animal and is done
following the anatomy of the animal. The disartic-
ulation marks are located at very specific points, on
articular surfaces of the ends of long bones and on
the surfaces of vertebrae or pelvic parts (Binford,
1981). Defleshing is the extraction activity of meat,
which is attached to the bones. This process is
one that leaves the greatest number of marks. Al-
though they can be found on all the skeletal parts
of the animal, more frequently in the parts with
less muscle mass. They are very frequent in the
diaphysis of the long bones, but also in the meta-
physes of the bones, particularly in areas of muscle
insertions (Binford, 1981).

A series of activities involves the manufacture pro-
cess. Abradingis the reduction of the surface mate-
rialusingagrindingimplementsuchasasandstone
abrader. Abrasion used in the manufacture of tools
results in striations, a series of thin, parallel lines.
Chopping is a percussive action where a relatively
heavy tool cuts into the raw material resulting in a
series of notches in the chopped surface. Cutting
is produced with sharp tools which are pushed
and pulled over the surface leaving incisions in the
form of small channels. Grooves are generally larg-
er, deeper versions of incisions. Incising and groov-
ing are two actions that are performed during the
cutting of the raw material. Scraping is an action
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aiming at reducing and shaping the surface of the
raw material by pulling and pushing a scraping
tool over the surface while applying pressure. The
resulting debris is often dust-like pieces of materi-
al. Finally, polishing is an action which adds luster
to the surface of osseous tools, achieved through
abrasion with a very fine stone and often soft ma-
terials such as hide (Nagy 1990; Pérez Réldan 2005;
Pérez Roldan 2013).

Surface alterations were identified macroscopi-
cally and microscopically. All skeletal specimens
were examined using a stereomicroscope (Leica
Wild M10, up to 120x). The analysis of cut marks
took into account the number of striations, loca-
tion on the anatomical element, distribution over
the surface (isolated, clustered and crossed), orien-
tation with respect to the longitudinal axis of the
bone (oblique, longitudinal and transverse) and
delineation (straight or curved). By studying the
anatomical location and orientation of a cut mark
and the function of a particular category of mark
suggested by its location and orientation the cut
mark could be assigned to a different activity (Bin-
ford 1981; Potts and Shipman 1981; Shipman and
Rose 1983). The pictures of the cut marks were tak-
en with a 3D digital microscope (HIROX KH-8700,
MXG-2500REZ, 35-250x). Six degrees of thermal
damage were identified [from o (unburned) to 5
(calcined); degree #6 was used for specimens with
two or more burning hues using the criteria of Stin-
eretal. (1995).

Tooth marks were analyzed and compared system-
atically in order to distinguish between human
and non-human marks (i.e., those made by carni-
vores and rodents). Human tooth marks were clas-
sified as pits (ovoid shape and shallowness) and
scores (elongated shape and internal crushing)
(Landt 2007). Carnivore and rodent marks were
analyzed; carnivore marks would be classified as
pits, punctures, and scores (Binford 1981; Selvaggio
1994). Other damage produced during consump-
tion, such as notches, crenulated edges or pitting,
was recorded; these marks’ distribution, orien-
tation and dimensions were all recorded. Finally,
post-depositional modifications were also recorded,
such as manganese, adhering concretions, root dam-
age, and weathering probably commensurate with



humidity (Grayson and Delpech1998; Lopez-Gonzélez,
Grandal-d’Anglade, and Vidal-Romani 2006).

6.4.3. Results
6.4.3.1. Zooarchaeological analysis

n Op.1/1B at Cerro Juan Diaz, 3379 remains of

white-tailed deer were found in our samples;

the MNE calculated for the assemblage is 604
(Tab.1). A total of 11 individuals was identified and
9 of them were adults, two were subadults - at least
seven males and one female.

Table 1. NISP (Number of Identified Specimens) and MNE (Minimal
Number of Elements) of white-tailed deer (Odocoileus virginianus)
in Operation 1/1B at Cerro Juan Diaz.

Element NISP %NISP MNE %MNE
Occipital 3 0.09 2 0.33
Basioccipital 3 0.09 3 0.50
Exoccipital 8 0.24 7 116
Supraoccipital 1 0.03 1 0.17
Presphenoid 2 0.06 1 0.17
Parietal 1 0.03 1 0.17
Interparietal 1 0.03 1 0.17
| 5 0.15 3 0.50
Frontal 4 0.12 2 0.33
Antler 36 1.07 20 331
Zygomatic 5 0.15 4 0.66
Premaxilla 1 0.03 1 0.17
Maxilla 3 0.09 3 0.50
Tympanic bulla 16 0.47 14 2.32
Mandible 26 0.77 19 3.15
Incisor 2 0.06 2 0.33
Molar 35 1.04 35 5.79
Premolar 30 0.89 30 4.97
Atlas 6 0.18 5 0.83
Axis 1 0.03 1 0.17
Lumbar vertebrae 10 0.30 8 1.32
Thoracic vertebrae 15 0.44 15 2.48
Cervical vertebrae 13 0.38 7 1.16
Sacral vertebrae 3 0.09 3 0.50
Sternum 6 0.18 3 0.50
Ribs 40 1.18 20 331
Scapula 31 0.92 14 232
Humerus 35 1.04 17 2.81
Ulna 25 0.74 14 2.32
Radius 34 1.01 17 2.81
Scaphoid 8 0.24 8 1.32
Trapezium 9 0.27 9 1.49
Uncinate 8 0.24 8 1.32
Lunate 9 0.27 9 1.49
Metacarpal 23 0.68 12 1.99
Rudimental metacarpal 13 0.38 13 2.15
Acetabulum 2 0.06 2 0.33
Tlium 2 0.06 2 0.33
Ischium 2 0.06 2 0.33
Femur 51 1.51 28 4.64
Tibia 45 1.33 21 3.48
Patella 4 0.12 4 0.66
Metatarsal 39 1.15 16 2.65
Astragalus 18 0.53 18 2.98
Calcaneus 19 0.56 13 2.15
Cuboid 9 0.27 9 1.49
Cuneiform 6 0.18 6 0.99
Intern cuneiform 2 0.06 2 0.33
Metapodials 34 1.01 29 4.80
Phalanx prox. 54 1.60 51 8.44
Phalanx med. 49 1.45 44 7.28
Phalanx dist. 25 0.74 25 4.14
Phalanx unidentified 9 0.27
Cranial fragment 7 0.21
Vertebra fragment 29 0.86
Long bone fragment >2cm | 640 18.94
Long bone fragment <2cm | 1862 55.11
TOTAL 3379 100.00 604 100

Anatomical representation-MAU: The highest
%MAU values were femur, followed by tibia and
mandible (Table 2). At operation 1/1B, it is observed
that MAU is insignificantly correlated with meat
gross yield (rs =0.12; p = 0.75) and significantly cor-
related with marrow gross yield (¥s=0.75; p = 0.02)
(Fig.2). There is no evidence of differential trans-
port of high-yield meat bones to the site. In con-
trast, bones with higher marrow gross and return
rates are more abundant and are more fragment-
ed. Positive correlations between long-bone ele-
ment abundances and marrow yields at operation
1/1B may show evidences of processing marrow
and/or bone artefact production after bones had
been brought back to the site.

It is interesting to point out the relatively high
number of isolated teeth (NR=67: Incisor=2; Mo-
lar=35; Premolar=30) (Tab.1). Itis possible that they
were selected for crafting activities.

Table 2. MNE (Minimal Number of Elements), MAU (Minimal An-

imal Units), MAU% of white-tailed deer (Odocoileus virginianus)
from Operation1/1B Cerro Juan Diaz. Occ.: Occurrence.

Element MNE Occ. MAU Y%MAU
Mandible 19 2 9.50 67.86
Maxilla 3 2 1.50 10.71
Atlas 5 1 5.00 35.71
Axis 1 1 1.00 7.14
Lumbar ¢ 7 1.14 8.16
vertebrae

3:{:;2?;2 15 12 1.25 8.93
S:;Z:::e 7 5 1.40 10.00
Ribs 20 26 0.77 5.49
Scapula 14 2 7.00 50.00
Humerus 17 2 8.50 60.71
Ulna 14 2 7.00 50.00
Radius 17 2 8.50 60.71
Trapezium |9 2 4.50 32.14
Uncinate 8 2 4.00 28.57
Lunate 9 2 4.50 32.14
Metacarpal |12 2 6.00 42.80
Acetabulum |2 2 1.00 7.14
Ilium 2 2 1.00 7.14
Ischium 2 2 1.00 7.14
Femur 28 2 14.00 100.00
Tibia 21 2 10.50 75.00
Patella 4 2 2.00 14.29
Metatarsal |16 2 8.00 57.14
Astragalus |18 2 9.00 64.29
Calcaneus |13 2 6.50 46.43
Cuboid 9 2 4.50 32.14
Cuneiform |6 2 3.00 2143
i‘;‘::fom 2 2 1.00 7.14
Phalanx {5, 8 6.38 45.54
Prox.

:1 }:iam‘ 44 8 5.50 39.29
Zi:ila“x 25 8 3.13 232
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Figure 2. a. Scatter plots ratio kcal meat vs. %MAU and b. kcal bone
marrow vs. %oMAU.

Volume density (VD): There is a statistically insig-
nificant negative correlation between NISP and
VD (rs=-0.24, p=0.24) (Fig.3). These results suggest
that density-mediated attrition was not responsi-
ble for the varying frequencies of skeletal parts.
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Figure 3. NISP (Number of Identified Specimens) against VD (Vol-
ume density) values of white-tailed deer (Odocoileus virginianus)
identified at Operation 1/1B Cerro Juan Diaz.

Skeletal completeness: Forefoot, hindquarter, and
hindfoot tend to be over-represented but not at the
same level, as the forequarter and foot seems to be
slightly under-represented but not as much as the
axial skeleton (Fig. 4). These results imply that the
animal was brought complete to the settlement.

Long bone representation: 252 remains belonged to
long bones (7.45%); the best represented zone was
the proximal, follow by distal, medial and whole
bone (Fig. 5). All the long bones present shared the
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Figure 4. Ratio diagram of skeletal portions using NISP (Number of
Identified Specimens) of white-tailed deer (Odocoileus virginianus)
identified at Operation1/1B Cerro Juan Diaz.

same pattern of zonal distribution except the ulna
that only preserves the proximal portion.

Thelong bone fragments are the mostabundantin
the sample (74.05%), this group was divided into
two categories, those that measured less than 2cm
(55.11%) and those that measured more than 2 cm
and less than 4 cm (18.94%) (Table 1). The smallest
could be considered as debitage. These fragments
do not have a standardized shape that can be al-
lowed to classify them as beads for example. Un-
finished deer bone tubes were found in Op.1/1B but
the majority of specimens are proximal and distal
portions of long bones that had been cut to make
tubes (Section debitage; NISP=32; 0.94%) (Fig.
5; Fig.6). The long bone > 2cm category includes
specimens that present evidence of anthropic frac-
tures (NISP=63; 1.86%). All of these specimens are
considered as craft production remains. However,
finished deer bone tubes were not found in this op-
eration (Tab. 3).

Table 3. Percentages and frequencies of white-tailed deer (Odocoile-
us virginianus) bone reduction.

%NISP

NISP
S Total sample

%NISP

Section
debitage
Debitage

(Long bones
> 2cm)|63 3.21 1.86
Fracture

32 1.63 0.94

evidences

Debitage
(Long bones] 1862
<2cm)

95.14 55.11

Finished
deer  bone]
tubes /]
artifacts
Total

1957 100.00




In figure 6, it can be observed that the femur at dif-
ferent stages of fusion were used to produce bone
tubes, it is important to mention that initial fusion
of the proximal part begins at 20 months and fin-
ishes between 32-38 months. In the case of the dis-
tal end fusion, the timing is between 23-38 months
(Purdue 1983). This implies that the Op-1/1B craft-
ers selected young adult deer bones to produce
bone tubes. In only two cases distal humeri with-
out fusion were found; this part begins to fuse at 2
months, and itis completely fused between 12 and
20 months. This represents the two sub-adults of
the sample. Figure 5 also illustrates the transversal
clean cut both in the proximal (a. b. d. and d.) and
distal (f. and g.) sectors of the femur.

The only bone tube found at Cerro Juan Diaz can
been seen at Figure 6 e. The length of the tube is
106.5 mm, the width is 21.8 mm and the thickness is
2.54 mm. The proximal part of the tube has a series
of fine horizontal grooves with a very shallow depth
that may have been produced by abrasion when the
thickness of the bone was being reduced. This tube
is polished on all sides including the edges.

Figure 5. Long bone %NISP arranged by elements of white-tailed deer
(Odocoileus virginianus) identified at Operation 1/1B Cerro Juan Diaz.

6.4.3.2. Taphonomic analysis

6.4.3.3.1. Anthropic modifications

Anthropic modifications to deer bones were iden-
tified on 192 remains (5.6%), and most of them
consisted of burning damage, fractures, and cut
marks (Table 3, Figure 6-7).

Figure 6. Long bone tube stages of manufacture made of white-tailed deer
(Odocoileus virginianus) femur identified at Operation 1/1B Cerro Juan
Diaz. a. Unfused right proximal femur; b. Fused right proximal femur; c
d. Fused left proximal femur: e. Bone tube from a right femur diaphysis; f
Unfused right distal femur: g. Unfused left distal femur. Scale s 2 cm.

Table 4. Anthropic modifications and post-depositional modifications on white-
tailed deer (Odocoileus virginianus) bones at Operation1/1B Cerro Juan Diaz.

Anthropic modifications Post-depositional modifications

%NISP | %NISP Total

%NISP

NISP ISP Ant.m{ Total NISP Post. Mod. |sample
sample
Cut marks 45 23.44 1.33 Rodents 21 22.83 0.62
Burning damage 84 43.75 2.49 Concret tion 44 47.83 1.30
63 32.81 1.86 Roots 25 27.17 0.74
Manganese 2 2.17 0.06
NR 192 100.00 NR 92 100.00

Figure 7. Details of white-tailed deer (Odocoileus virginianus) antler
modifications (fairly deep straight incisions and small pit) recovered at
operation 1/1B Cervo Juan Diaz. Scale is 2 cm.
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Bone fracture patterns: 63 (4.15%) deer remains in
Op-1/1B show percussion marks, cortical flake neg-
atives and medullar flakes (Table 4).

Cut marks: 195 cut marks were identified on 45 ele-
ments representing 1.33% of the total sample. Cut
marks are notable for being fairly deep straightin-
cisions (61.53%). Superficial scraping (36.41%) and
deeper hack marks (2.05%) were also observed.
The position of the cut marks infers skinning
(35.55%) more than other activities such as de-
fleshing (33.33%) and disarticulation (17.77%) The
remaining 13.33% are cut marks identified on ant-
lers that could not be assigned to any of the former
activities. Several cut proximal and distal portions
of long bones were not only identified on the fe-
mur, but also on the radius, ulna, metacarpal, tibia,
and metatarsal bones. Along the bone edges, cut
marks were produced at the precise moment when
the bones were cut (Fig. 6).

Burning damage: Eighty-four elements show signs
of thermal alteration, representing 1.30% of the
sample (Table 4). The majority shows double color
(40.48%) and color grade 3 (39.29%). These results
imply that cooked meat was consumed to judge
from the patterns of burning discoloration identi-
fied in some elements. However, it is striking that
16 of the 84 elements were antlers. This may indi-
cate that fire was used in some way in the process
of making bone artifacts.

Tooth marks: We did not identify human tooth
marks in the sample from Op.1/1B.

6.4.3.3.2. Post-depositional modifications

ost-depositional modifications were iden-

tified on 92 remains (2.72%). Concretions

(47.83%), root damage (27.17%), rodent
gnawing (22.83%) and manganese stains (2.17%)
were the most prevalent (Table 4). Carnivore tooth
marks were not identified in the assemblage.

6.4.4. Discussion

t CerroJuan Diaz, an important quantity of
deer remains were found in Op.1/1B, many
of which show traces of human modifi-
cations, the most notable being traces of artifact
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manufacturing. These remains were deposited
between 500 and 700 CE and were also placed there
partly for nutritional purposes. This idea receives sup-
port from the deposition of bones with high meatval-
ues such as the femur and tibia, cut marks related to
skinning, defleshing and disarticulation, and signs of
burning which points to cooking activities.

Nutrition was not the only goal as many of the cut
marks on antlers in Op. 1/1B are clearly related to
non-subsistence activities (Fig. 7). The choice of ma-
terials for the crafting of tools was predicated upon
availability, mechanics, the shape of the final prod-
uct and traditional practice. Long bones (humerus,
radius, metacarpal, femur, tibia, and metatarsal)
were selected to produce bone tubes (Fig. 5).

Unfinished deer bone tubes were found in Op.1/1B
but the majority of specimens are the proximal and
distal portions of long bones that had been cut to
make tubes, and we consider these debitage (Fig.
6) (i.e. Cooke and Jiménez-Acosta 2010: Fig. 3.6 j).
Small cut marks are visible al ong the edges of long
bones prior to the final sectioning of the diaphy-
sis from the proximal and distal ends. A complete
tube made of an Odocoileus virginianus femur shaft
was found in a burial (Feature 10) in Op. 4, suggest-
ing that deer bone artifacts produced in Op. 1/1B
were used in other sectors of the settlement.

The transformation of long bone into tubes im-
plies the selection of bones of young adults. The
extraction of the proximal and the distal end of the
bones occurs first. Next, abrasion is used in order
to reduce the thickness of the element or to obtain
more regular surfaces and finally the polishing of
the tube (Fig.5). The large number of long bone re-
mains less than 2 cm may reflect the elaboration
of other artifacts, but since we do not have many
finished objects in the deposit, it is difficult to es-
tablish the elaboration process of any product.
Although we did not find direct evidence of modi-
fications in deer teeth, the relatively high number
of isolated elements leads us to think about a se-
lection or preselection of elements to produce pen-
dants, such as those found in other operations (i.e.
Op.4; Op.1/1B stratum A).



The Sitio Conte elite burial ground is located 12
km inland from the present-day Parita Bay coast-
line and about 43 km linear distance from Cerro
Juan Diaz across Parita Bay (Fig.1.a.). Most graves
are now estimated to belong to the period cal
750—950 CE, with a few being slightly earlier or later
(700750 and 950—1000 CE) (Cooke, Sanchez Herre-
ra, and Udagawa 2000). At this site, mortuary goods
were deposited abundantly near human remains
and can be classified into three groups: 1) costume
items such as helmets, necklaces, shirts, belts, dan-
glers,and ankle decorations, 2) ritual objects such as
batons, and 3) weapons such as spear, probable ar-
row points, and spear-throwers. These objects were
made of different raw materials such as gold, res-
in, and animal bones (Summarized in: Briggs 1989;
Cooke and Jiménez-Acosta 2010; Cooke 2004).

Bone and tooth ornaments and tools are diverse
at Sitio Conte and often expertly crafted. The most
remarkable item found is an exquisitely carved deer
vertebra (see Lothrop [1937: figs. 192,193] the white-
tailed species). Lothrop (1937:215) proposed that a
“robust and powerful male” wore a “shirt” decorat-
ed with bone tubes, which reached from his shoul-
ders to the middle of the thighs. A smaller cluster of
bone tubes was found near the feet suggesting that
they formed ankle decoration. These appear to be
white-tailed deer long bones. Hollow green bones
arranged in a group tend to rattle and this fact un-
doubtedly increased theirimpact in ceremonies.

Pérez Roldan (2009) divides the usage of the arti-
factsin three groups, according to their function: 1)
practical objects that had a tool function; 2) orna-
mental objects that have the function of decorating
the human body, such as pendants, beads, and ear
flares, and; 3) votive objects made to be placed as
offerings in burials and/or artifacts that were used
by the individuals and were buried with them. The
practical group includes tubes, defined by Valentin
and Perez Roldan (2010), as pieces that has an
elongated morphology and an annular section by
fitting straight long bones of bird or mammal. The
function of these is unknown. These authors report
the presence of one deer bone tube (H44a) in the
bone artifact collection from the archaeological
site of Monte Alban (Oaxaca, México). In the case of
deer bone tubes founded at Sitio Conte, their func-

tion is more related to the ornamental type, and in
the case of the complete bone tube found at Cerro
Juan Diaz also fits into this category.

Also part of the Sitio Conte mortuary attire were
(1) large mammal teeth capped with gold (Lothrop
1937: fig.166), (2) aprons of domestic dog teeth (Lo-
throp1937: fig.105), (3) necklaces of peccary (Tayas-
suidae) tusks (Lothrop 1937: fig.130), (4) garments
made with avian long bones including booby (Sula
spp.) (Lothrop1937: figs.103,104; Cooke and Jimén-
ez2010:fig.3.7), (5) carved manatee ribs (Trichechus
manatus) (Lothrop 1937:170 and passim), and (6) a
delicate hair-comb (Lothrop 1937: fig. 72).

In comparison with high-ranked sites (i.e. Sitio
Conte), the bone mortuary goods found at Cerro
Juan Diaz (LS-3) during the same period (750-950
CE) in Op. 3 (above ovens) and Op. 4 are strikingly
sparse (Cooke and Jiménez 2010: Table 3.2). Only
one white-tailed deerlong bone tube from ayoung
adult individual was found intact (in Op. 4, burial
feature10) (Cooke and Jiménez 2010: Fig. 3.6, h). In
this context, 10 deer bone/antler artifacts and 20
perforated deer teeth probably used as pendants
were found (Cooke and Jiménez-Acosta 2010: Table
3.2). One white-tailed deer bone artifactin Op.1/1B
(Stratum A) consists of a medial piece of a metatar-
sal, which seems to have been used as a spout per-
haps for a gourd (Cooke and Jiménez 2010: Fig.3.6
d). In addition, a perforated 3rd right mandibular
premolar was found (Cooke and Jiménez-Acosta
2010: Fig.3.8 0).

The white-tailed deer was not the only vertebrate
that was processed in Op.1/1B for making artifacts.
The proximal and distal ends of avian long bones
belonging mostly to boobies (Sula spp.) were dis-
carded in the bone pile and the shafts were most
likely taken elsewhere (Cooke and Jiménez-Acos-
ta 2010: Fig. 3.7). In Op. 1/1B, at ‘Stratum A’ sever-
al bird bones that had been cut for use as artifacts
were identified. Eighteen cut bones belonged to
boobies: one carpometacarpal, 12 ulnae, four hu-
meri, and one radius. Apparently, a member of this
community was deft at working fragile bird bone
and may even have travelled to booby breeding
colonies atlsla Villa, 12 km south east of Cerro Juan
Diaz to procure them (Cooke et al. 2013: 523). As
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we shall see below, this idea is not far-fetched. At
Sitio Conte, the cut booby bones were ulnae and
humeri, cut into long pieces with perforations for
passing a string at the proximal and distal ends
and/or on shorter lengths of the diaphysis (e.g.,
Lothrop 1937: figs, 103, 104). Boobies seem to have
had great regional significance on a ritual plane:
a blue-footed booby (Sula nebouxii) rostrum was
reported in a pre-Columbian grave at Panama Vie-
jo (Mendizabal 2004: 149). These Parita Bay com-
munities consumed large amounts of fish and it
is understandable that boobies and ospreys were
revered (Cooke and Jiménez-Acosta 2010).

6.4.4.1. Another workshop at Cerro Juan

Diaz (LS-3)
A at Operation 8 at Cerro Juan Diaz, located

15 meters from Op. 1/1B on the same small
alluvial flat. Pottery found in the feature is large-
ly from the Cubita horizon. The primary activity of
the feature was the preparation of marine shells
for making ornaments and tools (Mayo 2004;
Mayo and Cooke 2005; Mayo 2007). Ranked by
weight (g) the species preferred for crafting were
Pacific giant conch (Lobatus galeatus), thorny oyster
(Spondylus spp.), Pacific crown conch (Melongena
patula), giant mangrove cockle (Larkinia grandis),
and pearl oyster (Pinctada mazatlanica). Cone shells
(Conus spp.) were ranked above mangrove cockles
by weight but Mayo (2004:127) considered that the
most common species, C. patricius, which frequent
nearby beachestoday (i.e., Monagre), was collected
primarily to make perforators out of the columellae.
vSpecies- and genus-specific ornaments made
in Operation 8 include elongated pendant-beads
crafted from Pacific giant conch. They are known to
archaeologists as “cuentas de baston” (walking-stick
pendants) (Mayo 2004; Mayo and Cooke 2005; Mayo
2007). They were used to make necklaces, which
were frequently placed in burials of the period 500-
850 CE (Lothrop, Foster, and Mahler1957). Spondylus
ornaments produced in Op. 8 consisted mostly of
“chaquiras” -- minute beads with an average diam-
eter of 0.5 cm (Mayo 2004; Mayo and Cooke 2005;
Mayo 2007). Operation 8 overlaps in time with Op.
1/1B. One hundred and fifty-eight “chaquira” beads
of Spondylus were placed in Feature 16 in Operation
3 (Cooke and Sanchez Herrera1997).

contemporaneous workshop was found
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6.4.4.2. Deer bone-antler workshops and
specialization

ooke (2004) and Cooke and Ranere (1992)

pointed out that ‘Gran Coclé society may

have been organized into ranked and
named clans, which would have used animal and
plant identifiers. Genealogy and ancestry were
probable determinants of rank and the chiefs only
came from certain social groups. It is possible that
the same pattern occurred among crafters, that
artisans belonged to a distinct social group. Cooke
and Jimenez (2010) point out that the greatest
number of carved bone artifacts occurs in grave
32 at Sitio Conte. Some objects, such as the carved
vertebrae, the bone box, and the spear-throw-
er guards, exhibit unusual crafting skills. In this
grave, 3 adult males were found and probably
belonged to a lineage of specialist bone carvers.
Taking this information into account, it is feasible
that the deer bone and antler artisans who worked
in Op.1 /1B in Cerro Juan Diaz belong to the same
social group of specialists and the knowledge of
bone and antler making techniques passed from
one generation to another. Another support for the
hypothesis of a specialization in the bone industry
is related to the fact that all the evidence of man-
ufacturing was found in the same place at Cerro
Juan Diaz (southwest of the settlement), both the
shell workshop (Op. 8) and the deer bone antler
workshop (Op.1/1B).

However, this is not the case for examples in the
Iroquoian sites of Mailhot-Curran and McDonald
where there are no concentration of remains that
could be associated with bone workshops. In these
sites, manufacturing debris are equally distribut-
ed in each family space of the longhouses. That
implies the existence of the sharing of technical
knowledge about bone tool production between
families and also between households. It is possi-
ble that anyone in the household was able to make
bone objects (Gates St-Pierre et al. 2016; Gates St-
Pierre, Boisvert, and Chapdelaine 2016).

