COASTAL SUBSISTENCE AND SETTLEMENT SYSTEMS ON THE NORTHERN GULF
OF MEXICO, USA
by
CARLA JANE SCHMID HADDEN
(Under the Direction of Elizabeth J. Reitz)
ABSTRACT

This research presents a synthesis of the zooarchaeology and site seasonality data for the
northern Gulf of Mexico from the Late Archaic through Woodland periods (ca. 5000 B.C. to
A.D. 1100). Three questions are addressed: (1) Was the coast occupied on a seasonal basis? (2)
Were there one or many coastal subsistence strategies? (3) Were coastal economies and
ecosystems stable over the scale of millennia? Archaeological data suggest the coastal zone was
not wholly abandoned during any season of the year, although sites varied throughout the year in
terms of population density, intensity of site use, or intensity of fishing and shellfishing efforts.
There were at least three patterns of animal exploitation on the Gulf Coast: specialized estuarine
shellfishing, generalized estuarine fishing, and generalized marine shellfishing. Specialized
estuarine shellfishing, a pattern focused on intensive exploitation of oysters, was an early and
long-lived adaptation to highly productive salt marsh habitats. Subsistence strategies diversified
during the Woodland period, shifting from intensive exploitation of salt marshes to extensive
exploitation of an array of estuarine and marine habitats. Marked variability among
contemporaneous sites over small geographic scales suggests that coastal dwellers had access to

different resources by virtue of their proximity to habitats and resource patches, perhaps



reflecting cultural attitudes towards access rights, ownership, and territoriality. Different
resources also required different procurement techniques and technologies, and had different
potential uses. These distinctions likely influenced the formation of place-based social identities,
as well as involvements in local and regional exchange networks. Pre-European fisheries
exhibited mild symptoms of decline, but persisted for thousands of years nonetheless. People
were potentially impacting Gulf Coast fisheries from the beginning of human history in that area.
However, measures of fisheries health indicate that the rate of decline of modern commercial

fisheries is over a hundred times faster than in traditional subsistence fisheries.
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CHAPTER 1.
INTRODUCTION

Coastal societies occupy a distinct position, both culturally and ecologically. Living on
the coast shapes the principles, dispositions, and practices that contribute to a distinctly coastal
identity (Astuti 1995:36). Coastal environments influence the very nature of travel, transport,
subsistence, and concepts of time (O’Sullivan 2003; Thompson and Worth 2011).
Anthropologists now recognize that a diversity of sociopolitical and economic trajectories are
possible in coastal environments. Some coastal hunter-gatherers were organized in small, highly
mobile kin groups (e.g., Grenda and Altschul 1994; Kennett and VVoorhies 1996; Ricklis 1996,
2004). Others, so-called “complex hunter-gatherer” populations, were organized in large,
sedentary societies with complex sociopolitical structures (e.g., Ames 1985; Arnold 1987, 1992,
1996; Habu 2008; Higham and Thosarat 1994; Keene 2004; Marquardt 1988, 1992a; Marquardt
and Walker 2013; Moseley 1975; Perlman 1980; Quitmyer et al. 1997; Reitz 1988a, 1988b;
Sanoja and Vargas Arenas 1999; Thompson and Andrus 2011; Thompson and Worth 2011;
Widmer 1988; Yesner 1980). For this reason, studies of coastal societies and ecosystems are now
at the forefront of theoretical research on the emergence of social complexity.

We still know little about basic elements of pre-European coastal livelihoods for many
areas of the Southeast, including most of the Gulf of Mexico. Within the Gulf Coast region, two
coastal societies are relatively well-studied archaeologically: the Karankawa of coastal Texas
and the Calusa of southern Florida. Ethnohistoric and archaeological evidence suggest that these

groups differed dramatically from one another in terms of social organization and population



mobility (e.g., Marquardt and Walker 2013; Ricklis 1996). Both groups relied predominantly on
wild coastal resources, but while the Calusa lived in permanent villages and were one of the
largest paramount chiefdoms in southeastern history, members of the Karankawa practiced a
seasonally-mobile lifestyle and lived in small egalitarian social units.

Coastal societies from what is now Texas and southern Florida had access to a broadly
similar suite of resources, but the extent to which the use of specific habitats, resource patches,
and taxa varied across time and space is unknown. For decades, debates on aquatic resource
bases focused on the nutritional value of shellfish and the labor involved in their processing and
procurement (e.g., Bailey 1978; Cohen 1977; Osborn 1977; Parmalee and Klippel 1974). This
approach fails to capture the complex and diverse behaviors that underlie resource decisions in
coastal environments. Anthropological perspectives on the economic roles of shellfish gathering,
compared to fishing, hunting, and farming, are entangled with a number of other issues of
interest including management of resources, differential access, gendered labor, and ritual
feasting, not to mention issues of preservation and recovery. Understanding the different ways
coastal resources were used across the Gulf Coast may contribute to our broader understanding
of the various forms of social identity, population mobility, and sociopolitical organization that
existed as well.

Many aspects of human life are tied to population mobility, resource schedules, and
seasonality of site use. These include ritual and harvest cycles, population demographics, and
political and economic organizations, among many others. For many areas of the coastal
Southeast, early models of population mobility assumed seasonal migrations between the coast
and the interior (e.g., Crook 1986; Curren 1976; Milanich 1994, 2002; Thomas and Campbell

1993). Such models remain largely untested for the northern Gulf Coast region. We still do not



know whether year-round resident populations occupied the northern Gulf Coast, how coastal
resources fit into seasonal resource schedules, or the nature of interactions across environmental
zones.

Archaeological studies of coastal resource use also contribute to our understanding of
long-term changes in marine ecosystems. Fisheries researchers have identified a global crisis in
commercial fisheries since the mid-twentieth century (Cheung et al. 2007; Jackson et al. 2001,
Pauly et al. 1998; Sheppard 1995). These, however, lack a deep historical perspective for
evaluating the magnitude and potential impacts over larger time scales. This problem is termed
the “shifting baseline syndrome” (Pauly 1995), in which each generation of fisheries scientists
tends to take the stock size and species composition that occurred at the beginning of their
careers as the baseline against which changes are evaluated. Commercial landings records and
fisheries surveys allow researchers to evaluate such changes in marine fisheries primarily from
the twentieth century to the present. The zooarchaeological record of coastal resource use has the
potential to extend the fisheries record back thousands of years.

Goals and Research Questions

The research presented here has three goals. The first goal is to use traditional
zooarchaeological methods to investigate resource use and evidence of seasonal site usen at one
coastal locale over the span of approximately 800 years, nested within a broad regional synthesis
of coastal resource use on the northern Gulf of Mexico over the span of approximately 5,000
years. The study focuses on zooarchaeological datasets that include both vertebrate and
invertebrate fauna, developed using fine-screen recovery techniques, to document variability in
coastal resource use across time and space in this region. The second goal is to evaluate the

human-mediated movement of commodities between coastal and interior communities as



evidence for human mobility and/or exchange networks. A pilot study using light stable isotopes
of deer bones recovered from both coastal and inland locales are used to suggest whether deer
products such as venison, hides, or bone tools were transferred between coastal and interior
communities. The third goal is to evaluate long-term trends in the health of the coastal resource
base. This has important implications for sociopolitical developments in the past, as well as for
understanding long-term cycles of crisis and recovery of coastal fisheries. Many other aspects of
seasonality, settlement, mobility, and climate change are not addressed explicitly because the
goal is to characterize coastal lifeways in this region as a case study and foundation for future
research.

The research questions elaborate upon two major themes: diversity among coastal
livelihoods and persistence of coastal ecosystems and economies. These themes are addressed at
multiple scales of analysis. One scale focuses continuity and change in coastal resources and
coastal economies during the Woodland period (ca. 3200-1400 B.P.) at a single locale on the
coast of northern Florida. The second scale addresses diversity and persistence of coastal
economies at a larger spatiotemporal scale, based on a comparative synthesis of 12
zooarchaeological datasets from the Mobile Delta, Florida Panhandle, and Big Bend regions of
the northern Gulf of Mexico (Figure 1.1) spanning several millennia (6300-1100 B.P.). All dates
are reported in calibrated radiocarbon years unless otherwise noted.

Was the coastal zone occupied on a seasonal rather than continuous basis?

Subsistence strategies require decisions not only about where and what and how to hunt,
gather, or collect, but also when these various activities fit into the annual resource schedule.
Resource schedules represent a negotiation of competing needs and obligations, and are closely

related to human population mobility (Binford 1980; Jochim 1976). The availability and



distribution of resources is seasonal in some regions, where they are closely linked to harvest and
feasting cycles, rituals and rites of passage, as well as human population size and density, and
political and economic organization (Kelly 1992:57; Waselkov 2012:201).

Globally, ethnographic and archaeological evidence suggest that coastal foragers
considered both lunar and annual cycles in their foraging decisions (e.g., Carré et al. 2009;
Claassen 1986; Meehan 1982:80; Moss 1993:634; Waselkov 1987:111-113). In some areas of
the coastal Southeast, evidence for year-round occupation of the coastal zone has been
interpreted as evidence for reduced population mobility and is thought to play a central role in
the emergence of political and economic complexity. In other coastal areas, such as the northern
Gulf Coast region, models that emphasize mobility between the coast and interior (e.g., Curren
1976; Milanich 1994, 2002; Thomas and Campbell 1993) continue to hold sway for many
scholars.

Zooarchaeological evidence on the seasonal aspects of vertebrate and invertebrate
resource acquisition are used to evaluate the hypothesis that the northern Gulf Coast was
occupied seasonally, rather than continuously throughout the year. Archaeological evidence for
the seasonal aspects of coastal life generally come from plant and animal remains. Often, season
of resource capture, use, and site occupation are extrapolated from just a handful of specimens
from one or two species. Even when evidence related to site seasonality is abundant, and all
seasons are represented, documenting year-round coastal sedentism is difficult. We typically lack
the temporal resolution needed to determine whether a site was occupied continuously
throughout the year, or episodically over many years. On the other hand, highly seasonal,
patterned use of coastal resources and coastal sites, which would be consistent with a transient or

migratory human population, is a testable, falsifiable hypothesis.



What was the basis of coastal subsistence?

Coastal subsistence strategies have proven problematic for classification schemes. The
terms fisher-hunter-gatherer, hunter-fisher-gatherer, fisher-gatherer-hunter, coastal forager,
maritime hunter, and others underlie an uncertainty about the roles of different aquatic resources
(Ames 2002; Bailey and Milner 2002). Throughout this research | use the term “fishers” to refer
to people for whom hunting, gathering, and collecting coastal resources was a routine part of life,
subsuming a wide range of resources other than fishes within this term. In addition to fishes and
shellfishes, coastal dwellers routinely used other animals such as mammals, birds, and turtles, as
well as plants and algae (e.g., Dillehay et al. 2008).

Zooarchaeological data from multiple sites across the northern Gulf Coast region are used
to investigate the relative contributions of various resources (e.g., fishes versus shellfishes),
habitats (e.g., terrestrial, marine, and freshwater), and techniques and technologies (e.g.,
individual- versus mass-capture fishing techniques), and to evaluate whether a single subsistence
strategy was shared throughout the region, or whether multiple strategies co-existed. Whether
one or many patterns of resource use existed has important economic implications related to
former environments and the distributions of resources, differential access to resources,
catchment areas, population mobility, management strategies, and long-distance exchange.

Certain characteristics of many coastal resources means that they can be monitored and
managed. The question of whether shellfish were marginal or central resources is an important
one because many species of shellfishes, compared to other animals, are largely immobile and
occur in patches. The patchy distribution of molluscs means that access to these resources could
be monitored and controlled (Thomas 2014; Whitaker 2008). Likewise, a fishery that

emphasized mass-capture techniques such as weirs and nets could be regulated and managed



through ownership of technologies and facilities. At small scales, resource management can
signify cooperation (Campbell and Butler 2010), but control over resources is also a mechanism
by which individuals or groups may achieve status or power (Dietler 1996; Wiessner 1996).

Is instability of coastal ecosystems a modern phenomenon?

Population declines in marine fauna (Hutchings and Reynolds 2004), changes in growth
patterns (Morita and Fukuwaka 2007; Rijnsdorp and van Leeuwen 1992), and shifts in
community structure (Cheung et al. 2007; Jargensen et al. 2007; Myers and Worm 2003) are
evidence that global marine fisheries are in crisis. Humans have been impacting marine
ecosystems for millennia, and it is now widely appreciated that even “small-scale” or artisanal
harvesting can have a major impact on target populations (Jennings et al. 1995; Jennings and
Polunin 1996; Milner 2013; Wing and Wing 2001).

Commercial harvest data suggested that changes in trophic structure and intrinsic
vulnerability of marine fisheries (sensu Cheung et al. 2007) observed in the late-twentieth
century were the result of recent overexploitation, and are warning signs of global declines (e.g.,
Cheung et al. 2007; Pauly et al. 1998). Fisheries scientists have called for a greater appreciation
of historical data such as written records, zooarchaeological data, genetic data, and other
evidence of past fishing efforts in order to examine trends in marine ecosystems that predate
conventional fisheries datasets such as survey data and commercial harvest records (Baisre 2010;
Pinnegar and Engelhard 2008).

The research presented here uses assemblages of animal remains from coastal shell
midden sites to document stability and change in the trophic structure and intrinsic vulnerability
of marine fisheries prior to intensive commercial exploitation of the Gulf of Mexico. Shell

middens in the coastal Southeast developed through a variety of anthropogenic formation



processes, and include both rapid and gradual accumulations of shell intermixed with various
amounts of bone, pottery, lithics, charcoal, soils, and sediments (Russo 2014). Despite the range
and variety of sites and site types included in this study, a common activity at all of them was
collecting and processing seafood. Thus, they all provide ecological and subsistence data that
contribute to an understanding of coastal economies and ecosystems in the past (Jackson et al.
2001).
Organization

This dissertation is organized in seven chapters. Chapter 1 specifies the research
questions and their significance in southeastern archaeology and in global anthropology. Chapter
2 describes the environmental, historical, and theoretical contexts of the study. Chapter 3
describes the zooarchaeological methods, including methods for stable isotope analyses. Chapter
4 presents the results of zooarchaeological analysis for each analytical unit, including identified
taxa, relative abundances, and various indices related to faunal abundances, diversity, trophic
level dynamics, and intrinsic vulnerability. Chapter 5 is a discussion of the subsistence and
settlement systems at one locale, the East Peninsula of the Florida Panhandle, over a period of
approximately 800 years. It focuses on the habitats and subsistence strategies used, the social and
political contexts of production, seasonality of resource and site use, and evidence for resource
stress or intensification at the East Peninsula locale. Chapter 6 approaches the same issues from a
different spatiotemporal scale. It reinterprets the East Peninsula dataset in the context of broad
regional patterns over the span of approximately 5,000 years, and describes qualitatively and
quantitatively different coastal subsistence sub-systems in the northern Gulf Coast region.

Chapter 6 also includes a discussion of population mobility and interaction along the coast and



between the coast and the interior. Chapter 7 summarizes the conclusions of this study and offers
suggestions for future research.
Chapter Summary

Three basic research questions are essential to understanding cultures and ecosystems of
the northern Gulf Coast: (1) Was the coastal zone used on a seasonal basis? (2) What was the
basis of coastal subsistence? and (3) Is instability of coastal ecosystems a modern phenomenon?
These research questions elaborate upon two major themes: diversity among coastal livelihoods
and resilience of coastal ecosystems and economies. The research addresses these themes at two
scales of analysis: one scale focuses on aspects of continuity and change in coastal resources and
coastal economies during the Woodland period (ca. 3200-1400 B.P.) at one locale on the coast
of northern Florida; the other scale is a comparative synthesis of zooarchaeological data from the
Mobile Delta, Florida Panhandle, and Big Bend regions of the northern Gulf of Mexico to
document patterns of fisheries health and resource use over several millennia (6300-1100 B.P.).
Chapter 2 contextualizes the research question through a review of the literature on the
environmental setting and cultural history of the northern Gulf of Mexico, and the theoretical

perspectives that inform this research.



CHAPTER 2:
ENVIRONMENTAL, CULTURAL, AND THEORETICAL CONTEXT
This chapter describes the context of the research and is organized in five sections. The
first section defines the study area and describes the environmental setting of the northern Gulf
of Mexico, including relevant information on the climate, geomorphology, vegetation, and fauna
of the region. The second section briefly summarizes the cultural history of the northern Gulf
Coast and adjacent areas to situate the present study of human/environmental interactions within
a broader trajectory of cultural development. The third section reviews the major theoretical
perspectives that inform this study. The fourth section discusses the archaeological implications
of the research questions with reference to the environmental, cultural, and theoretical context.
The final section is a brief summary of the Chapter 2.
Environmental Context
The geographic focus of this study is along the Alabama and Florida Gulf coast,
collectively referred to as the “Panhandle” region (Figure 2.1). Additional data are from the
marshy “Big Bend” region of Florida, and the “Mobile Delta” region, which is located north of
Mobile Bay and is dominated by intermittently brackish swamp and bottomland forests (Figure
2.1). The term “coast” refers to the sea—land interface, including nearshore environments,
extending to the upriver extent of the influence of seawater, and adjacent lands. Nearshore refers
to the region influenced by wave action, between the shoreline the offshore zone (Svendsen
2006:1). Estuaries are the bodies of water in which fresh water and sea water combine, and

define the upriver extent of the coastal landscape. An estuary is defined as
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... a semi-enclosed coastal body of water that extends to the effective limit of tidal

influence, within which sea water entering from one or more free connections

with the open sea, or any other saline coastal body of water, is significantly

diluted with fresh water derived from land drainage, and can sustain euryhaline

biological species from either part or the whole of their life cycle (Perillo

1995:26).
Estuaries are characterized by brackish waters, with salinity gradients ranging from 0.5 ppt at the
head of the estuary (the oligohaline zone), to fully marine sea water of 30.0-35.0 ppt at the
mouth of the estuary and open ocean (the marine or euhaline zone). Estuarine systems are further
subdivided into mesohaline (5.0-18 ppt) and polyhaline (18.0-30.0 ppt) zones (Carriker 1967,
Odum 1988). The locations of salinity zones shift in response to seasonal rainfall and
streamflow, with extreme variations occurring during floods and droughts. It is therefore
impossible to define the upper extent of estuaries, and of marine-influenced environments in
general, as static boundaries. Today, for example, tidal influence and salt water intrusion
regularly extend approximately 20 km upriver from the head of Mobile Bay, into the Mobile
Delta, but as much as 45 km upriver during periods of low freshwater river discharge (Chadwick
and Feminella 2001:533). The Panhandle region experiences small, diurnal tides, with less than a
meter difference between high- and low-tide. The Big Bend has small, semidiurnal tides, with
two high-tides and two low-tides of different sizes each day (Lanza Espino and Gémez Rojas
2004).

Rivers change their course; landforms drift, erode, emerge, and disappear; and sea level
rises and falls (e.g., Anderson et al. 2012; Rich et al. 2014; Roberts 1997; Stewart and Gorsline

1962; White 2014:86). Hydrological and geomorphological changes such as these alter the
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hydrodynamics of associated estuarine systems, further complicating static delineations between
brackish and fresh water, and coastal and non-coastal environments. For the purpose of this
study, archaeological sites yielding evidence of association with former marine or estuarine
environments, i.e., those yielding abundant estuarine and marine archaeofauna, are considered
coastal sites, regardless of the modern salinity regime; terrestrial areas yielding coastal
archaeological sites are considered coastal also. Conversely, archaeological sites with abundant
terrestrial and freshwater fauna are considered non-coastal or interior sites.

Climate

Seasonal climate patterns influence the reproduction, growth, and distribution of coastal
plants and animals, and are therefore of central importance to human subsistence and settlement
systems. Today, the northern Gulf Coast has a humid, subtropical climate. Air temperatures
range from an average low of approximately 6°C in winter (December through February) to an
average of 33°C in summer (June through September) (Chen and Gerber 1990; Livingston
1990:556), with 240 frost-free days per year on average (Sanford 2008). Temperatures over 37°C
are not unusual in the summer (Sanford 2008), and daily temperature fluctuations may be
extreme. In some areas, and during certain times, daily temperature ranges may exceed the
average annual ranges (Chen and Gerber 1990:11).

The region is typically wet, with average precipitation of approximately 1,600 mm per
year (Sanford 2008). In the Panhandle and Big Bend regions, there is a marked seasonal shift
from a warm, rainy season, characterized by heavy afternoon rains from June to September, to a
cool, dry season from October to May (Black 1993; Chen and Gerber 1990:11). These areas

receive an average of approximately 180 mm of rainfall per month in the rainy season, and 80
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mm per month in the dry season (Chen and Gerber 1990:Figure 2.5). Precipitation is distributed
evenly throughout the year within the Mobile Delta region (Riccio et al. 1973).

Mean annual sea surface temperatures (SSTs) are approximately 25°C, ranging from an
average of 18°C during the winter (January—March) to 28°C during the summer (July—
September) (Boyer et al. 2009). Water temperatures can be a primary limiting factor in growth
and productivity in nearshore areas. Oysters (Crassostrea virginica), for example, cease growth
in water temperatures in excess of 28°C (Surge et al. 2001), and lightning whelks (Busycon
sinistrum) cease growing during the coolest months of the year (Harke et al. 2015).

Climates are dynamic, and we do not know how analogous the modern climate of the
northern Gulf Coast is to that between 3000 B.C. and A.D. 1300, the period of greatest interest in
the present study. Proxy records for the greater Gulf of Mexico demonstrated well-defined
climatic cycles over the past 5,000 years (Table 2.3). The mid-Holocene hypsithermal, also
called the interglacial maximum, brought conditions that were warmer and wetter than today
(Poore et al. 2003). Modern SSTs and seasonal rainfall patterns, and the summer rainy season in
particular, developed after the Roman Warm Period, but prior to the onset of the Little Ice Age
(Table 2.3) (Surge and Walker 2005). The Little Ice Age was a major climatic shift associated
with decreased SSTs, increased winter precipitation, and a reduction in the extent of the dry
season (Lozano-Garcia et al. 2007). Sea-level records also demonstrated cycles of rise and fall,
possibly oscillating between higher- and lower-than-present stands several times over the past
5,000 years (see Widmer 2005:Figure 3.3 for alternative models).

Seasonal and long-term climatic cycles also are punctuated by extreme events such as
droughts, wildfires, and tropical storms. These events can have long-lasting effects on coastal

and interior ecosystems. Even small rainfall deficits during early spring can cause severe damage
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to plant communities (Chen and Gerber 1990:19). The northern Gulf Coast has the highest
number of thunderstorm days in the continental United States (Chen and Gerber 1990:26). The
combination of hot summer temperatures, episodic droughts, and the high frequency of lightning
ensures sporadic exposure to wildfires (Mitchener and Parker 2005). Wildfires, in turn, control
the composition and stature of plant communities in scrub and pine communities (Myers
1990:Table 6.1).

Today, the Gulf Coast is prone to hurricanes during the summer and fall, especially
during September and October, when ocean temperature and humidity are highest (Chen and
Gerber 1990:23). Hurricanes are an episodic but normal part of the climate regime, bringing
large nutrient influxes, reconfiguring shorelines and drainage systems, replenishing fresh water
supplies, and increasing productivity (Conner et al. 1989). They also can pose short-term risks to
human communities by inundating coastal freshwater lakes with salt water, causing massive
flood- and wind-damage, and increasing the likelihood and intensity of wildfire (Chen and
Gerber 1990; Liu et al. 2008; Myers and van Lear 1998). The Panhandle region is particularly
hurricane-prone, with an expected return rate of one hurricane every six to eight years (Simpson
and Riehl 1981). In comparison, the Big Bend region has an expected rate of one hurricane every
12 to 17 years (Chen and Gerber 1990:23). Sediment cores suggested that the Panhandle region
may have experienced a “hyperactive” period of catastrophic hurricanes in the first millennium
A.D., with Category 5 hurricanes making landfall more frequently than today (Liu and Fearn
2000a, 2000b).

Geomorphology and Hydrology
The northern Gulf of Mexico has a wide and shallow continental shelf, ranging from 80

to 240 km wide (Curray 1960) and generally less than 180 m below sea level (Monreal-Gomez et
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al. 2004). The surface sediments of the northern Gulf Coast are alluvial and coastal, forming low
terraces consisting of Holocene and undifferentiated Quaternary sediment of quartz sand,
carbonate sand and mud, and organic matter (USGS 2005). Sandy beaches and barrier islands are
common in the Panhandle region and are composed of quartz sand, sometimes appearing as
parallel sets of ridges and swales formed through wave action during repeated episodes of
progradation (Johnson and Barbour 1990:434). Many extant barrier islands have occupied their
current positions for 3,000 to 5,000 years (Johnson and Barbour 1990). Although most of the
northern Gulf Coast has experienced net erosion over the past century (Johnson and Barbour
1990), several new barrier islands have emerged in historic times (Shepard and Wanless 1971).
The lands of the coast, including the numerous long, narrow barrier islands, are almost uniformly
low-lying and prone to flooding (Livingston 1990:550).

