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ABSTRACT 

Numerous zooarchaeological studies have attempted to connect modern conservation 

issues to evidence of human – animal interactions in the past. By utilizing a geodatabase 

based on archaeological and paleontological site records gathered from FAUNMAP and 

the Missouri State Historic Office, a method is developed that allows paleozoological 

data to be used to assist modern conservation biology through biogeographic range 

reconstruction and historic landcover associations. This project reconstructs the pre-

contact ranges of four mammalian species: river otter (Lontra canadensis), elk (Cervus 

elaphus), eastern spotted skunk (Spilogale putorius), and black- and white-tailed 

jackrabbits (Lepus californicus and Lepus townsendii). The paleozoological presences of 

these species are compared to the species’ modern ranges to provide baseline/benchmark 

information to wildlife managers and conservation biologists charged with protection and 

management. Cluster analysis identified clusters of archaeological sites and surveys in 

Missouri associated with municipalities, federal land (Mark Twain National Forest), and 

water. By demonstrating the nature of the non-random archaeological survey conducted 

in Missouri, the presence of the species of interest can be used to reconstruct prehistoric 

ranges within the context of available data. Elk, river otter and eastern spotted skunk 

were found across the state in areas where sites with fauna are located. Jackrabbits, 

although a limited presence, were found in areas that are farther east in Missouri than the 

modern range for the taxa.  Along with range reconstruction, historic vegetation 

landcover, based on GLO survey data, is used to identify habitat preferences based on the 

location of sites with fauna of interest. 

 



1 

 

CHAPTER 1: 

INTRODUCTION 

 

 With the edges of the Great Plains, Mississippi River Valley, Ozark Mountains 

and Mississippi Lowlands coming together in Missouri, the state is an intersection of 

landforms, vegetation, climate, and ecosystems. Today, there are as many different 

habitats as there are unique pressures upon Missouri’s plant and animal communities 

living alongside people. Numerous zooarchaeological studies have attempted to connect 

modern conservation issues to evidence of human and animal interactions in the past. 

Habitat loss, climate change, and hunting pressure have affected animal species 

throughout the human occupation of Missouri (e.g., Wolverton 2005). Using 

archaeological site locations and faunal assemblages, this project attempts to establish an 

understanding of pre-contact ranges of four mammalian species, and biogeographically 

compare these to the species’ modern ranges to provide baseline/benchmark information 

to wildlife managers and conservation biologists charged with protecting them.  

 Each of the four taxa of interest is of concern to conservation biologists and 

wildlife managers throughout their range, but my research focuses specifically in 

Missouri. River otters (Lontra canadensis) were reintroduced to Missouri in 1982 (MDC 

2002), whereas elk (Cervus elaphus) were reintroduced in 2011 (Schwartz and Schwartz 

2016). Black- and white-tailed jackrabbits (Lepus californicus and Lepus townsendii) 

have been extirpated from the state (Schwartz and Schwartz 2016). Eastern spotted skunk 

(Spilogale putorius) populations have declined in Missouri since the 1930s, and are listed 

as a species of concern (Schwartz and Schwartz 2016). Understanding where and when 
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these populations existed in the past is an important piece of information for the 

researchers and managers attempting to understand modern fluctuations and range 

changes among populations, and to ensure local survival of these species.  

The question driving this research is: Can information on the biogeographic 

range of species in pre-contact Missouri be used to inform modern conservation 

practices? The more specific questions directing my research reflect the main question 

and are as follows: 

1. Are archaeological sites identified in Missouri spatially clustered across the 

state? Is this a consequence of survey intensity or land use by Native 

Americans over time? This question is critically important to my research 

because clustering due to non-random sampling needs to be compensated for 

when using archaeology sites for biogeographic data and assessment. 

2. Could the modern wide range and varied habitat choice by river otter have 

been predicted or indicated by prehistoric river otter distribution? 

3. Where were elk found in Missouri prehistorically? Does this shed light on 

habitat usage by elk recently introduced to southeast Missouri? 

4. Habitat choice for the eastern spotted skunk is poorly understood in 

Missouri, and this proves to be a major impediment to modern conservation 

efforts. Do paleozoological data indicate habitat choice and range of this 

species in prehistoric Missouri? 

5. The white-tailed jackrabbit and the black-tailed jackrabbit are considered 

atypical historic incidences in the state of Missouri. Do paleozoological data 

indicate if the prehistoric range of these leporids encompasses Missouri? Do 
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these data indicate whether they are native species that merit a conservation 

status? Are there factors that indicate why jackrabbits were not present 

prehistorically, if that is the case? 

 

Project Overview 

The remainder of Chapter 1 outlines the work in paleozoology that sparked this 

project, primarily the increase in conservation biology focused, “applied” 

zooarchaeological research. The body of work created by paleobiologists and 

zooarchaeologists tackles many topics that are relevant to conservation biology and to 

understanding the possible impact of ongoing climate change and human disturbances 

(including hunting) on animal communities and species distributions. Chapter 2 outlines 

concerns identified by conservation biologists about the use of paleozoological data for 

understanding animal communities over time.  Chapter 3 provides the modern status of 

the four species of interest, including recent or ongoing conservation and management 

efforts, such as reintroduction or trapping programs. Chapter 4 identifies the source of the 

archaeological and paleontological site locations and faunal assemblages analyzed. Data 

was extracted from two separate databases and combined with information gathered from 

archaeological site and survey reports. Information from FAUNMAP, a database for 

North America containing location, age, and taxon identification information for 

archaeological and paleontological sites, was combined with site location and assemblage 

information extracted from the geodatabase maintained by the Missouri State Historic 

Preservation Office (Graham and Lundelius 1994; SHPO 2013). Combined, the databases 

provide presence data for the species of interest. The location of survey efforts and 
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known archaeological sites exhibit visually apparent clusters and the type of GIS analysis 

used to confirm and measure the degree of spatial clustering is described. The 

methodology used to test for clustering of archaeological sites and surveys within 

Missouri and to develop the pre-contact ranges for the species are explained. Chapter 5 

provides the results of the GIS analysis within the context of the questions outlined in 

Chapter 4 for each species of interest. Chapter 6 presents a synthesis and conclusion.  

  

Applied Paleozoology 

The study of animal remains from archaeological or paleontological contexts is 

referred to as paleozoology. Zooarchaeology or archaeozoology implies the work focuses 

on animal remains excavated from an archaeological context, while paleozoology leaves 

the possibility that remains might also be analyzed from context or accumulations that are 

not associated with humans (Lyman 2006b; Reitz and Wing 1999:1). Archaeological 

faunal analysis has been a part of developing archaeological research questions and 

understanding the results of site excavation since the early 1950s (White 1956). Prior to 

that, excavation techniques were not always designed for collecting faunal remains. If 

faunal remains were collected, it might only be those bones, teeth, and shells large 

enough to be discerned without fine screening or water flotation, and even then, the 

remains were not always identified. When remains were analyzed, the typical (but not 

universal) result was a list of species identified with minimal interpretation of the list or 

elements composing the sample (Daly 1969; Graham and Semken 1987; Lyman 2015; 

White 1956). 
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Zooarchaeologists began to change their efforts in the 1960s and 70s by asking 

more questions and focusing more attention on the socioeconomic information that could 

be discerned from faunal remains, versus the cataloguing of information gathered on the 

site or culture (Payne 1972; Uerpmann 1973). From this point on, researchers were 

becoming more interested in diet (Broughton and Grayson 1993; White 1953), 

domestication (Stahl and Norton 1987; Zeder and Hesse 2000), taphonomy (Grayson and 

Delpech 1994; Hanson and Cain 2007; Haynes 1983; Lyman 1994; Stiner and Kuhn 

1995), and seasonality (Grayson and Thomas 1983; Lubinski and O'Brien 2001; Lyman 

1987; Monks 1981; Yerkes 2005). Environmental change and variation in faunal 

populations and communities over time were also of interest (Lundelius 1964; Lyman 

2004c; Purdue 1980, 1989; Wolverton et al. 2007). 

Early zooarchaeological questions focused on how humans were utilizing the 

animal species found around them, but now more researchers ask questions about if, and 

how human actions have affected animal populations (Broughton and Grayson 1993; 

Byers et al. 2005; Grayson 2001; Lyman 2010; Lyman and Wolverton 2002; Martin and 

Szuter 1999; Wolverton et al. 2007). For example, the debate over whether humans were 

responsible for, either completely or in part, the megafaunal extinctions at the end of the 

Late Pleistocene has been occurring since the early 1970s and continues today 

(Boulanger and Lyman 2014; Faith 2011; Gill et al. 2009; Grayson 2007; Grayson and 

Meltzer 2003, 2015; Haynes 1991; Martin 1973;.Martin and Klein 1985; Stuart 1991).  

Management implications of applied paleozoology research. One of the many 

benefits to conservation biology using paleozoology to investigate prehistoric conditions 

the latter’s established methodology and theoretical perspective for answering research 
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questions. Paleozoology is uniquely situated to provide long-term data sets that are often 

lacking in conservation biology. Early and continued zooarchaeological efforts to 

generate lists of all identified faunal taxa turned out to be an important source of data for 

applied paleozoology (Lyman 1986, 2015). This does not imply the data 

zooarchaeologists generate is directly and always applicable to conservation biology 

research. Instead, paleozoology can be another tool in the tool belt of managers and 

conservation biologists (e.g., Butler and Delacorte 2004; Dietl and Flessa 2009, 2011; 

Foster et al. 1990; Hadly and Barnosky 2009; Lyman 1996, 1998, 2006b, 2012a, 2012c; 

Wolverton and Lyman 2012; Wolverton et al. 2016). Paleozoological data are pertinent to 

several topics in ecology and conservation biology including sustainable exploitation, the 

distinction of native from exotic species, population levels and management issues, and 

benchmarks for conservation (Broughton 2004; Hadly and Barnosky 2009; Lyman 

2012a). Topics of interest to species management that paleozoological data reflect 

include effects of climate change, population establishment, persistence, translocation 

and reintroduction, and variation in range over time (Desmet and Cowling 2004; Dietl 

and Flessa 2011; Frazier 2007; Grayson 2001; Lyman 2006a; Lyman and Cannon 2004). 