At La Montesita site (Aguascalientes, Mexico), ap-
proximately dating to the Epiclassic period (600-
900 AD), a specialized area devoted to bone and
antler work was identified. According to the au-
thors, this area reflects an ideal working space,



with access to light, comfortable space, tools, and
raw materials (Blasco Martin et al. 2019).

The Classic Maya site of Aguateca (Guatemala)
shows an interesting pattern of bone crafting pro-
duction. In this site, there is evidence that all the
members of Maya nobility were also artisans, and
they produced bone artifacts. This site also shows
that certain parts of the bone crafting process were
carried out in certain households and in separate
areas of each structure. The zooarchaeological evi-
dence found in this site pointed out that the Maya
women were directly involved in crafting activities,
particularly in those related to food and textile are-
as (Emery and Aoyama 2007).

6.4.5.Conclusion

he study of deer bone and antler permits an
' understanding of different human behav-
iors related to social and economic organi-
zation, but itis also linked to a symbolic and ritual
world. Along with white-tailed deer distribution,
these patterns were different and respond to a
distinctive need. The refuse feature in Operation
1/1B at CerroJuan Diaz clearly represents the waste
of a deer bone and antler workshop. In this oper-
ation, we did not find the kinds of final products
that were used at the elite graveyards such as Sitio
Conte, i.e., awls, chisels, spear and/or arrowheads,
spear-throwers, and hair-combs. This workshop
appears only to have prepared tubes fashioned
from white-tailed long bones. We identified evi-
dence of the debitage produced by the manufac-
ture of artisanal bone artifacts.

Knowledge of bone industry techniques and meth-
ods may have been passed down within families
from generation to generation. Following the mod-
el proposed, the social status of the craftsman was
inherited; birth within a certain family group deter-
mined the status of the new members of the group.
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6.5. Living on a continental island: Inter-
actions between a dwarf deer (Mazama
sp.) and a Mid-Holocene community (6.2-
5.6 cal yr BP) on Pedro Gonzalez island
(Pearl Island Archipelago, Panama)

nthischapter,itwill be presented all the results

of the taphonomical study of the dwarf deer

found at Playa don Bernardo, as well as the re-
sults from the analyses of microwear, mesowear,
stable isotopes and geometric morphometric. The
aim of these analyses was 1. to describe deer ac-
cumulation at Playa don Bernardo; 2. to study the
Pearl Island dwarf deer’s ancient diet; 3. to make
inferences about current Pearl Island dwarf deer
taxonomy, and 4. to evaluate Mid-Holocene hu-
man impacts on Pedro Gonzalez island. Finally, a
discussion of these aspects will be presented.

6.5.1. Results
6.5.1.1. Taphonomical analysis

t Playa don Bernardo, 2502 remains of

deer were found in our samples. A total of

22 individuals were identified. Five sub-
adults (22.7%), and 17 adults (77.3%) (Figure 6.5.1).
The greatest quantity of remains was found in
macrostratum Ill, followed by macrostratum Il and
macrostratum [.

Anatomical representation-MAU: The highest
%MAU values by macrostratum are: femur (mac-
rostratum 1), ribs (macrostratum Il) and mandible
(macrostratum Il1) (Table 6.5.1).

There is no evidence of differential transport of
high-yield meat or marrow bones to the site. These
results imply that the animal was brought com-
plete to the settlement (Figure 6.5.2).

Figure 6.5.1.Examples of individual dwarf deer of different ages identified at Playa don Bernardo.
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Table 6.5.1 MNE (Minimal Number of Elements), MAU (Minimal Animal Units), %MAU of dwarf deer from Playa don Bernardo. Occ.: Occurrence.

. r 1 o | ]

LELGHOE 1 2 0.50 2000 8 2 4.00 86.67 21 2 10.50 100.00
ETIE s 1 2 0.50 20.00 1 2050 1083 7 2 3.50 33.33
[CEEss o0 1000 000 O 1000 000 2 1 200 19.05
[ o0 1000 000 3 1300 6500 3 1 3.00 28.57
Lumbar vertebrae 1 7 0.14 5.71 7 7 1.00 2167 11 7 1.57 14.97
Thoracic vertebrae 0 12 0.00 0.00 8 12 0.67 14.44 20 12 1.67 15.87
Cervical vertebrae 2 5 0.40 16.00 12 5 240 52.00 13 5 2.60 24.76
G 3 26 012 4.62 120 26 4.62 100.00 210 26 8.08 76.92
EEfE 0 2000 000 8 2 4.00 8667 12 2 6.00 57.14
COOETE 1 2050 2000 6 2 3.00 6500 8 2 4.00 38.10
[(UfE e o0 2000 000 5 2250 5417 5 2 250 23.81
CECIME 0 2 0.00 0.00 2 2 1.00 21.67 10 2 5.00 47.62
DEREAT o0 2 0.00 000 0 2 0.00 0.00 1 2 050 4.76
(e © 2/ 0.00 0.00 1 2 0.50 10.83 1 2 0.50 4.76
[IEEs 0 2 0.00 0.00 3 2 1.50 32.50 2 2 1.00 9.52
(Metacarpus [ 2 0.50 20.00 2 2 1.00 21.67 8 2 4.00 38.10
[VEEETME o0 2000 000 0 2 0.00 0.00 1 2 050 4.76
FET s 1 2050 2000 4 2200 4333 6 2 3.00 28.57
FEE s 0 2000 000 8 2400 8667 6 2 3.00 28.57
s o0 2000 000 2 2100 2167 2 2 1.00 09.52
EOT s 5 2 2,50 10000 5 2 250 54.17 9 2 4.50 42.86

0O 2000 000 6 2300 6500 11 2 550 52.38
[CEEs o0 2 0.00 o0.00 1 2050 1083 0 2 0.00 0.00
NEEEETs 0 2000 000 5 2250 54.17 7 2 3.50 33.33
[CIEFEIfE o0 2 0.00 000 4 2200 4333 7 2 3.50 33.33
[EIEENET 1 2050 2000 7 2350 75.83 8 2 4.00 38.10
A 0 2 0.00 0.00 2 2 1.00 21.67 3 2 1.50 14.29
EIMEE s 1 2050 2000 3 2150 3250 2 2 1.00 9.52
EEPS @ 2 8025 1000 6 8075 1625 5 8 0.63 5.95
EESEEfs o0 8000 000 11 8 1.38 2979 8 8 1.00 09.52
Phalanx dist. 1 8013 500 3 8038 813 6 8 0.75 7.14
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Figure 6.5. 2 a. Scatter plots %MAU vs. ratio keal meat Macrostratum I; b. %6MAU vs kcal bone marrow Macrostratum I; c. Scatter plots
%MAU vs. ratio kcal meat. Macrostratum Il; d. %6MAU vs. kcal bone marrow Macrostratum I1; e. Scatter plots %MAU ratio kcal meat
Macrostratum I11; f %6MAU vs. keal bone marrow Macrostratum I11. Keal meat and marrow taken from Madrigal and Holt (2002) and used
to calculate the Spearman coefficient (rs) and presented on the figures.

Volume density (VD): We observed that some ele-
ments with low density are often under-represent-
ed, but not in all cases (Figure 6.5.3). There is a sta-
tistically significant negative correlation between
NISP and VD in macrostratum Il (rs=-0.50, p=0.01)
and Il (rs=-0.45, p=0.02). Results for Macrostratum
| are not presented because sample size is too low to

get reliable statistical results. These results suggest
that density-mediated attrition was not responsible
for the varying frequencies of skeletal parts.
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Skeletal completeness: Foot is under-represented
in all macrostratum and hindquarter in macrostra-
tum Il and Il1. Forefoot is overrepresented in mac-
rostratum |. In general, the deer body representa-
tion in macrostratum Il and Il seems equally
distributed (Figure 6.5.4).

Long bone representation: 162 remains were long
bones (8.47%); the most represented portion was
the distal, followed by proximal, and medial part.
Complete elements were identified in macrostratum
[l and Il (Figure 6.5.5.a). The length of the remains
ranged between 10 and 40 mm (Figure 6.5.5.b).

Head Axial Forequarter Forefoot Hindg uarter Hindfoot Foot

| =il —e—Ill

Figure 6.5. 4. Ratio diagram of skeletal portions using NISP (Number
of ldentified Specimens) of dwarf deer identified at Playa don Bernardo.

Anthropic modifications: Anthropic modifications
were identified on 370 remains (14.79%), and most
of them were fractures (12.11%), cut marks (1.36%)
and burning damage (0.68%) (Table 6.5.2). 112 cut
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Figure 6.5.5.a. %NISP of Long bone portion of dwarf deer identified
at Playa don Bernardo. b. Lenght of the archaeological deer frag-
ments identified at Playa don Bernardo measurements taken in mil-
limeters. NISP-MS [: 78; NISP-MS [1: 888; NISP-MS [1]: 1536.

marks were identified on 34 elements represent-
ing 1.72% of the total sample. Most of them were
found in the Macrostratum Il. These marks are fair-
ly superficial and have 1) straight incisions (77%),



2) superficial scraping (20%) and 3) deeper hack
marks (3%). The position of the cut marks infers 1)
defleshing (26.47%), 2) skinning (14.70%), and 3)
other activities (58.82%). The cut marks identified
are related to the processes of deer preparation
and consumption (i.e., defleshing and skinning);
but the great majority of marks is related to other
activities, such as preparation of artefacts or tools,
taking into account that were found on fragment-
ed long bones and antlers (Martinez-Polanco etal.,
2015; Fig. 1). Cooked meat was consumed to judge
from the patterns of burning discoloration identi-
fied in some elements. 17 (0.68%) elements show
thermal alteration. Ribs were peeled clean with
the teeth, as it was identified on 16 elements with
cortex loss and human tooth marks (0.64 %).

Post-depositional modifications: Post-deposition-
al modifications were identified on 373 remains
(14.91%), and the concretions (10.83%) and man-
ganese stains (1.56%) were the most prevalent
followed by root damage (1.28%) and weathering

Table 6.5. 2. Anthropic modifications identified on deer bones at Pla-

ya don Bernardo.

8.00  66.67

[CutMarks PRIy, L
2.00 16.67 6.00  6.52
0.00  0.00 0.00  0.00
12.00 100.00 92.00 100.00

(0.48%) (Table 6.5.3). It is proposed that all these
changes were related to high humidity (Martin-
ez-Polanco et al., 2015; Fig. 4). Other post-deposi-
tional modifications include rodents: 19 remains
(0.76 %) remains indicate gnawing. They were
identified in Macrostratum Il and Il (Table 6.5.3).

Artefacts: At Playa don Bernardo 10 finished arte-
facts were identified: 3 scrapers; 2 awls; 2 gorges; 1
possible projectile point; 1 flaking tool and 1 unde-
termined element. 70% were made in long bone
and 30% in antler. These elements were made
by a fracture and were then worn by abrasion to
shape and some polishing as well (Table 6.5.4 and
Figure 6.5.6). In all macrostratum artefacts were
identified. The bone fracture patterns identified
at PDB are related to the elaboration of artefacts.
In general, percussion cones predominate (82%),
all of these specimens are considered as craft pro-
duction remains. These in general are produced
by hitting the bone looking to give it a particular
morphology. 9% corresponds to flakes, 7% to neg-
ative cortical flakes and 2% to percussion impacts
(Martinez-Polanco et al., 2015; Fig. 3).

%NR

TOTAL

SAMPLE
303.00 81.89 12.11
22.00 8.27 34.00 9.19 1.36
9.00 3.38 17.00 4.59 0.68
16.00 6.02 16.00 4.32 0.64
266.00 100.00 370.00 100.00 14.79

Table 6.5. 3. Post-depositional modifications identified on deer bones
at Playa don Bernardo.

N
Environmental | Concretions [PX¥i]
modifications | Manganese 1.00 3 45
stains
| Roots |

0.00  0.00 17.00

0.00  0.00 2.00

29.00 100.00 73.00

0.00  0.00 9.00

- r o l rr ] ]
4 00 5 48

%NR

TOTAL

SAMPLE
76.55 10.83
34 00 13 49 39 00 11.02 1.56
23.29 15.00 5.95 32.00 9.04 1.28
2.74 10.00 3.97 12.00 3.39 0.48
100.00 252.00 100.00 354.00 100.00 14.15
0.00 10.00 0.00 19.00 100.00 0.76
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Figure 6.5. 6. Artefacts made on deer long bone and antler identified
at Playa don Bernardo.

Table 6.5. 4. Artefacts made on deer antler and long bone at Playa
don Bernardo.

IIT  Long bone Fracture Abrasion/Polishing Gorges 32.41
IIT  Long bone Fracture Abrasion/Polishing Gorges 37.28
IIT  Long bone Fracture Abrasion Scraper 46.64
IIT  Long bone Fracture Abrasion Scraper 62.92
IIT  Long bone Fracture Abrasion/Polishing  Projectile point 3.33
II Antler Fracture Abrasion ? 61.84
II Antler Fracture flaking tool 51.86
II Antler Fracture Abrasion/Polishing Awl 27.62
I Long bone Fracture Abrasion Scraper 23.7
I Long bone Fracture Abrasion Awl 71.42
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6.5.1.2. Tooth mesowear

he results of mesowear analysis are pre-

sented in Table 6.5.5. The diet of the ancient

dwarf deerin macrostratum lll is inferred to
be closed to today’s Mazama browsers, fruit-brows-
ers or browse-dominated mixed feeders. In mac-
rostratum II, on the other hand, dwarf deer diet
seems to be more similar to today’s grazers or
grass-dominated mixed-feeders (Figure 6.5.7). The
Student’s t-test shows that the difference between
the two macrostratums (t=1.68; p=0.09) is statis-
tically significant (90% confidence level). White-
tailed deer diet on Coiba Island is similar to the ex-
tant browsers or browse-dominated mixed feeders
while white-tailed deer diet on the Florida Keys is
more browser-like (Table 6.5.5). In the case of Maza-
ma species, differences between Mazama from
Central America and South America are observed
(F=4.11; gl=2; p=0.01) (Table 6.5.6). Mazama tema-
ma thatinhabits Central America is a browse-dom-
inated mixed feeder, while Mazama Americana and
Mazama nemorivaga are more fruit-browsers and
mixed feeders (Table 6.5.6).

0 0 (9] 0 0 0 0
EEEEEEEEECCEEEEEEEEEE

Odocoileus virginianus
Coiba Island

Odocoileus virginianus
Florida Keys

Mazama nemorivaga

Mazama temama

Mazama americana

Table 6.5. 5. Summary of mesowear data for the archaeological deer
from Playa don Bernardo (PdB) by macrostratum and extant white-
tailed deer (Odocoileus virginianus) from Coiba Island and Florida
Keys; Amazonian brown brocket deer (Mazama nemorivaga) from
Colombia, Venezuela, British Guiana, Brazil and Peru; Central Ameri-
can red brocket (Mazama temama) from Mexico, Guatemala, Nicara-
gua, Costa Rica and Panama; red brocket (Mazama americana) from
Colombia, Venezuela, Ecuador, Bolivia and Brazil Abbreviations: MS:
Macrostratums; n: sample size; MWS: Mesowear score; M: mean; SD:
Standard deviation; CV: coefficient of variation.

| Mesowear |
[T
20

2.75
1.89
0.68
1.98
1.79
0.9
6 1.66

2.06

1.24
12 1.16
1.58
1.36
2.00
1.73

0.87
0.92
1.51
1.64
1.74
1.58

0.91

65

20

42

55
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Figure 6.5. 7. Box plots of modern ungulates diet based on Fortelius
and Solounias (2000) and Rivals et al. (2013, 2017) and mesowear
results for the archaeological deer from Playa don Bernardo (PdB)
MS-Il'and MS-111.

6.5.1.3 Tooth microwear

he number of scratches and pits is low in the

samples from the two macrostratums (Ta-

ble 6.5.7). The values fall in the lower part of
the 95% confidence ellipse when compared with
modern browsers (Figure 6.5.8). Microwear analy-
sisalsoindicates that PDB deer were typical brows-
ers at the time of death. There is significant differ-
ence in the number of scratches among the two
macrostratums (z =-1,68 p = 0,09) (90% confidence
level) there are no significant differences for the pits
(z=0 p=1) according to the Mann—-Whitney U test.

Table 6.5. 6. Tukey's pairwise comparison between mesowear scores
of extant Mazama: Amazonian brown brocket deer (Mazama nemo-
rivaga) from Colombia, Venezuela, British Guiana, Brazil and Peru;
Central American red brocket (Mazama temama) from Mexico, Gua-
temala, Nicaragua, Costa Rica and Panama; red brocket (Mazama
americana) from Colombia, Venezuela, Ecuador, Bolivia and Brazil.

Table 6.5. 7. Summary of microwear data for the archaeological deer
from Playa don Bernardo (PdB) by macrostratum. Abbreviations: MS:
Macrostratums; n: sample size; NS: Number of scratches; NP: Number
of pits; M: mean; SD: Standard deviation; CV: coefficient of variation.

50

40| Extant
browsers

30

20

Average number of pits (NP)

Extant
grazers

0 20 30 40
Average number of scratches (NS)

Figure 6.5. 8. Bivariate plot of the average number of pits and
scratches for the archaeological deer from Playa don Bernardo
(PdB) MS-Il and MS-III. Error bars correspond to standard error of
the mean (+1 SEM). Ellipses correspond to the Gaussian confidence
ellipses (p = 0.95) on the centroid for the extant leaf browsers and
grazers from Solounias and Semprebon (2002).

Mazama Mazama Mazama
nemorivaga | americana | temama

Mazama nemorlvaga

0.84
3.40
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6.5.1.4. Scratch variability

cratch variability among deer in macrostra-

tum Il is low and the sample falls in Area a

on the heat map, and thus corresponds to
one season or shorter events (Figure 6.5.9). A dif-
ferent situation is observed in macrostratum Il
where scratch variability is higher (both CV and
SD) and the sample falls in Area b of the heat map
and thus corresponds to more-than-one-season
events (Figure 6.5.9).

sD

b 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
cv

Figure 6.5. 9. Heat map of the standard deviation (SD) and coef-
ficient of variation (CV) values (boundary lines of the three regions
with the error probability) and the fossil samples from Playa don
Bernardo (PdB) MS-II and MS-III. a. Seasonal or shorter events; b.
Longer than a season events; c. Separated events (data from Rivals
etal. 2015).

Bone Total Preserved
sample (n)
7 0 7 0

H
Bl

m23 0

6.5.1.5. Stable isotope analysis

e number of samples of collagen and car-
bonate analyzed for this study is presented
in Table 6.5.8. We could not extract collagen

samples due to problems of preservation. Con-
versely, the carbonates are very well preserved.
The results of the carbonate analyses are summa-
rized in Table 6.5.9. 8°C__ . _bone values average
-11.63%o0 in Macrostratum Il and -12.10%o in mac-
rostratum I11. As for tooth enamel, §°C__ . values
average -12.51%eo in macrostratum Il and -12.34%o0
in macrostratum Ill. These results are evidence for
a primarily C; diet in both macrostratums (Figure
6.5.10). We did not find any significant differences
between 6°C___bone values in both macrostra-
tums (z = -1,46; p = 0,14); we did not compute the
testin the case of teeth because the sample size is small.

Table 6.5. 8. Summary of samples of bone, teeth dentine and teeth
enamel for collagen and apatite isotope analysis for the archaeologi-
cal deer from Playa don Bernardo (PdB) by macrostratum.

Preserved
(%)

0

23 0 0
Carbonate

Bone Total Preserved
sample (n)
EANE :

10 33

Preserved
(%)

28
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Table 6.5. 9. Descriptive statistics of deer carbonate values for the archaeological deer from Playa don Bernardo (PdB) by macrostratum.
Abbreviations: MS: Macrostratums; n: sample size; SD: Standard deviation; CV: coefficient of variation.
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-12.10 0.66 -13.21
Enammel | 10 -12.34  0.89 -14.49
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Figure 6.5.10. PDB Deer bone 8°C_,  and 6O values fmm Playa

don Bernardo (PdB) MS-II and MS-III. We plotted one value from
MS-I from data published by Sugiyama et al., (2020). C,plants typ-
ically have 6'3C values between—25 and —29%o; 63C of Cy plants
values typically ranging =12 to —16%o. CAM plant §'3C values range
between Cs and C, plants, with greater overlap with C, values
(O'Leary,1988:Table 2).

6.5.1.6. Geometric morphometrics

n the figure 6.5.11 it is observed that there is a
greater diversity in the sizes of the deer in the
MS-III than in the MS-II. There are not differ-
ences between the two occupations (Figure 6.5.11).

he PC scores of the shape of m3 shows that

along PC1, the two genera are overlapping, but

Mazama plots more towards the right side and
Odocoileus towards the left and along PC2 could be
found different Mazama species (Figure 6.5.12).

Canonical variate analysis (CVA) of the shape of m3

shows three groups that are significantly different.
CV1 separates the two cervid genera, at the right
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Figure 6.5.12. Morphospace for the m3.

side Odocoileus and in the left Mazama and CV2 sep-
arates the 3 Mazama species. The archaeological
population of PDB shows a distinct morphotype,
and therefore population and probably species
(Figure 6.5. 13; Table 6.5.10). In the table 6.5.10 is
evident that Mazama species are similar between
them and PDB populations and Odocoileus virgin-
ianus are different from them. This is also evident
in figure 6.5.14 where wireframe representation
of the m3 shape variation and their corresponding
landmarks is plotted.
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Figure 6.5.11. Box plot log1o m3 crown area of PDB deer arranged
by macrostratums.

Figure 6.5.13 .Canonical variate analysis (CVA) of m3.

Table 6.5.10. Procrustes distance between m3 Playa don Bernardo (PdB) archaeological deer, Mazama Americana, Mazama temama, Mazama
nemorivaga and Odocoileus virginianus configurations (DProcrustes), and a probability p that the observed configurations are less correlated than
permuted configurations (1000 pairwise permutations).

Comparisons e P

Mazama nemorivaga vs Mazama americana 0.03 0.41
Mazama temama vs Mazama americana 0.02 0.80
Mazama temama vs Mazama nemorivaga 0.04 0.08
Mazama nemorivaga vs Odocoileus virginianus 0.05 0.00
Mazama americana vs Odocoileus virginianus 0.04 0.00
Mazama temama vs Odocoileus virginianus 0.04 0.00
Mazama nemorivaga vs Archarological PDB deer 0.05 0.01
Mazama americana vs Archaeological PDB deer 0.04 0.03
Mazama temama vs Arcaheological PDB deer 0.05 0.00
Odocoileus virginianus vs Archaeological PDB deer 0.05 <.0001

12 Table 6.5.12. Cross-validated results of the linear discriminant func-
7 tion for m3 Playa don Bernardo (PdB) archaeological deer (n=30)
using the present-day reference sample.

Clasification-

PdB
archaeological

deer
|  Species = [ n | % |
16.00  53.33

Mazama nemorivaga PDB archaeological deer Mazama temarn_a 8.00 26.67
Mazama temama Odocoileus virginianus Mazama nemor Ivaga 1.00 3.33
Mazama americana Odocoileus virginianus 5.00 16.67

30.00  100.00

chaeological remains were classified as M. americana
mostly (53.33%) followed by M. temama (26.67%).

Figure 6.5.14. Wireframe representation of the m3 shape variation
and their corresponding landmarks.

Table 6.5.11 shows the results of a discriminant func-
tion analysis (DFA). The 60.22% of the original cases
were correctly post-classified and cross-validation  ¢_5.2. Discussion

tests resulted in an accuracy rate of 39.78% correct-

ly post-classified. In table 6.5.12 the results of the 6-5.2.1 Dwarfdeer accumulation purpose
cross-validated linear discriminant function for the
30 archaeological specimens from PDB using the
present-day reference sample are presented. The ar-

he purpose of deer accumulation at Playa
don Bernardo was consumption, however
deer bones and antlers were also used as
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Table 6.5.11. The results of the classification and cross-validation analyses for the discriminant function analysis (DFA) of m3 Playa don
Bernardo (PdB) archaeological deer, Mazama nemorivaga, Mazama americana, Mazama temama and Odocoileus virginianus.

] Predicted group memberships | ]
morivat merican
nemorivaga americana temama virginianus
“-_-_-_-__
15.00  42.86 5.00 16.67 1.00 2.44 3.00 4.00 24.00
8.00  22.86  16.00 53.33 13.00 31.71 7.00 9.33  44.00
3.00 8.57 4.00 13.33 22.00 53.66 9.00 12.00  38.00
9.00  25.71 5.00 16.67 5.00 12.20 56.00 74.67  75.00
35.00 100.00  30.00  100.00 41.00 100.00 75.00  100.00 181.00
Cross 10.00  23.81 7.00 20.59 4.00  9.09 3.00 4.92  24.00
validated 10.00  23.81 6.00 17.65 20.00 45.45 8.00 13.11  44.00
7.00  16.67 9.00 26.47 14.00 31.82 8.00 13.11  38.00
15.00  35.71 12.00 35.29 6.00 13.64 42.00 68.85  75.00
42.00 100.00  34.00  100.00 44.00 100.00 61.00  100.00 181.00

tools. The anatomical representation along the
three macrostrata shows that the whole deer car-
casses were taken to the dwellings. The highest
%MAU values by macrostratum are: femur (mac-
rostratum 1), ribs (macrostratum Il) and mandi-
ble (macrostratum II1). In general, the deer body
representation in macrostratum Il and Ill seems
equally distributed. Only the foot was under-rep-
resented in all macrostratum and hindquarter in
macrostratum Il and Ill. Underrepresentation of
foot remains could be related to the manipulation
of deer skins, usually, these parts remain attached
to the fur. The volume density results suggest that
density-mediated attrition was not responsible for
the varying frequencies of skeletal parts. At Playa
don Bernardo complete elements were recovered
at macrostratum Il and I11.