Inland from the coast, the interior uplands exceed 60 m in elevation (Livingston
1990:550). Surface sediment on the mainland overlie early Paleogene to Neogene limestone and
dolomite, which form part of the Florida Aquifer. Surface waters percolate into breaks and
cavities in the limestone, and are transmitted to wells and springs through the underground rivers
that constitute the aquifer system (Brown et al. 1990:36; Livingston 1990:552). Pressure heads in
the aquifer force water to the surface and produce artesian springs (Nordlie 1990:393). Springs
and spring-fed wetland systems provide potable water sources for both humans and animals and
are essential to coastal and non-coastal ecosystems (Austin et al. 2009; Faught and Carter 1998;
Hancock et al. 2008). Springs are particularly common in the Big Bend region, where limestone
formations are close to the surface (Mattson et al. 2006; USGS 2005).

Rivers are numerous in the northern Gulf Coast region, and vary in velocity, substratum,

temperature, and drainage area. Rivers are sources of drinking water and serve as highways
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between the coast and the interior. Most alluvial river systems originate in the coastal plain of
Georgia and Alabama (Livingston 1990:550). Two notable exceptions have their headwaters in
northern Georgia and Alabama (Figure 2.1): the Apalachicola—Chattahootchee—Flint (ACF) river
system, which drains an area of over 50,000 km? (Nordlie 1990:395), and the Mobile River
Basin, which drains over 100,000 km? (USGS 1998). Rivers primarily flood in winter (January—
March) (Curren 1976; Mattson et al. 2006).

Estuaries are important hydrological features of the northern Gulf Coast. Different
geological processes produce estuaries with different characteristics. Those of the northern Gulf
Coast are generally drowned-river and/or bar-built types, or combinations thereof (Pritchard
1967:4). They include combinations of salt wedge, partially mixed, and vertically and/or
sectionally homogeneous estuaries (Schroeder and Wiseman 1999). Most are fed by rivers, but
some receive only small or seasonal fresh water inputs from streams or terrestrial run-off (e.g.,
Brown 2009; Stewart and Gorsline 1962).

Within the present study area, the drowned-river valley estuary type is exemplified by the
Mobile, Pensacola, and Choctawhatchee bay systems (Figure 2.1) (Clayton 2012). Mobile Bay is
the largest bay in the study area and the sixth largest estuary in the United States (Mobile Bay
NEP 2008). The bay is extremely shallow, with an average depth of about 3 m, and covers an
area of over 1,000 km? (Smith 1988). Salinity within the bay is highly variable, with fresh water
inflow from the Mobile Delta mixing with salt water from the Gulf of Mexico. The bay thus
supports aquatic habitats with variable salinity regimes.

The Mobile Delta is a drowned alluvial plain and valley formed through the coalescence
of at least two major stream systems above Mobile Bay (Smith 1988). Today, the alluvial plain is

coursed by many streams, which constitute the delta’s distributary system. During periods of low
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flow (July through December), a salt wedge frequently intrudes as far as 45 km upstream from
the head of Mobile Bay, into the northern reaches of the delta (Chadwick and Feminella 2001;
Schroeder 1978).

Other estuaries of the northern Gulf Coast region are of the broad, shallow, bar-built type
(Schroeder and Wiseman 1999:12), also called coastal lagoons (Perillo 1995:30). These form
along low-relief coasts, where barrier islands or sand spits rise above sea level and enclose river
valleys with small tidal ranges and small river discharges (Perillo 1995:30). Most of the bar-built
estuaries in the study area date to the last 5,000 years (e.g., Livingston 1984:10;

Salsman et al. 1966). Bar-built estuaries are normally shallow, microtidal systems, often running
parallel to the coast. They are bordered on the landward side by tidal flats, a former (earlier)
coastline, or salt marshes (Biachi 2007:31; Perillo 1995:30). Wind is an important mixing
mechanism, and tidal action often is considerably reduced compared to drowned-river estuaries
(Patrick 1994:8; Pritchard 1967:5). Total freshwater input is generally small, although multiple
rivers and streams may enter the estuary (Patrick 1994:7; Pritchard 1967:5). Examples of bar-
built estuaries in the study area include the Apalachicola Bay and St. Joseph Bay systems (Figure
2.1) (Clayton 2012).

The Apalachicola Bay system consists of six hydrologically linked subdivisions covering
over 600 km?. It is a shallow (2-3 m), wind- and tide-dominated system (Livingston 1984). The
bay is fed by the ACF river system, and is well-mixed vertically. Subdivisions within the bay
range from oligohaline to euhaline conditions depending on proximity to the mouth of the river,
river flow, local rainfall, wind speed and direction, and water currents (Livingston 1984:16-17).
Tidal influence usually extends approximately 40 km upriver (Livingston 1984:2). Three barrier

islands fringing the bay limit the outflow of the low-salinity water to the Gulf of Mexico.
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Although the general structure of the bay system formed 10,000 years ago, the barrier islands are
approximately 3,000 years old (Livingston 1984:10).

St. Joseph Bay is a mostly shallow (< 2 m) basin surrounded to the south and east by a 24
km-long cuspate spit, the St. Joseph Peninsula (Bologna and Heck 1999; White 2014), which
formed via longshore drift from the ACF river system ca. 5,000 years ago (Stewart and Gorsline
1962). The bay covers an area of approximately 120 km?, and is not markedly influenced by the
influx of fresh water (Stewart and Gorsline 1962). Today, only two small freshwater creeks
empty into the bay (White 2014), but terrestrial run-off can be substantial, resulting in salinities
ranging from 22 ppt to 35 ppt (Bologna and Heck 1999).

St. Andrews Bay, and Tyndall Air Force Base (TAFB) in particular, is a major focus of
this study (Figure 2.2). The St. Andrew Bay system has characteristics of both drowned-river and
bar-built estuaries. The estuary formed approximately 5,000 years ago. As sea level rose during
the Holocene, ocean waves and longshore currents built up a barrier island across the mouth of a
now-extinct river, creating an embayment (Salsman et al. 1966). Today, the St. Andrew Bay
system includes four hydrologically linked bays—West Bay, North Bay, East Bay, and St.
Andrew Bay proper—with a combined area of approximately 243 km? (FLDEP 2012). TAFB
occupies a 5 km-wide peninsula, called East Peninsula, between the Gulf of Mexico and East
Bay. The bay system has an average depth of 4 m, with a maximum depth of 12 m (Conmy
2010). Because of the depth and minimal tidal range, and a lack of freshwater inputs, the bay is
highly saline and poorly flushed (FLDEP 2012). St. Andrews Bay is a high-salinity system, that
is not considered a true estuary by some (e.g., Brown 2009:17). St. Andrews Sound is an
adjacent coastal lagoon, on the south side of East Peninsula, and not directly connected to St.

Andrews Bay (Figure 2.2).
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Biogeography

The climatic, geomorphologic, and hydrologic patterns on the northern Gulf Coast
interact to create unique combinations of terrestrial and aquatic habitat types, which often grade
into one another. Human communities occupying this region in the past had access to a diverse
suite of resources owing to the productivity and patchiness of these coastal ecosystems.

Marine life is concentrated on the continental shelf (Odum and Barrett 2005:415).
Nearshore marine (euhaline) and estuarine (oligohaline, mesohaline, and polyhaline) habitats are
physically stressed (i.e., rapidly changing), but also are highly productive sanctuaries or nursery
grounds for numerous species of fishes and shellfishes (Livingston 1990:559; Odum and Barrett
2005:421-422). Physical factors such as waves, tides, currents, salinity, temperature, and light
influence the bottom substrates and the distributions of biological communities (Odum and
Barrett 2005:414), resulting in dynamic and diverse coastal ecosystems (Table 2.1; Livingston
1990:559).

Nearshore environments, including bays and estuaries, consist of numerous ecosystems
that have ecological characteristics of their own. Some of the ecosystems most important to
coastal human communities are seagrass beds, oyster reefs, salt marshes, and tidal flats (Myers
and Ewel 1990). Seagrass beds are submerged aquatic plant communities found in low-energy
(i.e., weak waves) nearshore marine and estuarine environments. Seagrass beds are vital to
coastal ecology. They are important sources of primary production, offering complex habitats
that are critical to aquatic wildlife (Table 2.1) and a biomechanism for improving water quality
(Dawes et al. 2004; Livingston 1990:562). They occur either in patches or as continuous
meadows. Patches and meadows are found in sheltered areas in the Panhandle region, usually

behind barrier islands (Dawes et al. 2004). The geologic and hydrographic conditions of the Big
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Bend create an immense area of shallow, clear, low-energy water which allows for the growth of
extensive seagrass meadows in the absence of barrier islands (Mattson et al. 2006).

Oyster reefs, or oyster bars, are common submerged habitats in estuaries and are
composed of successive generations of eastern oysters which form reef-like structures. Oyster
reefs provide many ecological services, improving water quality, stabilizing bottom areas, and
providing complex habitats for hundreds of other species of bivalves, gastropods, shrimps (Table
2.1), and fishes (Table 2.2)(Livingston 1990:563-564). They are especially common in brackish
waters less than 10 m deep, such as estuarine river mouths in the Panhandle and Big Bend
regions (Livingston 1990:563).

Salt marshes are vegetated coastal ecosystems dominated by salt-tolerant plants. They
occupy the intertidal zone, particularly low-lying sedimented depressions where they are
inundated with salt water at least occasionally (Montague and Wiegert 1990:481; Wiegert and
Freeman 1990:1). The salinity gradient and depth/duration of inundation determine the plant and
animal communities that develop (Wiegert and Freeman 1990). These communities develop
between terrestrial and low-energy marine environments, resulting in biologically diverse
communities that are adapted for harsh environmental conditions including desiccation, flooding,
and extreme temperature and salinity fluctuations (Montague and Wiegert 1990:495). Salt
marshes have characteristics of both marine and terrestrial ecosystems, and are critical to both
marine and terrestrial food webs (Wiegert and Freeman 1990:1). They function as nurseries for
many marine species, especially fishes and molluscs, but terrestrial animals such as birds, deer
(Odocoileus virginianus), and raccoons (Procyon lotor) also forage in the marsh (Table 2.1)

(Montague and Wiegert 1990:482). Salt marshes are particularly abundant in the Big Bend
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region, but occur in low-energy and sheltered intertidal areas throughout the Panhandle and Delta
regions as well.

Tidal or mud flats are unvegetated soft-sediment habitats, located in estuaries and other
low-energy marine environments where mud, clay, sand, and detritus settle. Tidal flats are highly
productive habitats, supporting a high biomass of organisms which live on (epibenthic) or within
(infaunal) the soft substrate (Livingston 1990:565). Epibenthic and infaunal communities are
dominated by detritivores, deposit feeders, and filter feeders (Table 2.1). Macrobenthic infaunal
organisms, such as molluscs and crustaceans, are often referred to as ecosystem engineers
because they affect the structure and chemistry of their own environments by burrowing
(Paterson et al. 2009). Tidal flats often occur on the seaward side of intertidal marshes. They are
distributed in patches in the Delta and Panhandle regions and occur more-or-less continuously
along the Big Bend coast (FWC 2009).

Sandy beaches and dunes lie at the interface between the land and the ocean. These
habitats are continuously disturbed and reshaped by coastal winds, wave action, tides, and
frequent, extreme disturbance events, especially hurricanes, and therefore are continuously
recolonized (Johnson and Barbour 1990:44). Relatively few animal species are permanent
residents of these environments, although they serve as feeding grounds and/or nesting areas for
many species of wildlife including birds, sea turtles (Cheloniidae), and terrestrial mammals
(Table 2.1) (FNAI 2010; Johnson and Barbour 1990). Sandy beaches are common in the
Panhandle region, less common in the Big Bend, and absent in the Mobile Delta.

The plant communities of more stable dunes transition into maritime forests. Maritime
forests support a diversity of terrestrial and even aquatic fauna (Table 2.1), with species

composition depending on the frequency and timing of saltwater inundation (Whitaker et al.
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2009). Most maritime forests consist of evergreen hardwoods, shrubs, pines, and oaks, and
resemble the vegetation of the interior zone (Johnson and Barbour 1990:458). Pine flatwoods are
fire-tolerant communities between wetter bottomlands and drier uplands, and are intermixed with
bayheads, swamps, and freshwater marshes. Swamps are low-lying, regularly inundated forested
wetlands, forming a border along large rivers, creeks, and lakes. Cypress and other freshwater-
tolerant trees and shrubs generally dominate swamps and bottomland forests. Hardwood swamps
are found throughout the study area, but are characteristic of the Mobile Delta region (Chaplin
2001). Habitats within the delta are spatially complex, including seasonally flooded bottomland
hardwood forests, dense marshes, and submerged aquatic vegetation (Table 2.1). Coastal hydric
hammocks are a type of forested wetland. They occur at low elevations on the landward site of
salt marshes along the Big Bend region, in areas with higher-than-average ground-water levels
(Vince et al. 1989). Hydric hammocks are irregularly inundated forests, which stabilize the
timing of freshwater inflow and attenuate peak flows into adjoining estuaries (Vince et al.
1989:70).

The various combinations and co-occurrences of habitats on the northern Gulf Coast
provide access to a broad suite of resources for humans that require an equally diverse repertoire
of collection strategies and technologies. Coastal adaptations require specialized knowledge
about climatic and hydrological cycles and their relationships to plant and animal productivity.
The rhythms of daily life of coastally adapted human populations likely were in tune with these
cycles.

Culture History
Coastally adapted human populations are a cultural phenomenon of great antiquity. Shell

midden sites are a common feature of coastal landscapes around the globe, most dated to the
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onset of the Holocene and thereafter (ca. 11,500 B.P.). Binford (1968) hypothesized that the
apparently sudden appearance of shell midden sites, followed by the domestication of plant foods
around the Mediterranean basin at the Pleistocene/Holocene transition, had a single cause:
scarcity of land and a reduction of preferred foods. Binford’s (1968) “post-Pleistocene
adaptation” hypothesis reflected the viewpoint that aquatic foods, particularly shellfish, were less
desirable or less nutritious than large terrestrial game, or were starvation foods (e.g., Bailey
1978; Cohen 1977; Osborn 1977; Parmalee and Klippel 1974). Shellfishing was perceived by
many earlier scholars to be a desperate, lowly form of existence (Darwin 1860:213; Ryder
1963:311; Uhle 1907:31).

To the contrary, scholars now generally recognize that coasts and coastal subsistence
strategies did not emerge as a post-Pleistocene adaptation to increased human population
pressure. Instead, coastal adaptations were central to the development and dispersal of modern
humans (Bailey and Milner 2002; Bicho et al. 2011; Erlandson 2001). Archaic Homo sapiens
and Neanderthals (H. sapiens neanderthalensis) included marine resources in their subsistence
strategies at least 150,000 years ago (Cortés-Sanchez et al. 2011; Marean et al. 2007). Marine
resources were important to the economies of early foragers on both sides of the Pacific (e.g.,
Erlandson et al. 2008; Habu et al. 2011; Reitz et al. 2015; Sandweiss et al. 1998; Szabd and
Amesbury 2011), and maritime technologies may have played a role in the rapid dispersal of
human populations along the Pacific Coast of North America (Erlandson 2002).

Precisely when and how humans first migrated into southeastern North America is a
point of debate. Anderson and Sassaman (2012:38) hypothesized that the first colonists were
coastally-adapted populations acquainted with the use of watercraft. The earliest known sites and

artifacts in the Southeast date to the late Pleistocene and are assigned to the Paleoindian period
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(Table 2.3). However, the Pleistocene coastline of the Gulf of Mexico is now underwater due to
fluctuations in sea level, therefore evidence for a Pleistocene occupation of that coastal zone
would be underwater as well (Faught 2002).

The northern Gulf Coast region has received less attention from archaeologists compared
to other areas of the coastal Southeast such as the Georgia coast and southwestern Florida
(Thompson and Worth 2011). As such, the historical context that follows is broad and
necessarily tentative.

Archaic period

The earliest archaeological evidence for coastal dwellers on the northern Gulf of Mexico
dates to the Middle Archaic (7850-5800 B.P.) period (Table 2.3). Zooarchaeological data from
three shell midden sites, Meig’s Pasture (80K102), Mitchell River 1 (8WL1278), and the
submerged J&J Hunt (8JE740) site, demonstrate the intensive use of estuarine fishes and
shellfishes by the Middle Archaic in the Florida Panhandle and Big Bend regions (Curren 1987;
Faught 2002; Mikell and Saunders 2007). By this time, and possibly earlier, people began
influencing marine ecosystems in this region.

Whether the northern Gulf Coast region was occupied by year-round sedentary
populations or by highly mobile transient groups during the Archaic period has not been
resolved. However, the possibility of early sedentism in this region should not be discounted.
The earliest villages occupied by sedentary societies in the Southeast are found in coastal and
aquatic environments. Faunal remains from Horr’s Island, in southwestern Florida, suggest that
coastal dwellers lived at that locale year-round by 5000 B.P., long before sedentary villages were
previously thought to have existed in the Southeast (Russo 1994). In the northern Gulf Coast

region the number and density of shell midden sites increased from the Middle to Late Archaic,
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suggesting an increase in the density of the coastal human population (Russo et al. 2006). The
number of large base camps likewise increased, possibly housing some residents year-round, as
populations concentrated near aquatic resources (Bense 1994:90).

A distinct type of coastal shellwork site known as shell rings appeared during the Late
Archaic (5800-3200 B.P.) period (Table 2.3). Shell ring sites are circular, C-, or U-shaped
deposits of shell, typically 1-6 m in height, surrounding a relatively shell-free central plaza
(Russo et al. 2009:105). Coastal shell rings are found from northern Florida to South Carolina on
the Atlantic coast, a region known as the Georgia Bight, and from southwestern Florida to
Mississippi on the Gulf coast (Anderson and Sassaman 2012:82). Five shell rings are attributed
to the Late Archaic Elliott’s Point archaeological culture in the Florida Panhandle region:
Horseshoe Bayou (8WL36), Meig’s Pasture (80K102), Buck Bayou (8WL90), and 8SR1415
(Russo et al. 2006:69). An unknown number of shell rings on the Gulf Coast may have been lost
due to inundation.

Researchers do not agree on the processes by which shell ring sites formed, nor on their
functions, although most would agree that they were places where people came together.
Seasonal macroband camps, feasting locales, sedentary villages, and/or monumental structures
are among the more plausible functions (Anderson et al. 2007:470; Colaninno 2012; Marquardt
2010a, 2010b; Russo 2004; Sanger and Thomas 2010; Saunders 2004; Thompson 2007;
Thompson and Andrus 2011; Thompson and Worth 2011; Trinkley 1985; Waring and Larson
1968; White 2004). Several shell ring sites on the Atlantic coast yielded evidence for multi-
season or year-round occupation (e.g., Colaninno 2010; Thompson and Andrus 2011). Although

sites of this type may have served multiple or changing functions during their use-histories, all
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yield evidence of intensive exploitation of estuarine shellfishes, predominantly oysters (Russo
1991, 2014; Saunders 2004), as well as estuarine and marine fishes (Colaninno 2010).

Plants, of course, were an important component of livelihoods both on the coast and the
interior. People used plants for food, medicine, fuel, and raw materials. The shift toward food
production began in the Eastern Woodlands, but apparently not on the coast, during the Archaic
period with the domestication of marshelder (Iva annua), chenopod (Chenopodium berlandieri),
squash (Cucurbita pepo), and sunflower (Helianthus annuus) (Smith 2006). Archaeological sites
in the coastal Southeast yield evidence of extensive use of wild plant foods including grape
(Vitus spp.), elderberry (Sambucus canadensis), prickly pear (Opuntia spp.), persimmon
(Diospyros virginiana), mulberry (Morus rubra), wild plum (Prunus spp.), hickory (Carya spp.),
chestnut (Castanea spp.), acorn (Quercus spp.), knotweed (Polygonum spp.), cabbage palm
(Sabal palmetto), and saw palmetto (Serenoa repens) (Newsom 2002; Tuross et al. 1994).
Woodland period

The Woodland period chronology in the Gulf Coast region is being revised (Smith 2014).
Archaeologists working on the Woodland Gulf Coast report radiocarbon dates that are
inconsistent with the generally accepted regional timeline, with Middle and Late Woodland
material culture occurring much later in that region than elsewhere in the Southeast (e.g., Price
2008, 2009; Russo et al. 2006, 2009). Pending a synthetic revision, the Woodland chronological
dates included in Table 2.3, and in the discussion below, follow the standard regional
chronologies. The reader should note that the dates used in this section are broad generalizations
and approximations, at best, and that radiocarbon dates presented in Chapter 3, rather than the

regional chronology summarized here, take precedence in my interpretations.
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Ring middens are a site type associated with Woodland (3200-1020 B.P.) period cultures
of the Southeast (Table 2.3). Ring middens differ from shell rings in size, composition, and,
presumably, function. Ring middens are similar to shell rings in that they are circular or semi-
circular deposits. Where shell rings tend to be composed of heaps of shell, primarily oyster, ring
middens typically are low-lying or subsurface deposits, and shell need not make up the bulk of
the midden (Russo 2014). When present, shells typically represent multiple shellfish species,
rather than being predominantly oyster (Russo 2014). Darkened soils associated with ring
middens suggest large amounts of organic matter such as charcoal and other plant materials,
animal remains, and other waste. In addition to darkly stained organic soils and variable amounts
of shell, ring middens (as well as shell rings) also contain pottery, lithics, and tools of bone and
shell. Ring middens are typically interpreted as resulting from the gradual accumulation of daily
activities (Russo 2014:26). Ring middens are thought to represent villages with a circular
settlement pattern.

Ring middens were identified first in non-coastal areas of the Southeast, where shell
inclusions were minor or absent (Milanich 1974; Milanich et al. 1997:54). Ring middens, both
with and without shell, often are associated with burial mounds (Russo et al. 2006:Table 8.2).
Although the functions of ring midden sites are not fully understood, they are typically
interpreted as circular settlements or villages (Percy and Brose 1974) where both sacred and
profane activities took place (Russo 2014; Russo et al. 2009:105-106). As such, animal remains
from ring midden sites likely reflect a variety of subsistence activities. It is rarely easy to
distinguish animal remains derived from the ordinary or mundane processing of resources from

specialized uses, such as sacrifices or feasting.
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The coast was a locus of population expansion during the Woodland period. The number
of coastal settlements increased during the Early Woodland (3200-2200 B.P.) period (Table 2.3),
and included large villages or multi-family residential sites as well as smaller, presumably short-
term, satellite camps (Stephenson et al. 2002:330). Coastal base camps or villages were usually
located in maritime hammocks near salt marsh habitats (Milanich 1973:56). Examples of Gulf
Coast ring middens with Early Woodland components include Bear Point Complex (8BY49) and
Hurlburt Horseshoe (B0OK380). Interior villages also were located in ecotones, but between
upland forests and freshwater marshes or river bottoms (Tesar 1980:589). People were
apparently placing their settlements strategically, to facilitate access to a variety of habitat types,
thereby increasing the variety of available resources.

Early Woodland (Gulf Deptford) subsistence involved a variety of technologies for
exploiting wild resources (Milanich 1973; Stephenson et al. 2002). Thick shell middens
developed through long-term or repeated occupation of coastal base and special activity camps
(Russo et al. 2006:16). The coastal Deptford faunal complex demonstrates sub-regional
variability, presumably reflecting variability in local habitats. For example, sites located near the
upper reaches of estuaries yield evidence for extensive use of marsh clams (Rangia cuneata),
with few oysters, whereas oysters dominate sites near more saline habitats (Byrd 1997:50; White
2004, 2014). This indicates a possible diversification in shellfishing strategies from the Archaic
to Woodland periods, from a single strategy focused on oysters, to multiple strategies tied to
different places within the landscape.

Coastal sites dating to the Middle Woodland (2200-1500 B.P.) period were larger and
more numerous than those of previous periods, suggesting further population growth. Sites

associated with the Swift Creek and Santa Rosa—Swift Creek archaeological cultures are
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concentrated in the coastal zone in the Florida Panhandle, with fewer interior sites (Bense
1998:256-257). Middle Woodland ring middens are large, about 100 m in diameter, and often
are associated with mounds and “site clusters,” possibly reflecting a camp—satellite settlement
pattern (Bense 1998). The largest Middle Woodland sites are thought to have been occupied by
perhaps a few hundred permanent residents (Kohler 1978; Milanich et al. 1997:89; Pluckhahn
2003:191). Smaller sites, such as Bernath Place (8SR986), probably consisted of six to eight
households with a total population of perhaps 30 to 60 people (Pluckhahn 2003:191).
Mound/village complexes in the Florida Panhandle with Middle Woodland components include
the Harrison Ring (8BY1359), Baker’s Landing (8BY26), Bayview (8BY137), Third Gulf
Breeze (8SR8), and Bernath Place.

Milanich (1998:59) argued that with a growing population, greater competition for
resources and naturally circumscribed territories necessitated social institutions to promote intra-
and intergroup cooperation. Incipient forms of social stratification possibly emerged during this
time as a mechanism for allocating resources and promoting cooperative relations. “Self-made
leaders” possibly resided at the largest site in a cluster, and were buried in the mound when they
died (Bense 1998:271). The Middle Woodland mortuary complex was centered on mound
burials, often located near but separate from the settlement area of the village. The Yent—Green
Point mortuary complex of the Gulf Coast Swift Creek sub-region was characterized by conical
or dome-shaped burial mounds with elaborate grave goods, including panpipes, earspools,
plummets, gorgets, and exotic materials (Bense 1994:161).