 Biogeography is the study of the distribution of organisms across space and 

through time (Whittaker and Ladle 2011). Understanding the complex and changing 

nature of community composition is important because communities are not static, nor do 

they follow a specific ladder of development from disturbance to climax (Tausch 1996). 

Instead, communities are a product of their ecological history. Communities may be a 

result of the sum of their historic conditions more than they are a result of current 

environmental conditions (Tausch 1996). Therefore, to understand a community, the data 
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being examined must extend beyond historic documentation; paleozoology can be a 

source of data for earlier periods. Climate change and human alteration of the landscape 

result in shifting ranges and loss of biodiversity and ecological processes (Delcourt and 

Delcourt 1997; Delcourt and Delcourt 1998; Dobson et al. 1997; Jackson and Hobbs 

2009). Paleobiological studies can identify the natural variability in biogeographic range 

and the ability of an organism to tolerate or adapt to changing conditions (Dietl and 

Flessa 2011; Graham et al. 1996; Hadly and Barnosky 2009). Species will often react 

individually or independently of one another. How previous populations of a species 

responded to changing environmental conditions, hunting pressure, or other factors is 

important to predicting how modern populations may react to changing conditions 

(Barnosky et al. 2001, 2003; Broughton et al. 2008; Graham et al. 1996).  

Methodological uniformitarianism is a principle where the natural laws that act 

today are assumed to have been the same in the past (see discussion in Lyman 1994:47-

49), therefore a species’ response today is assumed to be similar to that species’ response 

in the past. The trick is to determine what mechanism or condition is triggering the 

species’ response, how that response is affected by the ecological history of the area, and 

determining the tolerance range for the species. Uniformitarianism guides biologists 

studying modern communities, or neobiologist’s projections for the future by using their 

understanding of today. Extending the time depth to increase data on how species 

respond to change is important for today and the future (Jackson and Williams 2007). 

Without knowledge of the past’s non-analog faunas (e.g., Graham 2005), modern novel 

communities appearing today would be more ecological pariahs than currently thought. 

(Hobbs et al. 2009, 2013). Knowing this, we can predict some species may colonize an 
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area where their presence is a historically new development resulting in new non-analog 

(or novel) communities (Williams and Jackson 2007). Changing distribution of species 

over time has been documented for some species of seals, elk, pronghorn (Antilocapra 

americana), and pygmy rabbits (Brachylagus idahoensis), (Etnier 2007; Harpole and 

Lyman 1999; Lyman 2004b, 2007, 2011a).  

A similar line of research that examines a species range over time is bioclimatic 

envelope modelling (BEM). Ecological niche and species distribution modelling are often 

grouped within the umbrella term of BEM. BEM uses models to identify important 

climatic variables or abiotic factors of a species’ environment that determine potential 

ranges (Peterson and Soberón 2012; Svenning et al. 2011). Hindcasting, or predicting the 

past potential range of species based on the climatic models is one use of BEM; as well, 

paleozoological data are now being used to calibrate or confirm the models (Araújo and 

Peterson 2007, Davis et al. 2014; Nogués-Bravo 2009; Svenning et al. 2011). The models 

are based on two assumptions. First, a species distribution is based on limiting climatic 

factors, and the edges or limits of that species range will respond to shifts in those 

climatic factors. There is also the assumption that species’ limiting factors will not 

change significantly over time, unless the time span is so great that evolutionary 

processes are likely to have produced change (Araújo and Peterson 2007). My project 

makes similar assumptions, but focuses on the species of interests’ distribution in the 

past, as a part of the ecological history of the population and what that can tell us about 

the population today and into the future. BEM, through hindcasting, uses modern species’ 

ranges to understand limiting climatic factors and uses that data to predict the past or 

(more typically) the future (Davis et al. 2014; Nogués-Bravo 2009; Svenning et al. 2011).  
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My research accepts that humans can and probably have had significant impact on 

species distributions throughout history, especially during modern periods. By using pre-

contact data to better understand the geographic range of species prior to modern 

landscape alteration and the effects of changing land use practices, reintroductions, or 

conservation efforts, the assumption is being made that far more than climatic factors can 

affect the realized niche and range of a species, especially on a smaller regional scale 

versus an entire species range or continental level. 

 The introduction of exotics is also a large research concern for conservation 

biologists. This is not a new issue; the archaeological record is replete with examples of 

humans introducing species into new environments. The introduction of pigs and rats to 

islands and the subsequent extinctions of endemic island populations is but one example 

(Grayson 2001; Steadman 1989, 2006; Steadman et al. 1990). A central part of 

conservation and management concerns which species should be supported in an area, 

typically these are species deemed to be native. Species that are exotic are typically (but 

not always) unwelcome, but some might be desired, such as game fish species that 

enhance local economies (Knapp et al. 2001). There are also those species whose status 

as either exotic or native is unclear, such as the mountain goats (Oreamnos americanus) 

in Olympic National Park (Lyman 1998). Zooarchaeological data can shed light on how 

exotics have impacted ecosystems, and what those communities may have been 

composed of prior to the introduction of the exotic species (Butler and Delacorte 2004). 

For example, research on northern fur seals (Callorhinus ursinus), and elk have focused 

on whether the species are inhabiting pre-contact range or represent modern invasions 

(Etnier 2007; Lyman 2011a).  



10 

 

Translocations and reintroductions can be expensive and time-consuming 

endeavors. The development of the feasibility plans and studies can take years. There is 

often a period of scientific research and public comment as managers determine whether 

or how a reintroduction should occur. Following a reintroduction, the reintroduced 

population is typically monitored and managed to support the initial reintroduction, 

possibly through multiple reintroduction events. If the reintroduction fails then it may not 

be fiscally possible to try again, yet if it is overly successful, then future costs of 

managing overpopulation or pest situations can occur (e.g. (Hamilton 2006; MDC 2000, 

2010). Applied paleozoological studies on sea otters (Enhydra lutris), elk (Cervus 

canadensis roosevelti and C. c. nelson), bison (Bison bison), and muskox (Ovibos 

moschatus) have examined questions ranging from whether introductions or 

reintroductions should occur, how translocations have affected modern populations, and 

management suggestions to maintain favorable conditions for reintroductions (Lyman 

1988, 2006a; Darwent and Darwent 2004; Langemann 2004; Valentine et al. 2008; 

Wellman 2018). 

 

Changing Attitudes: Non-anthropogenic environments, benchmarks, and the 

shifting baseline syndrome. Decision makers must set a management goal, often entailing 

a landscape benchmark or reference condition. A benchmark is often a biodiversity 

target, typically based on a documented point in time (Lyman 2006b). Most benchmarks 

in the United States are developed using historical documents produced by explorers and 

travelers during early European colonization and exploration of North America 

(Broughton 2004; Hadly and Barnosky 2009). The time prior to European contact is 
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generally considered to represent a non-anthropogenic environment and its biological 

composition is determined through study of historical documents and accounts by 

explorers and early European settlers (e.g., Houston and Schreiner 1995).  

For some conservationists there is a distinction between natural and artificial, with 

the ability of humans to use technology seen as “artificial” and affecting the environment 

in a way that is different from natural processes (Angermeier 2000). The argument for 

benchmarks aiming for more “natural” than less, means aiming for when there were 

fewer people on the landscape than today. What may be an issue is that the degree to 

which humans can alter the landscape by relatively simple behavior has become more 

apparent. Complicating the discussion further is the fact that humans do not affect the 

landscape evenly; landscape changes are heterogeneous and inconsistent across time, 

space, and culture (Jackson and Hobbs 2009; Lyman 2010). A relatively small number of 

people can alter a fire regime or introduce an animal species and have a large-scale effect 

on the environment (Athens et al. 2002; H. R. Delcourt and Delcourt 1997; Guyette and 

Dey 2000; Olson and James 1982; Steadman 1989, 2006; Steadman et al. 1990). Fire 

suppression has resulted in a changing landscape with different combinations of species 

(H. R. Delcourt and Delcourt 1997; Guyette and Dey 2000). Mimicking the pre-contact 

fire regime by incorporating human set fires might result in the historic landscapes that 

were found so entrancing by early nature writers (Schroeder 1983; Stepenoff 1995). 

Considering that humans have been a part of the Missouri landscape for thousands of 

years (O'Brien and Wood 1998), the discussion of benchmarks based on the concept that 

“natural” precludes human activity of all kinds is a difficult if not impossible goal to 

identify or maintain. 
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Preceding European contact, Native Americans living in North America followed 

a wide variety of subsistence and land management practices including hunting, 

gathering, fishing, horticulture, and agriculture (Grayson 2001). The differences between 

landscapes at initial European contact and years after European land use had modified the 

landscape is in some cases, quite remarkable (Schroeder 1983; Stepenoff 1995). The 

needs of a management area might preclude returning it to a “natural” state. For example, 

the exotic species that have been introduced for purposes of hunting and fishing can be 

impossible to remove or entirely ameliorate (Jackson and Hobbs 2009; Lyman 2006a). 

Paleozoological research can provide data on the appearance and relative abundance of 

species present prior to and during the initial and subsequent European contact with 

North America. The Mayan lowlands have been extensively modified by human land use 

over time, particularly by Mayan agriculture and land management practices. Following 

the Mayan collapse, reforestation occurred, resulting in the forests that people think have 

been the constant for that area. The prehistoric landscape alterations were identified 

through temporally shifting pollen frequencies documented in core samples (Hayashida 

2005). Similarly, elk populations in Yellowstone may have been less dense than they are 

today. Keigley and Wagner (1998) compared historic documents and archaeological 

records for the area and concluded the prehistoric elk population was less dense than the 

modern one. More research will need to be conducted to determine the reasons why this 

might be so; the conclusion is controversial (e.g., Lyman 2004a).  

Understanding of long term population fluctuations of the species of interest and 

how European and Native American land management practices have altered the native 

environment comes from more than the past 300 (historical-era) years (Frazier 2007; 
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Lyman 2006b). Having information on the ecological history of an area that encompasses 

a long period of time prompts a conversation on what the benchmark or objectives should 

be for conservation in that area (Jackson and Hobbs 2009). Biodiversity levels may be an 

identified conservation goal, but desired levels may not be based on the biodiversity 

when European settlers arrived (Tipping et al. 1999; Willis et al. 2010). Paleodata 

provide a reference for benchmarks to be shifted from a static, temporally arbitrary 

benchmark to one that focuses on the ecological processes and range of variability 

possible in that place over time (Hadly and Barnosky 2009; Vegas-Vilarrúbia et al. 