The presence of cut marks (1.3%), as well as human
tooth marks (0.6%), thermal alterations (0.7%)
and fracture patterns (12%) were reported at Playa
don Bernardo. In this study it was found that the
41% of the cut marks on deer bones are related to
the butchering process. Three types of marks show
skinning (21%), two disarticulation marks (14%) and
nine filleting (64%). A large percentage of the cut
marks (59%) were found on antlers or on long bone
fragments, indicating that deer bones were being
prepared as tools or ornaments, especially in the
case of macrostratum | and 1. It cannot be ruled out
that some of the marks on long bones are related to
filleting of meat, particularly in macrostratum III.
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Taking into account that no mammal predators
have been recorded in archaeological sites on
the Pearl Island archipelago except for small size
facultatively carnivorous opossum, squirrels and
monkeys targeting very small preys. Regular pre-
dation was in charge of snakes. For this reason, no
carnivore tooth marks were identified. The only
mammalian modification was produced by rodent
gnawing. These could be related to the presence of
spiny rats (Proechimys semispinosus and Diplomys la-
bilis) in the recovered archeofaunas (Martinez-Po-
lanco et al., 2015; Pearson et al., 2020).

6.5.2.3. Dwarf deer taxonomy

tis documented that deer morphology chang-

es whenever animals are isolated on islands,

and one of the most common change is a de-
crease in size (van Der Ceer et al., 2006; van der
Geeretal,, 2010; Lyras et al., 2016). The body mass
of extant San José deer is 9.2 kg while PDB deer is
5.8 kg and the average of extant M. nemorivaga, one
of the closest relative morphotypes in South Amer-
ica, is 14-15.5 kg (Rossi et al., 2010; Buckley et al.,
2017; Gallina et al., 2019). In the case of M. Ameri-
cana, body mass is 30-38 kg (Gallina et al., 2019).
The degree of size reduction appears to be related
to the size of the islands (San José = 44 km2 and Pe-
dro Gonzalez = 14 km?2) and also with the separa-
tion times between these two islands (7500-7200
uncalibrated radiocarbon years ago) (Redwood,
2020). Other isolation-induced changes are a ten-



dency towards hypsodont teeth, more massive
limbs, a reduction in the length of the autopodium
relative to the body, and increases in the numbers
of fusions in the foot bones (van der Ceer et al.,
2010). Buckley et al. (2017) documented two cases of
fusion in tarsals at PDB: (1) a right cuboid fused with
the internal cuneiform and (2) a lunar fused with the
right cuneiform (Fig. 10.4). The results suggest that
the yet unnamed species of deer thatinhabited Playa
don Bernardo was morphologically related to South
American deer (Buckley etal., 2017).

Nowadays wild populations of Mazama nemorivaga
are not known from the Darién province in Pana-
ma nor from the Atrato and San Juan watersheds,
which geologically form part of the Isthmus of Pan-
ama. The closest wild populations in Colombia are
found in the Amazonian region in tropical and sub-
tropical broadleaf moist forests between 0-500 m
a.s.l. (Rossi et al., 2010; Gallina et al., 2019). In the
case of Mazama americana, the closest population
are in Colombia, in lowland and montane tropical
and subtropical forests including mature, second-
ary and gallery forest and savannas (Gallina et al.,
2019) in different areas of the country such as the
Caribean, the Pacific, the Andes, the Orinoco and
Amazonian regions. In an altitudinal range be-
tween 0-1000 m a.s.| (Varela et al., 2010) however
in the Sierra Nevada de Santa Marta even up to
4000 ma.s.l. (Albericoetal., 2000).

According to the geographical distribution of
Mazama, M. americana is widely distributed in
Northern South America while M. nemorivaga is
more restricted to the Amazonian region. Taking
into account this information, one possibility that
should not be ruled out is that the deer of the San
José island and PDB belong to another species of
Mazama more related to M. americana. Our results
of the morphometric geometrics analysis point
out that PDB presents a distinctive morphotype
that could be located between M. americana and M.
temama. If we take a look at Mazama diet through
mesowear scores, it is observed that brocket deer
from Central America had different diet to south
American brockets. In such a way that this may be
another mode of showing thattheisland's deerare
more related to those of South America.

The relevance of Playa don Bernardo dwarf deer
raised over the Great American Biotic Interchange,
an event that includes the migration of cervids to
South America. Two scenarios could be plausible, Is
PDB deer a dwarf form of Mazama Americana? Or
Is it a different species? if it is another species how
much time takes the speciation process? Could be
traced to its origin? However, with the data that we
haveright nowis not possible to solve none of these
questions. The best way to know, thisis would be by
conducting genetic studies of current and archaeo-
logical populations, although it is worth mention-
ing that collagen conservation is quite poorin PDB
samples as we previously explained for the isotope
analysis. We hope thatin the near future the devel-
opment of new techniques gives us more insights
about this fascinating dwarf deer story.

6.5.3. Conclusion

uman intervention at PDB included an-

thropogenic burning of vegetative cover,

significant burning and landscape clear-
ance, a novel set of introduced plants and heavy
impacts on terrestrial mammals including insular
extirpation of the dwarf deer between 5700 and
2300 cal yr BP. The diet of the Mazama deer was in-
itially based exclusively on G plants, but human ar-
rival induced changes. At the onset of human occu-
pation represented by Macrostratum I, dwarf deer
diet was more diversified than in later occupations.
In Macrostratum I, diet shifted towards herba-
ceous vegetation with a high proportion of abrasive
plants. Scratch variability evidenced a change in the
durations of the occupations at the site, from a long
occupation in Macrostratum Il to a short seasonal
occupation in Macrostratum Il. A more sporadic hu-
man presence enabled the island terrestrial fauna
to stabilize and even increase slightly. But the dwarf
brocket did not survive on Pedro Gonzalez Island
and disappeared at some moment between 5775-
2300 cal yr BP when a pottery-using wave of immi-
grants arrived and stayed for a long period.
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6.6. Data summary

Imost10000 deer remains, collected with-

in a long sequence of occupation at Parita

Bay and Pearl Island Archipelago, were
analyzed in this thesis. These samples contain 116
individuals; most of them were adults (76.72%);
the sex determination was difficult, none of the
innominate specimens were suitable for sexing,
so the only criterion available was the presence or
absence of antler pedicles. There are very few cra-
nial bones in the collections. The principal purpose
of these accumulations was consumption. In the
assemblages, the meatiest elements are the most
frequent (Table 6.6.1). The volume density results
suggest that density-mediated attrition was not
responsible for the varying frequencies of skeletal
partsin none of the samples (Table 6.6.1). Although
the consumption of the animals was the origin of
the accumulations, each one of them exhibits dif-
ferentiating characteristics, as can be seen in the
results of skeletal completeness and long bone
representation (Table 6.6.1). At Playa don Bernardo
(PDB), deer body representation seems equally
distributed, and only the foot is under-represent-
ed. In the other archaeological sites, such as Cerro
Mangote (AG-1) and Sitio Sierra (AG-3) forefoot
and foot are under-represented (Table 6.6.1). The
axial skeleton is underrepresented at Cerro Juan
Diaz (LS-3) (Table 6.6.1). In terms of long bone rep-
resentation, 26.65% of the Cerro Mangote sample
were long bones, at Cerro Juan Diaz 16.61%, Sitio
Sierra38.47%, and Playa don Bernardo 6.47%.

Figura 6.6. 1. Examples of skulls. a. Cerro Mangote: male; b. Playa
don Bernardo: male; c. Cerro Juan Diaz: female, males.
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Figura 6.6. 2. Examples of cut marks. a. Playa don Bernardo; b. Cerro
Mangote; c. Cerro Juan Diaz; d. Sitio Sierra.



Table 6.6.1. Summary of the zooarchaeological analysis. NISP (Number of Identified Specimens); MNI (Minimal Number of Individuals);
%MAU (Minimal Animal Units); VD (Volume density).

45 0

|_Sex [ Age |
Wﬂﬁw S
2082 14

Zooarchaeological analysis

Skeletal completeness

Femur- insignificant and significant Forefoot and foot under-

humerus negative correlation represented, hindfoot well
represented
EEECUCEOELC L 2502 22 0 6 5 17 Femur-Ribs-  insignificant and significant In general, the deer body
(PDB) Mandible negative correlation representation in
macrostratum II and III seems
equally distributed except for
the foot that is under-
represented
Sitio Sierra 2973 38 22 16 Mandible- Non significant negative Head, forefoot, hind foot, and
(AG-3) femur- correlation foot under-represented
humerus forequarter and hindquarter
over-represented
Cerro Juan Diaz 1517 11 1 7 2 9 Femur-tibia- insignificant negative Axial skeleton under-
(LS-3) mandible correlation represented forequarter over-
represented
9074 116 1 27 29 87

Table 6.6. 2. Summary of the taphonomical analysis: anthropic modifications.

“ Anthropic modifications
| _________Cutmarks _________|

Burning damage Tooth marks

Deer remains show the characteristic
fracture pattern of fresh breakage.
Percussion marks were observed on 160

Cerro Mangote
(AG-1)

percussion cones (n=43;16.73%),
negative cortical flakes (n=17; 6.61%)
and medular flakes (n=43; 16.73%).

Playa don Bernardo
(PDB)

12% of the sample presents anthropic
fractures. Percussion cones (82%) were
the most commons, follow by flakes
(9%), negative cortical flakes (7%) and
percussion marks (2%).

Deer remains show the characteristic
fracture pattern of fresh breakage.

Sitio Sierra
(AG-3)

Cerro Juan Diaz
(LS-3)

63 (4.15%) deer remains in Op-1/1B
show percussion marks, cortical flake
negatives and medular flakes.

Bone fracture patterns

(62.25%) elements. Also identified were:

66 cut marks were identified on 36
elements representing 1.72% of the total thermal alteration. Color
sample. These marks are fairly superficial grades grade 2 and 3 were the
and have 1) straight incisions (69.70%), 2) most frequent.

superficial scraping (25.76%) and 3)
deeper hack marks (4.55%). The position
of the cut marks infers 1) defleshing
(63.41%), 2) skinning (29.27%), and 3)
disarticulation (7.32%).

112 cut marks were identified on 34
elements (1.3%). 77% were fairly deep
straight incisions, 20% superficial scraping
and 3% deeper hack marks.

138 (6.62%) elements show

17 (0.7%) elements presents
thermal alteration.

769 cut marks were identified on 187 285 elements show thermal
elements representing 6.28% of the total alteration representing 9.58%
sample. These marks are characterized as of the sample.

fairly deep and straight incisions (64.23%),
superficial scraping (27.43%) and deeper
hack marks (8.32%). The position of the
cut marks infers defleshing (59.69%),
skinning (31.51%), and disarticulation
(8.78%).

195 cut marks were identified on 45
elements representing 2.96% of the total
sample. Cut marks are notable for being
fairly deep straight incisions (61.53%).
Superficial scraping (36.41%) and deeper
hack marks (2.05%) were also observed.
The position of the cut marks infers
skinning (35.55%) more than other
activities such as defleshing (33.33%) and
disarticulation (17.77%) The remaining
13.33% are cut marks identified on antlers
that could not be assigned to any of the
former activities.

Eighty-four elements show

5.53 % of the sample. The
majority shows double colour
(40.48%) and colour grade 3
(39.29%).

Long bone representation

555 remains were long bones, the

most represented zone was the distal,
followed by the proximal, and lastly

the medial

162 remains were long bones, the

most represented zone was distal

followed by proximal, medial and
whole.

252 remains were long bones; the

most represented zone was the distal,

followed by proximal, whole and
medial

252 remains were long bones; the
most represented zone was the

proximal, follow by distal, medial and

whole

Ribs were peeled clean with the
teeth, as we identified in three
elements with cortex loss (0.14 %).

At MS-III, 16 cases were identified
(0,6%). These are characterized by
cortex loss and cortical lift. Most of
the cases were observed on ribs
and on some long bones.

Two elements (0.32 %) in unit
A2/1-A2/2 show evidence of human
tooth marks: a long bone with
cortex loss, and a rib showing
peeling.

We did not identify human tooth

thermal alteration representing marks in the sample from Op.-1/1B.

The taphonomical analysis evidences that humans
modified directly deer bones in all the archaeo-
logical sites. Fresh breakage was identified in the
four assemblages (Table 6.6.2). Bone marrow was
a resource used in all the sites, but bones were
used also to produce artifacts or tools. The cut
marks identified are related to the processing of
the deer carcasses (Table 6.6.2; Figure 6.6.1). All
the butchering sequence was identified in the four

collections (skinning, defleshing, disarticulation)
(Table 6.6.2). At Cerro Juan Diaz many of the cut
marks present on bones and antlers are clearly re-
lated to non-subsistence activities. Burning dam-
age was observed in the four collections, however
Sitio Sierra was the one with more remains show-
ing this kind of modifications (Table 6.6.2). Direct
consumption of deer meat was observed at Cer-
ro Mangote, Playa don Bernardo, and Sitio Sierra
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where cortex loss and cortical lift were identified on ribs as a product of peeling, at Cerro Juan Diaz hu-
man tooth marks were not identified (Table 6.6.2).

Post-depositional modifications such as manganese stains, concretions, and root damage were frequent
atall archaeological sites. These modifications could be related to the humidity present in the surrounding
environment at the sites (Table 6.6.3). Modifications for the bird of prey or carnivores (even dogs) were not
identified in any of the assemblages analyzed. The only animal modification found was rodent gnawing
and on a few occasions and in major quantity at Cerro Juan Diaz (Table 6.6.3).

Table 6.6. 3. Taphonomical analysis summary: Post-depositional
modifications

Post-depositional modifications
Environmental modifications

Cerro Mangote Post-depositional modifications were identified on 2 remains present rodent
(AG-1) 686 remains (32.94%), the most prevalent being  gnawing (0.09%).

concretions (31.65%) followed by root damage

(0.72%), manganese stains (0.48%).

AEVENCL LR 8 In general, the modifications found are related to 19 remains (0.7%) present

(PDB) the humidity and are present on 14% of the rodents marks.

specimens. 77% corresponds to concretions, 11%

to manganese stains, 9% to the action of the

roots and the remaining 3% to long exposure to

the environment (weathering).

Sitio Sierra Post-depositional modifications were identified in Only eight (0.26 %) remains

(AG-3) 1156 remains (39%), and the concretions indicate gnawing

(18.83%) and manganese stains (17.92%) were

the most prevalent

Cerro Juan Diaz Post-depositional modifications were identified on 21 remains present rodent-
(Ls-3) 92 remains (6.06%): concretions (47.83%), root gnawing (1.38%).

damage (27.17%), and manganese stains

(2.17%) were the most prevalent.
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7. Discussion

7.1. White-tailed deer as an environmen-
tal indicator

n Panama there is evidence of human pertur-

bation of local vegetation that was intensi-

fied after 7000 BP with the advent of swidden
farming (e.g. Piperno, 1984; 2011; Piperno and
Jones, 2003). White-tailed deeris an optimal proxy
to document gradations of landscape alteration in
Neotropical environments. Crops planted in fields
or garden plots increase the white-tailed deer
population because deer prefer second-growth
vegetation, and would thus have benefitted from
the disturbance of primary forest cover for open-
ing garden plots and fields (Smith, 1991; Teer, 1994;
Geist, 2000; Gallina et al., 2010; Cherry et al., 2018).
Anthropogenic diets are reflected in the isotopic
record of the fauna and could be distinguished in
different C4 plants variation in a wide chronological
and also local or regional level. C4 diets in animals
are produced by regular and intentional feed (Sugi-
yamaetal.,2015; Somervilleetal.,2016;2017; Thorn-
tonetal., 2016; Sugiyama and Somerville, 2017).

At the Maya area, many researchers used various
stable isotope signatures (i.e. carbon, nitrogen,
oxygen, and strontium) to study deer populations
(Carr, 1996; Emery et al., 2000; White et al., 2007;
2004; Emery and Thornton, 2008; Thornton, 2011;
Rivera-Araya and Pilaar Birch, 2018; Freiwald et
al., 2019). White et al. (2004) demonstrated that
discrete levels of anthropogenic impact on animal
populations can be distinguished. They performed
anisotopicanalysis of deer from Maya ssites of Lagar-
tero, Tikal and Copan. They separated isotopically
animals with “wild” signatures (almost all GG—nat-
ural diet) from those whose values were consistent
with occasional crop grazing (mixed CG-Cs diet), and
finally from others with predominant Ca signatures
indicating that their diets were purposefully and
abundantly complemented with maize.

Deer isotope distribution at Parita Bay evidences
that the introduction of maize agriculture impact-
ed these landscapes differently, as deer consumed
a mixed G/C, (Sugiyama et al., 2020). In the case
of Cerro Mangote, maize use is documented by the

large number of grinding implements found in the
kitchen midden (some with maize phytoliths in-
crusted on them) is consistent with constant maize
use, and the existence of nearby fields (McGimsey,
1956; Ranere, 1979; Piperno, 2011a). Deer diet at this
site is consisting of Cs resources corroborating the
paleobotanical evidence of large-scale forest burning
and garden hunting strategy (Sugiyama et al., 2020)
and also microwear and mesowear patterns that
suggest a low abrasive diet. By the village agriculture
period, deer diet presents varying fractions of C4 con-
sumption which correspond to occasional or even ha-
bitual garden raiding patterns, as can be seen at Sitio
Sierraand CerroJuan Diaz (Sugiyama etal., 2020).

7.2. White-tailed deer hunting and sea-
sonality at Parita Bay

he microwear analysis evidences a low

scratch and pit variation in the samples

from Cerro Mangote and Cerro Juan Diaz
suggesting that white-tailed deer were more like-
ly to have been hunted at these sites during the
rainy season (May-December) when the deer were
more selective about their diet, and focused on
the young leaves of particular shrub and vine taxa
(Sanchez-Rojas et al., 1997; Bello et al., 2001; 2004;
Arceo etal., 2005). On the other hand, at Sitio Sier-
ra, deer were likely hunted mostly during the dry
season because scratch and pit frequencies have
a higher variability in these samples than in those
from Cerro Mangote and Cerro Juan Diaz. A wide
diversity of available plant species and plant parts
(e.g. fruits, seeds, leaves and woody forage) from
several taxa of shrubs and trees, are conducive to
a more variable white-tailed deer diet during the
dry months (Sanchez-Rojas et al., 1997; Bello et al.,
2001; 2004; Arceo et al., 2005).

The detailed zooarchaeological and taphonomical
study of the white-tailed deer at Sitio Sierra de-
scribes a communal feasting event at which deer
meat was consumed in large quantity. Socially,
holding communal feasts of this nature is more
practical and appealing between late December
and late April as suggested by tooth microwear,
than during the rainy and stormy months. Dry
season is the time of year when the Ngidbe com-
munities of the Pacific side held their stick-throw-
ing competitions — the krun (Ngabere) or balseria
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(Spanish) —which were attended by many people
from dispersed hamlets scattered over the land-
scape, and which offered great prestige to the in-
dividual or kin group that had been able to accrue
sufficient food and fermented maize beverages -
known as do kwaga in Ngabere and chicha fuerte
in Panamanian Spanish) - for feeding a throng of
guests (Young,1976).

In the case of Cerro Mangote, the variability of
white-tailed deer diet -- evidenced by tooth wear
atthe moment they were hunted — points towards
the wet season feeding. This makes sense in a gar-
den hunting scenario because maize and manioc
planted nearby would have been tender and leafy
in the wet season. However at this early stage of
development, of course, maize would not have
yet attained the foliage density and kernel-size of
later varieties maize would have been far less pro-
ductive than varieties used at Panamanian villages
until about 2300 cal yr BP (Galinat, 1980; Cooke,
1984; Norr, 1995; Dickau, 2010; Piperno, 2011b).
Even though the maize planted at Cerro Mangote
favored deer population. The isotope analysis of
Sugiyama et al. (2020) shows a substantial fraction
of the deer diet consisting of C4 resources, support-
ing the results from the microwear analysis. It is
interesting to pointout that even at the early stage of
maize production it produces a clear low abrasive sig-
nal in deer tooth that is observed through microwear
and mesowear analysis.

At Cerro Juan Diaz, seasonality for deer hunting could
not be evidenced from the microwear analysis because
the type of occupation could not be distinguished with
any certitude because its position on the heat map was
not significant and this is not due to the sample size
(n=70). Two alternatives stand out: firstly, Cerro Juan
Diaz represents a village occupied all year round, and
secondly, because we used samples from different ex-
cavation units or “operations,” which could belong to
different occupational events. Taking into account oth-
er evidences such as: several funerary precincts span-
ning at least 1800 calendar years, some of which show
evidence for discrete burial groups with connotations
of kinship relationships and ancestor-worship (Cooke
and Sanchez Herrera, 1997; Cooke et al., 1998; 2000;
Diaz, 1999) the most plausible hypothesis is the long-
term sedentary occupation.
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The microwear and mesowear analysis of these ar-
chaeological sites evidences that deer was hunting
all year; atdry season in Sitio Sierra and at wet sea-
son in Cerro Mangote and Cerro Juan Diaz. Howev-
er, their consumption was related to social events
as in the case of Sitio Sierra where deer probably
was consumed in feastings. Ritual hunt of deer by
Moche society in Peru were celebrated at the be-
ginning of the humid season (Bourget, 2001). Ac-
cording to Bourget (2001), it would have been an
annual ritual for agricultural renewal and fertility.
In the Maya area, at Seibal (Guatemala), Pohl
(1990) suggested deer hunting all year round. Tak-
ing into account that hunting is productive in dry
season when animals tends to congregate near to
water sources but also in wet season during rutting
seasons males join females and fawns, and the
group makes an easy target. The availability of re-
sources such as fruits in wet season and the begin-
ning of the maize cultivation at the end of the dry
season also favors the hunting of deer.

7.3. Insular dwarf deer populations

uman impacts in islands are easier to

observe than on the mainland due to

the fragility of island ecosystems. Any
human group entering a new territory will cause
devastation (Grayson, 2001; Rick et al., 2013). Ar-
chaeological records on islands show that forag-
ers rarely cause extinctions whereas farmers with
a very different relation to the natural world often
have a severe ecological impact. Island agricultur-
alists habitually brought ‘transported landscapes’
along with them, including a suite of domesticat-
ed plants and animals (Takamiya, 2006; Fitzpatrick
and Keegan, 2007; Giovas et al., 2012; Fitzpatrick,
2015; Laffoon et al., 2015; Hofman and Rick, 2018).
In the case of Playa don Bernardo ancient coloniz-
ers brought with them maize (Zea mays) and uni-
dentified root crops.

Maize consumption by deer is documented at
Cerro Mangote, Sitio Sierra and Cerro Juan Diaz.
Taking into account that O. virginianus is attract-
ed to maize fields it is reasonable to propose that
maize was part of their diet (Sanchez, 1995; Cooke
and Sanchez, 2004; Cooke et al., 2007; 2008;
Cooke, 2016). The isotopic analysis performed by
Sugiyama et al. (2020) shows variable patterns of



maize consumption at the Parita Bay archaeolog-
ical sites. At Playa don Bernardo, it was expected
that, if O. virginianus were present there, stable
isotopes and microwear and mesowear analyses
would show this, given the fact that maize phyto-
liths were found at the site. However, our results
do not demonstrate this. The evidence points to a
Playa don Bernardo dwarf deer diet based mainly
on Gs plants and highly abrasive plants.

Mesowear analysis allows the study of the diet of
animalsoveralongperiod of time of theirlife-histo-
ry and reflects their average diet over few months/
years before death (Fortelius and Solounias, 2000;
Rivals et al., 2013; 2017; Amano et al., 2016; Acker-
mans etal., 2020). The mesowear scores for the an-
cient Pearl Island deer point to considerable differ-
ences from the diets of ancient white-tailed deerin
mainland archaeological sites and also from mod-
ern populations living on Coiba Island and the Flor-
ida Keys. Detailed mesowear analyses shows that
the Playa don Bernardo deer changed their diet at
the time humans arrived on the island. Playa don
Bernardo dwarf deer did not immediate shifted its
diet to consume the maize that the new settlers
brought with them, as O. virginianus would have
done. The microwear data of white-tailed deer
from Cerro Mangote, Sitio Sierra and Cerro Juan
Diaz in mainland anthropogenic savannas shows
that the presence of maize in the environment is
reflected on deer teeth even though the stage of
maize's evolution 8000-4500 cal yr BP would not
have been as productive at Cerro Mangote as varie-
ties used at the later villages (Sitio Sierra and Cerro
Juan Diaz) (Martinez-Polanco etal., 2019).

The results show that the dwarf deer preferred to
consume other plants like grasses, which are more
abrasive than maize. Tooth microwear, mesowear
and stable isotopes results show that at the begin-
ning of human occupation 6.3 cal yr BP, the dwarf
deer had a more diversified diet than later during
the preceramic occupation. This also infers that
people exerted an increasing impact on the island
environment by clearing and burning the natu-
ral forest. These activities stimulated herbaceous
cover that the dwarf deer had to eat. The island
archaeological record shows that a similar set of
anthropogenic factors including intensive hunting

led to the extirpation of some animal species on
Pedro Gonzélez including the dwarf deer itself.
Scratch variability in Macrostratum Il suggests an
occupation event that lasted longer than a sea-
son. In Macrostratum |, however, the island pop-
ulation had responded to a seasonal or a shorter
event. These results coincide with the analysis of
the faunal remains of the salvage project conclud-
ed in 2015. The abundance of faunal remains of
2015 field season reveals that dwarf deer bones are
common at the beginning of the occupation. This
situation points towards instant human impact
on this species although not extirpation since, af-
ter a gradual fall-off (levels 36 and 20 -Macrostra-
tum 1ll-) a slight recovery occurred (levels 18-11
—Macrostratum 11-). The second and third most
abundant mammals in the Pedro Gonzalez mid-
den -- agouti and opossum -- show an increase
in frequency after the cervids began to diminish
(Pearson et al., 2020). Pearson et al. (2020) ruled
out two hypotheses: 1. PDB may have been a sea-
sonal encampment periodically abandoned when
groups settled other parts of PG or moved to other
islands in the archipelago during the year; 2. The
declines in the quantity of faunal remains are as-
sociated with an increase in agricultural activities
and a shift in diet. According to the results present
here the more plausible hypothesis is the first one.
This situation evokes the hypothesis that, when
people first arrived on Pedro Gonzalez island, they
quickly exhausted the local resources and then left.
When they returned, the island animal populations
had had time to recover. The dwarf deer were still
hanging on about 5775 cal yr BP by which time the
islanders were consuming more and more coastal
mollusks. Soon after, the Late Preceramic people
left. By the time people returned they had been us-
ing pottery for at least 2000 years. The dwarf deer
had gone from Pedro Gonzalez. The hiatus between
Pre-ceramic and Ceramic occupation could be relat-
ed to theincrease in El Nifio events and it is conceiv-
able that this influenced the site’s abandonment
(Cookeetal., 2016).