During the Middle Woodland period at least some communities on the Gulf Coast were
connected to the broader region through participation in the interaction networks of the Hopewell

Interaction Sphere (Caldwell 1964). The Hopewell Interaction Sphere is characterized as a trade
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network (Struever 1964); a mortuary cult (Prufer 1964); a religion (Caldwell 1964); an artistic
style (Willey 1971); a form of social organization (Seeman 1995); a network of peer polities
(Braun 1986); and an ecological adaptation (Braun 1986). More recently, it has been recognized
not as a unitary phenomenon but as multiple and various interaction networks which can be
deconstructed into constituent parts involving: (1) shared cultural and material contents; (2)
geographic regions over which these things are shared; and (3) mechanisms of distribution (Carr
2006).

Carr (2006:53) defined “Interregional Hopewell” as “a composite of multiple, diverse
kinds of practices, ideas, and symbols, which had their origins in multiple, differing regional
traditions and were shared or operated at multiple, different supraregional scales.” Swift Creek
cultures were on both “the giving and receiving ends of material exchanges and influence”
(Wallis 2011:40), although the height of the Interregional Hopewell (ca. 2200-1550 B.P.)
predated many of the Swift Creek cultures on the Gulf Coast (Wallis 2011:41). The numerous
“conch” shells (probably lightning whelk [Kozuch 1998; Romain 2009:185-186]), alligator
(Alligator mississippiensis) and shark (Elasmobranchii) teeth, and an articulated roseate
spoonbill (Ajaia ajaja) in midcontinental sites likely originated on the Gulf and Atlantic coasts of
the Southeast, including Florida. Possible mechanisms for their distribution in the Midwest
include vision or power quests; pilgrimage to a place in nature; travel to a center of learning;
purchase of religious prerogatives; and elite exchange (Carr 2006:Table 16.2).

The distribution of Swift Creek sites was possibly shaped to some extent by a panregional
demand for marine goods, particularly lightning whelks, and the routes over which commodities
could flow between the coast and the interior (Anderson 2002:279). Regional ceremonial centers

such as Kolomoki (Pluckhan 2003), Mandeville (Smith 1979), McKeithen (Milanich et al. 1997),
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and Crystal River (Pluckhahn et al. 2010) possibly served as meeting places for establishing and
maintaining intergroup alliances and as gateways for trade within the regional interaction sphere
(Knight 2001; Pluckhahn 2003). These centers may have gained prestige as middlemen in
panregional exchange networks (Anderson 2002:279). If regional centers mediated the flow of
goods such as lightning whelk shells (Anderson 2002:279), then differential access to materials
at the source also had important implications for the relationships and interactions among people
on the coast and the interior. In prestige economies, individuals or groups foster social and
economic dependencies and communicate prestige by controlling access to such resources, at the
same time strengthening the sense of social identity through reference to the “other” (Claassen
and Sigmann 1993; Muller 1997; Trubitt 2000, 2003).

The Middle Woodland period was associated with the growth of the Lower Mississippi
Valley and Gulf Coast cultures in terms of panregional influence (Anderson and Sassaman
2012:126). On the northern Gulf Coast, Late Woodland (1500-1020 B.P.) period mound
traditions and civic-ceremonial centers associated with Weeden Island archaeological cultures
flourished (Table 2.3). Artifacts identified as the Weeden Island ceramic complex are found as
far west as Mobile Bay, as far south as Tampa Bay, and up to 250 km inland, into modern-day
Georgia and Alabama (Bense 1994:167; Lolley 2003; Milanich 2002). Contemporaneous pottery
styles found in coastal Alabama, Mississippi, and Louisiana are so similar to those of
northwestern Florida that type names, which generally follow modern state boundaries, may
obscure the cultural relationships and interactions within this region (J. Brown 1982:24;
Saunders and Stoltman 1999).

Despite superficial similarities in material culture, many and diverse communities lived

in this vast region. As with earlier Woodland settlements, people who occupied different places
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on the landscape had access to different resources and, by extension, were engaged in different
“ensembles of tasks” (Ingold 2000:195) that constituted daily life. The shared experiences of
engaging with particular places and doing particular things within the environment nurtured a
place-based sense of identity and community that was tied to the landscape (Ingold 2000:148).
Although some aspects of sociopolitical and religious traditions were shared across a broad
geographic area as described below (e.g., Milanich 2002:352), the local, place-based identity
probably superseded any regional identity on the scale of what we call “Weeden Island.”

People across the Weeden Island culture area continued the Swift Creek tradition of
placing elaborate grave goods in burial mounds. Burial mounds were conical or flat-topped sand
structures, generally associated with large ring middens formed from households arranged
around a circular plaza. Some settlements had more than one mound (Anderson and Sassaman
2012:127; Russo et al. 2009:25). Sigler-Lavelle posed a model of social organization for Weeden
Island cultures in northern Florida (Milanich et al. 1997:188-189) which envisions villages as
interacting segments within a larger kinship system. When a village outgrew a comfortable
population size, a group would “bud off” and start a new settlement, yet still retain ties to the
previous settlement. Burial in mounds signaled permanent membership in a lineage and
facilitated the physical centralization of ritual obligations for descendants (Milanich 1994:169—
170). As ancestral shrines and public symbols, mounds also were “a means of codifying the
power and importance of lineages” (Widmer 2004:251).

Weeden Island-period burial mounds held caches of distinctive mortuary pottery, exotic
burial goods, and, in northwestern Florida and surrounding regions, offerings or burial cappings
of marine shell (e.g., Moore 1902, 1918; Willey 1949). Although marine shells also are found in

sacred contexts far from the coast (e.g., Claassen and Sigmann 1993), some coastal burials are
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distinguished by what Moore (1902:92) described as “masses” of unworked shells including
oysters, conchs, and whelks. The inclusion of mollusc shells in burial contexts suggest that shells
had a deeper meaning beyond their economic utility. The symbolism of shells in general, and of
lightning whelks in particular, to Southeastern peoples has been discussed by a number of
scholars. Claassen (2010) interpreted shells as symbols of both death and the underworld,
fertility and birth. Kozuch (1998) drew comparisons between the unusual sinistral spiral of
lightning whelks and the movement of the sun, which was frequently portrayed as a spiral in
Southeastern ritual practices and iconography. As | will argue later, the use of shells as burial
accouterments may also relate to or reflect an identity tied not only to what a person did in life,
but also to their place within the landscape.

Weeden Island society probably was composed of equally ranked kin groups, with
leaders occasionally or temporarily emerging to direct large-scale construction projects (Bense
1994:175). Broadly speaking, coastal subsistence continued to be based on wild plants and
animals, with most protein sources being aquatic. Because the distribution of marine resources
was bounded and well defined, at some point village fissioning ceased to be a realistic strategy
for accommodating population growth. Management of resources, which presumably relied on
cooperation during the Middle Woodland period, became increasingly competitive (Milanich
2002:368), possibly leading to increased political hierarchy and social inequality.

Weeden Island sites are found on the coast and farther inland, raising the question of how
coastal communities articulated with interior communities. Weeden Island sites in the Mobile
Delta and the interior coastal plain yield evidence for the adoption of maize (Zea mays) by ca.
1200 B.P., the earliest major use of maize known to the region thus far (e.g., Lolley 2003,

Milanich 1974; Morgan 2003). The Gulf Coast generally is not ideal for cultivation due to its
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poorly drained, leached, sandy substrate and paucity of organic soils (Duffee et al. 1984). Pests
and plant diseases also are greater hazards on the coast compared to the interior (Lemmon
2006:123). Curren (1976) and Morgan (2003) suggested that human populations in lower
Alabama migrated between the lower bay, the delta, and the adjacent uplands on a seasonal basis
to facilitate farming. Increased dependence on farming may have led to changes in settlement in
these areas, as soils depleted quickly and family groups forced to relocate every few years,
making nucleated village life impossible (Milanich 2002:362). In contrast, Percy and Brose
(1974) argued that people occupied the coastal zone of the Florida Panhandle and Big Bend
regions at least during the summer and fall, if not year-round. Evidence for maize is scarce in
this region prior to the Mississippian period (Marrinan and White 2007:297).
Mississippian period

Three archaeologically distinct culture areas dating to the Mississippian period are
recognized in the study area (Table 2.3): the Pensacola culture area extends from Louisiana to
Choctawhatchee Bay in the Florida Panhandle, including Mobile Bay and the Mobile Delta. The
Fort Walton culture area spans from Choctawhatchee Bay to Apalachee Bay, and Late Safety
Harbor, from Apalachee Bay to the Tampa Bay area (Figure 2.1) (Bense 1994:217). The reader
should note that these culture areas should not be thought of as internally homogenous social
units. As in earlier times, social identities were probably reckoned at local scales based on
kinship and the shared experiences of daily life.

Two of the most notable developments of the broader Mississippian pattern were the
emergence of complex chiefdoms, including paramount chiefdoms, and the widespread reliance
on cultivated plants (Walthall 1980:197). Throughout much of eastern North America, large

chiefdoms were supported by domesticated plant foods including maize, beans (Phaseolus
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vulgaris), and squash (Cucurbita pepo). Groups who cultivated continued to use wild plants and
animals, as well. Plants were domesticated thousands of years prior to the Mississippian period
in this region. The Mississippian pattern reflects both an increasing reliance on domesticated
foods as well as a shift in lifeways that facilitated intensive cultivation. This was manifest in
changing patterns of settlement and land-use. Mississippian settlement patterns consisted of a
hierarchy of settlement types, including farmsteads, hamlets, and major centers. Mississippian
farmers took advantage of the annually replenished soils of floodplains to improve crop yields
and facilitate extended use of the same fields over multiple years (Marrinan and White 2007).
Major centers were the physical, social, and political nexuses of regions.

Ethnohistoric and archaeological evidence suggest that by the time of European contact
stratified societies had emerged, wherein social, political, and economic status were based on
kinship, gender, age, and ability (e.g., Marquardt 2014; Swanton 1911). Chiefdoms were
centrally organized, regionally integrated groups of communities, controlled by a class of ruling
elite. Tribute was paid to the community leaders in the form of food or material goods, which
supported the ruling elite and specialists and allowed for centralized control and redistribution of
goods during times of shortage and surplus (Bense 1994:192). Bottle Creek (1BA2), a Pensacola
culture site in the Mobile Delta, served as the principal center for the region in terms of politics,
religion, and trade (Brown 2003:2). Bottle Creek was a gateway community at the boundary
between fresh and salt water, at a bottleneck along the route between the coast and the interior
(Blitz and Mann 2000:105; Brown 2003:211; Quitmyer 2003:155). The elite and their retainers
at Bottle Creek were provisioned with plant foods, including maize, which were brought to the

principal center by an underclass of farmers (Scarry 2003:126). Non-local animals recovered at
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Bottle Creek suggest interactions with coastal groups farther south, as well as upriver groups
from north-central Alabama (Quitmyer 2003:155).

Farther east, in the Panhandle region, the Late Weeden Island (Wakulla) material culture
suggested interaction with emerging Mississippian groups upriver, which later developed into the
Mississippian-period Fort Walton culture of the Apalachicola River valley (Blitz and Lorenz
2002). Several mound/village centers, including some with multiple mounds, are known in this
region (Marrinan and White 2007). The Lake Jackson site (8LE1) is a large, multi-mound and
village complex near modern-day Tallahassee, Florida (Figure 2.1). Six pyramidal, flat-topped
mounds at Lake Jackson exemplify the truncated temple mounds typical of Mississippian
centers. The subsistence strategy centered around maize cultivation, hunting, and aquatic
resources such as freshwater fishes and turtles (Jones 1982).

There is no evidence for maize cultivation within approximately 60 km of the coast.
Instead, people continued using wild resources as their predecessors had done (Marrinan and
White 2007:297; White 1994). Coastal Fort Walton communities were thought to be small and
relatively mobile groups (Marrinan and White 2007), although data from coastal Fort Walton
sites suggest possible year-round occupation of the coast (Harke et al. 2015). Pierce Mounds
(8FR14), at the mouth of the Apalachicola River, likely functioned as the principal center for
coastal dwellers in that region. Whether chiefdom societies on the coast should, or should not, be
considered Mississippian is a point of debate due to the lack of evidence for a maize-based
economy, which is thought to be central to the Mississippian way of life (Bense 1994:234;
Marrinan and White 2007).

At the time of the first Spanish entradas, the Apalachee people, descendants of the Fort

Walton culture, occupied the Tallahassee Hills region of the eastern Florida Panhandle and Big
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Bend region, between the Aucilla and Ochlocknee rivers (Milanich 1995:93). Hearing tales of
gold and abundant food stores in Apalachee Province, Spanish explorers headed north along the
coast of Florida, where they were frequently, perhaps intentionally, misguided by their captive
guides who consistently led them away from the Apalachee capital (Milanich 1998:141).
Spaniards found a great deal of maize, but hostile populations (Cabeza de Vaca 1905:26-32).
One man survived to tell of his encounters with coastal natives along the Florida Panhandle,
Mobile Bay, and coastal Texas, referring to them as “...indians who fished and were poor and
wretched people” (Cabeza de Vaca 1905:42). Despite the clearly biased perspective of Cabeza de
Vaca (1905), his reports were consistent with a dichotomous model of fishing-based coastal and
farming-based inland economies.
Theoretical Context

This research presents an historical perspective on the trajectory of resource- and land-
use on the northern Gulf of Mexico from multiple spatial and temporal scales of analysis.
Knowledge of the evolution of a landscape is critical for contextualizing ecological and social
outcomes of modern resource use and for developing management strategies for the future.
Historical ecology provides a framework for understanding human/environmental dynamics
(Balée and Erickson2006; Crumley 2004; Thompson 2013). Historical ecology begins with the
assumptions that: (1) most, if not all, of the nonhuman biosphere has been affected by human
activity; (2) anthropogenic impacts can, but do not necessarily, lead to degradation of the
biosphere; (3) different kinds of economies have different kinds of impacts on the biosphere; and
(4) human communities, cultures, and the landscapes with which they interact can be understood

as “total phenomena” (Baleé 1998).
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As a total phenomenon, simply living on the coast shapes people’s perception of the
world, including concepts about time, mobility, nature, and what constitutes proper modes of
subsistence, settlement, and social behavior. Coastal dwellers are united by the shared experience
of living at the water’s edge. The daily rhythms, the knowledge and traditions, and ultimately a
worldview, or a “coastal ethos” (following Zedefio 2013), form the basis of a place-based coastal
identity. Because such an identity is defined by daily practices and shared experiences, it
transcends ethnic and familial lines (Astuti 1995:36; Ingold 2000:148; Zedefio 2013:143).
Focusing on practice and tradition, rather than descent, as the defining markers of social identity
facilitates the analysis of social relations from an ecological perspective.

Subsistence strategies are fundamental to the coastal experience and are the primary
means by which people engage with their environment. These include procurement decisions and
technologies, and the social, economic, political, and ritual contexts of resource acquisition and
distribution. Just as environments contribute towards shaping social and political systems, people
shape the landscape through practices and traditions and influence the distribution, abundance,
and behavior of wildlife (e.g., Kay 2007; Kay and Simmons 2002; Lepofsky et al. 2015; Rick
and Erlandson 2008). Zooarchaeological approaches provide a means of describing important
components of coastal subsistence strategies, the ecological impacts of those strategies, and the
so-called “entanglements” among humans and animals (sensu Hodder 2014).

Understanding how access to and the use of resources varied across time and space along
the northern Gulf of Mexico can further our understanding of the development of cultural
identities and social institutions in coastal settings in this region and elsewhere. Distributions of
resources vary across time and space. This rather obvious but important point plays a critical role

in what Ingold (2000) calls a “dwelling perspective” of landscapes. In this view, a landscape is
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not simply a space or substrate that serves as a backdrop for human activity; rather, it is “the
world as it is known to those who dwell therein” (Ingold 2000:193). The landscape is an
interconnected network of places that exist in contrast to and with reference to one another,
based on the ways in which people interact with it. The landscape embodies the pattern of
activities that take place across time and space (Ingold 2000:198).

The northern Gulf Coast was imbued with meaning through human engagement with its
environs. For the people living there in the past, this is the place where they collected oysters;
that is the place where they stalked deer; here is where they casted their nets; this is where they
buried their dead; this is where they slept. But the landscape was more than simply a cognitive
map of where tasks were carried out. It also embodied the social, political, spiritual, and
temporal contexts of those tasks. The landscape consisted of the varied activities of daily life and
the places where those activities were carried out. Places as well as activities were imbibed with
social meaning.

Ethnographic examples illustrate when, why, how, and by whom various subsistence
activities are carried out, and how these tasks held different meanings to people. In coastal and
riverine settings, shellfishing was a routine part of daily life for many (Meehan 1982), usually
when the tide was low each day (Waselkov 1987:96). Everyone could participate because the
activity provides a reliable source of protein and requires little skill, no specialized equipment,
and poses little danger to the collector. Among some cultures, shellfish are associated with
laziness because they pose no challenge to the collector, unlike hunting or fishing (Moss
1993:641). Ethnographically, women and children are the primary shellfishers in subsistence

economies (Meehan 1982). For women, shellfishing may have been an important part of social
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life. For children, it may have been a time to play and learn about the environments in which
they lived (Bird and Bliege Bird 2000; Meehan 1982).

Hunting deer, on the other hand, was difficult and dangerous. Ritual precautions were
taken both before and after the hunt, both to ensure success and to protect the hunter from
vengeful animal spirits (1. Brown 1982:74; Hudson 1976:346; Ingold 2000:122). A deer killed
without its consent (Ingold 2000:122) or without being begged for forgiveness (Hudson
1976:346) could cause death or illness to the hunter. Stalking game requires a keen eye and deep
knowledge about the behavior of the prey (Alexander 1976:Plate XXV), as well as the proper
tools, technologies, and technical skill needed to execute the kill (MacCauley 1887:512). A hunt
could involve few or many people (Alexander 1976:Plate XXV; de la Vega 1961:194), but
involved mostly men (Bird 1999). The places where people collected shellfish, and where they
hunted deer, were both embedded with meaning related to time, economy, status, gender,
spirituality, and sociality.

Coastal resources of the northern Gulf of Mexico generally are (and were) abundant,
diverse, and reliable. However, many types of coastal resources occur in concentrated patches
such as shellfish beds and schools or shoals of fishes, and there is considerable heterogeneity in
the distribution of these patches. Marked variability exists even at small geographic scales. This
is exemplified by the East Peninsula on the Gulf Coast of Florida (Figure 2.2), and its mosaic of
sandy beaches, salt marshes, seagrass beds, oyster reefs, tidal flats, and maritime forests. From a
behavioral ecology standpoint (e.g., Cashdan 1992), people could have potentially satisfied both
their economic and nutritional needs, as well as their desire for variety (Jochim 1976), without
needing to travel very far. Communities living on the gulf side of the peninsula, with greater

access to marine habitats, conceivably engaged in different tasks on a day-to-day basis than did
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communities on the bay-side, just a few kilometers away. These communities existed within a
broader social landscape involving negotiations of boundaries, alliances, and kinship.

Differences in the use of resources, particularly at small geographical scales such East
Peninsula, provide clues about how differences in the physical landscape were embodied in
social relationships. Resources can be held under four different kinds of regimes: open access
(no property rights), private property, communal property (local group management), and state
property (Feeny et al. 1990). Only the first three forms are of interest here. In some traditional
fisheries the sea is considered common property, while in others either individuals or
communities establish ownership of resources or resource patches (Acheson 1981). Even at
small geographical scales, traditional sea tenure regimes are context-dependent, varying with
respect to historical settlement patterns, the specific fishing strategies used, and attitudes
regarding outsiders (Aswani 2005). The extent to which communities on the northern Gulf of
Mexico did, or did not, recognize property rights has important implications for both the social
and ecological impacts of resource use in that region.

Humans have been impacting marine ecosystems for millennia, and it is now widely
appreciated that even small-scale or artisanal fishing can have major impacts on target
populations (Erlandson and Rick 2008; Jennings et al. 1995; Jennings and Polunin 1996; Wing
and Wing 2001). In an extreme scenario, known as the “tragedy of the commons,” individual
agents acting in rational self-interest are capable of depleting open access resources without
regard for sustainable use (Hardin 1968). At local scales, ownership of collection areas or
facilities such as fish traps and weirs at the village- or household-level may limit harvest pressure
simply by limiting the number of collectors (Wessen 2005). Alternatively, communal

management may involve more formal rules and regulations regarding who has the right to fish,
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when, and where, as well as a means of enforcement (Aswani 2005). However, cooperative
conservational behaviors should be limited by the extent to which people were aware of their
adverse impacts, as well as their ability to mitigate those impacts (Campbell and Butler 2010).

An alternative motive for managing resources focuses on social, rather than ecological
imperatives. Political economy is a theory of social wealth that emphasizes the social, political,
as well as environmental contexts of the acquisition and distribution of resources (Muller
1997:2). A central feature of political economy is the strategic accumulation of resources (Hirth
1996:221). Individuals or social groups acting in their own self-interest can gain prestige by
amassing and controlling surpluses through control of production, redistribution, and/or
exchange (Hayden 1998; Hirth 1996). Territorial behaviors serve the purpose of defending
access to patchy or highly valued resources to the exclusion others (Begossi 1995). As Clark
(2014: 99) argued, “chronic and routinized differences,” in economic success in this case, could
lead to changing perceptions about personhood and social worth, or become a source of power to
the political actor (Blanton et al. 1996). Environments play a critical role in political economy, as
the source of raw materials and the media for social engagement.

Traditional zooarchaeological approaches to resource depression, intensification, and
overexploitation draw upon predictions from human behavioral ecology. This perspective
assumes that humans are hard-wired to make decisions to optimize a goal that improves fitness
(Bettinger 2009; Winterhalder and Smith 2000). Specifically, optimal foraging theory predicts
that diet breadth will increase, and foraging efficiency will decrease, as higher-ranked resources
become scarce. In terms of what can be measured zooarchaeologically, this would present as a
shift from large- to small-bodied fauna, as well as an increase in richness and diversity, as lower-

ranked prey were added to the diet.
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It is difficult to disentangle anthropogenic and non-anthropogenic causes of changes in
resource use due to equifinality. The term “generalized resource stress” refers to a suite of
symptoms that suggests resource depression and/or intensification (Murawski 2000) regardless
of whether they were caused by anthropogenic or non-anthropogenic events. The symptoms that
can be evaluated from zooarchaeological evidence include reduced diversity, increased by-catch,
reduced mean trophic level (Pauly et al. 1998; Reitz 2004), reduced foraging efficiency (Allen
2012; Broughton 1994a, 1994b, 1997; Butler 2001; Butler and Campbell 2004; Chatters 1987,
Reitz 2014); or a shift in emphasis, such as a shift from terrestrial to aquatic animals (Broughton
1994a, 1994b, 1995, 1997), or from shellfishes to fishes (Braje et al. 2007; Erlandson et al.
2009).

In addition to these traditional approaches, new approaches derived from fisheries science
focus on the ecological effects of fishing on aquatic ecosystems, rather than individual species.
Ecosystem-level approaches, including analyses of mean Trophic Level (TL) and Vulnerability
Index (V1), allow zooarchaeological data to be translated into a format that is directly
comparable to current management tools (Reitz 2004).

Using historical fishery landings records for FAO Fishing Areas 21 and 31, which
includes the Gulf of Mexico, Pauly and colleagues (Pauly et al. 1998, 2000) argued that
significant changes in the structure of the marine food web occurred during the last half of the
twentieth century. They documented a decline in mean Trophic Level, a phenomenon they call
“fishing down the food web.” Pauly et al. (1998) argued that a shift from high-trophic-level,
long-lived piscivorous species, to low-trophic-level invertebrates and small pelagic fishes was a
response to changes in prey abundance, with ecosystem-level impacts. Reitz and colleagues

(Quitmyer and Reitz 2006; Reitz 2004) used a similar approach, adapted for zooarchaeological
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data, to argue that fishing along the Georgia Bight regularly occurred at even higher levels in the
past.

The Vulnerability Index of the total catch measures the intrinsic vulnerability of the total
fishing strategy to overexploitation based on life-history traits of individual species, including
the maximum rate of population growth; the strength of density-dependent factors related to
body size, longevity, and fecundity; and spatial behaviors such as aggregation (Cheung et al.
2005; Turner et al. 2003). As with mean Trophic Level, changes in the mean Vulnerability Index
of total fishery landings are thought to reflect ecosystem responses to overfishing (Cheung et al.
2007). Globally, the Vulnerability Index of marine fisheries has declined since the 1950s as less
vulnerable species became increasingly abundant relative to more vulnerable species (Cheung et
al. 2007). In other words, as large-bodied, long-lived, vulnerable fishes were brought to
commercial extinction, they were replaced by less-vulnerable, short-lived fishes (Cheung et al.
2007). To date, the intrinsic vulnerabilities of pre-industrial fisheries have not been evaluated.