2011). This is especially pertinent as climate change continues and the possibility of no 

analog communities arises (Graham 1984; Graham et al. 1996; Williams and Jackson 

2007). What have the animal communities looked like in the past when similar conditions 

arose? 

As benchmark discussions continue, it is important to recognize that the size and 

density of a population can shift over time. Having documentation of the range of 

variation in these variables through time is important information to conservationists. 

When individuals become used to current values of variables, whether it is harvest yields, 

size of population or species present, and fail to recognize that those values are a result of 

historic events, is called the shifting baseline syndrome (Papworth et al. 2009; Pauly 

1995). As time passes, human observers do not recognize the range of variation present 

through time. For example, fish size over time may be decreasing, but those individuals 

catching 5lb fish consider that size normal, although historic evidence and 

paleozoological research indicate 10lb fish were the average or baseline prior to modern 

fishing methods and pressure. As conditions become more unfavorable, the degree of 
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change is not noted, because the baseline that individuals recognize has shifted slowly or 

over a long period of time. Paleozoological data can provide evidence to support or refute 

what the current standard or conditions may be. It could be possible that target species 

were capable of growing larger or areas could support more trees in the past because of 

different conditions. Being aware of the possible range of conditions that can occur 

versus thinking the current conditions are the only possible iterations provides more 

accurate information for land and wildlife managers as they make decisions on 

benchmarks for parks and property. Once aware of the possibilities, with an 

understanding of an area based on more than just the perspective of early European 

explorers and settlers, more collaboration with zooarchaeologists becomes possible.  

Past applied paleozoology and zooarchaeology has established the applicability of 

the data and techniques to conservation biology. My project focuses on biogeographic 

issues using a unique combination of data and methodology. Integration of two, 

independent geodatabases and the use of spatial analysis to identify bias, provides a novel 

analysis of presence data to identify the extant of a species’ range over time. While the 

use of paleozoological data has been supported by the research discussed in this chapter, 

there are still issues to consider. Paleozoological data is imperfect, therefore 

consideration to possible error/bias, particularly issues raised by neobiologists, is 

considered in the following chapter. 
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CHAPTER 2 

PRACTICAL LIMITATIONS OF PALEOZOOLOGY 

 

Why Conservationists are Wary 

Some neobiologists have called for the use of paleozoological or 

zooarchaeological research to assist in conservation research (P. S. White and Walker 

1997; Young 2000). However, it appears more conservation biologists have identified 

areas of concern regarding the validity or applicability of zooarchaeological data to 

conservation biological issues. Concerns revolve around the accuracy, precision, and 

temporal resolution of the data (Dietl and Flessa 2011; Frazier 2007; Lyman 2012a). 

Wolverton et al. (2016) reference three criteria that applied zooarchaeological work 

should meet for addressing data quality concerns.  

1. How taxonomic identifications of paleofaunal remains are made in the 

laboratory must be clearly described or outlined.  

2. Decisions regarding quantitative units and statistical analysis must be 

conservative.  

3. Taphonomic analysis should be used to address sample representativeness, 

both in terms of species represented and their relative abundances 

To individuals not trained in faunal analysis and archaeological methods, 

identifying small fragments of bone and shell can seem like a magic trick. Moving 

beyond identification and using the results to tell the story held in the remains of an 

archaeological site smacks of fiction writing without knowledge of what can and cannot 

be gleaned from the archaeological record. Neobiologists have several concerns about the 
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validity of zooarchaeological research. How can someone determine from 

paleozoological assemblages what the living community may have looked like, and how 

is it possible to determine the accumulation mechanism for the assemblage (to allow 

determination of whether or not the assemblage is somehow biased or skewed)? 

Zooarchaeologists have been trained to evaluate the evidence gathered from excavation 

and analysis (Lyman 2012a, 2012b). The issues of data quality identified by Wolverton 

and others (2016) and pertinent to this research are expounded upon in the remaining 

portion of this chapter. 

 

Representation in Assemblages. Early zooarchaeologists readily identified the 

issue of representation, that is, whether those species found in the assemblage were 

present in the living community or if there were more present than those found, in 

archaeological assemblages (Daly 1969; Graham and Semken 1987; White 1956). Lyman 

(2008:22) expounded on the relationship between the living community, the accumulated 

dead, and the remains that can be recovered using complex, but specific terms coined by 

earlier taphonomists: biocoenose, thanatocoenose, and taphocoenose, terms he defined in 

his 1994 volume on vertebrate taphonomy (Lyman 1994). These terms refer to the 

assemblages of organisms at different states of existence and facilitate discussion about 

why what we find and identify might not represent the entirety of what was there in the 

first place. The biocoenose is the biological community of organisms. Thanatocoenose 

refers to the dead organisms that have accumulated over a period within a given space, 

“an assemblage of dead organisms” not necessarily representing all dead organisms 

(Lyman 2008:22). The taphocoenose is the assemblage of remains in the deposit when it 
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is sampled, those that survived the effects of deposition and taphonomic (preservation 

versus attrition) events. Researchers and managers working with living populations are 

typically interested in the biocoenose. The thanatocoenose is primarily examined by 

neobiologists for the information on the living community that produced it (Fey 2015; 

Harwood 1998; Young 1994). The zooarchaeologist is researching the identified 

assemblage, a subset of the taphocoenose recovered from the archaeological site. 

Zooarchaeologists are viewing the biocoenose through several veils or filters based on 

events occurring between the stage of a living community and that of the remains 

identified in a lab. The thanatocoenoses could, theoretically, be composed of all the 

previously living organisms comprising a single biocoenose, which might be the case in 

an unlikely catastrophic event killing all life forms. Instead the thanatocoenose comprises 

only the selectively accumulated or sampled remains of those organisms that have died 

during the period of accumulation, and thus will not necessarily accurately represent the 

living community of the one or more biocoenoses that contributed to the thanatocoenose. 

The taphocoenose develops through the deterioration of the thanatocoenose over time. 

More information is lost when not all the recovered remains can be identified (Lyman 

2008:22-25). 

Neobiologists unfamiliar with archaeology, and specifically zooarchaeology, may 

find that separation between the biocoenose and what the researcher works with to be 

insurmountable. In fact, accumulation and taphonomic processes have been of great 

interest to archaeologists for at least four decades. Through the identification of problems 

based on what may or may not be represented in an assemblage, archaeologists have 

learned how to focus their research by clearly identifying and discussing the relationship 
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between their target variables and the variable they are measuring. Being realistic and 

open about what zooarchaeological data can be used for is one reason why archaeologists 

consistently point to the inability of paleodata to indicate the absence of a species in an 

area (Frazier 2007; Graham 1984; Grayson 1981; Lyman 2008a). Instead, paleodata can 

only indicate the presence of a species by its inclusion in the identified assemblage. 

Accumulation and taphonomic effects must be considered, then the accumulation process 

of the thanatocoenose can be examined, and finally theories about the biocoenose that 

produced the identified assemblage may be put forth for further examination (Lyman 

2008b).  

The fidelity of the thanatocoenoses and taphocoenose to the living community has 

been tested by several long-term studies of historic accumulation of bone within a 

geographic area (Kidwell 2013; Miller 2011; Western and Behrensmeyer 2009). The 

coarse nature of the death assemblages is similar for historic accumulations and fossil or 

buried assemblages because of time-averaging resulting from the accumulation of 

remains over time. Historic accumulations have been filtered by the accumulation 

process, but not the preservation/attrition processes that result in the taphocoenose. Traits 

of an accumulation or attributes of the surrounding environment can be indicators of the 

type of accumulation processes resulting in assemblages. Whether human, animal, cave 

trap, fluvial or other, consideration of how the assemblage came to be is important to 

understanding why some remains are present and others are not (Behrensmeyer 1982; 

Cleghorn and Marean 2004; Lam and Pearson 2005; Lupo 2006; Lyman 1994; Morlan 

1994; Perkins and Daly 1968; Schmitt and Juell 1994). Once the accumulation has begun 

and remains are buried, taphonomic processes filter out remains through chemical, 
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mechanical and other means of differential destruction or transport. How taphonomic 

processes might impact the survivorship of some remains over others has been a long and 

continued focus of zooarchaeological research (Darwent and Lyman 2002; Lam and 

Pearson 2005; Lyman 1993, 1994; Lyman and Fox 1989). In some ways, the coarseness 

or precision of paleodata mimic the possible coarseness of ecological data, but the 

variation is temporal instead of spatial. Ecologists expand their data set, and 

correspondingly generalize their data, by increasing the geographic area. Paleodata are 

made coarser by longer periods of accumulation or reduced stratigraphic resolution 

(Foster . 1990). 

Accumulation and preservation processes cannot be avoided, but 

acknowledgement, continued research, and thoughtful development of research questions 

and variables allow archaeologists to continue with research despite the often-imperfect 

reflection of a biocoenose provided by an assemblage of faunal remains. Most important 

is remembering that the issue of discrepancies between the variable of interest (target 

variable) and the measured variable (Lyman 2008:11) is relevant to more than just 

paleozoology. The discussion and testing of the ability for monitoring techniques to 

accurately represent changes or shifts in modern populations is common in wildlife 

management (e.g., Hackett et al. 2007; Mowry et al. 2011; Wasser 2004). 

Zooarchaeologists are working with a measured variable that is an imperfect 

representation of their target variable, typically the living assemblage, but this is the same 

problem that conservation biologists encounter when using sampling methods for 

populations. The conservation biologist may be measuring the number of tracks left in a 

print trap, but is interested in the number of individuals within a specific area (Hackett et 
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al. 2007). A biologist is also interested in the abundance of a species within a given 

space, but is unable to count every individual, instead they must rely on different 

techniques, such as scat, print and camera traps, and visual encounters to estimate the 

abundance or density of that species (Hackett et al. 2007; Mowry et al. 2011; Wasser 

2004). Only careful research design can overcome, moderate, or avoid these issues. In 

that vein, this research project focuses on the presence of species and refrains from 

interpretations based on the absence of a species in an area, unless it is to identify areas 

where more archaeological survey may be fruitful. 