Pedro Gonzalez island is located in an area where
annual and multiannual climate variability are
driven by the interaction of the intertropical con-
vergence zone (ITCZ) and the El Nifo Southern
Oscillation (ENSO). During years of strong north-
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to-south winds, upwelling is especially strong
around PG, and sea surface temperatures can drop
to 15° C (Toth et al., 2012). The variation in the d'®°
could be related to El Nifio warm events, La Nina
cool events, and normal conditions (Andrus et al.,
2008). Taking into account that there is a nega-
tive correlation between ®0 and temperature; as
water temperatures rise, '®0 values fall (Grossman
and Ku, 1986). This could be reflected in our data
evidencing that human occupations in both peri-
ods occurred at the two moments (El Nifio and La
Nifia). And if we linked these results to the scratch
variability at Macrostratum Il where it is observed
an occupation pattern longer than a single season,
persistently warm and dry conditions occurred and
it could be observed in the isotope data. This is in
contrast with Macrostratum Il where a seasonal
pattern is observed the distribution of the isotope
data suggest two different moments which could
be one El Nifio and one La Nifa.

At Cerro Mangote hill-top hamlet-dwellers hunted
white-tailed deer throughout the Late Preceramic
occupation. Maize grown near this site would have
been an attractant to deer and would have height-
ened hunting success. However, at this site, hunt-
ers focused on adult deer thus alluding to human
management of deer stocks. Cultural manage-
ment allowed the maintenance of the deer pop-
ulation and its permanence in the area through
time. Management was not put into practice on
Pedro Conzélez Island owing probably to the small
size of the island and the fragility of the dwarf deer
population. This study also illuminates different
strategies to which white-tailed deer could resort
for adapting and responding to human interven-
tion. The white-tailed deer is plastic and adapt-
able, an opportunistic feeder that could respond
quickly to environmental changes by shifting its
diet. On the other hand, Mazama species appear
everywhere to be more sensitive to changes in for-
est cover and clearly also to overhunting. In fact,
the International Union for the Conservation of
Nature (IUCN) considers that habitat destruction
isthe main threat to the Amazonian brown brocket
in South America (Rossi and Duarte, 2016; Gallina
etal.,, 2019a)
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7.4.Cervid accumulations purposes

he Late Preceramic inhabitants of Cerro

Mangote used a single strategy for exploit-

ing and managing white-tailed deer dur-
ing the formation of the red zone and brown zone
occupations. The deer accumulation responds to a
nutritional purpose as can be deduced by: 1. Bone
marrow process evidence; 2. The sequence of car-
cass processing through cut marks analysis (i.e.,
defleshing, skinning, and disarticulation); 3. The
consumption of cooked meat judged from the pat-
terns of burning coloration identified on some ele-
ments; and 4. Presence of the meatiest elements in
the assemblage. The inhabitants of Cerro Mangote
also took advantage of deer skins as can be deduced
from the good representation of the hindfoot.

In the case of Playa don Bernardo, the purpose of
deer accumulation was also consumption. It can
be inferred by 1. The anatomical representation of
deer evidence that the whole deer were taken to
the dwellings and people consumed all the deer; 2.
the cut marks on deer bones are related to the butch-
ering process; 3. The direct consumption of deer meet
was evident for the presence of human tooth marks;
4. The consumption of cooked meat was also re-
vealed by the different patterns of thermal alteration.
However, the ancient inhabitants of Playa don Ber-
nardo also used bone and antlers to prepare tools and
ornaments, especially in the case of Macrostrata | and
Il (Martinez-Polanco et al., 2015a).

The archaeological record of Sabana de Bogota
evidences also the consumption of deer in prece-
ramic sites coeval to Cerro Mangote and Playa don
Bernardo (Pefia and Pinto, 1996; Pefia and Rincon-
Rodriguez, 2020). An example, is Aguazuque (5,025
+ 40 BP [5895-5660 cal BP] to 2,725 + 35 BP [2880-
2760 cal BP]) where is observed ata ca 3000-year oc-
cupation and sustained consumption of deer along
occupation time (Correal, 1990; Martinez-Polanco,
2018). Also at Checua where a human occupation
begins at 9470-8969 cal BP (20), and ended at 5190-
5052 cal BP (20) (Groot, 1992; Archila et al., 2020).

Some authors pointed out that the presence of
deer in the Maya world cannot be related quick-
ly with a feasting or a ritual context but also with
elite or non-elite settlement (Emery, 2007a; Mon-



tero-Lopez, 2009; Manin and Lefévre, 2016). Taking
into account that white-tailed deer is a multi-pur-
pose animal, its importance is related to its sym-
bolic connotations with the concepts of fertility and
regeneration. It is also one of the largest mammals
in the area and its importance as a source of pro-
teins and raw materials makes deer difficult to use
as indication of the type of archaeological context
(Emery, 2007a; Montero-Lopez, 2009; Manin and
Lefévre, 2016). This observation could be also trans-
lated to other parts of Central and South America.

At Sitio Sierra, deer accumulation was related to
consumption however in a non every day meat
consumption context. White-tailed deer meat
was clearly the most important animal food in the
feasts. This can be inferred by the following evi-
dences: 1. deer were brought back to the site where
they were processed in situ; 2. there is a special fo-
cus on body parts with high meat values, such as
femur; 3. Complete and articulated deer remains
represented that implies that the elements were
deposited quickly and for a short time; 4. All the
process of butchering is reflected in the cut marks
analysis; 5. Cooked meat was consumed accord-
ing to the burning coloration patterns identified;
6. The age pattern of hunted deer showed a high
number of juveniles. Their meat could be preferred
over adult deer meat.

During the Maya Late Classic Period at Chinikiha
(Mexico), enormous amounts of deer remains have
been found in what appear to have been massive
feasts (Montero Lopez and Varela Scherrer, 2017).
These authors suggest that the increase in meat
consumption during the Late Classic period, possi-
bly as a consequence of an increase in political inter-
action between sites in the region (Montero Lopez
and Varela Scherrer, 2017). In this site, there are ev-
idences for hindquarters preference which probably
should have played an important role in the ban-
quets (Montero Lopez and Varela Scherrer, 2017).

White-tailed deer remains that were deposited
between 500 and 700 CE in the midden at Cerro
Juan Diaz named Op. 1/1B were placed there partly
for nutritional purposes. This idea receives support
from1.the deposition of bones with high meatval-
ues such as the femur and tibia and 2. cut marks re-

lated to skinning, de-fleshing and disarticulation.
The under-representation of elements belonging
to the deer axial skeleton and the over-representa-
tion of the forequarter suggest that only certain
body parts were brought back to the site where
they were processed.

However, nutrition was not the only goal. Many
of the cut marks in op. 1/1B are clearly related to
non-subsistence activities. The refuse feature in
operation 1/1B at Cerro Jun Diaz clearly represents
the waste of a deer bone and antler workshop. The
choice of materials for the crafting of tools was
predicated upon availability, mechanics, the shape
of the final product and traditional practice. Long
bones (humerus, radius, metacarpal, femur, tib-
ia, and metatarsal) were selected to produce bone
tubes and elements of young adult individuals were
preferred. Non finished deer bone tubes were found
inOp.1/1Bbutwhatwere found are the proximal and
distal portions of bones that had been cut to make
tubes. This workshop appears only to have prepared
tubes fashioned from white-tailed long bones.

White-tailed deer antlers and bones served as raw
materials from which to craft artifacts and orna-
ments throughout their distribution. Forinstances,
in Canada (Gates St-Pierre, 2010; Gates St-Pierre et
al., 2016; Gates St-Pierre et al., 2016), United States
of America (Martin, 1976), Mexico (Pérez Réldan,
2005; Valentin and Pérez Roldan, 2010; Pérez
Roldan, 2013; Blasco Martin et al., 2019), Guatema-
la (Emery and Aoyamab, 2007; Emery, 2008; 2009),
Belize (Boileau and Stanchly, 2020), Panama
(Cooke, 2004b; Cooke and Jiménez-Acosta, 2010),
Colombia (Correal, 1990; Groot, 1992) and Ecuador
(Stahl and Athens, 2002).

Itis feasible that the deer bone and antlerartisans who
worked in Op:1 /1B in Cerro Juan Diaz belong to the
same social group of specialists and the knowledge of
bone and antler making techniques passed from one
generation to another. Another support for the hypoth-
esis of a specialization in the bone industry is related
to the fact that all the evidence of manufacturing was
found in the same place Cerro Juan Diaz (southwest of
the settlement), both the shell workshop (Op. 8) and
the deer bone antler workshop (Op.1/1B).
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However, this is not the case for example, in the
Iroquoian sites of Mailhot-Curran and McDonald
where there are no concentration of remains that
could be associated with bone workshops. In these
sites manufacturing debris are equally distributed
in each family space of the longhouses. That im-
plies that the existence of the sharing of technical
knowledge about bone tool production between
families and also between households. It is possi-
ble that anyone in the household was able to make
bone objects (Gates St-Pierre et al. 2016; Gates St-
Pierre, Boisvert, and Chapdelaine 2016). At La Mon-
tesita site (Aguascalientes, Mexico), that dating
back approximately to the Epiclassic period (600-
900 AD), a specialized area devoted to the bone
and antler work was identified. According to the
authors, this area reflects an ideal working space,
with access to light, comfortable space, tools, and
raw materials (Blasco Martin et al. 2019). The Clas-
sic Maya site of Aguateca (Guatemala) shows an
interesting pattern of bone crafting production.
In this site, there is evidence that all the members
of Maya nobility were also artisans, and they pro-
duced bone artifacts. This site also describes that
certain parts of the bone crafting process were
carried out in certain households and in separate
areas of each structure. The zooarchaeological evi-
dence found in this site pointed out that the Maya
women are directly involved in crafting activities,
particularly in those related to food and textile ar-
eas (Emery and Aoyamab 2007). In these archae-
ological sites, deer bone workshops respond to a
particular social and economic organization and
in some cases also it could be linked to a symbolic
and ritual world.

Although it is true that all the deer remains found
in these archaeological sites are related to food, it
isimportant to note that other uses of the by-prod-
ucts could also be inferred, such as the use of
skins (Cerro Mangote), and the elaboration of or-
naments or artifacts in bone or antlers (Playa don
Bernardo and Cerro Juan Diaz).

7.5. White-tailed deer management

ultivation of crops near the settlement at
Cerro Mangote would have favored deer
population density, taking into account that
deer prefer second-growth vegetation enabled by
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the anthropogenic disturbance of primary forest
cover by the expansion of agricultural fields (cf.
Smith,1991; Gallinaetal., 2010; Cherryetal., 2018).
Animals that approached the crops were targeted
in the manner of garden hunting described by Lin-
ares (1976). At Cerro Mangote, such a hunting strat-
egy in which no fawns or young were killed thus
ensured that these animals reached adulthood
and reproduced, guaranteeing a stable and long-
term top-rank meat supply. The proximity of Albi-
nas -a large salt flats- would have facilitated the
storage of dried and salted carcasses.

In the case of Sitio Sierra, the slightly higher num-
ber of young individuals may suggest that people
took fawns, and fed them before the feastings.
Deer isotope analysis evidences an elevated

613Cbioapame. Sugiyama et al. (2020) proposed that
the deer diet was constituted by a mixed pattern of
garden browsing complemented with purposeful

feeding by villagers.

The early sixteenth century CE chroniclers, Pascual
de Andagoya [1514] and Gaspar de Espinosa [1517]
observed that hunting deer and other mammals
was forbidden in chief Parita’s territory — located to
the south of Sitio Sierra -- but not in neighbouring
territories (Andagoya, 1994; Espinosa, 1994). The
most logical explanation for the Spaniards’ obser-
vations is that they came across a temporary pro-
scription in forcé in this particular territory, which
was not being enforced at that time in other chief-
doms. But there are other reasons, Cooke and Ra-
nere (1992) suggested a deer proscription along to-
temic lines (i.e. for a high-ranked deer clan). Such
is the ubiquity of animal images on the art objects
of Greater Coclé, that some form of totemism prob-
ably played an important role in human-animal
relations. That is reflected at Cerro Juan Diaz were
bone of deer was used to produce wealth items
that could be employed for a special part of the
society and in non-quotidian context, complete
and finished elements were found in burials and
associated with high ranked people. The use of
this management strategy was successful and it is
demonstrated by the fact that large white-tailed
deer populations survived in the wooded savan-
nas of central Pacific Panama until the Spanish
conquest. White-tailed deer populations held on



during the Republica eras (1821-2020) until recent-
ly when motorized hunting with powerful firearms
led to a dramatic crash. But today, these deer are
increasingly being penned up for provisioning res-
taurants and wealthy homes.

The archaeological record of the Maya World (Gua-
temala, Honduras, Belize, and Mexico) evidences
nearly 4000 years of continuous exploitation of
faunal resources in particular white-tailed deer.
Nevertheless, hunting, forest clearance and land-
scape modifications there is no evidence of extinc-
tions or local extirpation of any species as in other
parts of the world (Emery, 2007b).

Emery (2007b) performed a long term study of the
proportions of large mammals, in particular white-
tailed deer in the Maya area. The aim of this study
was to evaluate resource depression caused by
hunting pressure. It is expected that the reduction
in hunting efficiency increase the presence of small
species. The result of this study evidences complex
temporal changes. There is an increase in hunting
efficiency between the Preclassic and Early classic for
large game, and an increase between the Preclassic
and Late Classic for white-tailed deer. Then it is ob-
served a dramatic decline between the Late Classic
and the Terminal/Postclassic periods, and increases
again for the Colonial period (Emery, 2007b).

Emery (2007b) signals that the replacement of
high forests with scrub forests, savannahs, and
grasslands during the Classic period has impor-
tant implications for the availability of deer. Deer
was proportionally more frequent in Late Classic
— the period characterized by the largest human
population, greatest political activity and highest
proportion of elites in the population, largest extent
of forest clearance, and greatest climatic stability-
assemblages than in Terminal Classic/Postclassic
assemblages. Hunters in these periods responded
to resource depression by exploiting more diverse
and smaller game (Emery, 2007b). The presence of
white-tailed deer in Late classic period reflects a so-
cial management of this species, for example: pro-
tected forest reserves, trade from distant resource
areas and/or management of captive deer herds to
ensure continued availability (Emery, 2007b).

An indirect practice for managing a wild animal
population is simultaneously to manage its food
sources (Ojasti, 2000). In the Neotropics, Linares
(1976) proposed the concept of “garden hunting”,
which refers to the hunting and consumption of
animals that are attracted to plants that grow
in gardens. This kind of practice is evidenced in
Maya lownlands sites such as Chichén Itza, Dzibil-
chaltin, and Sih6 (México) throughout the Classic
and Postclassic (Gotz, 2014) and Seibal, Altar de
Sacrificios, Tikal, Macanche and Flores (Guatema-
[a) (Pohl, 1990).

The archaeological record evidence the avoidance
of killing fawns. Only for special occasion younger
deerwere hunted. If the killing did at a time when
they are raising fawns. It implies that fawns could
not survive unless the hunters could locate them
and bring them home as pets (Carr, 1996). Later
the women took the deer to designated places in
the forest where they kept them (Pohl, 1990). This
could be the beginning of deer herds. However at
Mayapan (Mexico), it is suggested that the pres-
ence of infra-structural features are suitable for
game confinement, in the form of pens and cor-
rals that are located adjacent to domestic house-
lot walls (Masson and Peraza Lope, 2008). In this
site the exceptionally high proportion of older
subadult white-tailed deer causes the authors to
infer that deer were raised and probably bred in
captivity. Alternatively, a sophisticated form of for-
est game management was in place (Masson and
Peraza Lope, 2008). The authors proposed that
deer-raising or management was a major produc-
tion industry for the site, and deer provided a sta-
ple food source for the city’s residents and surplus
meat and bone products for exchange (Masson
and Peraza Lope, 2008).

Another way to manage deer in Maya times was
the restriction of their consumption. For example,
the consumption of meat, specifically white-tailed
deer, was controlled by the Chinikiha (México)
Late Classic elite, who used the preparation and
consumption of banquets as a mechanism of so-
cial control towards the lower classes, but also as
a means of displaying their power (Montero Lépez
and Varela Scherrer, 2017). According to the au-
thors the increase in meat consumption during
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the Late Classic period was a consequence of an in-
crease in political interaction between sites in the
region (Montero L6pez and Varela Scherrer, 2017).

Nowadays, white-tailed deer is the most appreci-
ated species for subsistence hunters and is the sub-
jectof several cultural traditions among the Mayan
hunters (Reyna-Hurtado and Sanchez-Pinzén,
2019). The current Maya from Yucatec and Campe-
che obtain most of the fauna prey in the gardens
and in the horticultural fields adjacent to the set-
tlements, as well as in the patches of secondary
vegetation that are formed as a result of the rotat-
ing system of slash, grave and burn (Barrera-Bas-
sols and Toledo, 2005; Retana-Guiascén and Padil-
la Paz, 2018).

In the archaeological record of the Sabana de Bo-
gota, Colombia, at a ca 3000-year occupation at
Aguazuque (5025 + 40 BP [5895-5660 cal BP] to
2725 + 35 BP [2880-2760 cal BP] an intensification
of venison consumption was observed in the last
two occupation periods, compared to the older
period (Martinez-Polanco, 2011). However, the
hunting of the white-tailed deer in Aguazuque
was apparently sustainable, because no evidence
was found that indicated changes in the propor-
tion of ages or a reduction in the size of individuals
over time (Martinez-Polanco, 2011); these results
suggest that people managed white tailed-deer
hunting by targeting adult animals of both sexes
(Martinez-Polanco et al., 2015b). Ancient settlers
of Aguazuque also chose mixed subsistence strat-
egies, where vegetables played an important role,
as well as the presence of smaller animals such as
guinea pigs (Martinez-Polanco et al., 2020).

Three agro-pottery and pre-Hispanic periods for
the Sabana de Bogota has been describe: Herrera
(400 BC—200AD), Early Muisca (200 AD-1000 AD),
and Late Muisca (1ooo AD-1600 AD) (Gonzélez,
2017). In the agro-pottery periods at Sabana de
Bogot4, increased consumption of venison was ex-
pected. However, the zooarchaeological evidence
of Herrera and Muisca sites at the Sabana de Bo-
gota does not show a high number of individuals
being hunted. For example, in the Las Delicias
site (1180+70 DC and 1010+60 DC), 548 remains
were identified to be of the Odocoileus and Maza-
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ma species and represented by 14 individuals. Of
these, 59.5% were adults and 40.5% were juve-
niles (Enciso, 1996). Another case in the San Carlos
site showed the frequencies O. virginianus corre-
sponded to Herrera (MNI: 4; two juveniles and two
adults) and Late Muisca (MNI: 7; three juveniles
and fouradults) (Rincon-Rodriguez, 2020). Howev-
er, thisis not at trend, at the Nueva Esperanza site,
a detailed studied of deer age shows high num-
bers of deer hunted: at Herrera period: Infantile
MNI=4; juvenile MNI=4; adult=37; at Early Muisca:
Infantile MNI=11; juvenile MNI=16; adult=74 and
at Late Muisca: Infantile MNI=4; juvenile MNI=9;
adult=39. In this site there are differences between
the Early Muisca period and the Late Muisca and
Herrera periods. However, in all periods the adult
category contained higher frequencies, which is
an indicator of sustainable management of the re-
sources available in the area (Castro etal., 2020).

Later, in colonial times, the chroniclers make refer-
ence to the abundance of this species in the area
(Simon, 1981[1625]; Fernandez de Piedrahita, 1987
[1688]). According to the chroniclers, the Muisca
caciques had undeniable privileges: their posi-
tion was hereditary, passed down from uncle to
nephew through the mother; according to some
authors, they were the only people who could eat
venison (Castellanos, 1955); and they could also
determine what everyone else ate, especially meat
(Friede, 1976). For this reason, the consumption of
venison was seen by a local archaeologist as an in-
dication of higher rank in Muisca society (Boada,
2007). However, the zooarchaeological studies of
the Muisca period not cover this aspect. Except,
Boada (2007) who studied the deer patterns of
spatial distribution. She found that settlement hi-
erarchies were related to the consumption and to
the access to the best parts of deer. The distribution
of venison during the Late Herrera period indicat-
ed a pattern of sharing venison in which the best
parts were exclusively delivered to a certain place
in the settlement. This pattern is stronger in later
periods, and this residential unit is the only ward
that exhibits the best-quality cuts, while the rest
of the wards only had cuts with poor meat content.
Control over consumption of meat played a more
important role in social hierarchy during the Ear-
ly Muisca and Late Muisca periods (Boada, 2007).



Determining who can eat an animal and when this
can happen is a conservation strategy that allows
sustainable exploitation of a resource over time
(Sinclair et al., 2006) and it was the strategy used
by Muisca elite according to Boada (2007).

Nowadays, white-tailed deer is locally extinct in
the Sabana de Bogotd area (Martinez-Polanco,
2008). The main causes that affect and threaten
wild populations of deer are fragmentation, de-
struction and habitat degradation; interaction
with domestic species and overexploitation de-
rived from the indiscriminated use of rural com-
munities and hunting (L6pez Arévalo et al., 2020).

The white-tailed deer is considered to be of Least
Concern according to The IUCN (International Un-
ion for Conservation of Nature) Red List of Threat-
ened Species. This publication adduces that the
present-day status of this species is stable in light
of its adaptability. This view is based primarily
on the fact that this species increased considera-
bly in North America during the last century. On
the other hand, white-tailed deer populations in
Central America and northern South America are
small and in decline (Gallina and Lépez Arévalo,
2016). The interaction process between communi-
ties and deer population varies between regions.
In the case of Mexico, the subspecies O. v. texanus
has been introduced outside its distribution area
because it is greatly appreciated as a trophy. How-
ever, this action put in risk the genetic diversity of
the other subspecies (Gallinaetal., 2019b). The sit-
uation in Panama is different because today white-
tailed deer population are still preserved even in
urban areas. However, population studies will be
needed in order to propose conservation strate-
gies. In the case of Colombia, the species presents
different conservation status according to their
distribution along the country. Lépez-Arévalo and
Gonzalez-Hernandez (2006) suggested different
threatened categories according to the subspecies
of CR (Critically Endangered) for O. v. tropicalis, DD
(Deficient Data) for subspecies O. v. goudotti and O.
v. ustus, and LC (Least Concern) for O .v. apurensis.
The population of white-tailed deer is related to
protected areas (10% of the country) and the ma-
jor challenges in the protection of this species are
the populations outside this areas because of the

ongoing transformation of these landscapes (Mon-
tenegroetal., 2019).

The data provided by the archaeological record
could be used as predictors for modeling the ef-
fects of modern activities and their impact in
white-tailed deer populations. By studding the re-
lationships between ancient human populations
and their environment as result of direct exploita-
tion and modification of forest could provide ele-
ments that conservationist and managers could
employed to plane conservation strategies.

7.6. White-tailed deer hunting as a subsis-
tence strategy at Parita Bay: Much more
than meatalone

n central Pacific Panama, white-tailed deer

were hunted during the Preceramic agricultur-

al period (8000-4500 BP), and the subsequent
Early Ceramic agricultural period (4500-2500 BP)
(Cooke et al., 2008). During this long time peri-
od, exogenous plant domesticates such as maize
(Zea mays), manioc (Manihot esculenta) and squash
(Cucurbita moschata) entered Greater Coclé sub-
sistence systems from Central America and South
America (Piperno, 2011b). Subsistence activities
and their relative importance varied greatly across
a landscape full of multiple ecological niches
(Piperno, 2011a).

The white-tailed deer was dietarily and culturally
by far the most important mammal at Late Prece-
ramic Cerro Mangote between ca 7900 and 4600
BP This is predictable since disturbance of prima-
ry dry forest cover by the expansion of agricultural
fields and their crops is well known to have been
beneficial to white-tailed deer populations. They
continued to consume the same kinds of fish as
well, and the fact that they took quite large fish 50
meters up to the hill top makes it likely that their
dwellings were there (Cooke and Ranere, 1999).
The fact that the manner of deer exploitation fol-
lowed the same pattern in the two occupations
identified at the site (one less intense [red zone],
and the other more intense [brown zone]) indi-
cates that a social group with the same traditions
occupied the site throughout the Late Preceramic.
The Greater Coclé semiotic system cannot be iden-
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tified objectively until bi- and tri-chrome pottery
began to be manufactured between about 2500
and 1700 BP (Cooke, 2011). During and after this
time period, settlements on the Pacific watershed
nucleated, and clustered mostly along major riv-
ers with intervals between them averaging about
2 km in the lower and flatter reaches of the rivers
(Cooke, 1979; Isaza Aizpurua, 2007; Cooke et al.,
2013). The thousands of painted and modeled clay
vessels that were unearthed from Sitio Conte and
El Cano, have allowed anthropological interpre-
tations of the zoomorphic images of the Greater
Coclé Semiotic Tradition, which includes abstract
representations of the white-tailed deer (Cooke
etal., 2008). Whether complete animals or synec-
doches —i.e. fragments that symbolize the whole
animal --, images clearly depict branched antlers,
and thus exclude brocket deer (Mazama sp.) taxa as
models (Cooke et al., 2008: Figure 6-6 a-e). Cooke
and Ranere (1992:285) argued that many Greater
Coclé images that combine anthropomorphic and
animal elements may represent mythical figures
(i.e., cultural heroes or cosmological actors), and/or
corporate group eponyms, whose symbolism could
only be understood by members of the social unit.
Shamanic transformation involving the most feared
animals (sharks, crocodiles and jaguars) is likely also
to be involved (Labbe, 1995; Cooke, 2004a).

At Sitio Sierra several characteristics of feasting
according to the literature were identified (Mas-
son, 1999; DeBoer, 2001; Dietler and Hayden, 2001;
Hayden, 2001; Vega-Centeno Sara-Lafosse, 2007;
Twiss, 2008; Montero-Lopez, 2009; 2012; Montero
Lépez and Varela Scherrer, 2017) such as: 1. large
quantities of vessels used for preparingand serving
food, which include unusual types, sizes, quality or
materials, 2. high frequency of carcass-processing,
3. high frequency of young animals, 4. low fre-
quency of post-depositional modifications, and 5.
wanton discard of edible material (i.e. articulated
joints, and unprocessed bone). Offering roast deer
meat in a feast — an animal with restricted access
because of its polysemicritual significance —would
have been an honor for the guests, and proof of the
provider’s status in an essentially a low status vil-
lage. The cut marks are located at identical posi-
tions on several elements that could be explained
for the similar anatomy of the deer and the sharing
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of traditional practices through generations. Adult
males of Sitio Sierra and its social environs could
perhaps only huntand gorge themselves on deer af-
ter a prior ritual preparation: deer hunting was me-
diated by ritual activities linked to special occasions.