The benefits of these approaches to the current research are two-fold: first, they facilitate
the seamless integration of archaeological and historical records (e.g., commercial landings
data), making zooarchaeological data relevant to modern fisheries scientists. Second, indices of
modern fisheries, and particularly rates of change of these indices, provide benchmarks against
which archaeological trends can be evaluated.

Archaeological Implications

In the preceding discussion | argued that social identity is inextricably linked with
landscape through action. Thus, because the ensemble of tasks in which people were engaged on
the coast were fundamentally different from those of inland dwellers, there existed a place-based

coastal identity that set such groups apart. | further argued that coastal identities were not
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homogenous across the northern Gulf of Mexico owing to the diversity and distribution of
environs in that region. Instead, the archaeological concepts of culture areas subsume a mosaic of
lifeways which resulted from the intertwining of social and ecological variables. Drawing from
this perspective, | return to the research questions posed in Chapter 1 and offer predictions.

Was the coastal zone occupied on a seasonal rather than continuous basis?

Coastal adaptations were central to the development and dispersal of modern humans
(Bailey and Milner 2002; Bicho et al. 2011; Erlandson 2001), and the first occupants of the
coastal Southeast were possibly aquatically oriented groups. Evidence from southwestern Florida
and coastal Georgia suggest that settled village life developed early in the coastal zone, and the
northern Gulf Coast probably was no exception. People probably were using the coastal zone of
the northern Gulf Coast year-round by the Late Archaic period, if not earlier.

Such a view does not preclude mobility of individuals between the coast and the interior,
nor along the coast, at either seasonal or irregular intervals. To the contrary, the Gulf Coast
region was integrated with a broader panregional interaction sphere through kinship ties,
religious practitioners, and so-called traveler-diplomats (Moore and Thompson 2012). As such
populations should not be envisioned as fixed, isolated, or static. Populations of individual sites
likely varied over seasonal or other intervals.

It is almost impossible to prove that people were at a given site continuously through the
year, over multiple years. Often, we must be satisfied with extrapolating seasonality of resource
use and site occupation from just a handful of plant or animal remains, representing just one or
two species. Even when evidence related to seasonality is more abundant, and all seasons are
represented, we generally lack the temporal resolution needed to determine whether the site was

occupied continuously throughout the year, or episodically over many years. Another problem
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that obscures our understanding of the seasonal rhythms of the past is the fact that people could
have collected a resource during one season and stored it for use in another. Ecological analogies
used to interpret seasonal aspects of plant and animal physiologies may be inappropriate because
climates, ecosystems, and organisms are dynamic and have undoubtedly changed over the study
period. Evidence of environmental change can be misinterpreted as evidence for seasonal
patterns of human behavior and vice versa. However, highly seasonal, patterned use of coastal
resources and coastal sites, which would be consistent with a transient or migratory human
population, is a testable, falsifiable hypothesis. Archaeological data are expected to reflect use of
coastal resources during multiple seasons, rather than a single season (i.e., winter).

What was the economic basis of Woodland coastal subsistence?

Owing to the diversity and abundance of resources on the northern Gulf Coast, as well
their patchy distribution, | expect that multiple and diverse subsistence strategies existed on the
northern Gulf Coast. Zooarchaeologists working in the coastal Southeast are aware that
variability exists among sites, and attribute that variability to local habitats (e.g., Mikell 2012;
Nanfro 2004; Orr 2007). Though | agree with this assessment, it is also important to recognize
that similar resources were not equivalent in the eyes of coastal dwellers. Different species of
shellfish differ in taste and texture, and their shells have different properties that make them
useful (or not) for making tools or ornaments. They also had different habits and required
different knowledge and techniques for successful collection. People were aware of these
differences. Within the broader social landscape, villages or lineages negotiated access to certain
resource patches, areas, or facilities, either formally or informally. Thus, people living in

geographically close proximity potentially had access to different resources. These differences
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could have affected many other practices and traditions including procurement methods, cuisine,
crafts, and exchange.

Currently, we lack an adequate framework for describing variability in the
zooarchaeological record that is both useful for identifying local and regional patterns and that
can engage non-specialists also. Wing’s (1977) “Subsistence Systems in the Southeast” was the
first to explicitly address variability in coastal subsistence strategies, differentiating between
Gulf Coast and Atlantic strategies, and between sea turtle harvesting and specialized fishing
sites. However, that system did not take into account invertebrate resources, particularly
molluscs, nor did it address the variability in the use of marine and estuarine fishes adequately.
In practice, the dichotomy between coastal and specialized fishing strategies is too broad to be
useful. On the other hand, many archaeologists hold a normative view of coastal subsistence
practices, leaving little room for discussion of how subsistence strategies, identities, and social
institutions interacted in the past. One goal of this study is to expand upon Wing’s (1977) work
by seeking patterned variability within the broader coastal and specialized fishing strategies as
frameworks for furthering such discussions.

Is instability of coastal ecosystems a modern phenomenon?

Globally, humans have been impacting marine ecosystems for millennia, and I expect
that the northern Gulf Coast was no different. Rather than focusing on whether pre-European
fisheries were stable over the scale of millennia (the answer is a resounding no), in the analysis
that follows | focus on long-term trends and rates of change. In particular, I suggest that
nearshore fisheries were not necessarily stable, but that ecosystem-level changes were not
perceptible over the scale of an individual lifetime. Shifts in resource use should be influenced

not by ecosystem-scale phenomena, but by local and short-term fluctuations in the real or
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perceived availability of resources. The origins of resource management practices and
proprietorship should be sought in social, as well as ecological causes.
Chapter Summary

The goal of this research is to investigate patterns in subsistence/settlement systems and
economies in relation to the landscape of the northern Gulf Coast. The northern Gulf of Mexico
IS @ mosaic of ecosystems and resource patches that provide the raw materials that shape the
daily practices, traditions, and place-based social identities. Historical ecology provides a
theoretical framework for understanding cultural and environmental systems as total phenomena
(Baleé 1998). | focus on fisheries because they are fundamental to the coastal experience and are
one of the primary means by which people interacted with the biosphere. Coastal landscapes and
resources are the sources of raw materials and the media for social engagement in local and
regional economies.

This research explores the relationships among coastal resources and social identity,
cooperative behavior, and resource management. Clarifying how coastal subsistence strategies,
including access to resources, varied across time and space along the northern Gulf of Mexico
can further our understanding of the development of cultural identities and institutions in coastal
settings. Acknowledging that most, if not all, of the nonhuman biosphere has been affected by
human activity, and that different economic strategies have different ecological impacts, | use the
ecological concepts of vulnerability, resistance, and resilience to evaluate continuity and change
in coastal resource exploitation at multiple spatial and temporal scales.

Specifically, this research aims to clarify three points about coastal subsistence/settlement
systems: (1) Establishing a timeline for trends residential population mobility. The concepts of

mobility and sedentism are critical to the understanding of complex sociopolitical systems in



both inland and coastal contexts. Studies of the seasonal aspects of spaces and resources have
disproportionately focused on certain times and places. The nature of population mobility is
poorly known for the northern Gulf Coast, limiting investigations of landscape use and social
trajectories in that region. (2) Understanding the habitats, technologies, and sociopolitical
contexts of resource procurement and how they contributed to the development of coastal
traditions, practices, and identities. (3) Evaluating the health, stability, and rates of change of
pre-European fisheries from an historical perspective. Resource depression, and the need to
manage or control resources, is thought to be one of the prime movers of cultural change in
coastal environments. Whether pre-European nearshore fisheries were stressed, either from
anthropogenic or non-anthropogenic causes, is central to understanding cultural change and

continuity in this region.
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Table 2_1. Representative Biotic Communities of the Northern Gulf Coast.
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Habitat

Representative Plants

Representative Animals

Seagrass bed

Turtegrass (Thalassia testudinum)
Manateegrass (Syringodium filiforme)
Tape-grasses (Halophila spp.)

West Indian manatee (Trichechus manatis)
Bottlenose dolphin (Tiesiops truncatis)
Sea turtles {Cheloniidac)

Shrimps {Panaeus spp.)

Bay scallops (Argopecten spp.)

Lighting whelks (Busycon sinistrum)

Arks (Arcidae)

Manne/brackish fishes

Oyster reef

Unvegetated

Eastem oyster (Crassostrea virginica)

Oyster diills (Urosalpinx spp., Eupleura caudata)
Lighting whelks

Marine/brackish fishes

Salt marsh

Smooth cordgrass (Spartina alterniflora)
Rushes (Juncus spp.)

Osprey (Pandion haliaetus)

Wood stork (Mycteria americana)

Raccoon (Procyon lotor)

Rabbits (Splvilagus spp.)

Diamondback terrapin (Malaclemys terrapin)
Blue crabs (Callinectes spp.)

Fiddler crabs {Uca spp.)

Marsh penwinkle (Littorina irrorata)

Ribbed mussels (Getkensia demissa)
Marine/brackish fishes

Tidal flat

Unvegetated

Wading birds, gulls, terns

Raccoon

Fiddler crabs

Horseshoe crab (Limiudus polyphemus)
Angelwing (Cyrfopleura costata)
Quahogs (Mercenaria spp.)

Tulips (Zidipa spp.)

Marine/brackish fishes

Beach/dunc

Beach cordgrass (Spartina patens)
Panic grass (Panicum amarim)
Sea oats (Uniole pariculata)

Eprets (Ardeidac)

Gulls (Laridac)

Sea turtles (Cheloniidac)
Lettered olive (Oliva sapana)

Forests

Hickory (Carya spp.)

Magnolia (Magnolia virginiana)
Pines (Pinus spp.)

Palms (Sabeal spp.)

Holly (Jlex spp.)

Turkey (Meleagris gallopavo)
Red-shouldered hawk (Buteo lineatus)
White-tailed deer (OQdocoileus virginiarmis)
Squirrels (Scitrus spp.)

Rabbits (Sylvilagus spp.)

Raccoon (Precyon lotor)

Opossum {Didelphis virginiana)

Vipers (Viperidac)

Colubrid snakes (Colubridae)



o1

Table 2_1. Representative Biotic Communities of the Northern Gulf Coast. (cont.)

Habitat Representative Plants Representative Animals
Box turtle {Terrapene caroling)
Upper estuaries, rivers and swamps Cypresses (Taxodium spp.) Bald eagle (Haliaeetus leucaocephalis)
Red maple (Acer rubrum) Wood duck (Aix sponsa)
Magnolia (Magnolia virginiana) Allipator (Alligator mississippiensis)
Tupelo (Nyssa spp.) Snapping turtle (Chelydra serperting)
Pond turtles (Emydidae)
Crayfish (Cambaridac)
Freshwater mussels (Unionidac)
Marsh clam (Rangia cuneata)

Freshwater/brackish-tolerant fishes




Table 22. Representative Fish Communities of the Northem Gulf Coast.

Salinily Zone Representative Fishes

Marine Blue nmner (Caranx crysos)
Mackerels (Scomberomorus spp.)
Boxfishes (Ostraciidac)
Burtfish (Chilomycterus schoepfit)
Dolphinfish (Coryphaena spp.)

Marine/Brackish Cownose ray (Rhinoptera bonasus)
Ladyfish (Elops saurus)
Hemings and shads (Clupeidac)
Hardhead catfish (Ariopsis felis)
Gafftopsail catfish (Bagre marinus)
Mullcts (Mgl spp.)
Killifishes (Cyprinodontidae)
Jacks (Cararx spp-)
Sheepshead (Archosargus probatocephalus)
Pinfish (Lagodon rhomboides)
Seatrout (Cynoscion spp.)
Adlantic croaker (Micropogonias undulatus)
Spot (Leiostomus xanthurus)
Black drum (Pogonias cromis)
Flounders (Paralichthyidae)

Brackish/Freshwater Gars (Lepisosteidae)
Sturgeon (Acipenseridae)

Freshwater Bowfin (Amia calva)
Shiners (Notemigonus spp.)
Freshwater catfishes (Ictaluridac)
Sunfishes (Lepomis spp.)
Largemouth bass (Micropterus salmoides)
Black crappie (Pomoxis nigromaculatus)
Freshwater dam (dplodinotus grwvmiens)
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Table 2 3. Cultural Sequence and Timescale for Gulf Coast Archaeology.

Calendrical CalYr Uncal
{Approx.) (BP) {rc) Period Culture Complex Climatic Evenis
AD 1950 50 0 Modem Wanning
Industrial Revolution  Little Ice Age ends
AD 1700 300 250
AD 1500 500 450 Colonial European Colonization
AD 1350 600 600 Littde Ice Age begins
AD 1050 950 1000 Mississippian Fort Walton, Pensacola,
Safety Harbor
AD 930 1020 1100 Medieval Warm Period
AD 550 1400 1500 Late Woodland Weeden Island
AD 225 1725 1800
Swift Creck, Santa Subatlantic
Middle Woodland Rosa—Swift Creek Roman Warm Period
300BC 2225 2200
Early Woodland Depiford
1200 BC 3200 3000
1800 BC 3800 3500 Ellioif's Point
2500 BC 4500 4000 Late Archiac Sub-Boreal
3800 BC 5800 5000
Hypsithermal ends
4350 BC 6300 5500
4900 BC 6850 6000 Middle Archaic Stem-based bifaces Atlantic
5900 BC 7850 7000 Hypsithermal begins
6900 BC 8900 8000
8200 BC 10,100 9000 Early Archaic
Comer notched bifaces Boreal
9550 BC 11,500 10,000 Side notched bifaces  HOLOCENE
PLEISTOCENE
9950 BC 11,960 10,200 Younger Dryas ends
10,500 BC 12,450 10,500 Late Paleoindian  Unfluted lanceolates
10,950BC 12,850 10,900 Middle Paleoindian Clovis fluted lanceolates Younger Dryas begins
11050BC 13,000 11,100 Allerad
Inter-Allerad Cold
12000 BC 14,000 12,000 Allerad
Early Palecindian  Pre-Clovis Older Dryas
12850 BC 14,800 12500 Bolling
19,700 BC 21,700 18,000 Last Glacial Maximum

Notes: Adapted from Anderson and Sassaman (2012: Table 1-1) and Faught (2002-2004: Table 1).
Calibrations from CalPal online with 50-year standard deviation.




pANHAND ke
G’O
7

GULF OF
MEXICO

1. Mobile Bay

2. Perdido Bay

3. Pensacola Bay
4. Choctawhatchee Bay
5. St. Andrews Bay

6. St. Joseph Bay

7. Apalachicola Bay

8. Apalachee Bay

%o
<
o
¢

®  Major Cities

“~ Rivers

- States

[ N gy
0 25 50 100 150 200

Figure 2.1. Map of northern Gulf of Mexico.
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CHAPTER 3:
MATERIALS AND METHODS

This study investigates diachronic trends in coastal resource use at two scales. The first
scale focuses on ca. 800 years at a single locale in the Florida Panhandle region, and includes
two sites on the East Peninsula at Tyndall Air Force Base (TAFB). This case study is based on
original zooarchaeological research and includes three temporal analytical units, collectively
referred to as the “East Peninsula Sequence.” A fourth analytical unit is from a location within
Hare Hammock Ring Midden thought to be associated with high-status phenomena (Russo et al.
2009). This fourth unit is used to evaluate possible differences in access to resources within the
Hare Hammock community. The second scale re-interprets the East Peninsula Sequence within
the context of a larger, regional database consisting of 10 additional sites, spanning over 5,000
years of occupation of the Mobile Delta, Panhandle, and Big Bend sub-regions of the northern
Gulf Coast.

This chapter is presented in three sections. The first section describes the materials and
zooarchaeological methods used to analyze the four East Peninsula analytical units. The second
section describes how the comparative zooarchaeological data are compiled, standardized, and
analyzed. The final section describes the stable isotope methods used to investigate the human-
mediated movement of deer (Odocoileus virginianus) products between the coast and the

interior.
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The East Peninsula Dataset

The East Peninsula dataset consists of four analytical units from the Hare Hammock and
Harrison ring middens in Bay County, Florida (Figures 2.2 and 3.1). Together, they span the
Middle and Late Woodland periods. The zooarchaeological materials were dry-screened through
nested 6.35-mm (1/4 in) and 1.58-mm (1/16 in) screens in the field. The 1.58-mm fractions were
re-screened at the Georgia Museum of Natural History (GMNH) using 3.18-mm (1/8 in) screen.
Two size fractions are reported here. Materials caught in the 6.35-mm and 3.18-mm screens were
analyzed separately but are combined analytically for the purpose of this study, except where
otherwise noted.
Materials

The Harrison Ring Midden (8BY1359) is a ring-shaped Middle Woodland midden of
soil, pottery, and shell (Figure 3.1) located on the southeastern end of East Peninsula. The ring
midden surrounds a relatively sterile interior plaza. A sand burial mound (8BY31) is located less
than 20 m southeast of the ring midden (Figure 3.1). The site is located ca. 400 m from the shore
of St. Andrew Sound and 1 km from the Gulf of Mexico. Saunders directed large-scale
excavations at the Harrison Ring and plaza during the 2012 Louisiana State University (LSU)
archaeological field school (Dengel et al. 2012). Materials from the midden excavations were
loaned to GMNH for analysis (Appendix A). Calibrated radiocarbon dates from the Harrison
Ring span the period A.D. 500 to 930 (Table 3.1). The Harrison Ring sample is the earliest
assemblage of the East Peninsula sequence.

Approximately 60 m northwest of the Harrison Ring Midden is a larger ring midden that
dates to the Late Woodland period (Figure 3.1). The Hare Hammock Ring Midden (8BY1347) is

a ring-shaped midden of dark soil and patchy deposits of shell. Shell deposits are densest along a
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terrace edge that runs parallel to the shoreline of St. Andrew Sound, along the southwestern side
of the ring (Figure 3.1). The reconstructed remnant of a sand burial mound (8BY30) is associated
with the site (Figure 3.1). Both the Harrison and Hare Hammock ring middens and associated
mounds were mapped by Russo and the National Park Service Southeast Archeological Center
(NPS-SEAC) (Russo et al. 2009). Hadden and Russo excavated shell-bearing portions of the
Hare Hammock Ring Midden in 2012 to obtain samples for zooarchaeological analyses
(Appendix A). Calibrated radiocarbon dates from the Hare Hammock Ring span the period A.D.
610 to 1190 (Table 3.1).

The radiocarbon date ranges for the two ring midden sites clearly overlap, thus treating
the entire Harrison assemblage as earlier than the Hare Hammock assemblage is a simplifying
assumption. However, the material culture support this relative chronology also. The ceramic
assemblage associated with the Harrison Ring is dominated by Swift Creek series ceramics.
Ninety-seven percent of the pottery sherds that could be assigned to a formal type were assigned
to the Swift Creek series (99 percent by weight) (Russo et al. 2009:Table 5). It is important to
note that the Swift Creek pottery types can be associated with both the Swift Creek and early
Weeden Island cultures (Willey 1949). The near-absence of Weeden Island series ceramics at the
Harrison Ring supports its temporal association.

The overlapping radiocarbon dates probably reflect a combination of factors including
the duration of site use, as well as site formation processes, recovery methods, and site
delineation. The radiocarbon dates presented in Table 3.1 were obtained from a variety of
contexts and materials, not necessarily from the same contexts studied zooarchaeologically, and
include samples from the area in between the two rings. The boundary between sites was

necessarily somewhat arbitrarily defined (Russo et al. 2009:Figure 6), and the people who used
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the site in the past almost certainly recognized no such distinction. In general the radiocarbon
dates from Harrison Ring were earlier than are those from the Hare Hammock Ring, with mean
calibrated ages of 1327 £+ 60 cal B.P. and 1102 + 143 cal B.P., respectively (see Figure 3.4).
Whether the two sites were actually occupied at the same time at any point is a question of
important anthropological and social significance, but is beyond the scope of this research.

This analysis reports on three distinct analytical units from the Hare Hammaock site,
designated as the Hare Hammock Early, Hare Hammock Late, and Hare Hammock House
Mound assemblages, in addition to a fourth analytical unit from the Harrison Ring (Appendix A).
Within the Hare Hammock Ring, relative ages of analytical units were based on established
ceramic chronologies for the region (Willey 1949), as well as stratigraphic positions, as
described below. The descriptions refer to the locations of analytical units in terms of excavation
units (EU) and levels (LV), reflecting their location at the site in terms of a Cartesian grid, and
their stratigraphic positions therein, respectively.

The Hare Hammock Early assemblage is from EU4 LV5, located along a relic terrace
edge in the dense shell midden on the southwestern edge of the ring (Figure 3.1). Unfortunately,
radiocarbon dates were not available from this analytical unit. The faunal sample was associated
with predominantly Weeden Island (37 percent) and Swift Creek (6 percent) pottery types by
weight, with only 2 percent of the pottery weight from the later Wakulla category (Hadden
2016). This analytical unit is therefore considered a relatively early deposit in the context of the
Hare Hammock Ring Midden (Willey 1949).

The Hare Hammock Late sample includes materials from EU4 LV2 and EU6 LV3, also
in the dense shell midden along the terrace edge (Figure 3.1). The Hare Hammock Late materials

were associated with predominantly Wakulla Check Stamp ceramics (46 percent by weight),
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with only minor amounts of Swift Creek (2 percent) and other Weeden Island (11 percent)
ceramic types (Hadden 2016). The materials from EU4 LV2, which are part of the Hare
Hammock Late analytical unit, were stratigraphically superior to the level from the Hare
Hammock Early assemblage from the same excavation unit. Taken together, the ceramic and
stratigraphic evidence suggest this analytical unit is later than the Hare Hammock Early
assemblage (Willey 1949).

A single radiocarbon date was measured from residue recovered from a Wakulla Check
Stamp sherd from EU6 LV3, part of the Hare Hammock Late analytical unit (PRI-12-110-
63.001, Table 3.1). The calibrated age (A.D. 820 + 30) may not be reliable, however. The
charred pot residues analyzed by Yost and Cumming (2012) probably included organic materials
from a combination of marine, terrestrial, and freshwater environments, in unknown proportions.
This complicates calibration because multiple radiocarbon reservoirs, and reservoir effects, are
likely involved (Bowman 1990).

The Hare Hammock House Mound assemblage was associated only with Weeden Island
ceramic styles (6 percent by weight), with no Swift Creek or Wakulla styles present (Hadden
2016), and is therefore considered roughly contemporaneous with the Hare Hammock Early
sample. Though contemporaneous, the two analytical units represent different areas of the site
and were perhaps associated with different social groups or individuals of different status (Russo
et al. 2009). The Early and House Mound assemblages are compared to investigate differential
access to resources within the Hare Hammock community. The House Mound area of the site
represents a possible dwelling area of higher status on the northern side of the ring midden (EUs
2 and 5 in Figure 3.1). Ceramic distribution analyses indicated that so-called elite styles were

more common in this area compared to other areas of the ring midden (Russo et al. 2009:Figure
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32). This portion of the site was referred to as a “dwelling site” by Moore (1902:553), and
contained fewer, but more discrete patches of shell (Figure 3.1). If someone of special status
used this area of the site, then socioeconomic inequalities should be manifest in terms of access
to resources represented by the animal remains recovered.

A total of five species lists are presented for Hare Hammock: (1) Hare Hammock Early,
(2) Hare Hammock Late, (3) Hare Hammock House Mound (3.18- and 6.35-mm fractions
combined); (4) an aggregated species list that includes the Early, Late, and House Mound
assemblages combined (3.18- and 6.35-mm fractions combined), which is used in the regional
dataset; and (5) an aggregated large-fraction species list which includes the 6.35-mm fractions
from the previously described species list in addition to a selection of large fraction (6.35-mm)
samples from the terrace edge shell midden (EUs 8, 9, 10, and 12 on Figure 3.1). The additional
6.35-mm samples are included to increase the breadth of the sampling area and to facilitate
future research, and are presented in aggregated form, combined with the 6.35-mm fractions
from the Hare Hammock study from the Early, House Mound, and Late analytical units (see
Appendix A).
Methods

Identifications were made using the comparative collection at the GMNH
Zooarchaeology Laboratory. For vertebrates, all specimens were identified to the lowest possible
taxonomic level. | followed standard zooarchaeological methods in the identification and
quantification of vertebrate fauna (Reitz and Wing 2008). These methods were modified slightly
for invertebrate fauna, the primary difference being that mollusc identifications focused on non-

repeating elements (Table 3.2). Shell fragments that were not specified in the sorting protocol
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were sorted to higher taxonomic levels: the Indeterminate Invertebrate, Indeterminate Mollusca,
Indeterminate Bivalve, and Indeterminate Gastropod categories.

Several primary data classes were recorded during identification. The Number of
Identified Specimens (NISP) was determined, with cross-mending specimens counted as one
specimen. The symmetry and the portion of the element represented by each specimen were
recorded, and age, sex, and modifications were noted when observed. All specimens were
weighed to provide additional information about the relative abundance of the taxa identified.
Specimens in the Indeterminate Vertebrate, Indeterminate Invertebrate, Indeterminate Mollusca,
Indeterminate Bivalve, and Indeterminate Gastropod categories were weighed but not counted.