 

Skeletal Identification. Identification of skeletal remains to the species level can 

seem implausible to someone unfamiliar with the process. Complicating the issue is the 

tendency of zooarchaeologists to be inexplicit about the techniques or rules they use to 

guide their identifications (Driver 1992, 2011a). Neobiologists can find it unlikely that 

faunal analysts are able to identify the fragmentary remains that are typical of 

archaeological assemblages to useful taxonomic specificity, such as the genus or species 

level (Lyman 2012b:214). Driver (1992) outlined the issues with identification, primarily 

unspecified rules of identification used by the analyst. Lack of replicability, due to 

inadequate documentation, has been an issue recognized by early zooarchaeologists, 

Driver (1992) laid out steps that could be taken to address issues of error or lack of 

replicability. Revisiting the topic, twenty years later, Driver (2011b) and associated 

commentators echoed the sentiments of Driver (1992), because the problems have 

persisted. First, clear explanation of how the identifications were made is an important 

part of allowing comparisons to be made between different zooarchaeologists’ work and 
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to provide evidence of reliability. Second, species designations by neobiologists seldom 

rely on the skeletal portions of an organism within a population but instead focus on coat 

color, tail length, and other attributes that typically do not preserve in the prehistoric 

record. Skeletally, there is a range of variation between individuals within a population as 

well as overlap between closely related species. A further complication is that species 

designations can change over time as more information is gathered on populations; one 

example is changing taxonomic organization based on DNA analysis (Bovy 2011; Driver 

2011a). The ability of a trained specialist to identify faunal remains is likely to exceed the 

ability of the average archaeologist, amateur or professional. Still, the use or reporting of 

blind tests to determine the accuracy and replicability of identifications is still rare 

(Driver 2011b). When blind tests have occurred, the results support the need for 

specialized knowledge, explicit description of techniques, and careful review of 

identifications (Gobalet 2001).  

Driver (1992, 2011a) is not alone in his concern that identifications can be an 

overlooked source of error or bias within zooarchaeological research. Similar concerns 

have been voiced regularly throughout zooarchaeology’s development as a discipline 

(Bovy 2011; Butler 2011; Daly 1969; Driver 1992, 2011a, 2011b; Findley 1964; Graham 

and Semken 1987; Lupo 2011; Lyman 2011b; Otaola 2011; Payne 1972). Data used for 

this project are based on identification of faunal remains by a wide variety of known and 

unknown individuals. FAUNMAP includes the level of certainty or confidence of an 

identification as a variable within the database. Identifications within the FAUNMAP 

database are all from published faunal analysis by trained professionals, those included 

from survey reports are also typical of faunal analysts. Logically, remains identified in 
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site forms hold the greatest chance of mis-identification because site forms are submitted 

by the public and professionals, but identifications reported in site forms compose the 

smallest portion of the incidences of identified species of interest in the data I compiled. 

My research uses the basic identifications provided as a stepping stone for future 

research, including reexamination of the faunal assemblages allegedly containing species 

of interest.  

Wolverton and other (2016) pointed out the importance of conservative 

quantitative analysis and analytical units in applied zooarchaeological research. The data 

used in this project are based on identified assemblages reported by archaeologists. 

Zooarchaeological data are ordinal scale, in the best of circumstances, limiting analysis 

more than what neobiologists who gather data from a living community may be used to. 

The types of statistical analysis, utilizing interval and ratio scale data, that biologists may 

be accustomed to might not be advisable, but zooarchaeologists have long been defining 

and refining statistical analysis to avoid exceeding their data’s capacity (Grayson 1984; 

Lyman 2008b).  

This research project draws from human and non-human accumulated 

assemblages dating to the Holocene (Table 6). The assemblages were collected by a 

multitude of sampling strategies and scrutinized by a variety of identification techniques. 

The level of experience of the individuals completing the identification of species was 

varied. For FAUNMAP entries, the level of confidence was identified, but for 

identifications drawn from survey reports or site forms, the level of confidence is usually 

unknown (Appendix 1 & 2; Graham and Lundelius 1994). Interpretation of the data is 

based only on presence of target species because it is impossible to state that the absence 
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of evidence is evidence of absence (Graham and Semken 1987; Grayson 1981; Lyman 

2008b:22-25).  

 

Non-Random Survey. The focus of my project on biogeographic analysis was 

bounded by the Missouri state boundary because of the limitations of the State Historic 

Preservation Office (SHPO) geodatabase, while the FAUNMAP database covers 

primarily the United States with some sites in Canada and Mexico (Graham and 

Lundelius 1994; Nichols 2015). Within the state, data on archaeological sites come 

primarily from cultural resource management activities reported in survey reports (see 

Chapter 4, Materials and Methods). Cultural resource management (CRM) is the applied 

aspect of more general archaeology and the result of National Historic Preservation Act 

of 1966 (NHPA) sometimes requiring a survey of cultural resources if federal funding, 

permits or property are involved in a project or undertaking. Examination of Missouri 

with all known, digitized archaeological sites indicated there was a degree of clustering. 

This affected the types of analysis and research that could be completed. Later in this 

chapter, and expounded upon in the Materials and Methods chapter, how clustering was 

identified and possible sources are discussed. 

 

Multiple Lines of Evidence. Multiple lines of evidence should be used when 

faunal data are used as a variable, that is, as entities (species) that can vary in abundance 

(Grayson 1981). This is to prevent an individual species’ response to changing 

environmental factors or predation from being misinterpreted. It is also possible that 

human behavior could result in a change in the presence or abundance of a species while 
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not being evident in the analysis. Humans are incredibly capable predators and affect 

prey population sizes in areas where over-hunting occurs. Prey abundance and 

distribution descriptions in Lewis and Clark journals have been interpreted by Martin and 

Szuter (1999) as evidence for game sinks and buffer zones. Lewis and Clark describe 

some areas as being densely populated by Native settlements with scarce game, while 

other regions were uninhabited and rich with prey animals. Reasoning that the 

uninhabited areas were due to political unrest restricting use of the areas by members of 

warring Native groups, Martin and Szuter (1999) suggest that interpreting the animal 

populations as “natural” is unfounded and that they are a result of political borders and 

not natural phenomena. Lyman and Wolverton (2002) examined multiple lines of 

evidence to compare to Martin and Szuter’s (1999) original analysis. Lyman and 

Wolverton (2002) found that there was probably more going on than game sinks, 

incorporating historic ecology, climate change and more into a more complicated 

explanation of historic distributions. The use of multivariate research such as this can 

avoid the pit falls expected by conservation biologists critical of paleodata.  

Taxa can be used as attributes, for example, when the presence of taxa is used as 

evidence of paleoclimate (Grayson 1981). By using a suite of taxa, instead of a single 

species, the guideline of multiple lines of evidence for drawing conclusions is met. 

Grayson (1991) examined the faunal assemblage of Gatecliff Shelter in Nevada to 

determine whether humans affected the accumulation of the small mammal assemblage. 

This was in response to criticism of previous work (Grayson and Thomas 1983) using the 

small mammal assemblage from Gatecliff Shelter as evidence for the paleoclimate. 

Grayson (1991) concurred with the criticism, agreeing that he should have determined 
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whether humans did or did not affect the small mammal faunal assemblage in the original 

analysis. Reexamining the data, along with other paleoclimate indicators, Grayson 

demonstrated, with greater scientific certainty that humans did not significantly affect the 

small mammal assemblage at Gatecliff shelter (Grayson 1991). Use of a suite of taxa and 

other lines of evidence for support makes environmental predictions based on the 

presence of environmentally sensitive species possible (Grayson 1991). The need for 

multiple lines of evidence is not restricted to faunal data, but applies to any research 

making claims about paleoclimate or anything else about the prehistoric past.  

In this project, issues of data quality and reliability have been identified, and they 

are here laid out in the context of similar issues within paleozoology. Methods were 

chosen for this project with the understanding that deficiencies would need to be 

identified and compensated for, as with any research project. By being explicit, this 

research can identify the types of information the data can be confidently used to provide, 

with the intention to help bridge the interdisciplinary gap by specifically orienting 

research questions and aims towards conservation biology and management issues. As 

the amount of paleozoological research for conservation issues has increased, there has 

continued to be little engagement with traditional conservation biology practitioners. By 

focusing research on species that are actively managed populations or species with 

identified conservation biology questions my research aims to stimulate discussion, while 

also actively identifying, analyzing and explaining the bias that may be present within the 

data collected. 
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Summary 

 Research discussed in the following chapters focuses on reintroduction and 

variation in the biogeographic range of a species over time. By comparing the locations 

of archaeological and paleontological sites that contain these taxa with prehistoric climate 

and habitat information known for Missouri a better understanding of the prehistoric 

ranges of each species can be reached. This in turn can be used to predict range use or 

change for modern populations. These are the same research goals said to be of interest to 

conservation biologists involved in species reintroductions (Armstrong and Seddon 2007; 

Langemann 2004). My research provides a better understanding of paleoenvironment and 

faunas while it assists research regarding modern conservation biology and management.   
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CHAPTER 3 

SPECIES OF INTEREST 

 

The species studied were chosen because they check several important boxes. 

Each species has been identified by the MDC as a species of concern, either extirpated or 

endangered (MDC 2002, 2010, 2017, 2018b). The Wildlife Code of Missouri designates 

endangered species as those species that are at risk of extinction and provides protections 

that prohibits hunting, trapping, and other activities involving endangered species’ 

remains (Mo. Code Regs. tit.3, § 10-4.111). Each of the species is currently at a different 

stage of management or conservation. River otters are a highly successful reintroduction, 

to the point of being identified as a pest. Elk are a relatively recent introduction and are 

still in the early stages of monitoring. Eastern spotted skunk is a historically widespread 

and heavily trapped furbearer that has experienced a significant range and population 

reduction. Jackrabbits have fluctuated historically in both range and numbers with 

population booms in the early 1900s and, depending on the species, are currently 

extirpated or believed to be extirpated. Whether jackrabbits are permanent or occasional 

residents of the state in the past is unknown. In this chapter I explain the known pre- and 

post-contact history, habitat choices, and conservation efforts for these four species in 

Missouri and neighboring states.  