It is not straightforward to interpret the hypothet-
ical feasts, and feasible explanations are multi-
ple, i.e., ancestor worship (bearing in mind the
presence at Sitio Sierra of two cemeteries), rites
of passage like the modern Guna chicherias, cele-
brations of cultural awareness and group oral his-
tory -- similar to the Ngébe balseria—, and political
gatherings designed to enhance the reputation of
the provider. In the last case, the providers at Sitio
Sierra did not reward the invitees with sumptuous
goods as in the potlaches of the American north-
west or, one assumes, at feasts at high status Sitio
Conte and El Cano. Speculating, perhaps the feast
represented by context A2-1-1/A2-1-2 was of the
“minimally distinctive” kind (Hayden, 2001) -- a
small-scale household and moderate-sized line-
age solidarity feast, which took place inand around
the cane and palm thatch residence. Another pos-
sibility is an end-of-fast feast in honor of males
who were forbidden deer meat for diverse reasons,
and when the taboo was over, gorged themselves
on deer meat from storage houses (Cooke and Ra-
nere,1989;1992b).

The intensification of elite-sponsored artisanal
production is one of the markers of political de-
velopment because through the production, exhi-
bition, and distribution of wealth, leaders define
their own social states and those of others, thus
defining the rights and obligations through the
use of articles of wealth Johnson and Earle, 2000).
Specialized production of luxury goods is related to
the intervention of the elite in order to legitimize
their hegemony (Johnson and Earle, 2000). Cooke
(2004b) and Cooke and Ranere (1992) pointed out
that ‘Gran Coclé’ society may have been organized
into ranked and named clans, which would have
used animal and plant identifiers. Probably, gene-
alogy and ancestry were determinants of rank and
the chiefs come only from certain social groups. It
is possible that the same pattern occurs in crafters,
thatartisans belong to a determinate social group.
(Cooke and Jiménez-Acosta (2010) signaled that



the great number of carved bone artifacts in grave
32 at Sitio Conte (i.e. the carved vertebrae, the bone
box, and spear-thrower guards) exhibit unusu-
al crafting skills. In this grave, three adult males
were found. These findings evidence that proba-
bly these individuals belonged to a lineage of spe-
cialist bone carvers. The evidence found at Cerro
Juan Diaz strongly suggest a specialization, where
wealth items made on deer bone and antler were
produced. Knowledge of bone industry techniques
and methods may have been passed down from gen-
eration to generation within a family nucleus. Follow-
ing the model proposed the social status of the crafts-
man was inherited; the birth within a certain family
group and their condition determined the trade and
status of the new members of the group.

The zooarchaeological record of Parita Bay evi-
dences that human groups did not rely exclusively
upon white-tailed deer, they had a broad-spec-
trum diet, composed mostly by fish and reptiles
(i.e. Cooke and Ranere, 1989; 1992a; Cooke, 1992;
Jiménez-Acosta, 1999; Cooke et al., 2007; 2013;
Cooke and Jiménez-Acosta, 2008). The deer con-
sumption of C, products increased through time
however it seems that represented a supplement
in their diets (Sugiyama et al. 2020). The study of
white-tailed deer in the archaeological record of
thisareadid notevidence anintensification in deer
hunting, the presence of deer is constant along the
human occupation sequence at Parita Bay. With
the passage of time it is observed that the role of
the deer changes and appears not only associat-
ed with dietary contexts but also in others such as
artisans workshops. The role of white-tailed deer
was an important element in Great Coclé culture
and before too.
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8. Conclusions and outlook

icrowear and mesowear analyses al-

lowed to address the issue of the times

of the year when deer hunting was prac-
ticed at three sites bordering Parita Bay in the
strongly seasonal dry crescent of Pacific Panama:
Cerro Mangote, CerroJuan Diaz, and Sitio Sierra. At
two sites located in two different watersheds with
markedly different calibrated radiocarbon ages,
and very different population sizes -- Cerro Man-
gote and Cerro Juan Diaz --, the tooth wear data
infer that the ubiquitous white-tailed deer were
likely hunted mostly during the wet season (May to
November). On the contrary, results from Sitio Si-
errashow that white-tailed deer were hunted pref-
erentially during the early dry season (December
to April) when productive varieties of maize would
have been nearing collection or already harvested,
and rapidly consumed during seasonal festivities
evinced by our taphonomic studies.

‘Human intervention at Playa don Bernardo in-
cluded anthropogenic burning of vegetative cov-
er, significant burning and landscape clearance, a
novel set of introduced plants and heavy impacts
on terrestrial mammals including insular extir-
pation of the dwarf deer between 5700 and 2300
cal yr BP. The diet of the Mazama deer was initially
based exclusively on Cs plants, but human arrival
induced changes. At the onset of human occupa-
tion represented by Macrostratum Ill, dwarf deer
diet was more diversified than in later occupa-
tions. A more sporadic human presence enabled
the island terrestrial fauna to stabilize and even
increase slightly. But the dwarf brocket did not
survive on Pedro Gonzalez Island and disappeared
when a pottery-using wave of immigrants arrived
they didn't find any deer on the island.

The white-tailed deer was dietarily and culturally
by far the most important mammal at Late Prece-
ramic Cerro Mangote between ca 7900 and 4600
BP This is predictable since disturbance of prima-
ry dry forest cover by the expansion of agricultural
fields and their crops is well known to have been
beneficial to white-tailed deer populations. The
fact that the manner of deer exploitation followed
the same pattern in the two occupations identi-
fied at the site (one less intense [red zone], and the
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other more intense [brown zone]) indicates that a
social group with the same traditions occupied the
site throughout the Late Preceramic. This is not at
all surprising in a region where multiple lines of evi-
dence have stressed strong population and cultural
continuity since the early Holocene or even earlier.

By studying, the deer sample from Sitio Sierra
in conjunction with the evidences of the ceramic
and the cooking, it can be concluded that ritual
activities mediated the feasts that are inferred
by the zooarchaeological, taphonomical and ar-
chaeological evidence at Sitio Sierra. White-tailed
deer meat was clearly the most important animal
food in the feasts which likely served guests large
quantities of fermented maize chicha. This special
menu contrasts with the everyday meals at Sitio Si-
erra whose remains were widely scattered around
houses, and comprised foods such as marine and
river fish, iguanas, and small turtles. Offering roast
deer meat in a feast would have been an honor for
the guests, and proof of the provider’s status in an
essentially a low status village.

*The refuse feature in Operation 1/1B at Cerro Juan
Diaz clearly represents the waste of a deer bone and
antler workshop. In this operation, the excavation did
not recovered the kinds of final products that were
used at the elite graveyards such as Sitio Conte. This
workshop appears only to have prepared tubes fash-
ioned from white-tailed long bones. Knowledge of
bone industry techniques and methods may have
been passed down within families from generation
to generation. Following the model proposed, the
social status of the craftsman was inherited; the birth
within a certain family group determined the status
of the new members of the group.

*Detailed taphonomic evidences demonstrated that
the Cerro Mangote hunters were managing deer popu-
lations in a more positive way (by preferentially culling
adults) than in later ceramic-using periods when larger
regional populations and more densely occupied villag-
es likely exerted growing pressure on the environment,
making earlier adult-focused conservationist strategies
more difficult to maintain. Besides in these villages an-
other kind of management came to the fore: the control
of access to deer hunting by certain privileged persons of
the community and at certain moments of t he year.



*The study of deer bone and antler permits an un-
derstanding of different human behaviors related to
social and economic organization but also it could
be linked to a symbolic and ritual world. The white-
tailed deer was an animal with restricted access be-
cause of its polysemic ritual significance at Parita Bay
in particular within Greater Coclé semiotic system.

*The zooarchaeological record of Parita Bay evidenc-
es that human groups did not rely upon white-tailed
deer, they had a broad-spectrum diet. The study of
white-tailed deer in the archaeological record of this
area did not evidence an intensification in deer hunt-
ing, the presence of deer is constantalong the human
occupation sequence and even modern times.

One of the major contributions of this thesis is that
through the study of a single species (Odocoileus vir-
ginianus in the mainland and Mazama sp. in the is-
land) many aspects of ancient societies of Panama
can be understood. For example, through the study
of animal diets it was possible to infer environmental
aspects related to human occupations and the intro-
duction of swidden farming and garden hunting as
consequence. Through the analysis of deer remains
aspects related to social organization and even sym-
bolicaspects important for these human populations
were evidenced.

The long term study of one species also allows un-
derstand the different ways in which humans in-
teracted with this species and whether they used
or not wildlife management strategies. In the case
of white-tailed deer they have been successful to
the extent that the species survives today even in
Panama City. In the case of dwarf deer, the impact
of human hunting but not less important the im-
pact in the island environment led to the extinc-
tion of the species on the islands.

At a methodological level, several aspects should
be mentioned: 1. A multiproxy approach allowed
the interaction between proxies and the better
understanding of the same problematic from
different scales of analysis; 2. In the case of the
zooarchaeological and taphonomical analysis a
standardization of the method allowed a compari-
son between sites; 3. The inclusion of cutting edge
techniques such as microwear, mesowear, isotope

stable analysis and geometric morphometrics.

While it is true, that individual articles are present-
ed this thesis, it was tried to maintain a unity and to
answer the research questions planed at the begin-
ning of the volume. At the same time, it is expected
that the reading of this thesis has been fluid.

Despite all the work done for this PhD thesis, this is
only the tip of the iceberg of a number of research
possibilities, below | present some of them and hope
thatin the near future | will be able to carry them out.

«Zooarchaeology & Taphonomy: It would be inter-
esting to study other contexts at Cerro Juan Diazin
order to evaluate differences between them and
also between time periods. Other interesting point
will be the study of the bone industry of Cerro
Mangote. And in both cases the use wear analysis
to better know the deer bone industry and their man-
ufacture process.

‘Mesowear & Microwear: | had the opportunity to visit
the mammal collection of the American Museum of
Natural History in New York (A MNH), Smithsonian
National Museum of Natural History in Washington
D.C. (NMNH) and Instituto de Investigacion de Recur-
sos Bioldgicos Alexander von Humboldtin Villade Lei-
va, Colombia (IAvHM). In these collections | made cast
of cervids of the study area (a total of 300 samples cast-
ed). The next step will be to analyze all these samples
in order to study the dietary ecology of these species.

‘Isotope analysis: | already sampled deer teeth and
bones from Cerro Juan Diaz, Cerro Mangote and Sitio
Sierra. The next step will be to analyze these data and
to publish them.

‘Geometric morphometrics: It would be interest-
ing to extend this type of analysis to other bones in
order to better understand the changes in size and
shape that the dwarf deer suffered on the island.
‘The Playa don Bernardo chapter will be formatted
in a paper to publish these results.

Although it seems that the work has been com-
pleted, the truth is that several lines of work have
been started that have great potential and that in
the near future may be extended to other species,
other chronologies and geographical areas.

155



156



References

A

Ackermans, N.L., Martin, L.F,, Codron, D., Hummel,
)., Kircher, PR., Richter, H., Kaiser, T.M., Clauss, M.,
Hatt, J.M., 2020. Mesowear represents a lifetime
signal in sheep (Ovis aries) within a long-term feed-
ing experiment. Palaeogeography, Palaeoclima-
tology, Palaeoecology 553, 109793. doi:10.1016/j.
palae0.2020.109793

Adams, D.C., Otarola-Castillo, E., 2013. Geomorph:
An R package for the collection and analysis of ge-
ometric morphometric shape data. Methods in
Ecology and Evolution 4,393—399. d0i:10.1111/2041-
210X.12035

Alberico, M., Cadena, A., Hernandez-Camacho, J.,
Muhoz-Saba, Y., Clave, P, Chequeo, L. De, 2000.
Mammals (Synapsida: Theria) of Colombia [in
Spanish]. Biota Colombiana 1, 43—7s.

Allitt, S., Stewart, R.M., Messner, T., 2008. The util-
ity of dog bone (Canis familiaris) in stable isotope
studies for investigating the presence of prehis-
toric maize (Zea mays ssp. mays): A preliminary
study. North American Archaeologist 29, 343—367.
doi:10.2190/NA.29.3-4.h

Amano, N., Rivals, F, Moigne, A.M,, Ingicco, T,
Sémah, F, Simanjuntak, T., 2016. Paleoenviron-
ment in East Java during the last 25,000 years as
inferred from bovid and cervid dental wear analy-
ses. Journal of Archaeological Science: Reports 10,
155—165. d0i:10.1016/j.jasrep.2016.09.012

Ambrose, S.H., Norr, L., 1993. Experimental evi-
dence for the relationship of the carbon isotope
ratios of whole diet and dietary to those of bone
collagen and carbonate. In: Lambert, ].B., Grupe,
G. (Eds.), Prehistoric Human Bone: Archaeology
at the Molecular Level. Springer-Verlag, Berlin, pp.
1-37. d0i:10.1007/978-3-662-02894-0

Andagoya, P. de, 1994. 1514: Relacion de los Suc-
esos de Pedrarias Davila en las Provincias de Tierra
Firme o Castilla del Oro y de lo Ocurrido en el De-
scubrimiento de la Mar del Sur y Costas del Peru

y Nicaragua escrita por el Adelantado Pascual de
Andagoya. In: Joplin, C. (Ed.), Indios y Negros En
Panama En Los Siglos XVI y XVII, Selecciones de
Documentos Del Archivo CGeneral de Indias. Centro
de Investigaciones Regionales de Mesoamerica.
Plum sock Mesoamerican Studies, South W ood-
stock, Vermont, pp. 28-35.

Andrus, C.FT., Sandweiss, D.H., Reitz, E.J., 2008.
Climate change and archaeology: The Holocene
history of El Nifno on the Coast of Peru. In: Reitz,
E.J., Scarry, M.]., Scudder, S.J. (Eds.), Case Studies in
Environmental Archaeology. Springer, New York,
pp. 143—157.

Arceo, G., Mandujano, S., Gallina, S., Perez-Jimén-
ez, L.A., 2005. Diet diversity of white-tailed deer
(Odocoileus virginianus) in a tropical dry forest
in Mexico. Mammalia 69, 159—168. doi:10.1515/
mamm.2005.014

Archila, S., Groot, A.M., Ospina, ].P, Mejia, M.,
2020. Dwelling the hill: Traces of increasing seden-
tism in hunter-gatherers societies at Checua site,
Colombia (9500-5052 cal BP). Quaternary Interna-
tional. doi:10.1016/j.quaint.2020.07.040

Bailey, R.C., Byrnes, J.,1990. A new, old method for
assessing measurement error in both univariate
and multivariate morphometric studies. System-
atic Zoology 39, 124-130. d0i:10.2307/2992450

Balasse, M., Bocherens, H., Mariotti, A., 1999. In-
tra-bone variability of collagen and apatite iso-
topic composition used as evidence of a change of
diet. Journal of Archaeological Science 26, 593—598.
doi:10.1006/jasc.1998.0376

Barber, ]., 1981. Geomorphology, Stratigraphy and
Sedimentology of the Santa Maria Drainage Basin,
Central Panama. Temple University.

Barone, R., 1976. Anatomie comparée des mam-
miféres domestiques. Vigot Freres, Editeurs, Paris.

Barrera-Bassols, N., Toledo, V.M., 2005. Ethnoeco-

logy of the Yucatec Maya: Symbolism, knowledge
and management of natural resources. Journal of

157



Latin American Geography 4, 9—41. doi:10.1353/
lag.2005.0021

Bello-Cutiérrez, J., Reyna-Hurtado, R., Jorge, W.,,
2010. Central american red brocket deer Maza-
ma temama (Kerr 1792). In: Barbanti Duarte, .M.,
Gonzalez, S. (Eds.), Neotropical Cervidology. Biolo-
gy and Medicine of Latin American Deer. FUNEP/
IUCN, Jaboticabal, pp. 166—171.

Bello, ., Gallina, S., Equihua, M., 2001. Character-
ization and Habitat Preferences by White-Tailed
Deer in Mexico. Journal of Range Management 54,
537.d0i:10.2307/4003582

Bello, )., Gallina, S., Equihua, M., 2004. Movements
of the white-tailed deer and their relationship with
precipitation in Northeastern Mexico. Interciencia
29, 357-361+403.

Berg, D.]., Bursey, ].A., 2000. The Worked Faunal
Material from the Anderson Site: A Uren Village on
the Lower Grand River, Ontario. Ontario Archaeol-
ogy 69, 7-18.

Betts, M\W., Friesen, T.M., 2004. Quantifying hunt-
er-gatherer intensification: A zooarchaeological
case study from Arctic Canada. Journal of Anthro-
pological Archaeology 23, 357—384. doi:10.1016/j.
jaa.2004.07.001

Binford, L., 1981. Bones: Ancient Men and Modern
Myths. Academic Press, New York.

Binford, L., 1984. Faunal Remains from Klasies Riv-
er Mouth. Academic Press, Orlando.

Blasco Martin, M., Schulze, N., Herrera Buenrostro,
K., Pérez Roldan, G., 2019. Worked Bone From the
Site of La Montesita (Aguascalientes ,CPAG 29, 41—
54.d0i:10.30827/CPAG.v29i0.9762

Blumenschine, R., 1995. Percussion marks, tooth
marks, and experimental determinations of the
timing of hominid and carnivore access to long
bones at FLK Zinjanthropus, Olduvai Gorge, Tanza-
nia. Journal of Human Evolution 29, 21-51.

Blumenschine, R., Selvaggio, M.M_, 1988. Percus-

158

sion marks on bone surfaces as a new diagnostic of
hominid behaviour. Nature 333, 763—765.

Boada, A.M., 2007. The evolution of social hierar-
chy in a Muisca chiefdom of the northern Andes of
Colombia, University of Pittsburgh Memoirs in Lat-
in American Archaeology. Pittsburgh.

Boileau, A., Stanchly, N., 2020. Middle Preclassic
Faunal Utilisation at Pacbitun, Belize: Evidence for
Ritual Practice, Exchange, and Craft Specialisation.
In: Powis, T.G., Skaggs, S., Micheletti, C. (Eds.), An
Archaeological Reconstruction of Ancient Maya
Life at Pacbitun, Belize. BAR Publishing, Oxford,
pp. 41-54.

Bolyanatz, A., 2000. Mortuary feasting on New
Ireland : the activation of matriliny among the Sur-
surunga. Bergin & Garvey, Westport, Conn.

Bookstein, FL., 1996. Landmark methods for
forms without landmarks: morphometrics of
group differences in outline shape. Proceedings
of the Workship on Mathematical Methods in Bi-
omedical Image Analysis 1, 279—289. doi:10.1109/
mmbia.1996.534080

Bopp-Ito, M., Cucchi, T., Evin, A., Stopp, B., Schi-
bler, J., 2018. Phenotypic diversity in Bronze Age
pigs from the Alpine and Central Plateau regions
of Switzerland. Journal of Archaeological Science:
Reports 21, 38—46. d0i:10.1016/j.jasrep.2018.07.002

Bourget, S., 2001. Children and Ancestors: Ritual
Practices at the Moche Site of Huaca de la Luna,
North Coast of Peru. Ritual Sacrifice in Ancient
Peru 93—118.

Brain, C.K.,1981. The Hunters or the Hunted? An In-
troduction to African Cave Taphonomy. University
of Chicago Press, Chicago.

Briggs, PS., 1989. Art, Death and Social Order: The
Mortuary Arts of Pre-Conquest Central Panama.
BAR International Series 550, Oxford.

Broughton, .M., Miller, S., 2016. Zooarchaeology
and Field Ecology: A Photographic Atlas. The Uni-
versity of Utah Press, Salt Lake city.



Brown, L.A., 2001. Feasting on the periphery: The
production of ritual feasting and village festival at
the Cerén site, El Salvador. In: Dietler, M., Hayden,
B. (Eds.), Feasts. Archaeological and Ethnographic
Perspectives on Food, Politics and Power. Smithso-
nian Institute Press, Washington, D.C., pp. 368—390.

Brumfiel, E.M., Earle, T., 1987. Specialization, Ex-
change, and Social Complexity: an introduction.
In: Brumfiel, E.M., Earle, T. (Eds.), Specialization,
Exchange and Complex Societies. Cambridge Uni-
versity Press, Cambridge, pp. 1-9.

Bryant, ].D., Koch, PL., Froelich, PN., Showers, W.].,
Genna, B.]., 1996. Oxygen isotope partitioning be-
tween phosphate and carbonate in mammalian
apatite. Geochimica et Cosmochimica Acta 60,
5145-5148. d0i:10.1016/S0016-7037(96) 00308-0

Buckley, M., Cooke, R.G., Martinez-Polanco, M.F,
Bustamante, F, Jiménez-Acosta, M., Lara, A., Martin,
].C., 2017. Archaeological Collagen Fingerprinting
in the Neotropics; Protein Survival in 6000 Year Old
Dwarf Deer Remains from Pedro Conzalez Island,
Pearl Islands, Panama. In: Mondini, M., Mufioz, S.,
Fernandez, P (Eds.), Zooarchaeology in the Neotrop-
ics: Environmental Diversity and Human-Animal
Interactions. Springer, Gewerbestrasse, pp. 157—175.
d0i:10.1007/978-3-319-57328-1

Bunn, H.T., 1983. Comparative Analysis of Modern
Bone Assemblages from a San Hunter- Gatherer
Camp in the Kalahari Desert, Botswana, and from
a Spotted Hyena Den Near Nairobi, Kenya. In: An-
imals and Archaeology. 1. Hunters and Their Prey.
BAR International, Oxford, pp. 143—148.

Byrd, J.C., 2011. Archaic Bone Tools in the St .. Johns
River Basin , Florida : Microwear and Manufacture
Traces. Florida State University.

C

Caceres, |., Bravo, P, Esteban, M., Exp0sito, I., Sala-
dié, P, 2002. Fresh and heated bones breakage. An
experimental approach. In: Rienzi, M. De, Pardo
Alonso, MV, Belinchén, M., Pefialver, E., Montoya, P,
Marquez-Aliaga, A. (Eds.), Current Topics on Taphon-
omy and Fossilization. Valencia, pp. 471—479.

Carr, S., 1996. Precolumbian Maya exploitation
and management of deer populations. In: Fedick,
S. (Ed.), The Managed Mosaic: Ancient Maya Agri-
culture and Resource Use. University of Utah Press,
Salt Lake city, pp. 251—261.

Carvajal-Contreras, D.R., 1998. Analisis de Cuatro
Componentes en el Rasgo CH Excavado Mediante
la Microestratigrafia: el Caso de Cerro Juan Diaz.
Universidad Nacional de Colombia.

Carvajal-Contreras, D.R.,Sanchez, L.A.,Cooke,R.C.,
2006. ;Fue Cerro Juan Diaz, una aldea precolombi-
naenelolavilla, el pueblo de indios de Cubita? In:
Memorias Del VI Congreso Centroamericano de
Historia, Panama. pp. 100—123.

Castellanos, ]. de, 1955. Elejias de Varones llustres
de Indias. Biblioteca de la Presidencia de la Repu-
blica, Bogota.

Castro, S., Martinez-Polanco, M.F,, Romano, F, Liz-
cano, L., 2020. Teeth osteometry as tool for stud-
ying social complexity: Evaluating white-tailed
deer hunting sustainability at Nueva Esperanza,
Colombia. Quaternary International. doi:10.1016/j.
scitotenv.2019.135577

Chaix, L., Meniel, P, 2005. Manual de Arqueozo-
ologia. Ariel, Barcelona.

Cherry, M.].,Chandler,R.B., Garrison, E.P, Crawford,
D.A., Kelly, B.D., Shindle, D.B., Godsea, K.G., Miller,
K. V., Conner, L.M,, 2018. Wildfire affects space use
and movement of white-tailed deer in a tropical
pyric landscape. Forest Ecology and Management
409,161-169. doi:10.1016/j.foreco.2017.11.007

Clarke, M.]., 2001. Akha feasting: An ethnoarchae-
ological perspective. In: Dietler, M., Hayden, B.
(Eds.), Feasts. Archaeological and Ethnographic
Perspectives on Food, Politics, and Power. Smithso-
nian Institute Press, Washington, D.C., pp. 144—167.

Clary, J., Hansell, P, Ranere, Al)., Buggey, T., 1984.
The Holocene geology of the western Parita Bay
coastline of central Panama. In: Lange, F. (Ed.), Re-
cent Developments in Isthmian Archaeology. BAR
editions, Oxford, pp. 55-83.

159



Cooke, R.G.,1972. The archaeology of the Western
Cocle province of Panama. University of London.

Cooke, R.G.,1976. Una nueva mirada a la ceramica
de las Provincias Centrales. In: Actas Del IV Sim-
posium Nacional de Arqueologia, Antropologia y
Etnohistoria de Panama. Instituto Nacional de Cul-
tura, Panama, pp. 309-365.

Cooke, R.GC.,1979. Losimpactos de las comunidades
agricolas precolombinas sobre los ambientes del
tropico estacional: datos del Panama prehistérico.
In: Actas Del IV Simposio Internacional de Ecologia
Tropical. Tomo Ill. pp. 2-57.

Cooke, R.G., 1984. Archaeological research in cen-
tral and eastern Panama: a review of some prob-
lems. In: Lange, FW.,, Stone, D. (Eds.), The Archae-
ology of Lower Central America. University of New
Mexico Press, Albuquerque, pp. 263—302.

Cooke, R.G.,1989. Anurans as Human Food in Tropical
America: Ethnographic, Ethnohistoric and Archaeo-
logical Evidence | Collections Search Center, Smithso-
nian Institution. ArchaeoZoologia 3,123—142.

Cooke, R.G.,1992. Prehistoric nearshore and littoral
fishing in the eastern Tropical Pacific: An ichthyo-
logical evaluation. Journal of World Prehistory 6,
1-49. doi:10.1007/BF00997584

Cooke, R.C., 2001. La pesca en estuarios pan-
amanfos: una vision histérica y cultural desde la
Bahia de Parita. Panama: Puente Bioldgico 45-53.

Cooke, R.G., 2004a. Observations on the religious
content of the animal imagery of the “Gran Coclé”
semiotic tradition of pre-Columbian Panama. In:
O’Day, S., Neer, W. Van, Ervynck, A. (Eds.), Behav-
iour behind Bones : The Zooarchaeology of Ritual,
Religion, Status and Identity. Oxbow Books, pp.
114—127.