Where preservation allowed, measurements were taken of selected specimens (Figure
3.2). Measurements of mammal and bird specimens followed the guidelines published by
Driesch (1976). For fishes, the anterior centrum width of atlases, and the greatest length, width,
and thickness of fish otoliths were measured. Dimensions measured for sea catfish (Ariidae)
otoliths and pectoral spines are shown in Figure 3.2 also. For bivalves, only valve heights (VH)
of scallops (Argopecten spp.) were measured. For gastropods, shell heights (SH) of complete
lightning whelks (Busycon sinistrum) and Florida fighting conchs (Strombus alatus) were
measured. Lip thickness (LT) was measured for fighting conchs. Because the majority of
lightning whelks were broken, I also measured the greatest lengths of the columellae of nearly
complete specimens (those with at least 75 percent of the original length present) as a rough
estimate of the minimum length of the shell. Measurements are presented in Appendices B
(Harrison Ring Midden) and C (Hare Hammock Ring Midden). Mean sizes are reported as 95

percent confidence intervals (Cl).
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The Minimum Number of Individuals (MNI) is the smallest number of individuals that is
necessary to account for all of the specimens of a particular species in an analytical unit
(Shotwell 1955:330). MNI was estimated based on symmetry, portion (non-repeating elements),
size, and age. Ladyfishes (Elops saurus) were identified entirely from vertebrae. To estimate
MNI, the number of vertebrae identified was divided by 40, a conservative number derived from
counting vertebrae in several comparative specimens. Scallops were identified to genus only
from hinges and hinge fragments with auricles present. Auricles are the “ears” on either side of a
scallop umbo (see Figure 3.2). Each scallop has a total of four auricles: two posterior and two
anterior. To estimate MNI for scallops, the total number of anterior or posterior auricles,
whichever was greater, was divided by two.

In most cases, MNI was estimated for the lowest taxonomic level, i.e. species, rather than
genus or family. Occasionally, more individuals were estimated if all specimens identified to a
family were considered together, rather than if specimens identified to a lower taxonomic level
were considered separately. For example, more individuals were estimated if all materials
identified as herring (Clupeidae) and yellowfin menhaden (Brevoortia smithi) were considered
together rather than considering only those specimens identified as yellowfin menhaden for
estimating MNI. In these cases, MNI was estimated for both taxonomic levels, and the larger
estimate used in subsequent calculations. The lower MNI estimate was included in the species
lists in parentheses for information only and was not included in the total for each list or in
subsequent calculations.

Although MNI is a standard zooarchaeological quantification measure, it has several
problems (Reitz and Wing 2008:205-210). MNI emphasizes small species over larger ones. For

example, 35 yellowfin menhaden (a small fish) in a hypothetical assemblage documents
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considerable interest in this fish, although a single deer might supply more meat if the entire
carcass was used. One possible solution would be to normalize MNI estimates as a function of
biomass of the live animal. To do so would assume that the entire carcass was used. This
assumption presents another set of problems that will be addressed shortly.

Another problem with MNI is that some elements are inherently more readily identifiable
than others. The taxa represented by these elements may therefore be incorrectly perceived as
more significant to the diet than animals with less distinctive elements. Hardhead catfish
(Ariopsis felis) pectoral spines, readily identified from very small fragments, exemplify this
situation. On the other hand, some taxa are represented by large numbers of specimens but may
present few paired or non-repeating elements, and hence the number of individuals for these
species may be underestimated. Gars (Lepisosteus spp.) and turtles are good examples of last
problem. MNI for these animals will usually be under-estimated relative to the number of
specimens.

Basic to MNI is the assumption that the entire individual was used at the site. From
ethnographic evidence, it is known that this is not always true (Perkins and Daly 1968). This is
particularly the case for larger individuals, animals used for special purposes, and where food
exchange was an important economic activity (Thomas 1971; White 1953). In some cases only
portions of a carcass were brought to a consumption site, in others the meat was redistributed,
used more frequently by members of select social groups, used in rituals, or portions were valued
as by-products regardless of the amount of meat adhering to the bone or shell.

Additionally, MNI is influenced by the manner in which data from archaeological
proveniences are aggregated during analysis. The aggregation of separate proveniences into one

analytical whole, the “minimum distinction” method, results in a conservative estimate of MNI
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(Grayson 1973). The “maximum distinction” method, used when analysis discerns discrete
archaeological contexts, produces a much larger MNI estimate. Increasing the number of
analytical units generally increases the estimated number of individuals, whereas decreasing the
number of analytical units generally decreases the number of individuals estimated. For the
purpose of intrasite comparison at the Hare Hammock Ring Midden, animal remains from
spatially and/or temporally discrete activity areas were treated as separate analytical units as
described in the Materials section, and MNI was estimated for each analytical unit. For the
purpose of comparison with other sites in the region (the regional dataset), animal remains were
aggregated into one analytical unit per site, and MNI was re-estimated following the minimum
distinction method. This greatly underestimates the number of individuals estimated for each
site.

The presence or absence of elements in an archaeological collection may provide
information on butchering practices, transportation decisions, and other site formation processes
(Lyman 1994; Reitz and Wing 2008:213-232). Deer elements were summarized into categories
by body parts. The Head category included all material from specimens associated with the
cranium and mandible. Elements from the head may indicate either the consumption of brain or
tongue, or the discard of unused refuse. The Vertebra/rib/sternum category (Axial) included the
atlas, axis, cervical, thoracic, lumbar, and caudal vertebrae, but not the sacral vertebrae. The
Forequarter category included the scapula, humerus, ulna, and radius. Forefoot included carpals
and metacarpals. The Hindquarter category included the innominate, sacrum, femur, and tibia.
Hindfoot included the tarsals and metatarsals. The Foot category contained specimens identified
only as metapodials and phalanges that could not be assigned to other categories. The Forefoot,

Hindfoot, and Foot specimens are elements that do not contain much meat and may be evidence
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of nearby slaughter, skinning refuse, use of the feet for broth, or a cache of material from which
tools or ornaments would eventually be made. The elements identified as deer also are presented
visually to illustrate their number and location in a carcass. Specimens identified only as
sesamoids, metapodiae, podials, or phalanges are illustrated on the right hindfoot.

The relative age of deer at death was estimated based on observations of the degree of
epiphyseal fusion for diagnostic elements and relative wear patterns on teeth (Reitz and Wing
2008:72). The area of growth between the shaft (diaphysis) and the proximal or distal ends of an
element (the epiphysis) is not fused when animals are young. This line fuses when growth is
complete. Although many factors influence the actual age at which fusion is complete, elements
fuse in a regular temporal sequence (e.g., Gilbert 1980; Purdue 1983; Schmid 1972). During
analysis, identified specimens were recorded in one of three general categories based on whether
fusion occurs early in life (early-fusing), when adult status is achieved (late-fusing), or
somewhere in the middle (middle-fusing). This was most informative for unfused specimens that
fuse in the first year or so of life and for fused specimens that complete growth at three or four
years of age. Intermediate specimens are more difficult to interpret. An element that fuses by 12
months of age and is found fused archaeologically could be from an animal that died
immediately after fusion was complete or any time thereafter. The ambiguity inherent in age
grouping was somewhat reduced by recording each specimen under the oldest category possible.
In summarizing these data, juveniles were considered to be animals that died before 20 months
of age, subadults were ones that died prior to 26-29 months of age, and adults died after 26-42
months of age.

Modifications to specimens can indicate site formation processes (Reitz and Wing

2008:123-143, 242-244). Although NISP for specimens attributed to Indeterminate Invertebrate
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or Indeterminate Vertebrate were not included in the species lists, modified indeterminate
specimens were counted and included in the modification tables. Modifications were classified
as cut, hacked, burned, calcined, or worked.

Some modifications are related to the dismembering of carcasses and other uses of bones.
Hack marks are large, wide incisions across the surface of specimens. They may indicate use of a
large chopping tool to dismember carcasses. Cuts are small, shallow incisions across the surface
of specimens. These marks were probably made by small tools as meat was removed from the
bone before or after the meat was cooked. Cuts may also be left behind by attempts to
disarticulate the carcass at joints. Some marks that appear to be made by human tools may
actually be abrasions occurring after the specimens were discarded (Shipman and Rose 1983),
but distinguishing this source of small cuts requires access to higher magnification than was
available during this study. Worked specimens showed evidence of human modification for
reasons probably not associated with butchery.

Burned and calcined specimens were the result of exposure to fire when a cut of meat is
roasted or if specimens were burned intentionally or unintentionally after discard, such as might
happen when trash or a structure burns (Reitz and Wing 2008:132-134). Burned specimens
result from the carbonization of bone collagen and were identified by their charred-black
coloration (Lyman 1994:384-385). Burning at extreme temperatures(> 600 °C) can cause
calcination and is usually indicated by blue-gray discoloration (Lyman 1994:385-386).
However, calcination can also occur by leaching of calcite from shell deposits. Both types of
calcination probably occurred in this assemblage, but no attempt was made to distinguish

between them. Experimental studies indicated that the color of specimens is a poor indicator of
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the type of modification because it is difficult to describe color variation precisely, and other
factors may alter color (Lyman 1994:385-386).

Estimates of biomass compensate for some of the problems encountered with MNI and
provide information on the quantity of meat supplied by the animal (Reitz et al. 1987; Reitz and
Wing 2008:238-242). Allometry was used to predict kilograms of meat represented by
kilograms of bone or shell. This is a conservative estimate of meat and other soft tissues obtained
from the faunal materials actually recovered from the site. The term “biomass” is used to refer to
the results of this calculation. Biomass reflects the probability that only certain portions of the
animal were used at the site. This would be the case where preserved and/or redistributed meats
were consumed or where only part of the carcass was discarded within the excavated area.

Biomass estimates were based on the allometric principle that the proportions of body
mass, skeletal mass, and skeletal dimensions change with increasing body size. This scale effect
results from a need to compensate for weakness in the basic structural materials, in this case
bone and shell. A given specimen weight represents a predictable amount of tissue following an
allometric relationship. The relationship between body weight and skeletal weight is described
by the allometric equation:

Y = aXx?

(Simpson et al. 1960:397). This same relationship holds true for linear dimensions (e.g., otolith
and atlas length) and body size. In this equation, X is the skeletal weight or a linear dimension of
the specimen, Y is the estimate of biomass or body size, b is the constant of allometry (the slope
of the line), and a is the Y-intercept for a log-log plot using the method of least squares linear

regression and the best fit line (Reitz and Wing 2008:238-242). Values for a and b were
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calculated from data obtained from modern comparative specimens at the Florida Museum of
Natural History and GMNH. The allometric constants are presented in Table 3.3.

MNI and biomass estimates were summarized into categories defined by taxonomic or
functional classes in order to contrast the percentages of groups of taxa in the assemblages.
These categories were: Bivalves, Gastropods, Crabs, Invertebrate Commensal Taxa,
Cartilaginous and Bony Fishes, Turtles, Birds, Deer, Other Wild Mammals, and Vertebrate
Commensal Taxa. The term “fishes” is used throughout this report to refer to both cartilaginous
(Chondrichthyes) and bony or ray-finned (Actinopterygyii) fishes. Only biomass for those taxa
for which MNI was estimated were included in these summaries. For example, biomass for
Bivalvia was not included in the summary tables, but biomass for ribbed mussel (Geukensia
demissa) was.

The commensal category included small barnacles, land snails, and other animals that are
commonly associated with human-built environments, but not usually thought of as food
resources used by people (Reitz and Wing 2008:137-138). Terrestrial snails (e.g., Polygyridae,
Zonitidae, Euglandina rosea) and small rodents (Sigmodontinae, Oryzomys palustris,
Peromyscus spp., Sigmodon hispidus) are attracted to loosened soil, bushy areas, gardens, and
stored foods. Lizards (Lacertilia, Anolis carolinensis) and snakes (Colubridae) may have been
attracted to house areas by small mammals as well as by small amphibians (Anura, Anaxyrus
spp.). These commensal animals probably were not part of the resource base either as food or as
a source of raw materials. Most are associated with terrestrial or marshy habitats, especially
those that are disturbed or are near stored foods typical of human residences. The type and
abundance of commensal animals may, however, provide insights into human behaviors such as

the rate of midden accumulation.
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Non-commensal taxa, which presumably were part of the resource base, were the basis of
coastal subsistence systems. Following Wing (1977), constellations of major and minor
resources were used to refine Wing’s definition of the “coastal and specialized fisherman”
subsistence system, because Wing’s original classification did not include invertebrate resources,
nor did it discriminate among specialized or generalized fishing strategies. Major resources were
defined as those that constituted 10 percent or more of the non-commensal faunal assemblage, in
terms of either MNI or biomass. Minor resources are defined as those that constituted between
2-10 percent of the assemblage.

The richness, diversity, and equitability of the assemblages were used to assess the
degree of specialization of resource use (Reitz and Wing 2008:245-247). Richness is defined as
the number of taxa for which MNI is estimated. The Shannon-Weaver index (H’) is a measure of
the diversity of species present in terms of richness and evenness. More precisely, it measures
entropy. Equitability (V) measures the degree of dependence on the used resources and the
effective variety of species used at the site based on the even, or uneven, use of individual
species. These indices allow discussion of food habits in terms of the variety of animals used at
the site and the evenness with which species were used. When the terms “diversity” and
“equitability” are unqualified, they refer to the total assemblage; “fish and invertebrate diversity”
refers to fishes and non-commensal invertebrates; “invertebrate diversity” to non-commensal
molluscs and crustaceans, and “fish diversity” to fishes. Except for total diversity and
equitability, invertebrates interpreted as commensal were excluded from analysis.

H’ was developed as a mathematical theory of communication and is commonly referred
to as the Shannon-Weaver index in zooarchaeological literature (after Shannon and Weaver

1949, in Reitz and Wing 2008:111), and Shannon’s entropy in paleontological literature (after
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Shannon 1948, in Holland 2010:1240). Both refer to the same formula (Shannon 1948:14;

Shannon and Weaver 1949:61,63):

H' = —Zm logp;

where pj is the proportion of the ith species in the sample (Shannon 1948; Shannon and Weaver
1949) Diversity can be estimated using the logarithm of p;to the base 2, e, or 10. Base e was
used throughout this study.

To estimate equitability, the Sheldon Index was used (Sheldon 1969). Equitability was
calculated using the formula:

V= H
" InS

where H’ is diversity as calculated above, and In S is the natural logarithm (loge) of the number
of observed species (Sheldon 1969).

Diversity and equitability were estimated using both MNI and biomass. In the case of
MNI, estimates of individuals were taken directly from the species lists. Biomass represents a
different problem because biomass was estimated for more taxa than was MNI. For purposes of
comparison, only those biomass estimates for taxa for which MNI was estimated were used in
the biomass diversity and equitability estimates. For example, in calculating biomass diversity
and equitability, biomass for pond turtles (Pseudemys spp.) was used rather than biomass for the
family Emydidae. This ensures that when comparing MNI and biomass results, data from the
same taxa were used in both cases and that MNI diversity and biomass diversity can be directly
compared.

Diversity and equitability are closely related. Diversity (H’) is influenced both by the
number of species used and how much each was used, because p; are proportions related to the

evenness of resource use. Diversity increases as both the number of species and the equitability
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of species use increases. A diversity index (H’) of 5 is a high value. A collection with many
species identified and in which the number of individuals slowly declines from most abundant to
least abundant will be high in diversity. Diversity can be increased by adding a new taxon to the
list, but if another individual of an already present taxon is added, diversity is decreased. A low
diversity can be obtained either by having few species or by having a low equitability, where one
species is considerably more abundant than others. A low equitability value indicates that one
species was more heavily used than other species in the collection. A high equitability index,
approaching 1, indicates an even distribution of species in the collection.

The mean trophic level (TL) of fishery landings is thought to reflect the trophic structure
of the marine food web, in this case the human food web, and is one method by which
environmental change can be assessed. Trophic Levels range between 1 and 5 and reflect the
degree to which consumers feed directly on producers. Primary producers and detritus are at the
base of the food chain, or TL1. Zooplankton, benthic herbivores, and detritivores occupy TL2.
Carnivores occupy TLs 3 to 5. Changes in trophic organization of fishes likely responds to
stresses of various sorts, including over-fishing (Livingston 1982, 1985).

Mean TL of fishery landings was estimated using the formula:

X TL;; Biomass;;

TL;
' Y. Biomass;

to estimate the mean TL for the time period of interest (TL;). The estimated trophic level (TL;;)
for each taxon (j) for the time period (i) was multiplied by the estimated Biomass;; of the taxon
(j) for the time period (i). TL;; was divided by the summed biomass for the time period
(Biomass;). Mean TL was also calculated based on MNI by simply substituting the MNI
estimates for the biomass term. When mean TL estimates based on both biomass and MNI are

compared, it is important that the same sampling universe is used in both calculations. Therefore
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only taxonomic levels for which both biomass and MNI were estimated were included. Fisheries
dominated by shellfishes and detritivores have a low mean TL, between 2 and 3. High mean TL
values, approximately 3.4 or higher, result when fisheries are dominated by top predators such as
tunas and sharks.

In order to examine TL dynamics for the East Peninsula sequence, zooarchaeological
estimates of MNI and biomass in the Harrison Ring and Hare Hammock assemblages were
assigned to TLs obtained from FishBase 2014 (Froese and Pauly 2014). When the identifications
in the archaeological data were insufficiently precise for FishBase 2014, TLs for close taxonomic
categories were used or were estimated from similar species (Table 3.4). For molluscs, a value of
2.1 was assigned to herbivores, and 2.5 was assigned to carnivores. The value 2.5 was chosen
because it is higher than herbivorous molluscs but lower than crabs (TL 2.6), which occasionally
feed on small carnivorous snails. The formula was used to estimate the mean TL for the non-
commensal invertebrates and fishes (“mean fish and invertebrate TL”) in each assemblage and
for fishes alone (“mean fish TL”).

A related approach for estimating the mean vulnerability index (V1) for commercial
fisheries was adapted here for archaeological applications. The mean VI was calculated using the

formula:

B Z(Vlij)(Biomassij)
B Y Biomass;

VI,

where the vulnerability index (VI;;) of each taxon (j) for the time period (i) was multiplied by the
estimated Biomass;; of the taxon (j) for the time period (i). VI; was divided by the total biomass
for the period (Biomass;). Mean VI was also calculated based on MNI by substituting the MNI
for the biomass term, as with mean TL. VI for fish taxa were obtained from FishBase 2014

(Froese and Pauly 2014) and are presented in Table 3.4. High mean VI values, approximately 60
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or higher, result when fisheries are dominated by large, long-lived fishes such as sharks, gars,
and sturgeons. Low mean V1 values, below 40, result when fisheries are dominated by small,
highly fecund fishes such as herrings, Killifishes (Cyprinodontidae), and small drums (e.g.,
Leiostomus xanthurus) (Table 3.4).

Abundance indices (Al) frequently are used to evaluate temporal trends in resource use.
Highly ubiquitous taxa are those that are present in all or most of the studied assemblages. Als
for deer and for two highly ubiquitous fish taxa, sea catfishes and mullets (Mugil spp.), were
calculated using the following formulas:

BlomaSSSea catfish

AISeacatfish = ;
Z Blomassdeer, high—ubiquity fishes
Al Biomassmyyiiet
mullet = :
Z Blomassdeer, high—ubiquity fishes
Biomassjeer
Algeer =

Y. Biomassgeer, high-ubiquity fishes

where Biomassseacatiish Includes the total biomass estimates for sea catfishes (Ariidae, Ariopsis
felis, and Bagre marinus), and Biomassgeer, nigh-ubiquity fishes includes sea catfishes, mullets, deer,
and other highly ubiquitous fishes (Elops saurus, all Caranx spp., all Cynoscion spp., and
Micropogonias undulatus).

Analyses of fish body sizes in archaeological collections relate to fishing technologies
and foraging efficiency. It is difficult to be precise about fish body sizes because many young,
small-bodied fishes have the potential to mature into large-bodied adults. With maturity, their
habits, habitat preferences, and TLs change as do the most productive capture locations and

technologies (Reitz 2004; Reitz and Wing 2008:137, 266-272). Maturation sequences also are
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influenced by climatic variables, food availability, and harvesting pressure, among the many
factors that affect growth habits. A mullet, for example, may be only be 40 or 50 mm in Total
Length (length from the longest part of the tail to the anterior tip of the snout) when it was
captured or it may be 610-760 mm, depending on the species represented, its age, and other
variables (Hoese and Moore 1998:172-173). Simply identifying a mullet in a collection does not
tell us whether the animal was large or small, where it was captured, how, or the conditions
under which it lived.

Standards measurements of skeletal elements are important in assessing the size range of
animals represented in an archaeological assemblage. Standard Lengths (SL) were estimated for
members of the sea catfish, mullet, and drum families using allometric formulae developed for
that purpose (see Table 3.3 for references). Standard Length is the length of the fish from the
posterior end of the last vertebra (the base of the tail) to the anterior tip of the snout. Standard
Length is preferred in zooarchaeology because often the tail of comparative specimens is
damaged and Total Length cannot be recorded accurately, though converting Standard Length
into Total Length, the preferred fish biology measure, makes direct comparisons of
zooarchaeological data and fisheries data more difficult. A fish with a Total Length of 250 mm
might have a Standard Length of 200 mm, though this is a rough estimate because of variations
in tail shapes typical of each family.

The elements used to estimate Standard Length for members of these three families were
the otolith and atlas, and for catfishes, the pectoral spine (Figure 3.2). Measurements of catfish
otoliths followed the dimensions illustrated in Figure 3.2, and those of drums were the greatest
length of the otolith. These measurements are reported in Appendices B and C. The atlas

dimension is the greatest anterior width. Measurements of all sea catfishes were combined to
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estimate Standard Length for family Ariidae; measurements for all members of the drum family
were combined to estimate Standard Length for family Sciaenidae. Members of each family were
combined in this analysis because the objective was to assess the broader role of large- and
small-bodied fishes in the fishing strategy at both sites.

Unfortunately, measurements were not available for all of the fishes in these
assemblages. Until objective estimates of body size for all fish taxa are developed, it is necessary
to use subjective classifications based on experience with these archaeological assemblages,
knowing that these assignments are imprecise and can be incorrect in specific cases. To
compensate for this, the fish taxa identified in the Harrison Ring and Hare Hammock
assemblages were sorted into small- or large-bodied categories. Small fishes are those taxa
whose adult Total Length is generally less than 250 mm in modern populations and large-bodied
taxa are those whose present-day adult body size is generally larger. This classification does not
necessarily mean that all of the specimens for the taxon in question were from either small or
large individuals. Without measurements and body size estimates of all fishes at both sites, it is
not possible to know which specific individuals were large or small unless they were individuals
from inherently small taxa, such as silver perch. Classifications were based on familiarity with
the specific assemblages and taxa under study, and sources such as Hoese and Moore (1998) and
species profiles in FishBase 2014 (Froese and Pauly 2014).

Fish size is assumed to be related to fishing gear, which takes advantage of the habits and
habitats of specific size/age cohorts. Very little direct evidence was available for the tool kits
used at these sites, suggesting they were of ephemeral materials such as fibers and wood. As
fishes grow, the appropriate capture technology and best fishing locations change. Small mullets,

for example, might be taken in shallow weedy areas with a basketry scoop or a small dip net.
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Large mullets, however, might be taken with cast or surround nets from the surf zone or in weirs
across larger tidal streams. Small sharks may be captured with seine nets, for example.

For purposes of discussion, some fishes are more vulnerable to mass-capture techniques
regardless of body size, and others are more likely to be taken individually, especially large-
bodied carnivores. Thus, technology is reduced to a dichotomy between mass-capture techniques
on the one hand and individual-capture techniques on the other. The fish taxa identified in the
Harrison Ring and Hare Hammock assemblages were sorted into mass- or individual-capture
categories. Gear such as poisons, nets, traps, rakes, and scoops are broadly considered mass-
capture technologies, and devices such as leisters, harpoons, and hand-held hooks or gorges are
visualized as individual-capture technologies. Facilities apply human energy indirectly to attract,
contain, restrain, or redirect prey (Oswalt 1973:26). Weirs, nets, and fish traps of various sorts
are mass-capture facilities that often are used in combination with other tools, such as hooks,
gorges, and leisters (e.g., Bannerman and Jones 1999; Connaway 2007; O’Sullivan 2003;
Tveskov and Erlandson 2003). These tools are not exclusive in terms of the types and sizes of
fishes captured. Some individuals of all taxa could be taken either with mass-capture or
individual-capture devices, at least occasionally.

Specimen count, MNI, biomass, and other derived measures are subject to several
common biases (Grayson 1979, 1981; Reitz and Wing 2008; Wing and Brown 1979). In general,
samples of at least 200 individuals or 1400 specimens are needed for reliable interpretations.
Smaller samples frequently generate short species lists with undue emphasis on one species in
relation to others. It is not possible to determine the nature or the extent of the bias, or correct for

it, until the sample is made larger through additional work.
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The Regional Dataset
Materials

This portion of the study is concerned with variability in resource use through space and
time, and brings together zooarchaeological data from published species lists, theses, and
unpublished gray literature (Table 3.5). This is not an exhaustive list of all zooarchaeological
analyses carried out in this region to date. The datasets included here satisfied the following
criteria: specimen weights were reported for all faunal classes, including invertebrates; materials
were recovered using fine screen (3.18-mm or 1.59-mm) recovery methods; and total sample
weight was greater than an arbitrary minimum of 4 kg. Several datasets were excluded from this
analysis due to screen size, lack of specimen weights, or because invertebrate fauna either were
not quantified or were quantified in a way that was not directly comparable to vertebrate fauna
(e.g., Byrd 1994; Lawson 2005; Nanfro 2004).