 

The Expanding Reintroduction: Otter 

Raesly (2001) stated that river otters were extirpated from much of their historic 

range in Missouri in the early 1900s, due to over trapping and environmental degradation 
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resulting in loss of suitable habitat. By 1936, there were only a few river otters left in 

southeastern Missouri (MDC 2002; Darrow 1986; Fritzell and Choromanski 1982). River 

otter were initially protected through regulations in 1937, listed as endangered in the state 

in 1977 and classified as rare by 1982 (Darrow 1986). Fritzell and Choromanski (1982) 

used questionnaires, literature queries and available records to gather information on the 

status of otters in Missouri immediately prior to their reintroduction in 1982. Results 

indicate otters experienced an increase in population following a low of an estimated 70 

animals in 1934. An increasing beaver (Castor canadensis) population between 1934 and 

1982 might have encouraged an increase in otter population due to beaver behavior and 

resulting habitat alteration (Fritzell and Choromanski 1982). Two populations were 

identified in Missouri in 1982, with one in the Mississippi lowlands and a smaller 

population in west-central Missouri with reports centering around major riverways 

(Fritzell and Choromanski 1982).  

An 11-year program of management and supplemental introductions followed the 

initial reintroduction (Boege-Tobin 2005; Hamilton 2006). River otters were expected to 

favor habitat with streams, ponds and wetland, occasionally bordered by timber (Boege-

Tobin 2005; Larivière and Walton 1998; Schwartz and Schwartz 2016), but not to have a 

large impact on human activities (Darrow 1986; Hamilton 2006). Viability of the 1982 

otter reintroduction was originally in question due to the changes that had occurred to the 

hydrology of Missouri, primarily the reduction of wetland habitat (Darrow 1986; Kiesow 

2003). Darrow (1986) in the Species Management Plan for the River Otter in Missouri 

stated, “Because Missouri’s historic otter habitat has been dramatically modified, 

reestablished populations are not expected to approach those prior to settlement” (Darrow 
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1986:11). When otters were reintroduced in 1982, a program that encouraged farm ponds 

had been implemented in previous years (Hamilton 2006). Farmers may have been 

altering habitat by installing farm ponds in similar, low gradient habitat that was 

previously created by beavers. Wild-trapped otters from a Louisiana supplier, through a 

trade with the Kentucky Department of Fish and Wildlife for eastern wild turkeys 

(Meleagris gallopavo sylvestris), were released in March and May of 1982, into the Swan 

Lake National Wildlife Refuge and the Lamine River Wildlife Area, and monitored using 

radio transmitters. Monitoring showed that survivorship was acceptable at 81%, 

especially since these were coastal Louisiana transplants that found themselves in very 

new habitats (Darrow 1986; Erickson and McCullough 1987). Over the next 11 years, 

845 otters were released in 35 counties. The reintroduction was a state-wide effort and 

success (Boege-Tobin 2005; Hamilton 2006; Raesly 2001).  

The reintroduction has resulted in larger populations and use of a wider variety of 

habitats than predicted at the time of reintroduction. The Missouri otter population has 

been estimated to be at least 15,000. Their reintroduction has been hailed as one of the 

most successful carnivore recovery programs in history (Mowry et al. 2011), which has 

led to its own host of issues. Otter/human conflict has occurred where the two species are 

utilizing similar resources, especially around farm ponds, residential ponds and lakes and 

commercial fisheries (MDC 2002; Hamilton 2006; Schwartz and Schwartz 2016; Serfass 

2014). River otter diet in streams consists of non-game fish and crayfish species, but also 

includes game fish such as bass, which puts them in direct competition with fishermen 

(Hamilton 2006; Kiesow 2003; Roberts 2008; Schwartz and Schwartz 2016).  
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A targeted trapping program was established to control otter populations in high 

density areas, such as the Ozarks, while protecting otters in other areas of their range 

where they were in low densities (Hamilton 2006; Schwartz and Schwartz 2016). It 

seems that river otters readily adapt from wetlands to incorporating human-built 

environments into their usable habitat (MDC 2002; Hamilton 2006). Hamilton (2006) 

directly identifies lack of predation and abundant resources as contributing to large otter 

population and densities which led to human/otter conflict. Interestingly, the high 

gradient streams of the Ozarks were not originally considered to be ideal otter habitat 

(Darrow 1986). Based on the modern distribution and densities of otters, the prehistoric 

era could find them spread across the state, with a higher density of remains in the 

Ozarks. Could the pre-settlement range of river otters provide data contradicting the 

assumption that the Ozarks would not be suitable habitat or is river otter density in the 

Ozarks the result of human modification of the landscape since settlement? 

 

The Recent Reintroduction: Elk 

Elk were referenced historically, more often in the north and west of Missouri, 

although their range encompassed the entire state prior to 1900 (Schwartz and Schwartz 

2016). Elk were found in Missouri until the mid-1800s although their range began 

shrinking as European settlers arrived and established settlements (Harpole 2004). Elk 

were extirpated from Missouri in 1865 or 1859-1898 depending on the document 

consulted. The extirpation is believed to have resulted from overexploitation and 

alteration of the habitat by European settlers (Bryant and Maser 1982; MDC 2002, 2010; 

O'Gara and Dundas 2002; Schwartz and Schwartz 2001, 2016). Elk were reintroduced to 
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Missouri in early 2011. Previous research has investigated the prehistoric range of elk 

based on the occurrence of their remains in archaeological assemblages (Harpole 2004). 

Harpole (2004) utilized FAUNMAP, but did not include the site and survey data 

available from the Missouri SHPO. Possible reintroduction sites were determined by 

Harpole (2004) to be outside the prehistoric use areas for elk. Based on FAUNMAP 

locations and GLO documentation, prehistoric elk were using flatter, grassy portions of 

Missouri, whereas the sites under consideration for reintroduction in 2010 were in hilly 

and heavily forested counties. My research project builds upon these initial results by 

adding to the number of archaeological sites considered and integrating the MSHPO 

database. A larger sample size may show the population was more plastic in its ability to 

occupy Missouri than Harpole (2004) originally suggested. 

 A previous introduction occurred in 1951in St. Louis County, Missouri. Two bulls 

and 8 cows, were translocated from the Yellowstone National Park herd. The population 

grew to 103 individuals by 1959 and then was exterminated due to overgrazing and lack 

of funds for supplemental winter feed (Bryant and Maser 1982; MDC 2010; O'Gara and 

Dundas 2002).  

A feasibility report for the second reintroduction of elk was completed by the 

MDC in 2000. This report investigated the interest of Missouri landowners and citizens in 

elk reintroduction and determined suitable reintroduction sites. A suitable reintroduction 

site included what was conceived to be favorable elk habitat, but also attempted to avoid 

unfavorable human-elk interaction in the form of elk caused vehicular incidents and crop 

damage. Thus, possible reintroduction sites were relegated to areas with high proportions 

of federal or state lands. These lands would decrease the chances of unfavorable human-
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elk interaction, and allow for planned land management that would be favorable to an 

establishing elk population. The project was suspended in 2001 due to concerns about the 

outbreak of chronic wasting disease and habitat issues (MDC 2000).  

A follow up reintroduction plan published in 2010 followed developments in the 

technology and procedures for chronic wasting disease testing. (A brief description of the 

plan follows, but for a more detailed report see MDC 2010) A soft release of 150 

individuals to allow for testing and monitoring of chronic wasting disease was planned. 

The animals would be held in a fenced enclosure for a short period of time, both at the 

capture and the relocation site. The goal was to have a sex ratio of 1:3 males to females, 

with females being adults and males being yearlings or younger. Post-release monitoring 

would continue for several years and eventually hunting would be allowed as population 

goals were reached, although population goals themselves were not defined. The type of 

hunting or number of elk to be culled yearly was also not outlined, but emulation of 

Kentucky’s elk hunting regulations, which restrict hunting in the elk restoration areas and 

with more hunting outside of the restoration zones, was suggested. The planned 

restoration zones were in Carter, Shannon and Reynolds counties and the location of the 

source or capture population was not designated in the report (MDC 2010). 

Elk were reintroduced in stages with releases occurring yearly over a period of 3 

years. From 2011-2013, a total of 106 individuals, of varying age and sex, were released 

into the Missouri Ozarks. Elk were captured from Kentucky each year and held for 

around 30 days to monitor their health before release. Release sites were in Carter, 

Shannon, and Reynolds counties, with two main release sites at MDC’s Peck Ranch 

Conservation area and the Nature Conservancy’s Chilton Creek Preserve. The 
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reintroduction sites were areas with high relief, covered in forest and woodland habitat of 

hickory and shortleaf pine. Since the 1990s, MDC performed prescribed burns and 

targeted thinning of trees to promote and maintain glades and woodland understory 

believed to be represent favorable elk habitat (Bleisch 2014; Bleisch et al. 2017; MDC 

2010; Schwartz and Schwartz 2016). In other parts of their range, elk prefer open areas 

for grazing with access to nearby forested areas; this supports their primary diet of grass, 

forbs and woody browse, although it has been suggested that the reintroduced elk in 

Missouri subsist primarily on food plots planted for that purpose (Schwartz and Schwartz 

2016). 

Much like the otter re-introduction, some elk were fitted with radio transmitter 

collars and monitored following their release (Bleisch 2014; Bleisch et al. 2017). 

Following introduction, the elk have maintained high site fidelity and small home ranges, 

indicators that the introduction might be a success as the elk are likely to have lowered 

mortality and increased fecundity with smaller, dense populations following a 

reintroduction (Bleisch 2014; Bleisch et al.  2017; Smith 2015). My interest begins at the 

point the elk population increases and range expansion begins to occur. How might elk 

range expand or change? What does elk range in Missouri during prehistoric/historic 

periods demonstrate about elk ability to inhabit Missouri? 