Cooke, R.GC., 2004b. Rich, poor, shaman, child: an-
imals, rank, and status in the ‘Gran Coclé culture
area of pre-Columbian Panama. In: Jones O"Day,
S., Neer, W. Van, Ervynck, A. (Eds.), Behaviour be-
hind Bones: The Zooarchaeology of Ritual, Reli-
gion, Status and Identity. pp. 271-284.

160

Cooke, R.G., 2005. Prehistory of native Americans
on the Central American land bridge: Colonization,
dispersal, and divergence. Journal of Archaeologi-
cal Research. doi:10.1007/s10804-005-2486-4

Cooke, R.G., 2011. The Gilcrease collection and the
Gran Coclé. In: To Capture the Sun: Gold of Ancient
Panama. Gilcrease Museum, Tulsa, pp. 129—173.

Cooke, R.G., 2016. Origenes, dispersion y super-
vivencia de las sociedades originarias de la sub -
region istmefia de América: una resefia en el mar-
co de la historia profunda. In: Camargo, M. (Ed.),
Memoria: Encuentro EI Mar Del Sur: 500 Anos
Después, Una Vision Interdisciplinaria. facultad de
humanidades - Universidad de Panama, Panama,
pp. 1689—1699. d0i:10.1017/CB09781107415324.004

Cooke, R.G.,Jiménez-Acosta, M., 2008. Marine Cat-
fish (Ariidae) of the Tropical Eastern Pacific: An Up-
date Emphasising Taxonomy, Zoogeography, and
Interpretation of Pre-Columbian Fishing Practices.
Archéologie du poisson : 30 ans d’archéo-ichtyolo-
gieau CNRS161—179.

Cooke, R.C., Jiménez-Acosta, M., 2010. Animal-de-
rived artefacts at two pre-columbian sites in the
ancient savannas of Central Panama. An update on
their relevance to studies of social hierarchy and cul-
tural attitude towards animal. In: Anthropological
Approaches to Zooarchaeology: Complexity, Coloni-
alism, and Animal Transformations. pp. 30-55.

Cooke, R.G., Ranere, A]., 1989. Hunting in pre-co-
lumbian Panama: A diachronic perspective. In:
Clutton-Brock, ]. (Ed.), The Walking Larder: Pat-
terns of Domestication, Pastoralism, and Preda-
tion. Unwin Hyman, London, pp. 295-315.

Cooke, R.G., Ranere, AJ., 1992a. Precolumbian in-
fluences on the zoogeography of Panama: An up-
date based on archaeofaunal and documentary
data. In: Darwin, S.P, Welden, A.L. (Eds.), Bioge-
ography of Mesoamerica. Tulane University, pp.
21-58. d0i:10.1111/j.0033-0124.1985.00482.X

Cooke, R.G., Ranere, A.].,1992b. Prehistoric human
adaptations to the seasonally dry forests of Pana-
ma. World Archaeology 24, 114—133.



Cooke, R.G., Ranere, Al., 1992c. The Origin of
Wealth and Hierarchy in the Central Region of Pan-
ama (12,000-2,000 BP). In: Lange, F. (Ed.), Wealth
and Hierarchy in the Intermediate Area. Dumbar-
ton Oaks Research Library and Collection, Wash-
ington, D.C., pp. 243-316.

Cooke, R.G., Ranere, A).,1999. Precolumbian Fish-
ing on the Pacific Coast of Panama. Pacific Latin
America in Prehistory: The evolution of Archaic
and Formative Cultures 103—121.

Cooke, R.G., Sinchez Herrera, L.A.,1997. Coetanei-
dad de metalurgia, artesanias de concha y cerami-
ca pintada en cerroJuan Diaz, Gran Coclé, Panama.
Boletin Museo del Oro 42, 57-85.

Cooke, R.C., Sanchez, L.A., 2004. Arqueologia en
Panama (1888-2003). Panama. Cien afos de la
Republica 2—104.

Cooke, R.G., Tapia Rodriguez, G.,1994. Marine and
freshwater fish amphidromy in a small tropical
river on the Pacific coast of Panama: a preliminary
evaluation based on gill-net and hook-and-line
captures. In: Neer, W. Van (Ed.), Fish Explotation in
the Past. Tervuren, pp. 99-106.

Cooke, R.G., Norr, L., Piperno, D.R., 1996. Native
Americans and the Panamanian landscape. In:
Reitz, E.J., Newsom, L.A., Scudder, S.J. (Eds.), Case
Studies in Environmental Archaeology. Plenum
Press, pp. 103—126.

Cooke, R.G., Sanchez Herrera, L.A., Isaza, |., Pérez,
A.,1998. Rasgos mortuorios y artefactos inusitados
de Cerro Juan Diaz. Una aldea precolombina del
Gran Coclé. Revista La Antigua 53, 127—196.

Cooke, R.G., Sanchez Herrera, L.A., Udagawa, K.,
2000. Contextualized goldwork from “Gran Coclé”,
Panama. In: McEwan, C. (Ed.), Precolumbian Gold.
Technology, Style and Iconography. British Muse-
um Press, London, pp. 153—176.

Cooke, R.G., Sanchez Herrera, L.A., Carvajal, D.R,,
Griggs, ]., Aizpurda, I.I., 2003a. Los pueblos indi-
genas de Panama durante el Siglo XVI: Transfor-
maciones sociales y culturales desde una perspec-

tiva arqueoldgica y paleoecolégica. Mesoamérica
45 45,1-34.

Cooke, R.C., Isaza Aizpurua, I., Griggs, J., Desjar-
dins, B., Sanchez Herrera, L.A., 2003b. Who Craft-
ed, Exchanged, and Displayed Gold in Pre-Colum-
bian Panama? In: Quilter, ]., Hoopes, ]. (Eds.), Gold
and Power in Ancient Costa Rica, Panama and
Colombia. Dumbarton Oaks Research Library and
Collection, Washington, D.C., pp. 91-158.

Cooke, R.G.,Jiménez-Acosta, M., Ranere, A.]., 2007.
Influencias humanas sobre la vegetacion y fauna
de vertebrados de Panama: Actualizacién de da-
tos arqueozooldgicos y su relacién con el paisaje
antrépico. In: Ecologia y Evolucién En Los Trépicos.
Nova art, Panama, pp. 562—593.

Cooke, R.G., Jiménez-Acosta, M., Ranere, Al.,
2008. Archaeozoology, art, documents, and the life
assemblagle. In: Reitz, E.J., Newsom, L.A., Scudder,
S.J., Scarry, C.M. (Eds.), Case Studies in Environ-
mental Archaeology. New York, pp. 95—121.

Cooke, R.G., Steadman, DW.,, Jiménez-Acosta, M.,
Aizpurua, 1.1, 2013a. Pre-Columbian exploitation
of birds around Panama Bay. The Archaeology of
Mesoamerican Animals 479-530.

Cooke, R.G., Ranere, A., Pearson, G., Dickau, R,
2013b. Radiocarbon chronology of early human
settlement on the Isthmus of Panama (13,000-
7000BP) with comments on cultural affinities,
environments, subsistence, and technologi-
cal change. Quaternary International 301, 3—22.
doi:10.1016/j.quaint.2013.02.032

Cooke, R.C., Wake, TA., Martinez-Polanco, M.F,
Jiménez-Acosta, M., Bustamante, F,, Holst, I., Lara-
Kraudy, A., Martin, ].G., Redwood, S., 2016a. Ex-
ploitation of dolphins (Cetacea: Delphinidae) at
a 6000 yr old Preceramic site in the Pearl Island
archipelago, Panama. Journal of Archaeologi-
cal Science: Reports 6, 733—756. d0i:10.1016/j.jas-
rep.2015.12.001

Coplen, T.B, 1996. New guidelines for reporting

stable hydrogen, carbon, and oxygen isotope-ratio
data. Geochimica et Cosmochimica Acta 60, 3359—

161



3360. d0i:10.1016/0016-7037(96)00263-3

Coplen, T.B., 2011. Guidelines and recommended
terms for expression of stable-isotope-ratio and
gas-ratio measurement results. Rapid Commu-
nications in Mass Spectrometry 25, 2538—2560.
doi:10.1002/rcm.5129

Correal, G., 1990. Aguazuque: evidencias de caza-
dores, recolectores y plantadores en la altiplanicie
de la Cordillera Oriental., Fundacion de Investi-
gaciones Arqueologicas Nacionales. Banco de la
Republica.

Costin, C.L., 1991. Craft specialization: issues in de-
fining, documenting, and explaining the organi-
zation of production. Archaeological Method and
Theory 3,1-56. d0i:10.2307/20170212

Courty, M.-A., Goldberg, P, Macphail, R.,1989. Soils
and micromorphology in archaeology. Cambridge
University Press, Cambridge.

Cucchi, T., Hulme-Beaman, A., Yuan, J., Dobney,
K., 2011. Early Neolithic pig domestication at Ji-
ahu, Henan Province, China: Clues from molar
shape analyses using geometric morphometric
approaches. Journal of Archaeological Science 38,
11—-22. d0i:10.1016/j.jas.2010.07.024

Cucchi, T., Mohaseb, A., Peigné, S., Debue, K., Or-
lando, L., Mashkour, M., 2017. Detecting taxonom-
ic and phylogenetic signals in equid cheek teeth:
Towards new palaeontological and archaeological
proxies. Royal Society Open Science 4. doi:10.1098/
rs0s.160997

Cucchi, T, Stopp, B., Schafberg, R., Lesur, ]., Hassa-
nin, A., Schibler, ]., 2019. Taxonomic and phyloge-
netic signals in bovini cheek teeth: Towards new
biosystematic markers to explore the history of
wild and domestic cattle. Journal of Archaeological
Science 109,104993. d0i:10.1016/j.jas.2019.104993

D

Davis, M., Pineda Munoz, S., 2016. The temporal
scale of diet and dietary proxies. Ecology and Evo-
lution 6,1883—1897. doi:10.1002/ece3.2054

162

Davis, S.,1989. Laarqueologia de los animales. Bar-
celona.

DeBoer, W., 2001. The big drink: feast and forum
in the Upper Amazon. In: Dietler, M., Hayden, B.
(Eds.), Feasts. Archaeological and Ethnographic
Perspectives on Food, Politics and Power. Smithso-
nian Institute Press, Washington, D.C., pp. 215-239.

deFrance, S.D., 2009. Zooarchaeology in complex
societies: Political economy, status, and ideology.
Journal of Archaeological Research 17, 105-168.
d0i:10.1007/510814-008-9027-1

Deniro, M.]., Epstein, S., 1978. Influence of diet
on the distribution of carbon isotopes in animals.
Geochimica et Cosmochimica Acta 42, 495-506.
doi:10.1002/mop.25285

DeSantis, L.R.G., 2016. Dental microwear textures:
Reconstructing diets of fossil mammals. Surface
Topography: Metrology and Properties 4, 23002.
doi:10.1088/2051-672X/4/2/023002

Diaz, C.,1999. Estudio bioantropolégico de rasgos
mortuorios de la Operacion 4 del sitio arqueolégi-
co Cerro Juan Diaz, Panama Central. Universidad
de los Andes.

Dickau, R.,2005. Resource use, crop dispersals, and
the transition to agriculture in prehistoric Panama:
Evidence from starch grains and macroremains.
Temple University.

Dickau, R., 2010. Microbotanical and Macrobotani-
cal Evidence of Plant Use and the Transition to Agri-
culture in Panama. doi:10.1007/978-1-4419-0935-0

Dietler, M., Hayden, B., 2001. Digesting the Feast:
Good to Eat, Good to Drink, Good to Think. Feasts:
Archaeological and Ethnographic Perspectives on
Food, Politics, and Power 1—20.

Drake, A.G., Coquerelle, M., Colombeau, G., 2015.
3D morphometric analysis of fossil canid skulls
contradicts the suggested domestication of dogs
during the late Paleolithic. Scientific Reports 5,
8299. d0i:10.1038/srep08299



Duarte, ].M.B., Gonzalez, S., Maldonado, J.E., 2008.
The surprising evolutionary history of South Amer-
ican deer. Molecular Phylogenetics and Evolution
49,17—22. doi:10.1016/jympev.2008.07.009

Duval, C., Lepetz, S., Horard-Herbin, M.P, Cucchi,
T., 2015. Did Romanization impact Gallic pig mor-
phology? New insights from molar geometric mor-
phometrics. Journal of Archaeological Science 57,
345-354. d0i:10.1016/j.jas.2015.03.004

Earle, T., 1980. A model of subsistence change. In:
Earle, T., Christenson, A. (Eds.), Modelling Change
in Prehistoric Subsistence Economies. Academic
Press, New York, pp. 1—29.

Eisenberg, ]., 1989. Mammals of the Neotropics.
University of the Chicago Press, Chicago.

Eisenberg, ]., 2000. The contemporary Cervidae of
Central and South America. In: Vrba, E., Schaller,
G.B. (Eds.), Antelopes, Deer, and Relatives. Yale Uni-
versity Press, New Haven and London, pp. 189—202.

Emery, K.F, 2007a. Aprovechamiento de la fauna
en Piedras Negras: Dieta, ritual y artesania del per-
iodo Clasico maya. Mayab 19, 51—69.

Emery, K.F,, 2007b. Assessing the impact of ancient
Maya animal use. Journal for Nature Conservatios<,
184-195. doi:10.1016/j.jnc.2007.05.002

Emery, K.F, 2008. Techniques of Ancient Maya
Bone Working: Evidence from a Classic Maya De-
posit. Latin American Antiquity 19, 204—221.

Emery, K.F., 2009. Perspectives on ancient Maya
bone crafting from a Classic period bone-artifact
manufacturing assemblage. Journal of Anthro-
pological Archaeology 28, 458—470. doi:10.1016/j.
jaa.2009.07.003

Emery, K.F, Aoyamab, K., 2007. Bone, shell, and
lithic evidence for crafting in elite Maya house-
holds at Aguateca, Guatemala. Ancient Mesoa-
merica 18, 69—89. doi:10.1017/S0956536107000089
Emery, K.F, Thornton, E.K., 2008. A regional per-
spective on biotic change during the Classic Maya

occupation using zooarchaeological isotopic
chemistry. Quaternary International 191, 131—143.
doi:10.1016/j.quaint.2007.11.015

Emery, K.F, Wright, L.E., Schwarcz, H., 2000. Iso-
topic analysis of ancient deer bone: Biotic stabil-
ity in collapse period Maya land-use. Journal of
Archaeological Science 27, 537-550. doi:10.1006/
jasC.1999.0491

Emmons, L., 1999. Mamiferos de los bosques
himedos de América tropical. Editoral FAN, Santa
Cruz.

Enciso, B., 1996. Fauna asociada a tres asentami-
entos Muiscas del sur de la Sabana de Bogota. In:
Enciso, B; Therrien, M. (Ed.), Bioantropologia de La
Sabana de Bogota, Siglos VII Al XVI DC. ICAN-COL-
CULTURA, Bogota, pp. 40-58.

Escobedo-Morales, L.A., Mandujano, S., Eguiarte,
L.E., Rodriguez-Rodriguez, M.A., Maldonado, ].E.,
2016. First phylogenetic analysis of Mesoameri-
can brocket deer Mazama pandora and Mazama
temama (Cetartiodactyla: Cervidae) based on mito-
chondrial sequences: Implications on Neotropical
deer evolution. Mammalian Biology 81, 303—313.
doi:10.1016/j.mambio.2016.02.003

Espinosa, G. de, 1994. Relacién de lo Hecho por el
Licenciado Gaspar de Espinosa, Alcalde Mayor y
Teniente de Gobemador y Capitan General por el
Muy Magnifico Senor Pedrarias Davila, Teniente
General en Estos Reinos de Castilla del Oro Por Sus
Altezas, en Cumplimiento de lo que. In: Jopling, C.
(Ed.), Indios y Negros En Panama En Los Siglos X V
ly XVII, Selecciones de Documentos Del Archivo
General de Indias. Centro de Investigaciones Re-
gionales de Mesoamerica. Plumsock Mesoamer-
ican Studies., South Woodstock, Vermont., pp.
61-74.

F

Fernandez-Jalvo, Y., Andrews, P, 2011. When hu-
mans chew bones. Journal of Human Evolution 60,
117-123. d0i:10.1016/j.jhevol.2010.08.003

Fernandez-Jalvo, Y., Andrews, P, 2016. Atlas of
taphonomicidentifications. Springer, New York.

163



Fernandez de Piedrahita, L., 1987. Historia general
de la conquista del Nuevo Reino de Granada. Carv-
ajal, Santander de Quilichao.

Fitzpatrick, S.M., 2015. The Pre-Columbian Carib-
bean: Colonization, Population Dispersal, and Is-
land Adaptations. PaleoAmerica 1,305-331.
doi:10.1179/2055557115Y.0000000010

Fitzpatrick, S.M., Keegan, W.F, 2007. Human im-
pacts and adaptations in the Caribbean Islands:
An historical ecology approach. Earth and En-
vironmental Science Transactions of the Roy-
al Society of Edinburgh 98, 29—45. doi:10.1017/
$1755691007000096

Fortelius, M., Solounias, N.,2000. Functional Charac-
terization of Ungulate Molars Using the Abrasion-At-
tritionWearGradient: ANewMethodforReconstruct-
ing Paleodiets. American Museum Novitates 3301,
1-36.  d0i:10.1206/0003-0082(2000)301<0001:F-
COUMU>2.0.C0O;2

France, C.A.M., Owsley, DW., Hayek, L A.C., 2014.
Stable isotope indicators of provenance and demo-
graphicsini8th and19th century North Americans.
Journal of Archaeological Science 42, 356—366.
doi:10.1016/j.jas.2013.10.037

France, D., 2009. Human and Nonhuman bone
identification. Taylor and Francis Group, Boca Ratén.

Freiwald, C., Woodfill, BK.S., Mills, R.D., 2019.
Chemical signatures of salt sources in the Maya
world: implications for isotopic signals in ancient
consumers. Journal of Archaeological Science: Re-
ports 27. d0i:10.1016/j.jasrep.2019.101990

Friede, ]., 1976. Fuentes documentales para la his-
toria del Nuevo Reino de Granada, desde la insta-
lacion de la Real Audiencia en Santafé. Biblioteca
Banco Popular, Bogota.

G

Galinat, W.C., 1980. The Archaeological Maize
Remains from Volcan Panama--A Comparative
Perspective. In: Linares, O.F, Ranere, A.). (Eds.), In
Adaptive Radiations in Prehistoric Panama. Pea-
body Museum of Harvard University, Cambridge,

164

pp.175—180.

Galindo-Leal, C., Weber, M., 1998. El venado de la
Sierra Madre Occidental. Ecologia, manejo y con-
servacion. Edicusa-Conabio, México D.F.

Gallina, S., 2019. Introduction. In: Gallina, S. (Ed.),
Ecology and Conservation of Tropical Ungulates in
Latin America. Springer Nature, Gewerbestrasse,
pp. 3—10.

Gallina, S., Lépez Arévalo, H., 2016. Odocoileus vir-
ginianus. The IUCN Red List of Threatened Species.
doi:10.2305/IUCN.UK.2016

Gallina, S., Mandujano, S., Bello, J., Lépez Arévalo,
H., Weber, M., 2010. White-tailed deer Odocoileus
virgninianus (Zimmermann 1780). In: Barbanti Du-
arte, J.M., Gonzalez, S. (Eds.), Neotropical Cervidol-
ogy. Biology and Medicine of Latin American Deer.
Jaboticabal, pp. 110—118.

Gallina, S., Pérez-Solano, L., Reyna-Hurtado, R,
Escobedo-Morales, L.A., 2019a. Brocket deer.
In: Gallina, S. (Ed.), Ecology and Conservation of
Tropical Ungulates in Latin America. Springer Na-
ture, Gewerbestrasse, pp. 395—414. doi:https://doi.
org/10.1007/978-3-030-28868-6

Gallina, S., Loépez-Tello, E., Mandujano, S., 2019b.
Recent Studies of White-Tailed Deer in the Neo-
tropics. In: Gallina, S. (Ed.), Ecology and Conserva-
tion of Tropical Ungulates in Latin America. Spring-
er Nature, Gewerbestrasse, pp. 371-394.

Garvie-Lok, SJ]., Varney, TL., Katzenberg, MA,,
2004. Preparation of bone carbonate for stable
isotope analysis: The effects of treatment time and
acid concentration. Journal of Archaeological Sci-
ence 31, 763—776. d0i:10.1016/j.jas.2003.10.014

Cates St-Pierre, C., Boisvert, M.-E., Chapdelaine,
M., 2016. Using Worked Bones to Study Iroquoian
Households: The Case of the St. Lawrence Iro-
quoians from Saint-Anicet, Quebec. Palethnologie
1—13. doi:10.4000/palethnologie.511

Gates St-Pierre, C., 2010. Iroquoian Bone Artifacts:
Characteristics and Problems. In: Legrand-Pineau,
A., Sidéra,l.,Buc, N, David, E., Scheinsohn, V. (Eds.),



Ancient and Modern Bone Artefacts from America
to Russia Cultural, Technological and Functional
Signature. BAR editions, Oxford, pp. 71-85.

Gates St-Pierre, C., St-Germain, C., Courtemanche,
M., Chapdelaine, C., Collins, M., 2016. An integra-
tiveapproachtothestudy of bone tool manufacture
and use: The case of the St. Lawrence iroquoians.
Cuadernos del Instituto Nacional de Antropologia
y Pensamiento Latinoamericano — Series Especial-
es 3, 54—73. doi:10.4000/palethnologie.511

Geer, A. van der, Lyras, G., Vos, ]. de, Dermitzakis,
M., 2010. Evolution of island mammals: adapta-
tion and extinction of placental mammals on is-
lands. Wiley-Blackwell, Chichester.

Geer, A. Van Der, Dermitzakis, M., Vos, J. De, 2006.
Relative growth of the metapodals in a juvenile
island deer: Candiacervus (Mammalia, Cervidae)
from Pleistocene of Crete. Hellenic Journal of Geo-
sciences 41,119—125.

Geist, V., 2000. Descent, adaptation, adjustment:
lessons from the Cervidae and other beasts. In:
Vrba, E.S., Schaller, G.B. (Eds.), Antilopes, Deer, and
Relatives. Fossil Record, Behavioral Ecology, Sys-
tematics, and Conservation. Yale University Press,
New Haven and London, pp. 180—188.

Gilbert, C., Ropiquet, A., Hassanin, A., 2006. Mi-
tochondrial and nuclear phylogenies of Cervidae
(Mammalia, Ruminantia): Systematics, mor-
phology, and biogeography. Molecular Phyloge-
netics and Evolution 40, 101—117. doi:10.1016/;.
ympev.2006.02.017

Giovas, C.M., 2018. Continental connections and
insular distributions: Deer bone artifacts of the
precolumbian west indies a review and synthesis
with new records. Latin American Antiquity 29,
27-43. doi:10.1017/1aq.2017.57

Giovas, C.M., Lefebvre, MJ]., Fitzpatrick, S.M,,

2012. New records for prehistoric introduction oxygen

ion Nueva Esperanza, Soacha, Cundinamarca.
In-forme final. Bogota.

Gonzélez, S, Duarte, M.].B., 2020.
Speciation, evolutionary history and
conservation trends of Neotropical deer.
Mastozoologia Neotropical 27, 37-47.
doi:10.31687

Gotz, C.M., 2014. The Sustainability of

Prehispan-ic Maya Agroecosystems : Implications
of Hunting and Animal Domestication in the
Northern Maya Lowlands. In: Stanton, TW. (Ed.),
The Archaeology of Yucatan: New Directions
and Data. Archaeo-press, pp. 477—486.

Crayson, D.K., 1988. Danger Cave, Last
Supper Cave, and Hanging Rock Shelert: The
Faunas. An-thropological Papers of the
American Museum of Natural History 66, 1-130.

Grayson, D.K., 2001. The archaeological
re-cord of human impacts on animal
popula-tions. Journal of World Prehistory

15, 1-68. doi:10.1023/A:1011165119141

Grayson, D.K., Delpech, F, 1998. Changing
Diet Breadth in the Early Upper Palaeolithic
of. Jour-nal of Archaeological Science 25,
1119—-1129. do0i:10.1006/jasc.1998.0339

Grine, F.E., 1986. Dental evidence for dietary
differences in Australopithecus and
Paranthropus: a quantitative analysis of
permanent molar microwear. Journal of Human
Evolution 15, 783—822. doi:10.1016/
S0047-2484(86)80010-0

Groot, A.M., 1992. Checua: Una secuencia cultural
entre 8500 y 3000 afos antes del presente.
Fundacién de Investigaciones Arqueoldgicas
Nacionales, Banco de la Republica, Bogota.

Ku, T.L, 1986. Carbon and
fractionation in biogenic

Grossman, E.L,
isotopic

of Neotropical mammals to the West Indies: Ev- aragonite-temp effects. Chemical Geology 59,
idence from Carriacou, Lesser Antilles. Journal 59—74.

of Biogeography 39, 476—487.

1.1365-2699.2011.02630.X

Conzélez,]. etal., 2017. Propuesta de implement-
acion del plan de manejo arqueolégico, Subestac-

doi:10.1111/

Gutiérrez, E.E., Helgen, K.M., McDonough,
M.M., Bauer, F, Hawkins, MTR., Escobedo-
Morales, L.A., Patterson, B.D., Maldonado, ].E.,
2017. A gene-tree

165



test of the traditional taxonomy of american deer:
The importance of voucher specimens, geograph-
ic data, and dense sampling. ZooKeys 697, 87—131.
doi:10.3897/zookeys.697.15124

H

Haller, M.]., 2004. The emergence and develop-
ment of chiefly societies in the Rio Parita valley,
Panama. University of Pittsburgh.

Hardin, JW., Klimstra, W.D., Silvy, N.J., 1984. Flor-
ida Keys. In: Halls, L.K. (Ed.), White-Tailed Deer.
Ecology and Management. Stackpole books, Har-
risburg, pp. 381—-390.