For this portion of the study, analytical units are aggregated by site. The Harrison Ring
data are included in the regional comparison without modification; the Hare Hammock Early,
Hare Hammock Late, and House Mound samples are aggregated into a single analytical unit. Ten
additional sites are included (Figure 3.3 and Table 3.5). Though the sites differ in size, age,
location, function, taphonomic histories, recovery methods, and preservation, the faunal data
nonetheless provide a cursory glimpse of the kinds of subsistence activities that were carried out
at those locales.

At all twelve sites, faunal analysts focused on contexts that were most likely to provide
insights on subsistence strategies; i.e., contexts in which faunal remains were abundant and well
preserved. Despite the obvious benefits of this approach, it introduces certain biases into the

analysis. In Florida, shell matrix sites neutralize the slightly acidic soils and promote the
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preservation of bone (Scudder 1993). Both bone and shell tend to preserve best in shell clusters
2-6 kg in size (Gunn 1995). These taphonomic biases have important implications because
faunal remains that are not associated with shell are less likely to be preserved and recovered.
Shellfish may be over-represented in these collections simply because shell-bearing contexts are
more likely to be preserved, while shell-free faunal assemblages may decompose more quickly
or more completely.

The size and accumulation rate of the assemblages have important implications also. In
some cases, the faunal samples were taken from midden contexts, which presumably although
not necessarily accumulated slowly. The middens are thus time-averaged representations of the
use of animal resources at that site. The extent to which samples from the midden adequately
represent the spatial distribution of activities, let alone the full range of behaviors at a site, is
unknown. At other sites, faunal remains were recovered from archaeological features rather than
midden contexts. Features are “non-portable artifacts” (Renfrew and Bahn 2015:42) within
archaeological sites (e.g., hearths, postholes, storage pits). Those most relevant to this study are
cooking and refuse pits, which often contain abundant plant and animal remains. Clearly,
middens and features result from different kinds of behaviors. The kinds of materials that were
discarded in middens need not be the same ones discarded in pits. Features also may represent
short periods of time, in contrast to the time-averaging represented by column samples from a
midden context.

In the case of both middens and features, it is entirely uncertain whether the behaviors
they represent are representative of the site as a whole. They are but a small sample of the tasks
that people carried out, and the animals that people used. For this analysis, samples from

middens are preferred over features because the goal is to broadly characterize the range of
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activities related to human exploitation of animals at each site. Faunal data from features that
specifically relate to food processing and discard, such as cooking and refuse pits, are included
also, but are aggregated for each site to better reflect the range and relative importance of
resources and tasks at that locale over time.

For a diachronic analysis of resource use it is, of course, necessary to place the
zooarchaeological assemblages in a chronological order in some way. The simplest approach is
to calculate a point estimate (e.g., mean, median, or mode) of the radiocarbon dates available for
each site. However, a good point estimate of a single calibrated **C date does not exist
(Michczynski 2007), let alone for an entire site’s worth of dates. The best method for presenting
calibrated **C dates is to show the whole probability density functions (Michczynski 2007:401).
Furthermore, relying on a point estimate for the age of a site ignores many important aspects of
the histories of these sites, including the duration and intensity of use, as well as the number of
radiocarbon assays available.

Acknowledging that any point estimate for the ages of these sites will be flawed, it is
nonetheless clear that some sites were generally in use earlier, or later, than others. The summed
probability distributions of the available radiocarbon ages for each site were modeled in OxCal
4.2 (Bronk Ramsey 2009a) and are presented in Figure 3.4. The summed probability
distributions preserve the structures of the radiocarbon datasets and also facilitate the
computation of summary statistics. | used the median age of the summed probability
distributions to order the sites chronologically. The subsequent analyses based on the
chronological ordering of sites were repeated using alternative methods for ordering the sites for
comparison. These methods, which included the mean and median values of phase models for

each site, resulted in slight reordering of sites but had no profound impact on the conclusions.
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Uncalibrated and calibrated radiocarbon dates for each of the sites are reported in Table 3.1.
Radiocarbon dates obtained from marine shell were excluded unless high-precision, local,
species-specific AR corrections were available (e.g., Hadden and Cherkinsky 2015); or if other,
non-shell, radiocarbon ages were unavailable for that site.

The radiocarbon dates for each site are described in greater detail below, along with brief
descriptions of the site locations, contexts, and relevant zooarchaeological studies. The functions
of the sites, as well as the intensity, duration, and seasonality of their occupation, are restated
here based on the interpretations presented in the original reports. These interpretations must be
considered with caution because many were founded upon sparse datasets and were influenced
by the respective authors’ own biases as well as the theoretical milieu of the time they were
written. Russo and colleagues (2011:131), for example, question the attribution of Woodland-
period linear and amorphous middens as villages, while other scholars use the term “village”
without qualification. Although the sites almost certainly differed in terms of function, activities
related to the procurement, processing, consumption, and/or discard of coastal resources are
evident at all of the 12 sites included in this analysis.

Mitchell River 1 (8WL1278) is a Late Archaic site in Walton County, Florida, located ca.
2.6 km from the confluence of the Choctawhatchee River and the Choctawhatchee Bay. Mikell
and Saunders excavated portions of the site in 1998 and 2001 as part of an NSF-sponsored
investigation of early estuarine adaptations. A dense shell midden along a terrace edge and
smaller, discrete patches of shell midden characterize the site (Mikell and Saunders 2007). The
site was occupied intensively, if not continuously, through the Late Archaic, after which time it
was not reoccupied until late Weeden Island times. Six radiocarbon dates from charcoal and soot

(from Mikell and Saunders 2007:Table 3) ranged from 5340 to 1700 cal B.C. (Table 3.1). Six
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dates from shell were excluded because AR corrections vary among species on the northern Gulf
Coast (Hadden and Cherkinsky 2015), and the species used were not specified in their report.

The site contains the oldest steatite vessels documented on the northern Gulf Coast. In
addition to subsistence remains, materials recovered included fired clay objects or “cooking
balls,” groundstone tools, projectile points, bone and antler tools, personal adornments, and nine
human burials (Mikell and Saunders 2007:171-179). Resource procurement was clearly one of
the major functions of this site, and was an activity that the dwellers of the site participated in on
a daily basis. However, the diversity of materials recovered, particularly the human burials,
suggested that Mitchell River 1 was the locus of many and varied activities, in addition to its use
for the procurement and processing of fishes and shellfish. The zooarchaeological data from four
column samples from shell midden contexts (Mikell and Saunders 2007:Table 6) are included in
the present study, unmodified from the original report except for standardization of taxonomic
nomenclature (e.g., Osteichthyes = Actinopterygii).

Meig’s Pasture (80K102) is interpreted as a late-Middle Archaic shell ring site in
Okaloosa County, Florida, southeast of Niceville, Florida. The site is located ca. 800 m from the
present shore of Choctawhatchee Bay. The University of West Florida Office of Cultural and
Archaeological Research excavated the site in 1987, under the supervision of Curren (1987).
Only three radiocarbon dates were available from this site, all from fighting conch shells (Curren
1987:Table 32). Fighting conchs are unreliable materials for radiocarbon dating, yielding
extremely variable ages within individual specimens (Hadden and Cherkinsky 2015; Luer and
Loger 2014). They are reported here nonetheless because no other dates were reported for this
site. The dates range from 1880 to 1790 cal B.C. (Table 3.1), with large error ranges reflecting

the uncertainty of reservoir effects on this taxon (Hadden and Cherkinsky 2015). Other lines of



83

evidence supporting the site’s Archaic age include stemmed points and baked clay objects
similar to those found at other Late Archaic sites, as well as a lack of ceramic vessels (Curren
1987:74).

Curren (1987) interpreted the site as a probably seasonal camp site used during the
warmer months of the year. Less than 10 percent of the site was excavated as of the 1987 report.
The semi-circular distribution of cooking and refuse pits, possibly adjacent to a former seep-
spring (Curren 1987:78), and season-of-collection data from bivalves (Claassen, in Curren 1987),
contributed to its interpretation as a short-term occupation. The pits were filled mostly with food
remains, burned sand with charcoal, small quantities of stone tools, and baked clay objects. Each
pit feature represents activities undertaken by a relatively small group of people over a relatively
short period of time. Most of the material record from Meig’s Pasture related to resource
procurement and cooking. The vertebrate and invertebrate faunal remains from four features
analyzed by Russo (Curren 1987:Tables 14-17) are aggregated for the present study. An
arithmetic error in Curren (1987:Table 14) is corrected for inclusion in this study, and taxonomic
nomenclature is standardized (e.g., Osteichthyes = Actinopterygii; Pelecypoda = Bivalvia).

Hawkshaw (8ES1287) was a multi-component site in Escambia County, Florida. The site
was located on Pensacola Bay, in downtown Pensacola, Florida. The University of West Florida
Office of Cultural and Archaeological Research excavated the site in 1984-1985 as a
noncompliance, interdisciplinary investigation in advance of the redevelopment of an urban
neighborhood known as Hawkshaw (Bense 1985). Approximately 80 percent of the site was
excavated (Bense 1985:162). The Early Woodland component, which consisted of a midden and
several features, was located along the edge of a bluff overlooking the bay. Eight uncorrected

radiocarbon assays from charcoal from the Early Woodland component range from 50 cal B.C.
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to cal A.D. 350 (Table 3.1). Because these radiocarbon assays were made before the need to
correct for stable carbon isotope fractionation was recognized, ratios of stable carbon isotopes
(**C/**C) were not measured and thus, correction is not possible.

These, and other Early Woodland sites in the region, were thought to be occupied “a few
intense times” (Bense 1985:168). No human burials were reported. Many activities were carried
out at the site, including resource procurement, processing, and consumption; ceramic
manufacture and use; bone and shell tool production and maintenance; and stone tool
maintenance (Bense 1985:162). Interaction with outside groups is documented through exchange
of lithics and ceramic vessels (Bense 1985:162).

Quitmyer analyzed faunal remains from three features, reported as separate analytical
units (Bense 1985:Appendix V). These are aggregated for the present study, with the following
modifications from the original published dataset: the taxonomic categories are standardized
(e.g., UID vertebrate/Mollusca = Animalia); and the total sample weight is corrected for a minor
arithmetic error in the original species list.

Plash Island (1BA134) was a predominantly Middle Woodland site on the eastern shore
of Mobile Bay, in Baldwin County, Alabama. Waselkov of the University of South Alabama
Center for Archaeological Studies (USA-CAS) excavated the site in its entirety in 2005 in
advance of private development. The excavation revealed an arc of shell midden and hundreds of
discrete pit features (Price 2008). The site sits on a arc-shaped ridge that was nearly completely
surrounded by saltwater marsh and open water during its occupation, and probably accessed via
canoe (Price 2008:388). Based on the variety of raw materials and an apparent lack of
conservation of raw materials at Plash Island, the site occupants were either mobile enough to

replenish their supply without needing to conserve what they had, or participated in long-
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distance trade and exchange networks (Price 2008:390). At least 27 human burials at Plash
Island are thought to be associated with the Middle Woodland occupation of the site, although
these remains were not dated directly. Over a thousand features were excavated, and almost all
were either refuse/cooking pits or postholes. There is no evidence for permanent structures until
the Mississippian-period occupation, which suggested a possible change in settlement patterns in
terms of length as well as season of occupation (Price 2008:390).

Price (2008:Table 6-2) reported 11 radiocarbon dates from nutshell, and four additional
radiocarbon dates from animal bones were reported by Reitz et al. (2013:Table 21). The 15
assays (Table 3.1) range from cal A.D. 370 to 1350. The late date (bone sample UGAMS-13931)
is from the Mississippian component of the site. Zooarchaeological remains from seven pit
features were included in an NSF-sponsored investigation of subsistence and seasonality on the
Alabama Gulf Coast (Reitz et al. 2013:Tables 7 and 22). Table 7 from that report is included in
the regional dataset, with no modifications. The majority of the material studied is associated
with Middle Woodland dates and material culture, and the site is generally thought to be earlier
than the nearby Bayou St. John site. The late date is included in the summed probability model
(Figure 3.4) because faunal remains from the same feature that yielded the late date are included
in the analysis.

Shell Mound (8LV42) is a multi-component site located on a small island of the same
name in the Gulf of Mexico in Levy County, Florida, in the Big Bend region. A U-shaped ridge
of shell, nearly 7 m high, characterizes the site, which is located near an ancient mortuary
complex. The rate of midden accumulation, whether some or all of the ridge was constructed
intentionally versus accumulated gradually, and whether it was constructed with architectural

purpose are the subjects of ongoing investigations, but Sassman and colleagues (2012:67)
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tentatively suggest that it was a rapid accumulation. The site may also represent the
“consolidation of a dispersed community into one large village” or *“a place of occasional
gathering for large groups” (Sassaman et al. 2012:68).

Sassaman of the University of Florida conducted limited excavations at Shell Mound in
2012 (Sassaman et al. 2012). Radiocarbon dates from wood charcoal from the Woodland-period
features (Table 3.1) range from cal A.D. 520 to 680. Palmiotto analyzed the faunal samples from
eight contexts at Shell Mound, all of which dated to the Woodland period of occupation, with the
exception of a single Late Archaic-period feature (Palmiotto 2012:51). Zooarchaeological data
for the seven Woodland contexts (Palmiotto 2012: Tables 4-2—-4-8), which were collected from
midden rather than features, are aggregated for the present study. Specimen weights listed as
“<0.1” in the original report are treated as 0.001 g for the purpose of estimating biomass.

Mack Bayou (8WL101) is a multi-component site with occupation spanning the Late
Archaic through the Mississippian periods. The site is located near the southern shore of
Choctawhatchee Bay, on the western side of Mack Bayou. Panamerican Consultants, Inc.
conducted excavations at the site in 2005 (Mikell and Shoemaker 2005a, 2005b). The single site
designation encompasses a large Late Archaic shell mound, a series of discrete Early and Middle
Woodland middens, a Weeden Island village, and a Mississippian-period cemetery and dispersed
domestic middens (Mikell 2012:17).

Mikell’s (2012) faunal analysis focused on Late Woodland (Weeden Island) contexts, and
consisted of two column samples from the midden and two refuse-filled pit features (Mikell
2012:Table 3). Three radiocarbon dates from wood charcoal (Table 3.1), ranging from cal A.D.
560 to 770, were obtained from the midden deposits. The faunal data are included in the present

study with the following modifications: taxonomic categories are standardized (e.qg.,
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Osteichthyes = Actinopterygii; Unidentfied shell = Invertebrata), and arithmetic and rounding
errors are corrected from the original published species list.

Bayou St. John (1BA21) was a Late Woodland site near the town of Orange Beach in
Baldwin County, Alabama. This site was located on the shore of Bayou St. Johns, ca. 2 km from
the Gulf of Mexico. Waselkov and USA-CAS excavated the site in its entirety in 2004 in
advance of private development (Price 2009). Price (2009:301) concluded that “the immediately
adjacent waters of Bayou St. John must have been the main draw that attracted prehistoric people
to this spot and led them to use the site for at least 700 years.” Price (2009:300-320) argued that
the site was occupied repeatedly by small groups of people engaged sporadically in very
intensive exploitation, but that the site was never a permanent village. In addition to the
subsistence activities of everyday life, Bayou St. John may also have been the locus of mound-
related ceremonial activity. Although no mound existed during the 2004 excavation, several lines
of evidence suggested that a small sand mound excavated by Moore (1902) was located at what
is now called Bayou St. John, including the discovery of an enormous borrow pit possibly related
to the construction of a mound (Price 2009:306).

Price (2009:Table 5-4) reported 20 radiocarbon dates from carbonized nutshell, cane, and
wood. Reitz and colleagues (2013:Table 21) reported ten additional radiocarbon dates obtained
from animal bones. The radiocarbon dates range from cal A.D. 400 to 1070 (Table 3.1). As with
Plash Island, hundreds of pit features were excavated at the site, and of those, 20 were included
in the NSF-funded investigation of subsistence seasonality (Reitz et al. 2013:Tables 12 and 22).
Table 12 from that report is included in the regional dataset, with no modifications.

Bayview (8BY137) is a Middle and Late Woodland ring midden site located on the north-

central side of East Peninsula, on Tyndall Air Force Base (TAFB) in Bay County, Florida.
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Bayview overlooks the East Bay of St. Andrews Bay, on the northern edge of the Bayview
housing unit at TAFB. Russo (Russo 2014; Russo et al. 2006) interprets this and other ring
midden sites as places of permanent or long-term habitation, emphasizing a “dual character”
(Russo et al. 2006:101) that involves both daily maintenance and subsistence activities as well as
sacred ceremonies, feasts, and celebrations.

The only available radiocarbon dates for the site are from two oyster shells (Table 3.1).
The dates are calibrated using an arbitrary marine reservoir correction value of AR =0 = 150
because a correction has not been estimated for this species in the northern Gulf Coast region.
This was equivalent to applying no correction, but has the effect of accounting for greater
uncertainty in the calibrated age due to the unquantified marine reservoir effects (Bronk Ramsey
2009b). The calibrated dates ranged from cal A.D. 790 to 890. Russo and colleagues from NPS-
SEAC investigated the site in 2004 (Russo et al. 2006). Russo analyzed a single faunal sample, a
10-cm level from a column sample within the midden, as part of that investigation (Russo et al.
2006:Table 7.1). Subsequently, Ellison (2009) analyzed additional column samples for her
masters thesis. Only Russo’s (2006) data are included in this comparison because he analyzed a
larger sample.

Strange’s Ring Midden (8BY1355) is a Late Woodland ring midden site located on the
northeastern side of East Peninsula, on TAFB in Bay County, Florida. The site overlooks the
East Bay of St. Andrews Bay. The ring midden is associated with the remnants of a sand burial
mound (8BY26) that was previously excavated by Moore (1902), as well as an artifact scatter
(8BY1356). As with other ring middens in this region, it is interpreted as a long-term habitation

area with both sacred and secular functions (Russo et al. 2011).
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The site was investigated most extensively by Russo and colleagues (2011), and was
revisited by Hadden, Russo, and Little for the purpose of zooarchaeological sampling from shell-
bearing portions of the ring midden. Four radiocarbon dates from animal bone and soot (Table
3.1) range from cal A.D. 700 to 1080. Fauna from a single excavation unit in the midden were
analyzed by Little (2015) and those data are included in the present study, without modifications.

Bottle Creek (1BA2) is a multi-mound Mississippian complex in Baldwin County,
Alabama. It is located in the intermittently brackish swamps of the Mobile Delta, some 30 km
from the mouth of Mobile Bay and 80 km from the Gulf of Mexico. Brown, from the University
of Alabama, directed major excavations at Bottle Creek in 1993-1994 (Brown 2003). The site is
interpreted as the political, social, religious, and economic center of the region and a gateway
between the coast and interior. The elite and their retainers were provisioned with plant foods,
including maize (Scarry 2003:126), as well as with molluscs from both freshwater environs to
the north and saltwater environs to the south (Quitmyer 2003:155).

Thirteen radiocarbon dates from charred plant samples (Table 3.1) range from cal A.D.
930 to 1520. Quitmyer analyzed the vertebrate and invertebrate fauna from three mound contexts
(Quitmyer 2003:Tables 7.3, 7.7, and 7.8), which are included in the regional dataset with the
following modifications from the original published dataset: human (Homo sapiens) remains are
excluded; commensals are included in the total sample weight; weights listed as “0.00 g” are
changed to <0.01 g in the species list and are entered as 0.001 for the purpose of estimating
biomass. A minor arithmetic error is corrected from the original species list.

Methods
Ideally, all zooarchaeological analyses included in this synthesis would use identical

methods for sorting and quantifying fauna. In reality, differences in research questions, time and
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budgetary constraints, and analyst preferences introduced methodological inconsistencies that
complicated direct comparisons of the datasets. Two main issues emerged: (1) differences
attributed to the use of the minimum versus maximum distinction methods in estimating MNI,
and (2) the use of different criteria for sorting and quantifying invertebrate fauna.

The consequence of the first issue is that MNI estimates that were calculated using the
maximum distinction method, wherein MNI was calculated for individual contexts within a site,
cannot be aggregated through simple addition to estimate MNI for the entire studied assemblage.
To illustrate this problem with a hypothetical case, MNI is estimated for hardhead catfish for two
separate contexts within a site. In the first context, the most abundant non-repeating element is
the left pectoral spine (n = 12). In the second context, the most abundant element is the right
pectoral spine (n = 14). The MNI for the total assemblage is not simply the sum of the two
contexts (12 + 14 = 26) because a live hardhead catfish has two pectoral spines, one left and one
right. Fourteen individuals account for this simple hypothetical assemblage. In the context of the
regional dataset, re-estimating MNI for Shell Mound, Hawkshaw, and Meig’s Pasture
assemblages would require the re-assessment of element portion, side, age indicators, etc., which
were not published. This means that MNI cannot be estimated for the total studied assemblages
for these sites, nor can it be used as a measure of taxonomic abundance for comparing sites, or to
estimate diversity, equitability, mean Trophic Level, or the Vulnerability Index.

The second issue means that NISP cannot be used as a measure of taxonomic abundance
either. Some analysts sorted and counted every shell fragment to the lowest possible taxonomic
level, while others did not sort or count very small fragments, or those that could not be
identified to lower taxonomic levels. In the previous section, | described the sorting protocol |

used for the invertebrate fauna for the East Peninsula materials. The consequence of
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preferentially sorting and counting only non-repeating elements is that invertebrate taxa are
under-represented in terms of NISP. Consequently, it would be impossible to determine whether
taxon-level differences among assemblages are the result of differences in methodologies or to
differences in site formation processes.

For these reasons, biomass is used as the primary measure of taxonomic abundance in
this study. Like MNI, biomass estimates are not additive, but recalculating biomass from the
aggregated specimen weights is a straightforward solution. Biomass estimates are recalculated
for each site using the allometric constants listed in Table 3.3. This ensures that consistent
methods are used in estimating biomass from specimen weights. Consequently, the biomass
values presented in this study are slightly different from those given in the original reports. The
weights and biomasses for each site are aggregated into a master species list, and the ubiquity
index (UI) is calculated for each taxonomic category. Ubiquity is calculated by dividing the
number of units containing a specified taxon by the total number of analytical units (sites).
Highly ubiquitous taxa are those that are present in most or all of the studied assemblages (Ul >
0.8).

Relying on biomass alone as the measure of taxonomic abundance is not ideal. Every
measure used in zooarchaeology has biases, and reporting and comparing several measures helps
mitigate the biases of any single method. However, biomass estimates are the best measure to
use in this case due to the idiosyncrasies of the individual datasets. Abandoning MNI has several
consequences. The preferred method for calculating summary data, richness, diversity,
equitability, TL, etc., is to base these measures on the MNI estimates recorded on the species list,
and then recalculate those same measures using biomass estimates only for those taxa for which

MNI is estimated also. This ensures that when comparing biomass and MNI results for diversity,
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for example, exactly the same observations are used in both cases. Using biomass as the only
measure of abundance and for subsequent calculations obviates the need to adhere to this
standard, since MNI data are not available for several case studies. However, it is necessary to
develop other standards to ensure that the measured variables reflect the target variables as
accurately as possible. These are described below.

Richness is typically defined as the number of taxa for which MNI is estimated. Instead,
richness in this part of the study is the number of mutually exclusive taxa. Mutually exclusive
taxa are non-overlapping categories in the taxonomic hierarchy within the context of the studied
collection. Identifications to the species level are always mutually exclusive because an animal
or specimen can never belong to more than one species. For example, Ariopsis felis (hardhead
catfish), and Bagre marinus (gafftopsail catfish) are mutually exclusive species within the family
Avriidae (sea catfishes). More generally, the lowest categories identified in a taxonomic hierarchy
are considered mutually exclusive taxa. In this example, Ariidae is not a mutually exclusive
category because a specimen identified as A. felis is also in the family Ariidae by definition; and
a specimen identified to Ariidae could be either A. felis or B. marinus. These are overlapping
categories. However, the family Ostraciidae is considered a mutually exclusive taxon in this
study because it is the lowest taxonomic category used in that hierarchy (i.e., identifications are
not made to genus or species). No lower-level categories overlap with it.

The taxonomic categories used to estimate richness are the same categories used in all
subsequent measures to ensure that derived data are based on the same sampling universe. For
each collection, diversity, richness, and evenness are calculated as described previously for: (1)
the Total collection excluding invertebrate commensal taxa; (2) Fishes; (3) Invertebrates,

including crabs; and (4) Other. The Other category includes all mammals, birds, and reptiles,
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including commensal vertebrates. Vertebrate and invertebrate commensal taxa are included in
the species list, but invertebrate commensals (land snails and barnacles) are excluded from all
secondary measures because of inter-analyst variation in the identification of these animals.
Biomass estimates also are summarized into these same categories to compare the relative
abundances of these categories. Abundance indices (Al) are calculated from mutually exclusive
taxa as described in the previous section.