McCabe (1982:61) stated, regarding the Great Plains and Great Lakes culture 

areas, “Generally less important to Indians than bison [Bison bison] and white-tailed deer 

[Odocoileus virginianus], elk nevertheless often served as a vital source of food, clothing, 

implements, weapons, decoration, spiritualism—and as a medium of exchange.” The 

literature is vague on how elk might have been used prehistorically by people, beyond the 
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typical uses of food, hides, tools, and materials (Schwartz and Schwartz 2016). This 

supports the idea that while most Native Americans were not subsisting primarily on elk, 

it was still a known and valued resource. Wood (1968) listed elk among the faunal 

remains recovered from the Vista Shelter site in Missouri, but simply noted those remains 

were not a large proportion of the assemblage. Wood (1968:174) stated, “Bones of elk 

(wapiti) are rare, although this animal was one of the major game animals in the area in 

historic times. Carl H. Chapman has reminded me, for example, that the historic Osage 

Indians depended more heavily on elk than they did on bison.” This is based on a 

minimum number of individuals of 1 elk compared to 25 minimum number of individual 

white-tailed deer (Wood 1968). As agriculture became more common in Native 

American diets, the use of elk expanded from food item to serving other purposes, 

particularly the teeth, scapulae and hides, as status goods and tools (McCabe 1982, 2002). 

Most of the evidence cited by (McCabe 1982, 2002) for the Great Lakes culture area 

comes from archaeological sites in the more northern Great Lakes region and especially 

Ohio.  

The primary human influences upon elk populations were hunting and the use of 

fire as a tool for habitat modification. Fire was used for a variety of reasons including 

clearing land, controlling insects, and increasing forage for game species. Hunting of elk 

and other large game was accomplished through varied techniques such as game drives, 

snares, ambush hunting along game trails, trapping through use of geographic constraints 

and hunting in the winter when deep snow was an impediment to elk movements 

(McCabe 1982, 2002).  
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Methods for hunting elk used by human groups in the Great Plains, the other 

cultural area of Native Missouri, were quite like that of the Great Lakes region prior to 

the introduction of the horse. The introduction of the horse changed many aspects of life 

for people living in the Great Plains and how these groups hunted elk was a small part of 

that. The horse increased the ability of plains-dwelling Native Americans to travel and 

follow elk into winter ranges. The importance of elk increased as they became a more 

important exchange item. There was much variation between groups on how elk were 

hunted, what parts were important and the sex or age of the elk that were selected. This 

variation was not only found amongst Great Plains groups, but also among all other 

groups through time and space (McCabe 1982, 2002). 

 

The Reduced Range: Eastern Spotted Skunk 

Eastern spotted skunk harvests numbered between 55,000-100,000 animals per 

year, range-wide prior to and during the 1940s (Gompper and Hackett 2005; Hackett et 

al. 2007; Lesmeister 2007). Currently, the eastern spotted skunk is listed as critically 

imperiled and endangered in Missouri, meaning it cannot be hunted or trapped, except 

with special permission for nuisance skunks (McNeely 2002; MDC 2018a; Mo. Code 

Regs. tit.3, § 10-4.111). Critically imperiled is defined as “Critically imperiled in the state 

because of extreme rarity or because of some factor(s) such as very steep declines making 

it especially vulnerable to extirpation from the state” by the Missouri Species and 

Communities of Conservation Concern Checklist (MDC 2018b). A population decline in 

the 1940s occurred throughout much of the eastern spotted skunk range resulting in a 

harvest of less than 1% of the pre-decline yearly harvest numbers. Reduced harvest effort 
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is not the cause of the harvest decline, and instead it is the result of a reduced population 

(Gompper and Hackett 2005; Hackett et al. 2007; Lesmeister 2007; Lesmeister et al. 

2009). The cause of their decline is thought to be exposure to pesticides, but it has also 

been hypothesized the decline was due to habitat destruction. The decline, from the crash 

in the 1940s followed by a long slow decline to current numbers, is likely due to several 

causes, such as pesticides, habitat destruction, overharvesting, and disease outbreak 

(Gompper and Hackett 2005). Multiple states have seen a decline of eastern spotted 

skunk populations across the Midwestern portion of the species’ range. There are reports 

from states, such as Florida, indicating population numbers are stable, which means the 

eastern spotted skunk status is state or geographic region dependent. Choate and 

colleagues (1974) suggested the Missouri population decline was a return to previous 

population levels following a population surge in the early twentieth century, as seen with 

jackrabbits in Missouri. The large populations of eastern spotted skunk, and even 

jackrabbit, might be an example of people becoming accustomed to one level and finding 

that to be the norm, an example of shifting baseline syndrome as described in Chapter 2. 

There have been few range-wide studies of the decline of the eastern spotted skunk, 

which is unexpected due to their status as a fur bearer. Much like the jackrabbit, high 

densities of eastern spotted skunk might be the result of a historic range and/or population 

increase (Choate et al. 1974). Documentation of the prehistoric range of the eastern 

spotted skunk could shed light on whether the pre-1940s eastern spotted skunk 

population/range were ephemeral phenomena or not. 

Little is known about local Missouri habitat requirements of the eastern spotted 

skunk. Populations in Arkansas prefer habitat with shortleaf pine and hardwood stands 
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with a dense complex understory (Hackett et al. 2007; Lesmeister et al. 2009). Older 

studies indicate prairie, forest, or dense undergrowth preferences and/or an avoidance of 

wetlands and dense timber by the spotted skunk (Crabb 1948; Kinlaw 1995; C. 

McCullough 1983; C. R. McCullough 1984; Reed and Kennedy 2000; Sealander and 

Heidt 1990). Like jackrabbit, habitat alterations that reduce complexity may negatively 

affect eastern spotted skunk use, particularly when it comes to denning sites (Lesmeister 

2007; Lesmeister et al. 2008). One study contradicts the suspected eastern spotted 

skunks’ distribution—most documented deaths in the study were found in open 

undergrowth and canopy forests and open areas (Lesmeister 2007; Lesmeister et al. 

2010). This might support the notion of avoidance by most eastern spotted skunks of such 

habitats, or alternatively, the habitat preferences or range of variation acceptable for 

eastern spotted skunk may not be well understood. Clearly, a more detailed or accurate 

identification of important habitat factors is needed. Schwartz and Schwartz (2016) state 

the eastern spotted skunk prefers brushy areas, open prairie, and cultivated land in the 

areas of the state outside of the Ozark Highland. In the Ozark Highland the species 

prefers woodland habitats. Gompper and Hackett (2005) suspect alleged habitat 

preferences of the eastern spotted skunk are based on anecdotal evidence. Better 

understanding of habitat choices of the eastern spotted skunk could be reached through 

documenting the species’ prehistoric range.  

 

The Historic Invasion: Jackrabbit  

The presence of the white and black-tailed jackrabbit in Missouri is documented 

with anecdotal evidence and historic trapping records, but the species is now considered 
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to be a “blip” on the historic radar. The white-tailed jackrabbit has no official 

conservation status in Missouri but is presumed to be extirpated (not found despite 

intensive survey and unlikely to be encountered again), while the black-tailed jackrabbit 

is on the state’s endangered species list as critically imperiled (MDC 2018b). Black-tailed 

jackrabbits, because they are considered endangered by the state, cannot be hunted or 

trapped within the state if they are encountered (MDC 2018a; Mo. Code Regs. tit.3, § 10-

4.111). The presence of the jackrabbit in the state prior to landscape modification due to 

historic farming must be established to better understand whether it is native or an exotic 

visitor. The jackrabbits were semi-abundant species at times (Schwartz and Schwartz 

2016) with white-tailed jackrabbits present in the northwestern part of the state and 

black-tailed jackrabbits present in western Missouri. Both species prefer the plains and 

prairies, with black-tailed jackrabbits preferring modified agricultural lands with a 

heterogenous mix of plants with open and closed spaces mimicking the short grass 

prairies. Less information is available on white-tailed jackrabbits’ habitat preferences in 

Missouri; they were listed as endangered in 1971 and extirpated by 1990. Hunting season 

on black-tailed jackrabbit was closed in 1971, along with the white-tailed jackrabbit 

season, but black-tailed jackrabbit is classified as critically imperiled within the state and 

likely are extirpated from this area of their range (MDC 2018b). Both species of 

jackrabbit are secure in their ranges outside of Missouri (Schwartz and Schwartz 2016). 

 Consultation of paleozoological data can facilitate determining whether a 

Missouri jackrabbit population is a historic anomaly. If jackrabbits were established in 

Missouri prehistorically then its historic presence is not anomalous. Similar work has 

been completed for other taxa in the United States to determine whether a species was 
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exotic or native (e.g., Etnier 2007; Lyman 1998). Houston and Schreiner (1995) stated 

the definition of an exotic species involves the action of humans, accidental or 

intentional, resulting in the introduction of the species. The Missouri Department of 

Conservation (MDC) definition of exotic species as “‘Exotic,’ ‘alien’ or ‘non-native’ 

refers to plants, animals, fungi or other organisms that have been accidentally or 

purposefully introduced to an area outside of their origin” (Missouri 2011). The 

definition of native is not provided on the MDC website, or the Missouri Revised 

Statutes. The U.S. Department of Interior, National Park Service (2006) defines a native 

species as one “all species that have occurred, now occur, or may occur as a result of 

natural processes on lands designated as units of the national park system.” If a species 

must be artificially introduced to be considered exotic, then all those animals present 

without human assistance would be considered native. The presence of white and black-

tailed jackrabbit in paleozoological assemblages at several archaeological sites would 

support white and black-tailed jackrabbits as native taxa based upon the definition 

provided by the Missouri, and as long-term residents. 

Modern jackrabbits have been documented through several methods in other 

states. There have been shifts in population size and density in Kansas, Arkansas, and 

South Dakota. Mail carrier surveys, surveys sent to and returned by mail carriers about 

sightings of jackrabbits, used in Kansas documented shifts in population and density from 

the 1970s to the 1990s. It was noted that the efficacy of the surveys for accurately 

estimating range and population is unknown (Applegate 1997). The rare occurrence of 

jackrabbits in Arkansas was documented by mail carrier surveys. The Ozark Mountains 

in northwestern Arkansas are referenced as the farthest extent of the black-tailed 
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jackrabbit range, with identification of jackrabbits there being labelled as “spurious” 

(Heidt et al. 1996).  

DesCombes (1966) surveyed portions of Henry County, MO in 1965 for black-

tailed jackrabbit. A 34% reduction in the local population was estimated for a five-year 

period, from 1960-65. Jackrabbits were located most often in areas of agricultural land 

with nearby short pasture. This follows the trend of jackrabbits in Missouri to use edge 

spaces between grass/scrub and agricultural land. Norton (1987) identified properties of 

areas that still contained black-tailed jackrabbits following the historic population crash. 