Harrison, R.G., Katzenberg, M.A., 2003. Paleodiet
studies using stable carbon isotopes from bone
apatite and collagen: Examples from Southern
Ontario and San Nicolas Island, California. Jour-
nal of Anthropological Archaeology 22, 227—244.
doi:10.1016/50278-4165(03)00037-0

Haruda, A.F, Varfolomeev, V., Goriachev, A., Ye-
rmolayeva, A., Outram, AK., 2019. A new zooar-
chaeological application for geometric mor-
phometric methods: Distinguishing Ovis aries
morphotypes to address connectivity and mobility
of prehistoric Central Asian pastoralists. Journal of
Archaeological Science 107, 50-57. doi:10.1016/j.
jas.2019.05.002

Hassanin, A., Delsuc, F, Ropiquet, A., Hammer, C.,
Jansen Van Vuuren, B., Matthee, C., Ruiz-Garcia,
M., Catzeflis, F, Areskoug, V., Nguyen, TT., Cou-
loux, A., 2012. Pattern and timing of diversification
of Cetartiodactyla (Mammalia, Laurasiatheria),
as revealed by a comprehensive analysis of mito-
chondrial genomes. Comptes Rendus - Biologies
335, 32—50. doi:10.1016/j.crvi.2011.11.002

Hayden, B., 1996. Feasting in prehistoric and tradi-
tional societies. In: Wiessner, P, Schiefenhovel, W.
(Eds.), Food and the Status Quest. An Interdiscipli-
nary Perspective. Providence, pp. 127—148.

Hayden, B., 2001. Fabulous feasts: A prolegome-
non to the importance or feasting. In: Dietler, M.,
Hayden, B. (Eds.), Feasts. Archaeological and Eth-
nographic Perspectives on Food, Politics and Pow-

166

er. Smithsonian Institute Press, Washington,
D.C, pp. 23-64.

Hearne, P, Sharer, R.]., 1992. River of Gold.
Preco-lumbian Treasures from Sitio Conte. The
University Museum of Archaeology and
Anthropology, Uni-versity of Pennsylvania,
Philadelphia.

Heckeberg, N.S. A 2020 comprehensive
approach towards the systematics of Cervidae.
Peer] 8:e8114 https://doi.org/10.7717/peerj.8114

Heffelfinger, ].R., 2011. Taxonomy, evolutionary his-
tory and distribution. In: Hewitt, D.G. (Ed.),
Biology and Management of White-Tailed Deer.
Taylor and Francis Group, Broken Sound Parkway,
pp.3—39.

bone
and

Hesse, B., Wapnish, P, 1985. Animal
archaeol-ogy. University of Alabama
Smithsonian Insti-tution, Washington, D.C.

Hillson, S., 1996. Teeth. University Press,
Cam-bridge.

Hillson, S., 1999. Mammal Bones and Teeth.
Univ-erity College London, London.

Hobson, K., 1999. Tracing origins and migration
of wildlife using stable isotopes: a review.
Oecologia 120, 314—326.

Hofman, C.A., Rick, T.C., 2018. Ancient
Biological Invasions and Island Ecosystems:
Tracking Trans-locations of Wild Plants and
Animals. Journal of Archaeological Research 26,
65—115.

doi:10.1007/s10814-017-9105-3

Hofmann, R.R., Stewart, D.RM. 1972.
Grazer or browser: A classification based on
the Stom-ach-Structure and Feeding Habits of
east african ruminants. Mammalia 36, 226—240.

Huard, AE., 2013. Cerro Mangote:
Interpretations of space based on mortuary
analysis. Binghamton University State University
of New York.



Hull, K.L., 2014. Ritual as performance in small-
scale societies. World Archaeology 46, 164-177.
doi:10.1080/00438243.2013.879044

Ichon, A., 1980. L Archéologie du Sud de la
Pénin-sule d° Azuero, Panama. Etudes
Mésoamericaines- Serie Il, México D.F.

Isaza Aizpurua, I., 1993. Desarrollo estilistico de
la ceramica pintada del Panama central con
énfasis-en el periodo 500 AC-500 DC. Universidad
Auténo-ma de Guadalajara.

Isaza Aizpurua, |, 2007. The ancestors of
Parita: Pre-Columbian settlement patterns in the
lower La Villa River Valley, Azuero Peninsula ,
Panama. Bos-ton University.

]

Jiménez-Acosta, M., 1999. Explotacion de
Vertebra-dos Acuaticos y Terrestres por los
Indigenas Preco-lombinos en Cerro Juan Diaz,
Los Santos, durante el Periodo 300-700 d.C.
Universidad de Panama.

Jiménez-Acosta, M., Cooke, R.G., 2001. Pesca
Pre-colombina en un Estuario Neotropical : el
Caso de Cerro Juan Diaz (Bahia de Parita, Costa
del Pacifico de Panama). Noticias de
Antropologia y Arque-ologia 1, 1-32.

Johnson, A., Earle, T., 2000. The evolution of
hu-man societies. Stanford University Press,
Stanford.

Johnson, E., 1985. Current Developments in
Bone Technology, Advances in Archaeological
Method and Theory. doi:10.2307/20170189

Junker, L., 2001. The evolution of ritual
feasting systems in prehispanic philippine
chiefdoms. In: Dietler, M., Hayden, B. (Eds.),
Feasts.  Archaeologi-cal and Ethnographic
Perspectives on Food, Politics and Power.
Smithsonian Institute Press, Washing-ton, D.C,,
pp. 267-310.

K
Kaiser, T., Miller, D., Fortelius, M., Schulz, E.

Codron, D, Clauss, M., 2011. Hypsodonty and tooth
facet developmentin relation to diet and habitat in
herbivorous ungulates : implications for
understanding tooth wear. Mammal review 43(1),
34-46. d0i:10.1111/j.1365-2907.2011.00203.X

Kellner, C., Schoeninger, M.]., 2007. A Simple Car-
bon Isotope Model for Reconstructing Prehistoric
Human Diet. Yearbook of Physical Anthropology
133,1112—1127. d0i:10.1002/ajpa

Kendall, D.G., 1977. The Diffusion of Shape. Ad-
vances in Applied Probability 9, 428—430.

King, T., Andrews, P, Boz, B., 1999. Effect of Tapho-
nomic Processes on Dental Microwear. American
Journal of Physical Anthropology 108, 359—373.

Kirch, P V., 2001. Polynesian feasting in ethohis-
toric, etnographic, and archaeological contexts:
A comparison of three societies. In: Dietler, M.,
Hayden, B. (Eds.), Feasts. Archaeological and Eth-
nographic Perspectives on Food, Politics and Pow-
er. Smithsonian Institute Press, Washington, D.C,,
pp.168—184.

Klein, R.G., 1989. Why does Skeletal Part Rep-
resentation Differ Between Smaller and Larger
Bovids at Klasies River Mouth and other Archeo-
logical Sites ? Journal of Archaeological Science 6,
363—381.

Klingenberg, C.P, 2011. Morpho): An integrated
software package for geometric morphomet-
rics. Molecular Ecology Resources 11, 353-357.
doi:10.1111/j.1755-0998.2010.02924.X

Knudson, K., Price, D., 2007. Utility of Multiple
Chemical Techniques in Archaeological Residen-
tial Mobility Studies: Case Studies From Tiwanaku-
and Chiribaya-Affiliated Sites in the Andes. Amer-
ican Journal of Physical Anthropology 132, 25-39.
doi:10.1002/ajpa

Krueguer, HW., Sullivan, C.H., 1984. Models for
Carbon lIsotope Fractionation Between Diet and
Bone. In: Turnland, J.R., Johnson, P. (Eds.), Stable
Isotopes in Nutrition. Academic Press, Washing-
ton, D.C., pp. 205—220. doi:10.1021/bk-1984-0258.
cho14

167



Kubo, M.O., Yamada, E., 2014. The Inter-Relation-
ship between Dietary and Environmental Proper-
ties and Tooth Wear: Comparisons of Mesowear ,
Molar Wear Rate , and Hypsodonty Index of Extant
Sika Deer Populations. PLoS ONE 9,1-12.
doi:10.1371/journal.pone.0090745

Kwak, T.J., Zedler, J.B., 1997. Food web analysis of

Linares, O.F, 1976. “Garden hunting” in the Ameri-
can Tropics. Human Ecology 4, 331—349.

Linares, O.F, 1977. Ecology and the arts in ancient
Panama: On the development of social rank and
symbolism in the central provinces. Studies in
Pre-Columbian Art and Archaeology 7—-86.

southern California coastal wetlands using mul- Longin, R., 1971. New method of collagen extrac-
tiple stable isotopes. Oecologia 110, 262—277. tion forradiocarbon dating. Nature 230, 241-242.

d0i:10.1007/5004420050159

L

Labbe, A.,1995. Guardians of the Life Stream: Sha-
mans, art and power in pre- hispanic Central Pana-
ma. Los Angeles: Bowers Museum of Cultural Art,
Los Angeles.

Ladd, J., 1964. Archaeological investigations in the
Parita and Santa Maria zones of Panama. Smithso-
nian Institution Bureau of the American Ethnology,
Bulletin193.

Laffoon, ].E., Plomp, E., Davies, G.R., Hoogland,
M.L.P, Hofman, C.L., 2015. The Movement and Ex-
change of Dogs in the Prehistoric Caribbean: An
Isotopic Investigation. International Journal of Os-
teoarchaeology 25, 454—465. d0i:10.1002/0a.2313

Landt, M.]., 2007. Tooth marks and human con-
sumption: ethnoarchaeological mastication re-
search among foragers of the Central African
Republic. Journal of Archaeological Science 34,
1629—-1640. d0i:10.1016/j.jas.2006.12.001

Larson, G., Cucchi, T, Fujita, M., Matisoo-Smith, E.,
Robins, ]., Anderson, A., Rolett, B., Spriggs, M., Dol-
man, G., Kim, T.H., Thuy, NT.D., Randi, E., Doherty,
M., Due, R.A., Bollt, R., Djubiantono, T., Griffin, B.,
Intoh, M., Keane, E., Kirch, P, Li, KT., Morwood, M.,
Pedrina, L.M., Piper, P]., Rabett, R.]., Shooter, P,
Bergh, G. Van Den, West, E., Wickler, S., Yuan, J.,
Cooper, A., Dobney, K., 2007. Phylogeny and an-
cient DNA of Sus provides insights into neolithic
expansion in Island Southeast Asia and Oceania.
Proceedings of the National Academy of Sciences
of the United States of America 104, 4834—4839.
doi:10.1073/pnas.0607753104

168

Lopez-Conzalez, F, GCrandal-dAnglade, A,
Vidal-Romani, ].R., 2006. Deciphering bone dep-
ositional sequences in caves through the study of
manganese coatings. Journal of Archaeological
Science 33, 707—717. d0i:10.1016/j.jas.2005.10.006

Lépez Arévalo, H., Pardo, L., Pérez-Moreno, H.,
2020.Generalidadesde la especie. In: Lopez-Aréva-
lo, H. (Ed.), Ecologia, Uso, Manejo y Conservacion
Del Venado Cola Blanca En Colombia. Universidad
Nacional de Colombia, Bogota D.C., pp. 19-30.

Lothrop, S., 1937. Coclé: an archaeological study of
central Panama, Part 1, Memoirs of the Peabody
Museum of Archaeology and Ethnology.

Lothrop, S., Foster, W., Mahler, ]., 1957. The Robert
Woods Bliss Collection of Precolumbian Art. Phai-
don Press, New York.

Luz, B., Cormie, A.B., Schwarcz, H.P, 1990. Oxygen
isotope variations in phosphate of deer bones.
Geochimica et Cosmochimica Acta 54, 1723—1728.
d0i:10.1016/0016-7037(90)90403-8

Lyman, R.L., 1994. Vertebrate taphonomy. Univer-
sity Press, Cambridge.

Lyman, R.L, 2008. Quantitative Paleozoology.
Cambridge University Press, New York.

Lyras, G.A., Giannakopoulou, A., Lillis, T., Veis, A.,
Papadopoulos, G.C., 2016. Bone lesions in a Late
Pleistocene assemblage of the insular deer Can-
diacervus sp.ll from Liko cave (Crete, Greece). In-
ternational Journal of Paleopathology 14, 36—45.
doi:10.1016/j.ijpp.2016.04.004



M

Madrigal, T.C., Holt, ].Z., 2002. White-Tailed Deer
Meat and Marrow Return Rates and Their Applica-
tion to Eastern Woodlands Archaeology. American
Antiquity 67, 745-759. d0i:10.2307/1593802

Maguire, J.., Pemberton, D., Collet, M.H.,1980. The
makapansgat limeworks grey breccia: hominids,
hyaenas, hystricids or hillwash? Paleontology of
Africa 23, 75—98.

Manin, A., Lefévre, C., 2016. The use of animals in
Northern Mesoamerica, between the Classic and
the Conquest (200-1521 AD). An attempt at region-
al synthesis on central Mexico. Anthropozoologica
51,127—-147. doi:10.5252/az2016n2a5

Marchinton, R.L., Hirth, D.H., 1984. Behavior. In:
Halls, L.. (Ed.), White-Tailed Deer. Ecology and
Management. Stackpole books, Harrisburg, pp.
129-168.

Mariezkurrena, K., 1983. Contribucién al conoci-
miento del desarrollo de denticion y el esqueleto
postcraneal de Cervuselaphus . Munibe 35,149—202.

Mariotti, A., 1983. Atmospheric nitrogen is a relia-
ble standard for natural 15N abundance measure-
ments. Nature. doi:10.1038/303685a0

Martin, ].C., Cooke, R.G., Bustamante, F, Holst,
l., Lara, A., Redwood, S., 2016. Ocupaciones Pre-
hispanicas En Isla Pedro Gonzalez, Archipiéla-
go De Las Perlas, Panama: Aproximacién A Una
Cronologia Con Comentarios Sobre Las Conexiones
Externas. Latin American Antiquity 27, 378—396.
d0i:10.7183/1045-6635.27.3.378

Martin, K., 1976. Bone Flutes and Whistles from
Archaeological Sites in Eastern North America.
University of Tennessee. doi://trace.tennessee.edu/
utk_gradthes/1226

Martinez-Polanco, M.F, 2008. Del pasado al pre-
sente: Breve andlisis del estado de cinco especies
de mamiferos silvestres en Colombia. Canto Roda-
do 3, 95-112.

Martinez-Polanco, M.F, 2011. La biologia de la Con-
servacion aplicada a la Zooarqueologia: La sos-
tenibilidad de la caceria del venado cola blanca,
Odocoileus virginianus (Artiodactyla, Cervidae), en
Aguazuque. Antipoda. Revista de Antropologia y
Arqueologia 13, 99-118.

Martinez-Polanco, M.F, 2018. Beyond white-tailed
deer hunting in Aguazuque: Archaeofaunal data
from an Archaic site at Sabana de Bogota-Colom-
bia. International Journal of Osteoarchaeology.
doi:10.1002/0a.2722

Martinez-Polanco, M.F, Cooke, R.G., 2019. Zooar-
chaeological and taphonomical study of the
white-tailed deer (Cervidae: Odocoileus virginianus
Zimmerman 1780) at Sitio Sierra, a pre-Columbi-
an village in Pacific Coclé province, Panama, with
an evaluation of its role in feasts. Archaeologi-
cal and Anthropological Sciences 11, 5405-5422.
doi:10.1007/512520-019-00883-8

Martinez-Polanco, M.F, Jiménez, M., Buckley, M.,
Cooke, R.C., 2015a. Impactos humanos tempranos
en fauna insular: El caso de los venados enanos de
Pedro Gonzalez (Archipiélago de las Perlas, Pan-
ama). Revista ARCHAEOBIOS |, 202—214.

Martinez-Polanco, M.F, Montenegro, O., Pena,
G., 2015b. Sustainability and management of
white-tailed deer (Odocoileus virginianus) hunt-
ing by Paleoindian hunter-gatherers at Sabana
de Bogota in Aguazuque Archaeological Site (Co-
lombia). (Caldasia 37, 1—14. doi:10.15446/caldasia/
v37n1.50978

Martinez-Polanco, M.F, Rivals, F, Cooke, R.G.,,
2019. Behind white-tailed deer teeth: A micro- and
mesowear analysis from three Panamanian pre-Co-
lumbian archaeological sites. Quaternary Interna-
tional 1—=10. d0i:10.1016/j.quaint.2019.09.022

Martinez-Polanco, M.F, Montenegro, O., Pena, G,
Rincdn, L.S., 2020. La caceria del venado cola blan-
ca en Aguazuque: un sitio de cazadores-recolec-
tores tardios en la sabana de Bogota. Ecologia, uso,
manejo y conservacion del venado cola blanca en
Colombia115—135.

169



Masson, M., 1999. Animal resource manipulation
in ritual and domestic context at Postclassic Maya
comunities. World Archaeology 31, 93—120.

Masson, M.A., Peraza Lope, C., 2008. Animal use
at the Postclassic Maya center of Mayapan. Qua-
ternary International 191, 170-183. d0i:10.1016/j.
quaint.2008.02.002

Mayo, ]., 2004. La industria prehispanica de con-
chas marinas en “gran coclé”, Panama. Universidad
Complutense de Madrid.

Mayo, J., 2007. Conchas y especializacién artesanal
en Gran Coclé, Panama. Arqueologia del area inter-
media 7, 89—111.

Mayo, J., Carles, ]., 2015. Guerreros de Oro. Los
Senores de Rio Grande en Panama. Fundacién El
Cano, Panama.

Mayo, J., Cooke, R., 2005. La industria prehispanica
de conchas marinas en Gran Coclé , Panama. Anali-
sis tecnologico de los artefactos de concha del bas-
urero-taller del Sitio Cerro Juan Diaz, Los Santos,
Panama. Archaeofauna 14, 285—298.

Mayo, ]., Mayo, C., 2013. El descubrimiento de
un cementerio de élite en El Cafio: Indicios de un
patrén funerario en el valle de Rio Grande, Coclé,
Panama. Arqueologia Iberoamericana 20, 3—27.

Mayo, J., Mayo, C., Karas, V., 2010. La escultura
precolombina del area intermedia. Aproximacion
al estudio estilistico, iconografico y espacial del
grupo escultorico de El Cafo. Produccion de bienes
de prestigio ornamentales y votivos de la América
antigua 86—96.

McGimsey, C.R.,1956. Cerro Mangote: A preceram-
icsite in Panama. American Antiquity 22,151-161.

McGimsey, C.R., Collins, M.B., McKern, TW., 1986.
Cerro Mangote and its population. Journal of the
Steward Anthropological Society 16, 125—-157.

McKinney, C.R., McCrea, .M., Epstein, S., Allen, HA,,

Urey, H.C.,1950. Improvements in mass spectrometers
for the measurement of small differences in isotope

170

abundance ratios. The review of scientific instruments
21,724~730. d0i:10.1017/CB09781107415324.004

Mendizabal, T., 2004. Panama Viejo: An Analysis of
the Reconstruction of Archaeological Time in east-
ern Panama. University College.

Merino, M.L., Vieira Rossi, R., 2010. Origin, system-
atics, and morphological radiation. In: Barbanti
Duarte, ].M., Gonzalez, S. (Eds.), Neotropical Cer-
vidology. Biology and Medicine of Latin American
Deer. FUNEP/IUCN, Jabotical, pp. 2—11.

Merino, M.L., Milne, N., Vizcaino, S.F.,, 2005. A cra-
nial morphometric study of deer (Mammalia,
Cervidae) from Argentina using three-dimen-
sional landmarks. Acta Theriologica 50, 91—108.
doi:10.1007/BF03192622

Merwe, N.]. van der, 1982. Carbon Isotopes, Pho-
tosynthesis, and Archaeology: Different pathways
of photosynthesis cause characteristic changes in
carbon isotope ratios that make possible the study
of prehistorichuman diets. Sigma Xi, The Scientific
Research Society 70, 596—606.

Metcalfe, D., Jones, K.T.,1988. A Reconsideration of
Animal Body-Part Utility Indices. American Antig-
uity 53, 486—504. d0i:10.2307/281213

Mihlbachler, M.C., Rivals, F, Solounias, N., Sem-
prebon, G.M., 2011. Dietary change and evolution
of horses in North America. Science 331, 1178—1181.
doi:10.1126/science. 1196166

Molinari, ]., 2007. Variacion geografica en los ve-
nados de cola blanca (Cervidae, Odocoileus) de
Venezuela, con énfasis en O. margaritae, |a especie
enana de la Isla de Margarita. Memoria de la Fun-
dacién La Salle de Ciencias Naturales 167, 29-72.

Montenegro, O., Lépez-Arévalo, H., Mora-Bel-
tran, C., Lizcano, D., Serrano, H., Mesa, E., Bonil-
la-Sanchez, A., 2019. Tropical Ungulates of Colom-
bia. In: Gallina, S. (Ed.), Ecology and Conservation
of Tropical Ungulates in Latin America. Springer
Nature, Gewerbestrasse, pp. 157-195.

Montero-Lopez, C., 2009. Sacrifice and Feasting



Among the Classic Maya Elite, and the Importance of
the White-Tailed Deer: Is There a Regional Pattern?
Journal of Historical and European Studies 2, 53—68.

Montero-Lopez, C., 2012. From ritual to refuse: fau-
nal exploitation by the elite of Chinikiha, Chiapas,
during the late Clasic period 510.

Montero Lépez, C., Varela Scherrer, C.M., 2017.
iTamales para todos! El consumo del venado y
perro doméstico en los banquetes de Chinikiha.
Anales de Antropologia 51, 183—191. d0i:10.1016/;.
antro.2017.03.005

Moore, C., 2017. An examination of terminal archa-
ic bone and antler implements from the firehouse
site, Dearborn county, Indiana. Midcontinental
Journal of Archaeology 42, 223-243. doi:10.1080/01
461109.2017.1368964

Muhoz-Mufioz, F, Perpifian, D., 2010. Measure-
ment error in morphometric studies : comparison
between manual and computerized methods. An-
nales Zoologici Fennici 47, 46—56.

N

Nagy, M.1., 1990. Caribou exploitation at the Trail
River site (Northern Yukon). Occasional Papers in
Archaeology 2.

Norr, L., 1995. Interpreting dietary maize from sta-
ble isotopes in the American tropics: the state of
the art. In: Stahl, P (Ed.), Archaeology in the Low-
land American Tropics: Current Analytical Meth-
ods and Applications. Cambridge University Press,
Cambridge, pp.198—223.

o

Ojasti, J., 2000. Manejo de Fauna Silvestre Neotropi-
cal. Smithsonian Institute Press, Rockville, Maryland.

Outram, A.K.,2001. ANew Approach to Identifying
Bone Marrow and Grease Exploitation: Why the
Indeterminate ” Fragments should not be Ignored.
Journal of Archaeological Science 28, 401—410.
doi:10.1006/jasc.2000.0619

Owen, ]., Dobney, K., Evin, A., Cucchi, T,, Larson, G.,

Strand Vidarsdottir, U., 2014. The zooarchaeolog-
ical application of quantifying cranial shape dif-
ferences in wild boar and domestic pigs (Sus scro-
fa) using 3D geometric morphometrics. Journal of
Archaeological Science 43, 159—167. do0i:10.1016/j.
jas.2013.12.010

P

Paris, E.H., Bravo, R.L., Pacheco, E., George, M.,
2020. Hunting, husbandry, exchange and ritual:
animal use and meaning at Moxviquil, Chiapas
Mexico. Anthropozoologica 55, 43. doi:10.5252/an-
thropozoologicaz020vs5a4

Pearson, G.A., Martin, ].G., Castro, S.A., Acosta, M.].,
Cooke, R.G., 2020. The mid holocene occupation of
the Pearl Islands: A case of unusual insular adapta-
tions on the Pacific Coast of Panama. Quaternary
International. doi:10.1016/j.quaint.2020.07.036

Pelletier, M., Brugal, J.P, Cochard, D., Lenoble, A,
Mallye, ].B., Royer, A., 2016. Identifying fossil rab-
bit warrens: Insights from a taphonomical anal-
ysis of a modern warren. Journal of Archaeolog-
ical Science: Reports 10, 331—344. doi:10.1016/j.
jasrep.2016.10.016

Peltier, W.R., 2002. On eustatic sea level history:
Last Glacial Maximum to Holocene. Quaternary
Science Reviews 21, 377—396. do0i:10.1016/S0277-
3791(01)00084-1

Peia, C., Pinto, M., 1996. Mamiferos mas comunes
ensitios precerdmicos de la Sabana de Bogota: guia
ilustrada para arquedlogos. Academia Colombiana
de Ciencias Exactas, Fisicasy Naturales, Bogota.

Pefa, G.A., Rincon-Rodriguez, L.S., 2020. Revisién
de los registros arqueoldgicos de venado cola blan-
ca en la Sabana de Bogota. In: Lépez-Arévalo, H.
(Ed.), Ecologia, Uso, Manejo y Conservacion Del Ve-
nado Cola Blanca En Colombia. Instituto de Cien-
cias Naturales, Facultad de Ciencias, Universidad
Nacional de Colombia, Bogota D.C., pp. 151-164.

Penders, T., 2005. Bone, antler, tooth, and shell ar-

tifacts from the shields mound site (8DU12). The
Florida Anthropologist 58, 239—253.

171



Pérez Roldan, G., 2013. La produccién artesanal vis-
ta a través de los objetos de hueso en Teotihuacan
(100 dC al 650 dC). Universidad Nacional Auténo-
ma de México.

Pérez Réldan, G., 2005. El estudio de la industria
del hueso trabajado: Xalla un caso teotihuacano.
Escuela Nacional de Antropologgia e Historia.

Pickering, T.R., Egeland, C.P, 2006. Experimental
patterns of hammerstone percussion damage on
bones : implications for inferences of carcass pro-
cessing by humans. Journal of Archaeological Sci-
ence 33, 459—469. doi:10.1016/j.jas.2005.09.001

Pickering, T.R., Dominguez-Rodrigo, M., Heaton,
J.L.,, Yravedra, ]., Barba, R., Bunn, H.T., Musiba, C,,
Baquedano, E., Diez-martin, F., Mabulla, A., Brain,
C.K., 2013. Taphonomy of ungulate ribs and the
consumption of meat and bone by 1. 2-million-
year-old hominins at Olduvai Gorge, Tanzania.
Journal of Archaeological Science 40, 1295-1309.
doi:10.1016/j.jas.2012.09.025

Piperno, D.R., 1984. A Comparison and Differenti-
ation of Phytoliths from Maize and Wild Grasses :
Use of Morphological Criteria. American Antiquity
49,361—383.

Piperno, D.R., 2005. Prehistoric human occupa-
tion and impacts on Neotropical forest landscapes
during the Late Pleistocene and Early/Middle
Holocene. Human Impacts on Forest Landscapes
during the Pleistocene and Holocene 193—218.
doi:10.1007/978-3-540-48842-2_7

Piperno, D.R., 2006. Quaternary Environmental
History and Agricultural Impact on Vegetation in
Central America. Annals of the Missouri Botanical
Garden 93, 274-296. d0i:10.3417/0026-6493(2006)
93[274:QEHAAI]2.0.CO;2

Piperno, D.R., 2011a. Prehistoric human occupa-
tion and impacts on Neotropical forest landscapes
during the Late Pleistocene and Early/Middle Hol-
ocene. In: Bush, M.B., Flenley, J.R., Gosling, W.D.
(Eds.), Tropical Rain Forest Responses to Climatic
Change. Praxis, Chichester, pp. 185—206.