For Fishes, mean TL and VI are calculated for mutually exclusive taxa as described
previously. Mean TL of the total fishery is estimated from Fishes and Invertebrates combined
(Table 3.4). To test for change through time in species diversity, mean TL, and mean VI, the
MannKendal 1 () function in the ‘kendall’ package version 2.2 is used for R (McLeod 2011).
R is a language and environment for statistical computing and graphics (R Core Team 2014).

The approach described above breaks with convention out of necessity. While these
methods are applied consistently within this study, the derived values are calculated using
slightly different methods than the norm and are not directly comparable to values calculated by
conventional methods. For this same reason, the values for the Harrison and Hare Hammock
assemblages included in the regional dataset differ slightly from those in the case studies that
focused specifically on those assemblages, because both MNI and biomass were used in the
latter.

Sites with similar resource constellations (sensu Wing 1977) are identified using
hierarchical, agglomerative cluster analyses by site (Q-mode) in R using the agnes () function
in the “cluster’ package 2.0.3 (Maechler et al. 2015). Hierarchical, agglomerative cluster analyses

begin by treating each individual site as a unique cluster with a single member. The closest two
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clusters are then joined to form a larger cluster, and so on, until a single large cluster that
includes all sites is achieved.

Cluster analyses are conducted using relative taxonomic abundances of major and minor
resources using relative biomass as input variables. Relative biomass is calculated as a
percentage of total biomass for each site. Not all taxa are included as variables. Only taxa with
relative biomass exceeding 2 percent of total biomass for at least one site are included. In some
cases, the original analysts used different taxonomic categories to refer to the same or similar
animals. For example, some analysts identified all seatrout remains to genus (Cynoscion spp.),
while others used both genus-level and species-level identifications (e.g., C. arenarius, C.
nebulosus, and C. nothus). This could reflect differences in access to comparative specimens,
analyst experience or expertise, or the particular elements present in various assemblages. For
the purpose of cluster analysis, the total biomass estimates for seatrouts (including Cynoscion
spp., C. arenarius, C. nebulosus, and C. nothus) are aggregated to genus-level within each
assemblage. Collapsing these overlapping categories into a single variable at a higher taxonomic
level simplifies the analysis at the expense of fine-grained environmental data represented by
multiple species. (See Table 4.28 for variables (taxa) included in this analysis; taxa that are
aggregated into higher taxonomic levels are marked in bold.)

The outcomes of cluster analyses are sensitive to the methods used for measuring the
(dis)similarity among sites. The Bray-Curtis (Bray and Curtis 1957) and related non-parametric
measures are used widely for comparing ecological data such as species composition of
assemblages (Clarke et al. 2006). The Bray-Curtis measure is related to the Sgrensen index,
using abundances rather than simple presence or absence of species. The Bray-Curtis similarity

measure is calculated in pair-wise fashion using vegdist(method=*bray’’)in the
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Community Ecology Package ‘vegan’ version 2.3 (Oksanen et al. 2015) for R. The output is a
matrix of Bray-Curtis values representing pair-wise comparisons of each assemblage. The index
is a value between zero (identical samples) and one (no species in common).

The method selected for determining which sites should be joined, and in what order, also
influences the cluster output. Dendrograms produced using four different linkage methods are
compared. The specification agnes(method=*average”) links clusters based on the
average distance between all the members. Specifying agnes(method="“single”), the
nearest-neighbor method, joins clusters using the smallest dissimilarity between a point in the
first cluster and a point in the second cluster, in contrast to agnes(method="“complete”),
the farthest-neighbor method, which uses the largest dissimilarity between a point in the first
cluster and a point in the second cluster. Finally, agnes(method="ward’’) produces compact
clusters by maximizing the variance among clusters and minimizing the variance within clusters.

The cluster outputs are compared against an ordination of the dataset also. Non-metric
multidimensional scaling (MDS) is related to a variety of ordination techniques, including
principle components analysis (PCA), factor analysis (FA), and correspondence analysis (CA),
which consist of a series of statistical procedures that reduce the dimensionality of a complex,
multidimensional dataset into fewer dimensions to produce a “map of variation” (Orchard and
Clark 2005:89). Orchard and Clark (2005) successfully applied MDS to 21 faunal assemblages
from the Pacific Northwest region, revealing both functional and regional variability and
demonstrating the utility of this statistical approach in zooarchaeology.

MDS differs from other ordination techniques in several important ways. Firstly, most
ordination techniques are analytical, producing a single unique solution for a set of data. MDS is

a numerical technique that seeks an optimal solution (i.e., minimizes “stress”) through an
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iterative computation process. As such, re-analyses of the same dataset will likely lead to slightly
different results. Second, many ordinations involve eigenvalue-eigenvector techniques that
ordinate the data such that axis 1 explains the greatest amount of variance, axis 2 explains the
second greatest, and so on. There are as many axes of variation as there were variables, although
only a few axes are viewed. In MDS, a small number of axes are explicitly chosen prior to the
analysis, and the data are fitted to those dimensions.

The solutions of the cluster analysis are compared against a non-metric multidimensional
scaling ordination using the metaMDS () function in the Community Ecology Package ‘vegan’
version 2.3 (Oksanen et al. 2015). Like cluster analyses, MDS relies on a distance metric, and
non-metric MDS seeks non-parametric monotonic relationships between cases in the similarity
matrix. The data are fitted to a two-axis solution using the same Bray-Curtis similarity matrix
calculated for the cluster analyses. The procedure is completed in both R-mode and Q-mode to
explore similarities among variables (taxa) and samples (assemblages), respectively.

Deer Stable Isotope Study
Materials

This portion of the study focuses on the human-mediated movement of commodities
between the coast and the interior. This pilot study includes 66 deer specimens (Table 3.6) from
13 sites on the Gulf Coast, Atlantic Coast, and the interior coastal plain of the southeastern
United States (Figure 3.5). This includes 35 specimens gleaned from extant literature, and 31
specimens analyzed specifically for this study (Table 3.6).

Eighteen specimens are from coastal sites that are described in the previous section.
These include three worked bone tools from Bayou St. John, and one worked bone from Hare

Hammock (Figure 3.5). Thirteen specimens are from other sites (Table 3.6 and Figure 3.5) that
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are not included in the regional zooarchaeological dataset. These include the Corps site, which is
located within the Mobile Delta, Singer-Moye, a Mississippian-period mound center in southern
Georgia, and Mound Field and Bird Hammock, which are both coastal sites located in the Big
Bend region of Florida. The specific sites were chosen by virtue of access to collections through
established collaborations among research institutions. Materials from the Corps site are curated
at USA-CAS; Singer-Moye materials at UGA; and Mound Field and Bird Hammock materials at
NPS-SEAC. In many cases the specimens were previously selected for radiocarbon dating by
other researchers, and collagen extracted for that purpose could additionally be analyzed for
stable carbon and nitrogen isotopes. This is intended to be an on-going project as additional
funds and materials become available. The final outcome will be a regional database that can be
used to address numerous questions of anthropological, ecological, and historical interest.

In isotopic research of this nature it is ideal to select a single, non-repeating skeletal
element for analysis to ensure that the same animal is not analyzed twice. Owing to the low
recovery rate and the variability in the preservation of deer bones from these coastal sites, such a
sampling strategy was not feasible. For the coastal sites, well-preserved specimens were selected
from different spatial and temporal contexts based on stratigraphy, ceramic associations, and
direct radiocarbon dating of deer bones. Deer are more abundant in the inland Singer-Moye
assemblage; non-repeating elements were selected in that instance.

Methods

Specimens analyzed at the Center for Applied Isotope Studies (CAIS) (see Table 3.6)
were cleaned with a wire brush to remove surface contaminants. Collagen samples were prepared
from partially crushed bone following CAIS standard laboratory protocol. The bones were

crushed to approximately 2 mm fragments and treated with 1N HCI at 4°C for 24 hours to
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remove the inorganic component of the sample slowly, without dissolving the collagen. The
residues were filtered, rinsed in deionized water, and treated with 1N NaOH at room temperature
for 1 minute to remove humic acids. The residues were then rinsed in deionized water, treated
with 1N HCI at room temperature for 1 minute, rinsed again with deionized water, and
transferred to Erlenmeyer flasks. The residues were then heated at 80° C for 12 hours under acid
conditions (pH = 3) to dissolve collagen. The collagen solutions were then filtered to isolate pure
collagen and dried. Excess collagen samples were archived with the zooarchaeological
collections.

The sample **C/*?C, *N/*N, and C/N ratios were measured using an EA-Delta V
spectrometer system housed at CAIS. Both stable carbon isotope ratios (5'°C) and stable nitrogen
isotope ratios (8"°N) were reported according to the equation [3= (Rsample — Rstandard)/Rstandard
x1000]. Analytical standards were acetanilide and protein (casein). Data were reported to the
nearest 0.1%o.

Collagens were screened for diagenetic alteration based on carbon concentration (percent
C), nitrogen concentration (percent N), atomic C/N ratio, and collagen yield. Samples with low
collagen yields are not necessarily compromised, and samples with high collagen yields do not
necessarily indicate the absence of post-depositional alteration. Following Ambrose (1990:447),
samples with nitrogen concentrations below 1 percent and carbon concentrations below 1.7

percent were rejected as diagenetically altered. Atomic C/N ratios were calculated using the

Following DeNiro (1985), C/N ratios within the range of 2.9-3.6 are considered

%C/12
formula 252
oN

%N /14"
acceptable for archaeological bone. Ratios greater than 3.6 reflect contamination by humic acids,

while ratios smaller than 2.9 suggest microbial degredation. Samples with ratios outside of the

acceptable range were excluded from summary statistics.
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8"3C in animals largely reflects the §'*C values of the plants they consume, particularly
the relative contributions of C3 versus C,4 plants. In the coastal zone, many common forage
species follow the C,4 synthetic pathway. These include cordgrasses (Spartina spp.), wiregrasses
(Aristida spp.), and little bluestem (Schizachyrium scoparium). The proportions of C, forage in
the diets of deer were estimated using the equation

(6c - 63 + Adc)
0 =
%6Cy Gisy X100

developed by White and Schwarcz (1989). In this equation & is the measured §'*C value, &3 and

8, are the empirically derived "3C endpoints for Czand C, plants in the local area, respectively,
and Aqc is the diet—collagen offset (estimated at 5 %o). Endpoints of -13.7 %o for C4 plants and -
28.1 %o for C3 plants were used based on isotopic data from St. Catherines Island, Georgia
(Reitsema et al. 2015).

White-tailed deer have small home-ranges, less than 2 km?on average (Harestad and
Bunnel 1979; Kilgo et al. 1998), therefore their stable isotopic values should reflect the plant
83C and 5™°N values within an equally small area. Deer originating on the coast are expected to
be enriched in §"3C and 8*°N compared to inland deer because coastal plants are expected to be
enriched relative to inland ones. C,4 plants in general are common in the coastal Southeast.
Coastal plants may be further enriched in 5'*C due to the influence of salinity (Stevens et al.
2006). Finally, coastal deer can and will forage in the marsh, incorporating marine plants in their
diet. Marine plants are generally higher in both *3C and §'°N than are terrestrial plants.

The Kruskal-Wallis rank sum test, a non-parametric analysis of variance (ANOVA) test,
is used to determine if differences exist among regions, followed by post hoc Kruskal Numenyi

tests to determine which groups are different. Statistical analyses are conducted using the
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kruskal . test()and posthoc.kruskal _.nemenyi . test()functions in the ‘pmcmr’
package version 1.1 (Pohlert 2014) for R (R Core Team 2014).

Bone subsamples from 13 of the coastal specimens were submitted to the Massachusetts
Institute of Technology (MIT) stable isotope lab for #’Sr/*®Sr analysis via the TIMS system. Data
are reported to the nearest 0.0001%o, with analytical precision of £ 0.00001. Following Slater et
al. (2014), 1 defined the baseline range for Gulf Coast ®’Sr/*®Sr values based on the mean and 2o
range of the 13 data points. Outliers within the dataset (samples outside of the baseline range) are
considered potentially non-local.

Chapter Summary

The goal of this research is to investigate broad patterns in subsistence/settlement systems
and economies in relation to the landscape of the northern Gulf Coast at two spatiotemporal
scales. The first scale focuses on a single locale on the Florida Panhandle over the span of ca.
800 years. For this portion of the study, zooarchaeological identification and quantification of the
East Peninsula sequence provide evidence for coastal subsistence, site seasonality, and status
differentiation within the context of the Harrison and Hare Hammock ring middens. The second
scale is a comparative synthesis of zooarchaeological data from the Mobile Delta, Florida
Panhandle, and Big Bend regions of the northern Gulf of Mexico. This regional dataset also is
used to document patterns of fisheries health, site seasonality, and resource use over several
millennia. Finally, the deer isotope pilot study focuses on the human-mediated movement of
commodities between the coast and the interior. This dataset complements the site seasonality

data to provide another perspective on coastal/inland mobility and interaction.



Table 3.1. Radiocarbon Dates from the Harrison and Hare Hammock Sites.

MC Agetr  S°C,
Lab ID Material 2o, yrBP o/c0 CalAge+2o Relerence
Mitchel River 1 8WL1278)
BETA-139264 Scot 626040 -252 5340+ 60BC Mikell and Smunders 2007-Tabke 3
BETA-143030 Charccal 595070 -261 4840+90BC Mikell and Saunders 2007-Tabk 3
WK-9615 Charcoal 4178+48 255 2760+ 30BC Mikell and Saunders 2007:Tabk 3
WK-9618 Charcoal 3878+48 -253 2360+ 30BC Mikell and Saunders 2007:Tabk 3
WK-9689 Charceal 353+49 -259 1850+ 70BC Mikell and Saunders 2007-Table 3
BETA-1337 Charceal 3390+ 80 -250 1700+ 100BC Mikell and Smunders 2007-Tabke 3
Meig's Pasture (80K102)
BETA-21253  Shell, fighting conch  4100+80 -1.0° 1880+ 390BC! Curmren 1987-Table 32
BETA-21254  Shell, fighting conch 4070+ 80 -1.0° 1840+ 390BC! Curmen 1987-Table 32
BETA-21255  Shell, fighting conch  4030+90 -1.0° 1790+ 390BC! Curmren 1987-Table 32
Hawkshaw (SES1287)
BETA-9410 Charceal 1950 + 60 —* 50+ 70BC  Bense 1985:Tablke 15
BETA-12575  Charcoal 1950 + 50 —* 50+60BC  Bensc 1985:Tabke 15
BETA-9411 Charcoal 1790 + 60 —*  AD240+80 Bense 1985:Tabk 15
BETA-12578  Charceal 1770+ 70 —*  AD260+90 Bense 1985:Tabk 15
BETA-12576  Charceal 1750 + 70 —*  AD280+90 Bense 1985:Tabk 15
BETA-12574  Charceal 1730+ 60 —*  AD300+70 Bense 1985:Tabk 15
BETA-12573  Charceal 1700 + 60 —*  AD340+380 Bense 1985:Tabk 15
BETA-12577  Charceal 1690 + 60 —* AD350+80 Bense 1985:Tabk 15
Plash Island (1BA134)
BETA-230752 Nut shell 1670+40 -247 AD370+60  Price 2008:Table 6-2
BETA-230749 Nut shell 1640+ 40 -214 ADA420460  Price 2008:Table 6-2
BETA-235011 Nut shell 160040 -256 ADA470+50  Price 2008:Table 6-2
BETA-235009 Nut shell 1550+40 -287 ADS00+50 Price 2008:Table 6-2
UGAMS-13921 Bone collagen, deer 1550+20 -216 AD490+40 Reitz et al. 2013:Table 21
BETA-230753 Nut shell 1510+40 -254 ADS510+60  Price 2008:Table 6-2
BETA-235007 MNut shell 1500+40 -285 ADS50+60  Price 2008:Table 6-2
BETA-230750 Nut shell 1460+ 40 -265 ADG600+40  Price 2008:Table 6-2
BETA-230754 Nut shell 1460+ 40 -252 ADG600+40  Price 2008:Table 6-2
BETA-230755 Nut shell 1450+ 40 -250 ADG600+40  Price 2008:Table 6-2
UGAMS-13923 Boene collagen, deer 145020 -220 ADG610+20 Reitz et al. 2013:Table 21
UGAMS-13922 Bone collagen, deer 1420+20 -219 ADG630+30 Reitz et al. 2013:Table 21
BETA-235008 Nut shell 1400+ 40 -261 ADG630+30  Prce 2008:Table 6-2
BETA-235010 Nut shell 1380+ 40 -257 ADG650+30  Price 2008:Table 6-2
UGAMS-13931, Bone collagen, deer 590+25 -224 AD1350+30 Reitz et al. 2013:Table 21
Shell Mound (BLV42)
BETA-321182 Charceal 1530+30 -258 ADS20+50 Sassaman et al. 2012:Appendix B
BETA-321184 Charcoal 1480+30 -266 ADS90+30  Sassaman ct al. 2012-Appendix B
BETA-321185 Charcoal 1440+30 257 ADG620+20  Sassaman ct al. 2012-Appendix B
BETA-321183 Charcoal 1420+30 246 ADG630+20  Sassaman ct al. 2012-Appendix B
BETA-32118 Charcoal 1340+30 255 AD680+30  Sassaman ct al. 2012-Appendix B
Harrison Ring Midden (8BY1359)
BETA-315539 Shell, lightning whelk 1840+ 30 1.1  ADS50+50° SEAC2015
BETA-333530 Shell, lightning whelk 1770+ 30 1.0 ADG620+40° SEAC 2015
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Table 3.1. Radiocarbon Dates from the Harrison and Hare Hammock Sites. (cont.)

MC Agetr  S°C,
Lab ID Material 2o, yrBP o/c0 CalAge+2o Relerence
Harrison Ring Midden cont)
BETA-333532 Scot 1550+30 -245 ADS00+40 SEAC2015
BETA-306017 Charceal 1460+30 -271 ADG600+30 SEAC2015
BETA-316479 Bone collagen, turtle  1410+30 -198 AD630+20 SEAC 2015
BETA-333531 Bone collagen, turkey 1320+30 -192 AD700+40 SEAC 2015
BETA-305253 Bone collagen, turtle 1290+30 -187 AD720:+40 SEAC2015
BETA-305252 Bone collagen, turtle 1120430 -187 AD930:40 SEAC2015
Mack Bayou (SWL101)
BETA-207131 Charcoal 1480 + 7 —F  AD560+70  Mikell 2012:Table 1
BETA-204669 Charcoal 1430+ 80 —F  AD 600+ 80  Mikell 2012:Table 1
BETA-2(04156 Charcoal 1260 + 60 —  ADTHO+T70  Mikell 2012:Table 1
Bayou St. John (1BA21)
BETA-208097 Carbonized wood 1650 + 40 —  ADA400+60 Poce 2009-Table 54
BETA-208095 Carbonized wood 1580 + 40 —  ADA480+50  Prce 2009-Table 54
BETA-208100 Carbonized wood 1570+ 40 —F  AD490+ 50  Price 2009-Table 54
BETA-251722 Carbonized wood 1310 + 40 —  AD710+40 Poce 2009-Table 54
BETA-208098 Carbonized wood 1300 + 40 —  ADT20+40 Poce 2009-Table 54
UGAMS-13927 Bone collagen, bear 130020 -196 AD710+30 Reitz et al. 2013:Table 21
BETA-208101 Carbonized wood 1260 + 40 AD750+60 Prce 2009-Table 54
BETA-208102 Carbonized wood 1250 + 40 —  AD760+60 Poce 2009-Table 54
UGAMS-13929 Bone collagen, deer 1230+20 -216 AD780+50 Reitz et al. 2013:Table 21
BETA-251729 Carbonized wood 1230+ 40 —F  ADP0+60  Price 2009-Table 54
UGAMS-13930 Bone collagen, deer 1220+20 -212 ADBS10+50 Reitz et al. 2013:Table 21
UGAMS-13928 Bone collagen, deer 1220420 -214 ADB10+50 Reilz et al. 2013:Table 21
BETA-208099 Carbonized wood 1210 + 40 —  ADB810+60 Poce 2009-Table 54
UGAMS-8557 Bone collagen, deer 1210+25 2118 AD +50 Reitz et al. 2013:Table 21
BETA-251724 Carbonized wood 1200 + 40 £ AD +60  Price 2000-Table 54
UGAMS-13924 Bone collagen, deer 1190+20 -21.5 ADS30+40 Reitz et al. 2013:Table 21
BETA-251731 Carbonized wood 1190+ 40 £ ATy830+60  Price 2009-Table 54
BETA-208103 Carbonized wood 1170+ 40 —F  ADB860+60 Poce 2009-Table 54
UGAMS-13932, Bone collagen, deer 116020 2116 ADSM+50 Reitz et al. 2013:Table 21
BETA-208096 Carbonized wood 1150+ 40 —  ADB880+60 Poce 2009-Table 54
BETA-251725 Carbonized wood 1150+ 40 —  ADB880+60 Poce 2009-Table 54
UGAMS-13925 Bone collagen, deer 1130+20 -213 AD930+30 Reitz et al. 2013:Table 21
BETA-208094 Carbonized wood 1130+ 40 f  AD910+60 Price 2009-Table 54
UGAMS-10140 Boene collagen, deer 1120£25 2159 AD930+40 Reitz et al. 2013:Table 21
BETA-251730 Carbonized wood 1120+ 40  AD920+60 Prce 2009-Table 54
BETA-251728 Carbonized wood 1100+ 40 —  AD90+50 Poce 2009-Table 54
BETA-251727 Carbonized wood 1100+ 40 —  AD90+50 Poce 2009-Table 54
BETA-251726 Carbonized wood 1070 + 40 —F  AD960+40  Price 2009-Table 54
BETA-251723 Carbonized wood 1030 + 40 —F  AD 1010+ 50 Price 2009-Table 54
UGAMS-13926 Bone collagen, deer 980+20 -197 AD1070+40 Reitz et al. 2013:Table 21
Hare Hammock Ring Midden (8BY1347)
BETA-245473  Shell, lightning whelk  1550+50 03 AD S0+ 70° Russoctal 2009:Table 17
CAIS-12522  Shell, lightning whelk 1530+25 -1.5 ADBS850+50° SEAC2015
CAIS-12010  Soot 1450+25 -191 AD610+20 SEAC2015
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Table 3.1. Radiocarbon Dates from the Harrison and Hare Hammock Sites. (cont.)

MC Agetr  S°C,
Lab ID Material 2o, yrBP o/c0 CalAge+2o Relerence
Hare Hammock Ring Midden (conL)
PRI-12-110-54.0 Pot residue 1295 £ 15 —  AD710+30  Yostand Cummings 2012
BETA-197295 Pot residue 127040 -229 AD7T740:50 Russoetal 2009:-Table 17
CAIS-12009  Soot 1230+25 -245 ADT90+50 SEAC2015
CAIS-12012  Soot 1210+25 -224 AD +50 SEAC2015
CAIS-12013  Scot 1210+25 -252 AD +50 SEAC2015
PRI-12-110-63.0 Pt residue 1205+ 15 c  AD +30  Yostand Cummings 2012
BETA-360014 Bone collagen, deer 1170+£30 -215 ADS850 50 SEAC2015
CAIS-12008  Soot 1110+25 -251 ADHM0+30 SEAC2015
CAIS-11014  Soot 980+25 -250 AD1070+50 SEAC2015
CAIS-12011 Soot 850+25 -260 ADI1190+30 SEAC2015
Strange's Ring Midden (8BY1355) and Scatter (8BY1356)
CAIS 03288 Soot 13204+25 -231 AD700+30 Russoetal 2011:Table 4
CAIS 13322  Bene collagen, deer 1190+20 -204 ADSE30+40 SEAC2015
CAIS 13605 Bone collagen, deer 1170+20 -21.8 ADS850+50 SEAC2015
CAIS 13604  Bone collagen, deer 970+25 -208 AD1080+40 SEAC2015
Bayview (8BY137)
BETA-245472  Shell, oyster 1510 + 40 02 AD3B90+160° SEAC 2015
BETA-245471 Shell, oyster 1620+ 60 -1.9 AD 790+ 17° SEAC2015
Bottle Creek (1BAZ)
BETA-79681  "Charred material” 1090 + 7 —F  AD930+ 80 Brown 2003:Appendix B
BETA-79686  "Charred material” 1030+ 80 —  AD 1010+ 100 Brown 2003:Appendix B
BETA-79680  "Charred material” 740+ 80 —  AD1260+ 80 Brown 2003:Appendix B
BETA-79679  "Charred material” T30+ 60 —  AD1280+ 60 Brown 2003:Appendix B
BETA-79683  "Charred material” 720+ 60 —F A 1290+ 60 Brown 2003:Appendix B
BETA-79682  "Charred material” 660+ 50 —F A 1330+ 40 Brown 2003:Appendix B
BETA-71155  "Charred material” 650+ 60 —  AD 1340+ 40 Brown 2003:Appendix B
BETA-79685  "Charred material” 630+ 60 —  AD 1340+ 40 Brown 2003:Appendix B
BETA-71156  "Charred material” 610+ 60 —*¢  AD1350+40 Brown 2003:Appendix B
BETA-71153  "Charred material” 580+ 60 —  AD1360+40 Brown 2003:Appendix B
BETA-79684  "Charred material” 560+ 60 —  AD1370+40 Brown 2003:Appendix B
BETA-71154  "Charred material” 490+ 60 —  AD1420+ 60 Brown 2003:Appendix B
BETA-71152  "Charred matcrial” 410+ 60 —  AD 1520+ Brown 2003:Appendix B

Notes: See Fipure 3.4 for phases for each site. Lab ID codes: BETA = Beta Analytic; CAIS = UGAMS = UGA Center
for Applied Isotope Studies; PRI = PaleoRescarch Institute; WK = University of Waikato All dates calibrated using
Oxcal 4.2 (Bronk Ramsey 2009) with IntCal13 calibration curve, except for shell dates which were calibrated using

the Marinel3 curve (Reimer et al. 2013). "Reported value is assumed, not measured (see Curren 1987-70 for
Justification); "Mot measured, no comection applied; “Not reported, but comection was applied; ‘AR =257 + 287 used
for Strombus alatus from Hadden and Cherkinsky (2015). “ AR value =-9 + 25 wsed for Busycon sinistrian from

Hadden and Cherkinsky (2015); ‘AR valuc has been estimated empirically for oysters for this region, and the vahue of
0+ 150 was used to account for the additional uncertainty in marine reservoir effects in oysters.
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Table 3 2. Sorting Criteria for Mollusc Non-repeating Elements.