Land use and plant cover changes by increasing beef cattle production and the 

introduction of fescue were noted by Norton (1987) as possible factors in the decline of 

black-tailed jackrabbits, along with increasing no-till agriculture and herbicide use by 

farmers. Areas that maintained jackrabbit populations did not have changes in land use 

over time. No-till, fescue production, herbicide use and beef cattle management had not 

reduced the diversity of plants and land cover in those areas. Norton (1987) hypothesized 

populations of jackrabbits experiencing detrimental land use and habitat diversity loss in 

their current range would be slow or unlikely to shift ranges to areas having continued or 

recently developed favorable conditions because jackrabbits exhibit limited mobility 

outside their normal use areas. Knick and Dyer (1997) identified the reliance on a fire 

cycle to maintain scrubland or heterogeneous habitat for jackrabbits. Hodge (1990) had 

monitored jackrabbit activity, noting they were more common in pasture versus hay or 

crop fields. Pastures had a greater diversity in plant structure/height and species. Hodge 

(1990) noted an interest by farmers in re-establishing jackrabbit populations, despite the 

reputation of jackrabbits as an agricultural pest. 



41 

 

 Kansas jackrabbits have displayed a similar pattern in the surge and reduction of 

populations as observed in Missouri. Upon the arrival of European settlers in Kansas, the 

jackrabbit population was ephemeral (Bronson 1957; Bronson and Tiemeier 1958). The 

population increased steadily through the 1920s and then rose abruptly in 1934 (Bronson 

1957; Bronson and Tiemeier 1958). White-tailed jackrabbits were documented to be 

widespread throughout Kansas with a restriction in their range that may correlate with a 

shift in land use to cultivation (Bronson 1957). Populations of black-tailed jackrabbit 

have been declining in eastern Kansas for over 40 years (Applegate et al. 2003). Bronson 

(1957) states the jackrabbit, at the time of his research, had been the subject of relatively 

few ecological researches. Available research indicates jackrabbit population eruptions 

are related to drought periods. In Kansas (1930s, 1952-57) periods of drought co-

occurred with increases in the population of jackrabbits in the affected portions of the 

state. There is also the possibility that the reduction in food resources due to drought 

conditions may have resulted in clustering of the population in agrarian areas. Clustering 

could have caused the jackrabbit population in those areas to appear much larger or 

denser than was the case (Bronson 1957; Bronson and Tiemeier 1958). Following the 

conversion of prairie to cropland, jackrabbit populations increased and stabilized with 

booms related to drought conditions (Bronson 1957). GIS evaluation of aerial 

photography indicated a shift in landscape use, such as increases in urban sprawl and 

open water, to shifts in grassland to timber, do not favor the jackrabbit population 

(Applegate et al. 2003).  

Beyond attempting to understand the range of habitat preferences for modern 

jackrabbits, there are identification issues within the zooarchaeological record with which 
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to contend. As previously discussed, Driver (1992, 2011a) recognized that similar species 

may be difficult, if not impossible, to separate based on morphology or morphometrics. 

This is an issue for jackrabbit species. Discriminating between closely related species 

such as congeners is often based on morphometrics and morphology of the mandible and 

specific molars. If the remains identified as leporid are not mandibles or teeth, then 

differentiating between species falls upon size difference (Grayson 1977; Ramos 1999), 

but given shifts in mean body size as a response to forage availability (e.g., Huston and 

Wolverton 2011; McNab 2010), it is ill-advised to depend solely on metric data for 

taxonomic identifications. There are no skeletal elements that have enough distinctions 

between the species for identification of white- versus black-tailed jackrabbits below the 

skull, and even features of the skull are said by some to not be taxonomically diagnostic 

(e.g., Hall 1981:324; Hoffmann and Pattie 1968:18). For this reason, black- and white-

tailed jackrabbits are often grouped together by analysists as an analytical unit, referred to 

in the database and some analysis as “Lepus.”. References in FAUNMAP and the 

MSHPO additions to the database are only to the genus level, except for instances of 

Lepus americanus (snowshoe hare).  

Although other species of Lepus are found in the United States, they are not 

considered recent residents of Missouri (Schwartz and Schwartz 2016). Snowshoe hare 

specimens from Missouri are paleontological and were recovered from cave or fissure 

sites. Dated to the Oligocene (33.7-23.8 Ma) through the Pleistocene (1.8 Ma-10 Ka), 

identification of this species raises interesting questions about the habitat encountered by 

early Missouri inhabitants and provides an avenue for future research (Graham and 

Lundelius 2010). This project will focus on the species of conservation interest to modern 
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wildlife biologists, the black- and white-tailed jackrabbits. Future research could 

capitalize on research such as Yang et al. (2005) who examined the viability of ancient 

DNA analysis to distinguish rabbit species in archaeological samples in the American 

Southwest. While some species (Sylvilagus nuttalli and Sylvilagus audubonii) could not 

be differentiated through aDNA, the problem lay with the availability of modern DNA 

samples. Future research holds the possibility for similar aDNA analysis to distinguish 

jackrabbit from other leporid remains (Yang et al. 2005). 

 

Discussion 

As described in this chapter, the species chosen for study are and have been of 

interest to researchers for some time. A preliminary search of FAUNMAP, when this 

research project was still a concept, established that these species were present in the 

database, indicating they are present and identified in faunal assemblages. Conservation 

effort has been directed towards these species in multiple ways, with elk, jackrabbit, and 

eastern spotted skunk protected from hunting and trapping (Mo. Code Regs. tit.3, § 10-

4.111). Large investments of time and effort were put into river otter reintroductions, 

beginning in 1982. Beyond the commonality of investments and restrictions by the state, 

the four species of interest are at various stages of management. Reintroductions are an 

expensive process and river otters are a shining example of a successful endeavor. As a 

recent reintroduction, elk are increasing in numbers and will hopefully continue to 

increase, which brings along with it the possibility of similar issues that have developed 

with river otters. Through the promotion of tourism and careful management, MDC is 

hoping to avoid any unexpected habitat choices and negative interactions with humans 
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(MDC 2000, 2002, 2010). Eastern spotted skunk is a species of concern across their 

range. Not enough is known about the skunks’ habitat preferences and distribution 

(Gompper and Hackett 2005). Jackrabbits are threatened in or extirpated from their 

Missouri range (MDC 2017, 2018b). Understanding their distribution prior to the 1930s 

post-drought surge is important to identifying whether they are consistent residents of the 

state. These four species are not the only species with conservation issues in the state. As 

case studies, these four demonstrate the applicability of a conservative paleozoology 

approach to Missouri, and establish a robust methodology for application to other species 

in Missouri and elsewhere.  
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CHAPTER 4 

METHODS AND MATERIAL 

 

In this dissertation I create a biogeographic reconstruction using GIS and a 

FAUNMAP based geodatabase (Graham and Lundelius Jr. 2010). The project involves a 

nested three step process comprising database generation, spatial analysis of data quality, 

and analysis of species of interest locations within Missouri. Information from archival 

Missouri archaeological documents is integrated into an existing version of FAUNMAP. 

Following that, I determine whether the distribution of archaeological sites listed in the 

MSHPO geodatabase adequately represents the distribution and diversity of prehistoric 

habitat. Finally, I examine the presence of the four species of interest across Missouri. In 

this chapter, I describe each of these steps in detail.  

 

Databases 

Archaeology has benefited from paleoecoinformatics, the development and use of 

paleoecological databases and tools. MioMap (http://www.ucmp.berkeley.edu/miomap/) 

and FAUNMAP are good examples, and are not the only paleo-databases available 

(Brewer et al. 2012; Graham and Lundelius 2010; Uhen et al. 2013; Williams and 

Jackson 2007; Williams et al. 2018). State and federal agencies, CRM firms, and 

academic archaeologists develop and use databases that track not only site locations, but 

also other information associated with those sites, along with other datasets that provide 

information relevant to their research. For example, the Missouri Spatial Information 
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Database (MSDIS) has been used by students and researchers at the University of 

Missouri, but also provides available information to the public. The spatial information 

that MSDIS provides is often in the form of a raster, shapefile or other file type used with 

geographic information system (GIS) software. Files can be downloaded and used for 

many purposes, including research (http://msdis.missouri.edu/).  

Geodatabases are databases in which stored information has been linked to a 

particular point in space. The spatially referenced data can then be analyzed based on 

variables within the database, the spatial characteristics of the data, or a combination of 

both. This flexibility is important for archaeology because prior to the development of 

GIS, the analysis of archaeological data was split between using statistical programs on 

quantitative data or completing spatial statistics by hand (Mills 2009). With GIS, 

complex spatial analysis can occur quickly and relatively inexpensively for large datasets, 

and it has become a popular technique for both creating maps and completing analysis for 

archaeologists. Numerous statistical analysis techniques have been incorporated into GIS, 

but some programs, such as ESRI’s ArcMap, are powerful general analysis tools that can 

be applied to many kinds of data. The responsibility then lies with the researcher to 

evaluate and chose the methods that are most appropriate to her data type and question 

(Mills 2009). This section outlines the type and origin of the data I have used, along with 

explanations of the analysis tools and discussion of similar applications. 

 

Missouri SHPO Archaeological Geodatabase. Missouri State Historic 

Preservation Office (MSHPO) maintains a geodatabase incorporating data on many of the 

archaeological sites and surveys within the state. Site forms, survey reports, and a 
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corresponding geodatabase were obtained from the MSHPO in an effort to compensate 

for limited sample sizes in the FAUNMAP database for the species of interest. The site 

forms and survey reports were completed between the early 1930s and July 2013; the 

version of the geodatabase used for my research was downloaded on July 1, 2013. My 

knowledge of the geodatabase has been informed by several years of use as a part-time 

GIS specialist for the Missouri Department of Natural Resources and as an outside 

consultant completing records review for cultural resource management firms working in 

Missouri. Nichols (2015) used the MSHPO geodatabase and his experience as a records 

manager in maintaining the database to provide background information in his 

dissertation, which I consulted for my project. I have also interviewed Judith Deel, the 

former Review, Compliance, and Records Coordinator, whose 38-year tenure at the 

MSHPO office offers a wealth of information on the development and growth of the 

geodatabase (Deel, personal communication 2018). 