Piperno, D.R., 2011b. The Origins of Plant Cul-

172

tivation and Domestication in the New World
Tropics. Current Anthropology 52, S453-S470.
doi:10.1086/659998

Piperno, D.R., Jones, ].G., 2003. Paleoecological
and archaeological implications of a Late Pleis-
tocene / Early Holocene record of vegetation and
climate from the Pacific coastal plain of Panama.
Quaternary Research 59, 79-87.

Piperno, D.R., Pearsall, D.M., 1998. 1 - Background
of Tropical Agricultural Origins. The Origins of
Agriculture in the Lowland Neotropics 1-38.
d0i:10.1016/B978-012557180-7/50002-3

Pohl, M.,1990. The ethnozoology of the Maya: Fau-
nal remains from five sites in Peten, Guatemala.
In: Excavations at Seibal. Peabody Museum of Har-
vard University, Cambridge, pp. 143—174.

Potts, R., Shipman, P, 1981. Cutmarks made by
stone tools on bones from Olduvai Corge, Tanza-
nia. Nature 291, 577-580.

Purdue, J.R., 1983. Epiphyseal Closure in White-
Tailed Deer. The Journal of Wildlife Management
47,1207.d0i:10.2307/3808195

Q

Quade, ]., Cerling, T.E., Barry, ].C., Morgan, M.E.,
Pilbeam, D.R., Chivas, A.R., Lee-Thorp, ].A., Merwe,
N.J.vander,1992. A16-Marecord of paleodiet using
carbon and oxygen isotopes in fossil teeth from Pa-
kistan. Chemical Geology 94, 183—192. doi:10.1016/
S0009-2541(10)80003-8

R

Ramirez Lozano, R., 2012. Alimentacién del vena-
do cola blanca. Biologia y ecologia nutricional, Pal-
ibrio. ed. Bloomington.

Ranere, A.J., 1979. The re-excavation and reinter-
pretation of Cerro Mangote: A preceramic shell-
midden in Central Panama. Panama.

Ranere, AJ., Cooke, R.G., 2020. Late glacial and
Early Holocene migrations, and Middle Holo-
cene settlement on the lower isthmian land-



bridge. Quaternary International. doi:10.1016/j.
quaint.2020.06.002

Rappaport, R., 1984. Pigs for the ancestors. Ritual
in the Ecology of a New Guinea People, 2nd edi-
tion. ed. Waveland Press, Longo Grove IL.

Redwood, S., 2020. Late Pleistocene to Holocene
sea level rise in the Gulf of Panama, Panama, and
its influence on early human migration through the
Isthmus. Caribean Journal of Earth Science 51, 15-31.

Reitz, E.J., Wing, E., 2008. Zooarchaeology. Cam-
bridge University Press, Cambridge.

Retana-Guiascén, O., Padilla Paz, S.E., 2018. Cac-
eriay aprovechamiento del venado cola blanca por
indigenas mayas. Tropical and Subtropical Agroe-
cosystems 21, 283—294.

Reyna-Hurtado, R., Sanchez-Pinzén, K., 2019. Un-
gulates of Calakmul. In: Ecology and Conservation
of Tropical Ungulates in Latin America. pp. 89—104.

Reyna-Hurtado, R., Tanner, GW., 2005. Habitat
preferences of ungulates in hunted and non-
hunted areas in the Calakmul Forest, Campeche,
Mexico. Biotropica 37, 676—685. doi:10.1111/j.1744-
7429.2005.00086.X

Rick, T.C., Kirch, P V., Erlandson, ].M., Fitzpatrick,
S.M., 2013. Archeology, deep history, and the hu-
man transformation of island ecosystems. Anthro-
pocene 4, 33—45. d0i:10.1016/j.ancene.2013.08.002

Rincén-Rodriguez, L.S., 2020. Arqueozoologia del
venado cola blanca en San Carlos , municipio de
Funza , Sabana de Bogota. In: Lopez-Arévalo, H.
(Ed.), Ecologia, Uso, Manejo y Conservacion Del Ve-
nado Cola Blanca En Colombia. Instituto de Cien-
cias Naturales, Facultad de Ciencias, Universidad
Nacional de Colombia, Bogota D.C., pp. 137—150.

Rivals, F, 2019. MicrowearBivaR: a code to create
tooth microwear bivariate plots in R (Version 1).

doi:http://doi.org/10.5281/zenodo.2587575

Rivals, F, Semprebon, G.M., 2011. Dietary plas-

ticity in ungulates: Insight from tooth
microwear analysis. Quaternary International
245, 279—284. d0i:10.1016/j.quaint.2010.08.001

Rivals, F, Takatsuki, S., 2015. Within-island local
variations in tooth wear of sika deer (Cervus nippon
centralis) in northern Japan. Mammalian Biology
80, 333—339. d0i:10.1016/j.mambio.2015.02.001

Rivals, F, Mihlbachler, M.C., Solounias, N., 2007.
Effect of ontogenetic-age distribution in fossil
and modern samples on the interpretation of un-
gulate paleodiets using the mesowear method.
Journal of Vertebrate Paleontology 27, 763—767.
doi:10.1671/0272-4634(2007)27

Rivals, F, Schulz, E., Kaiser, TM., 2009. A new ap-
plication of dental wear analyses: estimation of
duration of hominid occupations in archaeological
localities. Journal of Human Evolution 56, 329-339.
doi:10.1016/j.jhevol.2008.11.005

Rivals, F, Solounias, N., Schaller, G.B., 2011. Diet
of Mongolian gazelles and Tibetan antelopes
from steppe habitats using premaxillary shape,
tooth mesowear and microwear analyses. Mam-
malian Biology 76, 358—364. doi:10.1016/j.mam-
bio.2011.01.005

Rivals, F, Rindel, D., Belardi, J.B., 2013. Dietary
ecology of extant guanaco (Lama guanicoe) from
Southern Patagonia: seasonal leaf browsing and
its archaeological implications. Journal of Ar-
chaeological Science 40, 2971—2980. doi:10.1016/j.
jas.2013.03.005

Rivals, F, Prignano, L., Semprebon, G.M., Lozano,
S., 2015a. A tool for determining duration of mor-
tality events in archaeological assemblages using
extant ungulate microwear. doi:10.1038/srep17330

Rivals, F, Julien, M.A., Kuitems, M., Kolfschoten,
T. Van, Serangeli, 1., Drucker, D.G., Bocherens, H.,
Conard, N.]., 2015b. Investigation of equid paleo-
diet from Schoningen 13 II-4 through dental wear
and isotopic analyses: Archaeological implica-
tions. Journal of Human Evolution 89, 129—137.
doi:10.1016/j.jhevol.2014.04.002

173



Rivals, F, Uno, KT., Bibi, F, Pante, M.C., Njau,
)., la Torre, I. de, 2017. Dietary traits of the un-
gulates from the HWK EE site at Olduvai Gorge
(Tanzania): Diachronic changes and seasonality.
Journal of Human Evolution 2017. doi:10.1016/;.
jhevol.2017.08.011

Rivera-Araya, M., Pilaar Birch, S., 2018. Stable
isotope signatures in white-tailed deer as a sea-
sonal paleoenvironmental proxy: A case study
from GCeorgia, United States. Palaeogeography,
Palaeoclimatology, Palaeoecology 505, 53-62.
doi:10.1016/j.palaeo.2018.05.025

Robinson, ]., Redford, K., 1991. Sustainable harvest
of neotropical forest mammals. In: Robinson, J.,
Redford, K. (Eds.), Neotropical Wildlife Use and
Conservation. Chicago Press, Chicago, pp. 415—429.

Rodriguez-Hidalgo, A., Rivals, F, Saladié, P, Car-
bonell, E.,2016. Season of bison mortalityin TD10.2
bone bed at Gran Dolina site (Atapuerca): Integrat-
ing tooth eruption, wear, and microwear methods.
Journal of Archaeological Science: Reports 6, 780—
789. doi:10.1016/j.jasrep.2015.11.033

Rohde, R.A., 2019. Post-Glacial Sea Level chart _ 2
Wikipedia Commons, Global tocene proboscideans from Britain. Journal of Qua-

[www Document].
Warming Art Project, http://enwikipedia.org/wiki/
File:Post-Glacial_Sea_Level.png. URL https://com-
mons.wikimedia.org/wiki/File:Post-Glacial_Sea_
Level.png (accessed 4.5.20).

Rohlf, F]., 2005. TpsRelw 1.41-Thin Plate Spline Rel-
ative Warp.

Rohlf, F]., Slice, D., 1990. Extensions of the Procru-
stes Method for the Optimal Superimposition of
Landmarks. Systematic Zoology 39, 40-59.

Rosell, J., 2001. Patrons d’Aprofitament de les Bio-
masses Animals durant el Pleistocé Inferior i Mig
(Sierra de Atapuerca, Burgos) i Superior (Abric Ro-
mani, Barcelona). Universitat Rovira i Virgili.

Rossi, R., Duarte, ].M.B., 2016. Mazama nemoriva-

ga . The IUCN Red List of Threatened Species 2016
[www Document]. doi:https://dx.doi.org/10.2305/

[UCN.UK.2016-1.RLTS.T136708A22158407

174

Rossi, R., Bodmer, R., Barbanti Duarte, .M., Guil-
herme Trovati, R., 2010. Amazonian brown brocket
deer Mazama nemorivaga (Cuvier1817). In: Barbanti
Duarte, .M., Gonzélez, S. (Eds.), Neotropical Cerv-
idology. Biology and Medicine of Latin American
Deer. FUNEP/IUCN, Jaboticabal, pp. 202—210.

Ruiz-Garcia, M., Randi, E., Martinez-Agliero, M,
Alvarez, D., 2007. Relaciones filogenéticas entre
géneros de ciervos neotropicales (Artiodactyla:
Cervidae) mediante secuenciaciéon de ADN mito-
condrial y marcadores microsatelitales. Revista de
Biologia Tropical 55, 723—741.

Rusell, N., 2012. Social zooarchaeology. Cambridge
University Press, Cambridge.

Russo, M., 2004. Measuring shell rings for social in-
equality. In: Gibson, J., Carr, P (Eds.), Signs of Power.
The Rise of Cultural Complexity in the Southeast.
The University of Alabama Press, Tuscaloosa, Ala-
bama, p. 383.

S

Saarinen, J., Lister, A., 2016. Dental mesowear re-
flects local vegetation and niche separation in Pleis-

ternary Science 31, 799-808. d0i:10.1002/jgs.2906

Sanchez-Hernandez, C., Rivals, F,, Blasco, R., Rosell,
]., 2014. Short, but repeated Neanderthal visits to
Teixoneres Cave (MIS 3, Barcelona, Spain): A com-
bined analysis of tooth microwear patterns and
seasonality. Journal of Archaeological Science 49,
317—325. d0i:10.1016/].jas.2014.06.002

Sanchez-Rojas, G., Gallina, S., Mandujano, S., 1997.
Area de actividad y uso del habitat de dos venados
cola blanca (Odocoileus virginianus) en un bosque
tropical caducifolio de la costa de Jalisco, México.

Sanchez, L.A.,1995. Analisis Estilistico de Dos Com-
ponentes Ceramicos de Cerro Juan Diaz: Su Rel-
acion con el Surgimiento de las Sociedades Caci-
cales en Panama. Universidad de Costa Rica.

Sanchez, P, 1976. Properties and Management of
Soils in the Tropics. Cambridge University Press,
Cambridge.



Sauer, C.,1966. The Early Spanish Main. University
of California Press, Berkeley.

Sauer, P., 1984. Physical characteristics. In: Halls,
L.AEd.), White-Tailed Deer. Ecology and Manage-
ment. Stackpole books, pp. 73—90.

Schimmelmann, A., Albertino, A., Sauer, P, Qi, H.,
Molinie, R., Mesnard, F, 2009. Nicotine, acetanilide
and urea multi-level 2H-, *C-and *N-abundance ref-
erence materials for continuous-flow isotope ratio
mass spectrometry. Rapid Communications in Mass
Spectrometry 23, 3513—3521. doi:10.1002/rcm

Schmid, E., 1972. Atlas of animal bones. Elsevier,
Amsterdam, London, New York.

Schoeninger, M.]., Deniro, M.]., Tauber, H., 1983.
Stable nitrogen isotope ratios of bone collagen
reflect marine and terrestrial components of
prehistoric human diet. Science 220, 1381—1383.
doi:10.1126/science.6344217

Seetah, K., Cucchi, T., Dobney, K., Barker, G., 2014. A
geometric morphometric re-evaluation of the use
ofdental formtoexploredifferencesin horse (Equus
caballus) populations and its potential zooarchae-
ological application. Journal of Archaeological Sci-
ence 41, 904—910. doi:10.1016/j.jas.2013.10.022

Selvaggio, M.M.,1994a. Carnivore tooth marks and
stone tool butchery marks on scavenged bones: ar-
chaeological implications. Journal of Human Evo-
lution 27, 215-228.

Selvaggio, M.M.,1994b. Carnivore tooth marks and
stone tool butchery marks on scavenged bones: Ar-
chaeological implications. Journal of Human Evo-
lution. doi:10.1006/jhev.1994.1043

Semprebon, G.M., Godfrey, L.R., Solounias,
N., Sutherland, M.R., Jungers, W.L,, 2004. Can
low-magnification  stereomicroscopy  reveal

diet? Journal of Human Evolution 47, 115-144.

doi:10.1016/j.jhevol.2004.06.004

Semprebon, G.M,, Rivals, F, Solounias, N., Hulbert,
R.C., 2016. Paleodietary reconstruction of fossil

Palaeoclimatol-ogy, Palaeoecology 442, 110—127.
doi:10.1016/j.palaeo.2015.11.004

Severinghaus, CW., 1949. Tooth Development
and Wear as Criteria of Age in White-Tailed
Deer. The Journal of Wildlife Management 13,
195-216.

Sharpe, A.E., Emery, K.F, Inomata, T., Triadan,
D., Kamenov, G.D., Krigbaum, ]., 2018. Earliest
isotopic evidence in the Maya region for animal
manage-ment and long-distance trade at the site
of Ceibal, Guatemala. Proceedings of the
National Academy of Sciences 201713880.
doi:10.1073/pnas.1713880115

Shearer, B.M,, Cooke, S.B., Halenar, L.B., Reber,
S.L., Plummer, ].E., Delson, E., Tallman, M., 2017.
Evalu- ating causes of error in landmark-based
data col- lection using scanners, PLoS ONE.
doi:10.1371/journal.pone.0187452

Shipman, P, 1981. Life history of a fossil. An
intro-duction to Taphonomy and Paleoecology.
Harvard University, Massachusetts.

Shipman, P, Rose, J., 1983a. Evidence of
Butchery and Hominid Activities at Torralba and
Ambrona ; An Evaluation Using Microscopic
Techniques. Jour-nal of Archaeological Science 10,
465—474.

Shipman, P, Rose, ].J., 1983b. Early hominid
hunt-ing, butchering, and carcass processing
behavior: Approaches to the fossil record. Journal
of Anthro-pological Archaeology 2, 57—98.

Simdn, P, 1981. Noticias historiales de las conquistas
de tierra firme en las indias occidentales. Biblioteca
Banco Popular, Bogota D.C.

Sinclair, A., Frysell, J., Caughley, G., 2006. Wildlife
ecolo-gy, conservation, and management. Blackwell
Publish- ing, Malden MA.

Smith-Guzman, N.E., 2016. Assessment of Human
Re-mains from CerroJuan Diaz Op.3 T.16. Panama.

horses from the Eocene through Pleistocene of Smith-Guzman, N.E, 2017. Assessment of Human

North America. Palaeogeography,

Re-mains from Cerro Juan Diaz, Operation 3, Tombs 1
and 2. Panama.

175



Smith, C.I., Nielsen-Marsh, C.M., Jans, M.M.E., Col-
lins, M.]., 2007. Bone diagenesis in the European
Holocene I: patterns and mechanisms. Journal of
Archaeological Science34,1485-1493.d0i:10.1016/j.
jas.2006.11.006

Smith, W., 1991. Odocoileus virginianus. Mamma-
lian species 1-13. doi:10.1016/B978-0-12-388437-
4.00011-9

Solounias, N., Semprebon, G.M., 2002. Advances
in the Reconstruction of Ungulate Ecomorphology
with Application to Early Fossil Equids. American
Museum Novitates 3366, 1-49. d0i:10.1206/0003-0
082(2002)366<0001:AITROU>2.0.CO;2

Somerville, A.D., Sugiyama, N., Manzanilla, L.R,,
Schoeninger, M.]J., 2016. Animal management
at the ancient metropolis of Teotihuacan, Mexi-
co: Stable isotope analysis of leporid (cottontail
and jackrabbit) bone mineral. PLoS ONE 11, 1-21.
doi:10.1371/journal.pone.0159982

Somerville, A.D., Sugiyama, N., Manzanilla, LR,
Schoeninger, M.]., 2017. Leporid management and
specialized food production at Teotihuacan: stable
isotope data from cottontail and jackrabbit bone
collagen. Archaeological and Anthropological
Sciences 9, 83—97. doi:10.1007/512520-016-0420-2

Stahl, P, Athens, S., 2002. Aprovechamiento pre-
histérico de animales y manufactura de utensilios
de hueso en la parte alta de los andes, al norte del
Ecuador. Cuadernos de historia y arqueologia 54-
55-56, 116—165.

Steadman, DW.,, Plourde, A., Burley, D. V., 2002.
Prehistoric Butchery and Consumption of Birds in
the Kingdom of Tonga, South Pacific. Journal of
Archaeological Science 29, 571-584. d0i:10.1006/
jasc.2001.0739

Stiner, M.C., Kuhn, S.L., Weiner, S., Bar-Yosef, O.,
1995. Differential Burning, Recrystallization, and
Fragmentation of Archaeological Bone. Journal of
Archaeological Science 22, 223-237. d0i:10.1006/
jasc.1995.0024

176

Sugiyama, N., Somerville, A.D., 2017. Feeding Te-
otihuacan: integrating approaches to studying
food and foodways of the ancient metropolis.
Archaeological and Anthropological Sciences 9.
d0i:10.1007/512520-016-0419-8

Sugiyama, N., Somerville, A.D., Schoeninger, M.].,
2015. Stable isotopes and zooarchaeology at Teo-
tihuacan, Mexico reveal earliest evidence of wild
carnivore management in Mesoamerica. PLoS
ONE 10, 1-14. doi:10.1371/journal.pone.0135635

Sugiyama, N., France, C.A.M,, Cooke, R.C., Martin-
ez-Polanco, M.F, 2020a. Collagen and carbonate
isotope data of fauna from pre-Columbian Pana-
ma. Data in Brief 31,105974.
doi:10.1016/j.dib.2020.105974

Sugiyama, N., Martinez-Polanco, M.F, France,
C.A.M., Cooke, R.G., 2020b. Domesticated land-
scapes of the neotropics: Isotope signatures of hu-
man-animal relationships in pre-Columbian Pan-
ama. Journal of Anthropological Archaeology 59,
101195. d0i:10.1016/j.jaa.2020.101195

T

Takamiya, H., 2006. An unusual case? hunt-
er-gatherer adaptations to an island environ-
ment: A case study from okinawa, japan. Jour-
nal of Island and Coastal Archaeology 1, 49—66.
doi:10.1080/15564890600585855

Teer, J.,1994. El venado cola blanca: historia natural
y principios de manejo. In: Vaughan, C., Rodriguez,
M. (Eds.), Ecologiay Manejo Del Venado Cola Blanca
En Méxicoy Costa Rica. EUNA, Heredia, pp. 32—48.

Thompson, V.D., Andrus, C.FT., Andrus, C.FT., 2011.
Evaluating mobility, monumentality, and feasting
at the Sapelo Island shell ring comples. American
Anthropologist 76, 315-343.

Thornton, E., Emery, K.F, Speller, C., 2016. Ancient
Maya turkey husbandry: Testing theories through
stable isotope analysis. Journal of Archaeological
Science: Reports 10, 584—595.
doi:10.1016/j.jasrep.2016.05.011



Thornton, E.K., 2011. Reconstructing ancient Maya
animal trade through strontium isotope (¥Sr/®Sr)
analysis. Journal of Archaeological Science 38,
3254—3263. d0i:10.1016/].jas.2011.06.035

Tieszen, L.L., Fagre, T.,1993. Carbon isotopic variabil-
ity in modern and archaeological maize. Journal of
Archaeological Science. doi:10.1006/jasc.1993.1002
Toth, LT., Aronson, R.B., Vollmer, S. V., Hobbs,
JW., Urrego, D.H., Cheng, H., Enochs, I.C., Com-
bosch, D.J., Woesik, R. Van, Macintyre, |.G., 2012.
ENSO drove 2500-year collapse of Eastern Pacif-
ic coral reefs. Science 336, 81-84. doi:10.1126/sci-
ence.1221168

Twiss, K.C., 2008. Transformations in an early
agricultural society: Feasting in the southern Le-
vantine Pre-Pottery Neolithic. Journal of Anthro-
pological Archaeology 27, 418—442. doi:10.1016/j.
jaa.2008.06.002

Vv

Valentin, N., Pérez Roldan, G., 2010. Analysis of
modified osseous remains from Monte Alban,
Oaxaca, Mexico. In: “Ruvalcaba, J.L., Reyes, ]., Are-
nas, J.A., Velazquez, A. (Eds.), 2nd Latin-American
Symposium on Physical and Chemical Methods
in Archaeology, Art and Cultural Heritage Conser-
vation. Selected Papers Archaeological and Arts
Issues in Materials Science. Universidad Nacion-
al Auténoma de México, Instituto de Investiga-
ciones Antropoldgicas, México D.F, pp. 125-130.
do0i:10.13140/2.1.2011.4243

Varela, D., Trovati, R., Guzman, K., Rossi, R., Duarte,
J.M.B., 2010. Red brocket deer Mazama america-
na (Erxleben 1777). In: Duarte, J.M.B., Gonzalez, S.
(Eds.), Neotropical Cervidology. Biology and Medi-
cine of Latin American Deer. FUNEP/IUCN, Jaboti-
cabal, pp.151-159.

Vega-Centeno Sara-Lafosse, R., 2007. Construc-
tion, labor organization, and feasting during the
Late Archaic Period in the Central Andes. Jour-
nal of Anthropological Archaeology 26, 150-171.
doi:10.1016/j.jaa.2006.07.002

Verme, L.]., Ullrey, D.E., 1984. Physiology and nutri-
tion. In: Halls, L.K. (Ed.), White-Tailed Deer. Ecolo-
gy and Management. Stackpole books, Washing-
ton DC, pp. 91-118.

Villa, P, Mahieu, E., 1991. Breakage patterns of hu-
man long bones. Journal of Human Evolution 21,
27—48.

w

Webb, S.D., 1998. Cervidae and Bovidae. In: Janis,
C., Scott, K., Jacobs, L. (Eds.), Evolution of Tertiary
Mammals of North America. Cambridge University
Press, Cambridge, pp. 508-510.

Webb, S.D., 2000. Evolutionay history of New
World Cervidae. In: Vrba, E., Schaller, G.B. (Eds.),
Antelopes, Deer, and Relatives. Yale University
Press, New Haven and London, pp. 38—64.

Weber, M., 2005. Ecology and conservation of
sympatric tropical deer populations in the greater
Calak. Durham University.

Wells, P, 2012. Social life and technical practice:
An analysis of the osseous tool assemblage at the
Dorset Paleoeskimo site of Philip’s Garden, New-
foundland. Memorial University of Newfoundland.
doi:10.1017/CB0O9781107415324.004

Wheeler, R., Coleman, W., 1996. Ornamental bone
carving of Southern Florida: Some late styles and their
associations. The Florida Anthropologist 49, 49—63.

White, C.D., Pohl, M.E.D., Schwarcz, H.P, Long-
staffe, FJ]., 2001. Isotopic evidence for Maya pat-
terns of deer and dog use at Preclassic Colha.
Journal of Archaeological Science 28, 89-107.
doi:10.1006/jasc.1999.0560

White, C.D., Schwarcz, H.P, Pohl, M., Longstaffe,
FJ., 2004. Feast, Field, and Forest: Deer and Dog
Diets at Lagartero, Tikal, and Copan. In: Emery, K.F.
(Ed.), Maya Zooarchaeology: New Directions in
Method and Theory. University of California Press,
Los Angeles, pp. 141-158.

177



White, T.E., 1953. A Method of Calculating the Di-
etary Percentage of Various Food Animals
Utilized by Aboriginal Peoples. American
Antiquity 18, 396—398. doi:10.2307/277116

Wiessner, P, 2001. Of feasting and value:
Enga feasts in a historical perspective. In:
Dietler, M., Hayden, B. (Eds), Feasts.
Archaeological and Eth-nographic Perspectives
on Food, Politics and Pow-er. Smithsonian
Institute Press, Washington, D.C., pp. 115—143.

Wright, L.E., Schwarcz, H.P, 1996. Infrared and
iso-topic evidence for diagenesis of bone
apatite at Dos Pilas, Guatemala: Palaeodietary
implications. Journal of Archaeological Science
23, 933-944. d0i:10.1006/jasc.1996.0087

X

Xais, A., Nagel, D., Bastl, K, 2017. Which
tooth to sample? A methodological study of
the utility of premolar/non-carnassial teeth in
the  microwear analysis of mammals.
Palaeogeography, Palaeoclimatology,
Palaeoecology 487, 229-240. doi:10.1016/
j.palaeo.2017.09.003

Y

Young, PD., 1976. The expression of harmony
and discord in a Guaymi ritual: the symbolic
mean-ing of some aspects of the balseria. In:
Helms, M., Lloveland, F (Eds.), Frotiner
Adaptations in Lower Central America. Insitute
for the Study of Human Issues, Philadelphia, pp.
37-53.

y 4

Zeder, M.A., 2015. Core questions in
domestication research. Proceedings of the
National Academy of Sciences of the United
States of America 112, 3191-3198. doi:10.1073/
pnas.1501711112

Zelditch, M., Swiderski, D., Sheets, H.D., 2012.

Ce-ometric morphometrics for biologist. A
primer. Ac-ademic Press, London.

178