Taxon Criteria for Idenlification
Conchs (Strombidae), tulips (Fasciolariidae), and whelks (Melongenidac) Columellae > 50% complete
Moonsnails (Naticidac) Umbilicus present

Murex (Muricidac) Siphonal canal present
Other snails (Gastropoda) Individual > 50% complete
Scallops (drgopecten spp.) Auricle(s) present

Oysters (Crassostrea virginica) Chondrophore present

Other bivalves (Bivalvia) Umbo > 50% present




Table 3.3. Allometric Values Used to Derive Biomass and Standard Length Estimates.
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Faunal Category N Y-Intercept Slope (b) =
Specimen Weight (kg) to Body Weight (kg)
Chondrichthyes 17 1.68 0.86 0.85
Actinopterygii 393 0.90 0.81 0.80
Non-Percitorm Fish 119 0.85 0.79 088
Lepisosteidae 26 1.13 0.87 096
Siluriformes 36 1.15 0.95 0387
Perciformes 274 0.93 0.83 076
Centrarchidae 38 0.76 0.84 0.80
Carangidae 17 1.23 0.88 0.86
Haemmlidae 25 0.84 0.82 042
Sparidae 22 0.96 092 098
Sciaenidae 99 0.81 0.74 073
Pleuronectiformes 21 1.09 0.89 095
Turtle 26 0.51 0.67 055
Snake 26 1.17 101 097
Bird 307 1.04 091 097
Mammal 97 1.12 0.90 094
Shell Weight (g) to Meat Weight (g)
Gastropoda 135 0.16 092 0.89
Strombus alatus 26 -0.68 0.88 086
Neverita duplicata 16 0.38 0.55 0381
Melongena corona 100 043 0.88 0.79
Busycon sinistrum 100 0.75 1.14 091
Busycotypus canaliculatus 17 -1.07 1.53 093
Fasciolaria lilium lumteria 21 0.86 135 098
Fasciolaria tulipa 26 0.11 1.00 094
Pleuroploca gigantea 42 2071 1.15 0.99
Bivalvia 80 0.02 0.68 083
Anadara lienosa 62 -1.05 124 073
Geulensia demissa 100 022 0.80 086
Crassostrea virginica 100 077 097 097
Mercenaria mercenaria 40 050 094 095
Callinectes sapidus 11 0.99 0.82 058
Otolith Breadth (mm) to Standard Length (mm)
Ariidae 214 1.35 1.06 0.65
Otolith Length (mm) to Standard Length (mm)
Ariidae 212 1.34 1.03 070
Sciaenidae 154 1.48 0.82 071
Otolith Thickness (mm) to Standard I.ength (mm)
Ariidae 214 1.84 0.85 0.68
Otolith Width (mm) to Standard Length (mm)
Ariidae 214 1.35 110 076
Atlas Width (mm) to Standard Length (mm) :
Mugil spp. 55 1.80 0.85 096
Sciaenidae 152 1.93 061 0.65
Pectoral Spine Pad Width {mm) to Standard Length (mm)
Ariidae 250 1.55 1.04 098

Note: See Figure 3.2 for dimensional measurement points. Fornmla & ¥ = aX*; where ¥ is the dimension measured; X is the
dimension being estimated; a is the ¥-intercept; & is the slope of the kne; and N is the number of observations (Colaninno 2010:477;
Hale et al. 1987; Quitmyer 1985:40; Quitmyer and Reitz 2006; Reitz et al. 1987; Reitz and Wing 2008:68). Invertebrate estimates are
converied to kilograms in the species hsts.



Table 3.4. Trophic Levels (TL)} and Intrinsic Vulnerability Index (VI) Values.

Taxa Common Name TL VI
Pleurocera canaliculata Silty hornsnail 21 —
Elimia hydei Gladiator elimia 21 —
Turbo castanea Chestnut turban 25 —
Neritidae Nerites 21 —
Neritina reclivata Olive nerite 21 —
Neritina spp. Nerites 21 —
Littorina irrorata Marsh periwinkle 21 —
Littorina spp. Periwinkles 21 —
Modulus cf. modulus Button snail 21 —
Modilus modulus Button snail 21 —
Cerithium atratum Dark cerith 21 —
Cerithium eburneum Ivory cerith 21 —
Cerithium spp. Ceriths 21 —
Seila adamsi Seila 21 —
Crepidula aculeata Spiny slippersnail 21 —
Crepidula fornicata Atlantic shippersnail 21 —
Crepidula spp. Slippersnails 21 —
Strombus alatus Florida fighting conch 21 —
Naticidae/Neverita/Polinices Moonsnails 25 —
Muricidae Rock snails and murexes 25 —
Chicoreus cf. pomum Apple murex 25 —
Chicoreus spp. Murex 25 —
Thais haemastoma floridana Florida rock snail 25 —
Urosdalpinx cinerea Adtlantic oyster drill 25 —
Urosdalpinx perrugata Gulf oyster drill 25 —
Urosalpinx tampaensis Tampa oyster drill 25 —
Eupleura sulcidentata Thick lipped oyster drill 25 —
Anachis floridana Dove shell 25 —
Anachis spp. Dove shell 25 —
Melongena corona Crown conch 25 —
Busycon sinistrum Lightning whelk 25 —
Busycotypus canaliculatus Channeled whelk 25 —
Busycotypus spiratus Pear whelk 25 —
Busycotypus spp. Whelks 25 —
Nassarius vibex Bruised nassa 25 —
Fasciolariidae Spindles, tulips, and latiruses 25 —
Fasciolaria lilium Banded tulip 25 —
Fasciolaria spp. Tulips 25 —
Fasciolaria tulipa True tulip 25 —
Pleuroploca gigantea Horse conch 25 —
Olividae Olives 25 —
Marginella apicina Adtlantic marginella 21 —
Marginella spp. Marginellas 21 —
Boonea impressa Impressed odostome 25 —
Melampus bidentatus Common marsh snail 21 —
Anadara ovalis Bloed ark 21 —
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Table 3.4. Trophic Levels (TL)} and Intrinsic Vulnerability Index (V1) Values. (cont.)

Taxa Common name TL VI
Anadara spp. Arks 21 —
Noetia ponderosa Ponderous ark 21 —
Mytilidae Saltwater mussels 21 —
Brachiodontes exustus Scorched mussel 21 —
Geukensia demissa Ribbed mussel 21 —
Chlamys spp. Scallops 21 —
Argopecten irradians Bay scallop 21 —
Argapecten spp. Bay and callico scallops 21 —
Ostrea equestris Crested oyster 21 —
Ostreidae Qysters 21 —
Crassostrea virginica Eastern oyster 2.1 —
Lapha frons Frons oyster 21 —
Chamidae Jewelboxes 21 —
Fusconaia ebena Ebonyshell 21 —
Quadrula apiculata Southern mapleleaf 21 —
Quadrula spp. Mapleleafs 21 —
Unionidae Freshwater mussels 21 —
Cardiidae Cockles and pricklycockles 21 —
Dinocardium robustum Atlantic giant cockle 21 —
Trachycardium egmontianum Florida pricklycockle 21 —
Trachycardium muricatum Yellow pricklycockle 21 —
Trachycardium spp. Pricklycockles 21 —
Mactra fragilis Fragile surf clam 21 —
Spisula solidissima Adtlantic surf clam 21 —
Remgia cuneata Adtlantic rangia 21 —
Tellina spp. Tellins 21 —
Donax variabilis Coquina 21 —
Polymesoda carolina Carolina marsh clam 21 —
Chione cancellata Cross-barred venus 21 —
Mercenaria spp. Quahog 21 —
Macrocallista nimbosa Sunray venus 21 —
Dosinia discus Disk dosinia 21 —
Cyrtopleura costata Angelwing 21 —
Pholadidae Angelwings 21 —
Decapoda/Brachyura Crabs 2.6 —
Callinectes sapidus Blue crab 2.6 —
Menippe spp. Stone crabs 2.6 —
Menippe mercenaria Florida stone crab 2.6 —
Chondrichthyes Indeterminate cartilaginous fishes 32 60
Squaliformes Dogfish sharks 4.0 60
Carcharinidae Requiem sharks 4.0 60
Carcharhinus spp. Requiem sharks 4.0 60
Sphyrinidae Hammerhead sharks 4.0 60
Rajiformes Skates and rays 32 60
Dasyatidae Stingrays 32 60
Myliobatiformes Rays 32 60



Table 3.4. Trophic Levels (TL)} and Intrinsic Vulnerability Index (V1) Values. (cont.)

Taxa Common name TL VI
Myliobatidae Eagle rays 32 60
Rhinoptera bonasus Cownose ray 32 60
Acipenseridae Sturgeons 34 85
Acipenser axyrhynchus Adtlantic sturgeon 34 85
Lepisosteidae/Lepisosteus Gars 472 80
Amia calva Bowfin 38 50
Anguilla rostrata American eel 37 67
Elops saurus Ladyfish 35 38
Clupeidae Herring, menhadens, and shads 2.6 30
Alosa spp. Shad 38 51
Alosa mediocris Hickory shad 41 41
Brevoortia spp. Yellowfin menhaden 23 30
Opisthonema oglinum Threadfin herring 45 24
Engraulidae Anchovies 34 15
Notemigonus spp. Golden shiner 2.7 31
Siluriformes Catfishes 30 40
Ictaluridae North American freshwater catfishes 2.6 39
Ariidae Sea catfishes 33 42
Ariopsis felis Hardhead catfish 32 42
Bagre marinus GafTiopsail catfish 35 41
Opsarus spp. Toadfishes 3.7 50
Mugil spp. Mullets 25 53
Mugil cephalus Grey mullet 25 53
Belonidae Needlefishes 32 63
Strongylura spp. Needlefishes 32 63
Cyprinodontidae Killifishes and pupfishes 33 13
Fundulus spp. Killifishes 34 10
Fundulus grandis Gulfkillifish 34 10
Triglidae Searobins 41 10
Prionotus spp. Searobins 41 10
Centrarchidae Sunfishes 34 35
cff. Ambloplites spp. Shadow bass 34 16
Lepomis spp. Sunfishes 33 20
Lepomis auritus Redbreast sunfish 32 37
Lepomis macrochirus Bluegill 32 33
Lepomis microlophus Redear sunfish 34 22
Micropterus spp. Black basses 38 45
Micropterus salmoides Largemouth bass 38 45
Pomoxis nigromacudatus Black crappie 38 53
Pomatomus saltatrix Bluefish 45 58
Coryphaena spp. Dolphinfishes and dorados 44 49
Carangidae Jacks, permits, and pompanos 39 44
Caranx spp. Jacks 472 55
Caranx crysos Blue runner 41 34
Caranx hippos Crevalle jack 36 52
Caranx latus Horse-eye jack 42 55



Table 3.4. Trophic Levels (TL)} and Intrinsic Vulnerability Index (V1) Values. (cont.)

Taxa Common name TL VI
Chloroscombrus chrysurus Adtlantic bumper 35 29
Selene vomer Lookdown 43 26
Trachinotus spp. Pompanos 35 36
Ludjarmues spp- Snappers 43 44
Haemulidae Grunts 34 42
Orthopristis chrysoptera Pigfish 34 42
Sparidae Porgies 34 33
Archosargus probatocephalus Sheepshead 35 36
Calamus spp. Porgy 3.7 24
Lagodon rhomboides Pinfish 44 34
Sciaenidae Drums 317 42
Aplodinotus grunniens Freshwater drum 34 37
Bairdiella chrysoura Silver perch 32 21
Cynoscion spp. Seatrouts and corvinas 41 44
Cynoscion arenarius Sand seatrout 42 36
Cynoscion nebulosus Spotted seatrout 40 58
Cynoscion nothus Silver seatrout 4.0 38
Larimus fasciatus Banded drum 3.6 16
Leiostomus xanthurus Spot 32 29
Menticirrhus spp. Kingfishes 3.6 26
Menticirrhus littoralis King croaker 39 26
Micropogonias undulatus Adtlantic croaker 4.0 34
Pogonias cromis Black drum 39 62
Sciaenops ocellatus Red drum 3.7 43
Stellifer lanceolatus Stardrum 35 10
Trichiuridae Cutlass fishes 44 51
cf. Scomberomorus spp. Mackerels 44 69
Peprilus spp. Harvest fishes 41 16
Paralichthyidae Sand flounders 35 35
Paralichthys spp. Sand flounders 35 35
cf. Mullidae Goat fishes 34 23
Ostraciidae Boxfishes, cowfishes, and trunkfishes 30 32
Diodontidae Porcupinefish 35 15
Chilomycterus schoefii Striped burrfish 35 15
Diodon spp. Porcupinefish 35 15
Tetraodontidae Pufferfish 35 21
Sphoeroides spp. Pufferfish 35 21

Note: Values from FishBase 2014 (Froese and Pauly 2014).



Table 3.5. Summary of Archacological Sites and Faunal Assemblages in Regional Dataset.
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i\;[)ap Site Name lsqllt:nber Period Sizsec,r;:: Wit.,g Biomass, kg Reference

1 Mitchell River 1 8WL1278 Late Archaic 159 35264503 750 Mikell and Saunders 2007:Table 6
2 Meig's Pasture 80K102 Late Archaic 1.59 27,757.80 461 Curren 1987-Tables 14-17

3 Hawkshaw 8ES1287 Early Woodland 1.59 108,224 19 3561 Bense 1985: Appendix TV Tables ., M, N
4 Plash Island 1BA134 Middle Woodland 1.59  56,790.001 25.69 Reitz et al. 2013:Table 7

5 Shell Mound 8LV42 Archaic—Woodland 3.18 38,308.10 6.68 Palmiotto 2012:Tables 4.2-4.8

6 Harrison Ring Midden 8BY 1359 Middle Woodland 3.18 11,616.145 10.62 This dissertation: Table 4.2

7 Mack Bayou 8WL101 Late Woodland 1.59 28786923 2203 Mikell 2012:Table 3

8 Hare Hammock Ring Midden 8BY1347 Late Woodland 3.18  45,029.888 2750 This dissertation: Table 4.21

9 Bayou St. John 1BA21 Late Woodland 3.18  56,794.405 4791 Reitz et al. 2013: Table 12

10 Strange's Ring Midden 8BY1355 Late Woodland 3.18 4,359.164 4124 Little 2015:Table 4

11 Bayview 8BY137 Late Woodland 1.59 11,635570 417 Russo et al. 2006:Table 7.1 and 7.2
12 Bottle Creek 1BA2 Mississippian 1.59 9.754.865 3.85 Quitmyer 2003:Tables 73, 7.7, 7.8

Note: See Figure 3.3 for site locations. See text for explanations of discrepancies between total weights reported here and those in original references.



Table 3.6. Summary of Archacological Samples Included in Deer Isotope Study.
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E’p Site Name Site Number Period Region S’;’;‘;‘“ Facility Reference
1 Mission Refugio 41RF1 Colonial Texas coast 3 a Hard and Katzenberg 2011
2 Olmos Dam 41BX1 Late Archaic Texas inland 3 a Hard and Katzenberg 2011
3 Leonard K 41AU37 Middle Archaic1 ate Prehistoric  Texas inland 3 a Hard and Katzenberg 2011
4 Corpssite 1CK56 Late Woodland Delta 4 b Reitz et al_ 2013
5 Plash Island 1BA134 Middle Woodland Panhandle 1 b Reitz et al_ 2013
6 Bayou St. John 1BA21 Late Woodland Panhandle 9 b Reitzet al 2013
7 Hare Hammock Ring Midden 8BY1347 Late Woodland Panhandle 3 b This stndy
8 Harrison Ring Midden 8BY1359 Middle Woodland Panhandle 1 b This study
9 Strange's Ring Midden 8BY1355 Late Woodland Panhandle 1 c This stndy
10 Bird Hammock SWA30 Late Woodland Big Bend 4 c This study
11 Mound Field SWAS Late Woodland Big Bend 2 c This stndy
12 Singer-Moye 9SW2 Mississippian Georpia inland 3 b This study
13 St. Catherines Island 9L.121; 911207, Late Archaic—Colonial Georgia coast 26 d Bergh 2012

9LI1229; 9LI230;
911637, 9LIS;
9L.1274; AMNH680

Note: See Figure 3.4 for site location. Sample size refers to the mumber of deer specimens analyzed for stable isotopes from each site. Facility codes: a=1Isotope
Science Lab, University of Calgary; b =1JGA Center for Applied Isotope Studies; ¢ = BETA Analytic; d = Odum School of Ecology Stable Isotope Lab, University of

Georgia.
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CHAPTER 4:
RESULTS

This chapter presents the results in three major sections that correspond to the major
sections outlined in Chapter 3: the East Peninsula Dataset, the Regional Dataset, and the Deer
Stable Isotope Study.

Zooarchaeological Results: East Peninsula Dataset

This section presents the zooarchaeological results of the East Peninsula dataset as six
analytical units. These correspond to the four spatiotemporal analytical units (Harrison, Hare
Hammock Early, Hare Hammock Late, and Hare Hammock House Mound), the Hare Hammock
Aggregated (3.18-mm) dataset, and the Hare Hammock Aggregated (6.35-mm) dataset. Data
from the Hare Hammock Early, Late, or House Mound units are included in the aggregated
datasets. Summary data for all six analytical units are presented in Table 4.1.
The Harrison Ring Midden

The Harrison Ring assemblage consists of 17,097 specimens representing a minimum of
807 individuals. The sample includes 11.6 kg of bone and shell, and an estimated 10.6 kg of
biomass (Table 4.2). The total assemblage is characterized by high taxonomic richness and
diversity, and moderately high equitability (Table 4.1). Major resources in the Harrison Ring
assemblage are dominated by shellfishes: bay scallops (Argopecten spp.) and lightning whelks
(Busycon sinistrum). Minor resources include fighting conchs (Strombus alatus), pear whelks

(Busycotypus spiratus), true tulips (Fasciolaria tulipa), horse conchs (Pleuroploca gigantea),



118

marginellas (Marginella apicinum), mullets (Mugil spp.), and white-tailed deer (Odocoileus
virginianus).

Non-commensal molluscs dominate the assemblage, accounting for 70 percent of MNI
and 62 percent of biomass (Table 4.3). Thirteen of the non-commensal molluscan taxa are
gastropods, eight are bivalves, and one is an indeterminate species of crab. Gastropods contribute
more MNI, and far more biomass, than do bivalves. The dominant gastropods are Atlantic
slippersnails (Crepidula fornicata) and lightning whelks, and the dominant bivalves are scallops.
Commensal invertebrates include five genera of terrestrial snails and one barnacle genus.
Shellfishing was relatively specialized, as indicated by the low diversity and equitability values
(Table 4.1). Shellfish measurements (Figure 3.2) are reported in Appendix B, and valve heights
(VH) and shell heights (SH) for complete bay scallops, fighting conchs, and lightning whelks are
presented in Table 4.4. On average, complete fighting conchs are slightly larger than are
complete lightning whelks, although a larger range of lightning whelk sizes is observed. The
complete lightning whelks in this sample are relatively small individuals of the species.

Non-commensal vertebrates, which include fishes, birds, reptiles, and mammals,
contribute 15 percent of the individuals and 48 percent of biomass (Table 4.3). Twenty-eight of
the non-commensal vertebrate taxa are fishes and ten are reptiles, birds, and mammals (Table
4.2). Fishes alone contribute 14 percent of individuals and 30 percent of biomass. Mullets are the
dominant fish taxon, followed by toadfishes (Opsanus spp.) and black drums (Pogonias cromis).
The drum family (Sciaenidae) is represented by six species, which together contribute 4 percent
of individuals and 4 percent of biomass. The fishing strategy was less specialized (more
generalized) than the shellfishing strategy. Fishing targeted a more diverse suite of animals, and

these were used more evenly than were shellfish taxa (Table 4.1). Fishing targeted relatively high
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trophic levels, although the mean trophic level of the total fishery was much lower due to the
abundance of low-TL invertebrates (Table 4.1). The fishing strategy had a low mean VI in terms
of MNI, but higher in terms of biomass, indicating that most of the individual fishes had low
intrinsic vulnerabilities, but individuals with higher intrinsic vulnerabilities contributed more
biomass.

Vertebrate measurements are presented in Appendix B, and fish Standard Length
estimates are presented in Table 4.4. Mullet size ranges from 179 mm to 285 mm in SL with an
average of 250 mm, estimated from atlas width, and are therefore classified as “large” fish in
Table 4.5. Sea catfishes range in size from 88 mm to 259 mm in SL, with an average SL of 138
mm (pectoral spine pad width), and are therefore classified as “small” fish (Table 4.5). In terms
of MNI, fishes classified as small- and large-bodied are represented approximately equally, with
slightly more small fishes, although large-bodied fishes dominate the assemblage in terms of
biomass (Table 4.5). Overall, slightly more mass-captured fishes are present than are
individually captured ones, but the two fishing strategies contributed equal percentages of
biomass (Table 4.6).

Deer contribute less than 1 percent of individuals but over 13 percent of biomass. Deer
specimens identified in the Harrison assemblage are summarized in Table 4.7 and Figure 4.1.
The majority (55 percent) of deer specimens are from the head, and another 41 percent are from
the foot and hindfoot. One specimen (5 percent) is from the hindquarter. Degree of epiphyseal
fusion could only be determined for one specimen, a fused proximal metatarsal. This element
fuses before birth in deer. Teeth are unworn, indicating a young animal. No determination of

deer sex can be made from the identified specimens.
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Modifications are observed on 1,755 specimens, or about 11 percent of all vertebrate
NISP (Table 4.8). By far the most common modification is burning (70 percent of
modifications). About 9 percent of all identified fish specimens are burned or calcined, as were
26 percent of reptile specimens, 27 percent of deer specimens, and 22 percent of other mammal
specimens. One deer bone, a proximal metatarsal (FS#196; GMNH2660061) was cut. A
metatarsal shaft (FS#238; GMNH2660135) had a ground, worked surface.
Hare Hammock Early

The Hare Hammock Early assemblage consists of 18,298 specimens representing 791
individuals. The sample includes 14.6 kg of bone and shell representing 9.9 kg of biomass (Table
4.9). The assemblage has relatively low taxonomic richness, and moderately high diversity and
equitability (Table 4.1). The major resources in the Hare Hammock Early assemblage include
fighting conchs, lightning whelks, bay scallops, and hardhead catfish (Ariopsis felis); minor
resources include horse conchs, mullets, spots (Leiostomus xanthurus), and deer (Table 4.9). As
at Harrison Ring, the constellation of major resources is dominated by shellfish taxa.

Non-commensal molluscs dominate the assemblage in terms of MNI compared to non-
commensal vertebrates (Table 4.10). Eleven of the non-commensal mollucan taxa are gastropods
and seven are bivalves (Table 4.9). Gastropods contribute more individuals, and far more
biomass, than do bivalves (Table 4.10). The dominant gastropods are fighting conchs, lightning
whelks, and Atlantic slippersnails, and the dominant bivalves are scallops (Table 4.9).
Commensal invertebrates include seven genera of terrestrial snails and one genus of barnacle
(Table 4.9). The invertebrate assemblage has low diversity and evenness, indicating a highly
specialized shellfishing strategy (Table 4.1). Shell measurements are in Appendix C. Valve

heights and shell heights for complete bay scallops and fighting conchs are presented in Table
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4.4. No complete lightning whelks are present in this sample. Complete fighting conchs are
slightly smaller than the Harrison Ring sample.

Non-commensal vertebrates contribute 14 percent of the individuals and 56 percent of
biomass; commensal vertebrates contribute 0.4 percent o