The geodatabase was developed in 2004 as a partnership between several state 

and federal agencies (Nichols 2015). The July 2013 geodatabase version contains records 

of 15,193 surveys and 35,278 sites. The geodatabase is constantly being updated and 

grows as new sites and surveys are submitted to the MSHPO, errors are corrected, and 

archival site and survey information are digitized and entered (Nichols 2015). Updated 

versions of the geodatabase are utilized throughout this project, but all site forms and 

survey reports selected for examination are based on the geodatabase I obtained July 1, 

2013. Containing only sites with enough information to be plotted in the geodatabase, the 

database cannot be considered comprehensive (Nichols 2015). The reason for the lack of 

completeness is complex. There are many assigned site numbers not included the 
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geodatabase for a variety of reasons. Some archaeological sites, primarily those from 

earlier surveys and archaeological work in Missouri lack accurate maps or location 

information. MSHPO does not archive the site forms for archaeological sites identified 

early in the documentation of Missouri’s archaeological record. The Missouri 

Archaeological Society (MAS) and University of Missouri (MU) assigned trinomials 

prior to MSHPO fulfilling that responsibility with the shift to MSHPO occurring in the 

early 2000s. The original site forms are still held by MU. MSHPO has a microfiche of the 

site forms, but due to budget and time constraints large portions of the microfiche 

collection have not been digitized (MSHPO 2011). 

Within the geodatabase, sites are referenced by a portion of their official 

Smithsonian trinomial, a two-letter standardized county abbreviation and number. For an 

official Smithsonian trinomial to be assigned to an archaeological site, a site form must 

be submitted. There is a suggested form that is currently used, but it is the last in a long 

line of forms available to the public. Some agencies and cultural resource management 

companies use their own variation of the form. Site forms outline basic information about 

a site, from location to cultural affiliation and materials collected, with some completed 

forms including more information than others. Site forms do not have to be filled out, nor 

were they always completed during the history of trinomial assignment, first developed 

during the River Basin Surveys era (1940s-50s) (Wood 2014).  

Archaeological survey reports are more variable in nature. Survey reports, as 

defined for this project, are reports on work or research completed by professional 

archaeologists, typically in compliance with requirements of Section 106 of the National 

Historic Preservation Act (NHPA) of 1966. Some of the survey reports will be over 
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initial Phase I survey, locating archaeological sites (MSHPO Guidelines). Phase II and III 

surveys involve more intensive survey, identification of site boundaries, and excavation. 

The SHPO has been reviewing archaeological surveys originating in projects resulting 

from the process outlined in Section 106 of the National Historic Preservation Act 

(NHPA) since 1968 (MSHPO 2011). Those sites and surveys that provide enough 

information to determine a location have been included in the MSHPO geodatabase.  

Missouri is a state that has always accepted submissions of site forms from 

avocational archaeologists as well as professionals and continues to do so. Increasing the 

number of people, beyond professional archaeologists, allowed to submit site forms 

increases the reporting of sites but results in a broad spectrum of information quality. 

Some older site forms are missing legible maps or location information. Some site forms 

are based on verbal reporting by landowners to the entity officially submitting the site 

form and lack verification. Older site forms often contain less information than more 

modern site forms. Commonly, the site form will contain a very basic site type, public 

survey land system documentation, a brief description of artifacts found, and a hand 

drawn sketch map. In cases where the reported location information, such as township, 

range and section is lacking, the map becomes the primary information source and some 

maps are too vague to be useful. The public land survey system information can be 

incorrect or contradict the map. The contradiction or error in coordinates could be due to 

a mistake in recordation or subsequent landscape alteration that makes the location of the 

archaeological site difficult or impossible to pinpoint.  

This factor, plus the breadth of time that site forms and survey reports have been 

collected means that there is a range in the quality of data recorded and the types of 
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information that is standard for a form or report. Surveys that were completed in the early 

years of CRM may not have included the collection of animal bone, nor have a faunal 

analysis completed if faunal remains were collected. Those identifications that were made 

in both site forms and survey reports may not have been done by a trained professional. 

Completed reports might only contain a reference to “bones” or “deer bones”, but the 

likelihood of that identification being correct depends on who completed and submitted 

the paperwork. The difficulty of comparing faunal assemblages because of the inability to 

compare identification techniques between researchers or replicate the identifications 

means that researchers must be careful when making comparisons between multiple sites 

(Driver 2011a).  

Not all cultural resource survey reports in the database are archaeological. There 

are also architectural surveys or combinations of architectural and archaeological survey. 

There are other types of surveys, such as geomorphological, archival, and environmental, 

which touch upon aspects of the cultural history of Missouri. For my research, the focus 

is on site reports and Phase III survey. This focuses effort to identify archaeological sites 

that may have fauna and the survey reports most likely to have collected faunal remains 

and completed analyses. The MSHPO geodatabase does not identify the type of materials 

recovered during archaeological survey, only that a survey has been completed. Surveys 

that reported faunal remains could not be separated from surveys without faunal remains, 

as was possible for archaeological sites. Each archaeological survey involves an area 

examined by pedestrian survey, shovel tests, test units or an alternative method, such as 

metal detectors or ground penetrating radar, for the presence of archaeological sites 

(often defined as dense clusters of artifacts, features, remnant architecture, and other 
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evidence of human activity). Phase I and Phase II surveys generally focus on the 

identification and delineation of an archaeological site (Nichols 2015; MSHPO 

Guidelines). Recovery of materials is usually limited to only brief preliminary analysis 

(e.g., minimal if any identification of recovered faunal remains). Phase III archaeological 

survey is a detailed examination of the archaeological site. Zooarchaeological analysis or 

a faunal identification list is more likely to be included in a Phase III archaeological 

report than in Phase I or II surveys. The type of survey (Phase I, II, or III) is indicated in 

the geodatabase. Phase III survey reports were read and coded for my project. Future 

work could add Phase III surveys completed since 2013 and Phase II surveys. Several 

technicians over the years have entered survey and site information (Nichols 2015). It is 

possible that more archaeological sites contain fauna than reported in the geodatabase 

created for this project. This is due in part to incomplete reporting, documentation and/or 

data entry into the original MSHPO geodatabase for archaeological site forms and Phase 

III survey reports 

The Missouri SHPO geodatabase has grown since the initial data entry in 2005 

and contains archaeological sites and surveys from as far back as the 1960s. Some 

archaeological sites are well-documented, and some less so, in the shapefiles and tables 

included in the geodatabase. For those sites or surveys that do not have all variables 

entered into the database, there may be more information available in the background 

documentation, but that remains inaccessible to basic, automated search methods. It is 

perhaps important to note in this context that the business of compiling databases is 

seeing some commentary, both positive (e.g., Atici et al. 2013; Uhen et al. 2013) and, if 
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not negative, at least constructively critical (e.g., Bowker 2000; Scherr 2012; Strasser and 

Edwards 2017). 

 

FAUNMAP. FAUNMAP is a database documenting the distribution of 

mammalian species across North America from the Late Quaternary through European 

contact (last ~40,000 years) (Graham and Lundelius 2010). FAUNMAP has specific 

requirements for a site’s faunal assemblages to be included in the database. To be 

included, a site must have decent chronological resolution, a known location, and have 

the assemblage available in a public institution (Graham and Lundelius 2010). This is 

much more specific than the requirements to be included in the Missouri SHPO, as 

explained above. FAUNMAP has been utilized in a variety of research examining the 

distribution of mammalian species, including for purposes of informing conservation 

(e.g., Guralnick and Pearman 2010; Harpole 2004; Lyons 2003, 2005, Lyons et al. 2010; 

Riddle 1998; Walker 2000). Graham and colleagues (1996) was the product of the 

working group that developed FAUNMAP; these researchers identified changes in 

communities and shifts in fauna in response to climatic change. 

Research to identify patterns over geological timespans across large geographical 

ranges can use FAUNMAP as a starting point. My research focuses primarily on the 

presence of species within Missouri, without an in-depth examination of change in the 

distribution of the mammals through time. This example of paleoecoinformatics 

demonstrates the necessity of information stored in databases for projects investigating 

patterns at various scales, both temporal and geographic. The research completed in this 

study is possible at a larger scale, if information across the larger regions is gathered and 
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available in compatible formats, although with wide geographic scale the necessary 

investment in time and funding on the part of researchers can be a challenge (Brewer et 

al. 2012).  

 

Database Integration: MOFauna 

All references to fauna identified to either a taxonomic level or common name in 

a coded site form or survey were put into a spreadsheet using a modified FAUNMAP 

column organization. Taxonomy was standardized using Wilson and Reeder (1993), the 

same reference used by FAUNMAP generators. Spatial statistical analyses, GIS data 

manipulations and map creation is completed in ArcGIS 10.2.2. Microsoft Excel is used 

for data organization and graph creation. All base layers for map generation were 

obtained from the online database created and maintained by the Missouri Spatial Data 

Information Service (MSDIS).  

Missouri archaeological sites are obtained as polygons and FAUNMAP data are 

reported as points based on latitude and longitude. By converting site polygons to point 

data using the Feature to Point tool in Data Management, comparison between the data 

sources is possible. The converted Missouri archaeological site location points are based 

on the center of the polygons, as determined by the ArcGIS program (ESRI 2011).  

Only sites in Missouri are selected based on the state codes recorded in 

FAUNMAP. All other sites for the United States and Canada are removed from the 

geodatabase. The FAUNMAP Locality table is combined with the archaeological site 

layer from MSHPO. This connects the basic site information in FAUNMAP with 
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locations of the appropriate archaeological sites. FAUNMAP sites are a very small 

sampling of all the archaeological sites in the state (Table 1).  

Table 1 summarizes the numbers of all archaeological site polygons from the 

MSHPO geodatabase and Missouri archaeological and paleontological sites in 

FAUNMAP. All archaeological and paleontological sites, from Missouri FAUNMAP and 

Missouri Archaeological Sites, entered as containing faunal remains are contained in a 

geodatabase named MOFauna. FAUNMAP sites also listed in Missouri refer to 

archaeological sites in both the FAUNMAP and the MSHPO geodatabase. Missouri 

Archaeological Sites are all archaeological sites in the MSHPO geodatabase. The number 

of each type of site is important, because the more archaeological sites with identified 

fauna (MOFauna), the more there is a chance of one of the species of interest to be 

identified in that area. If no sites are reported for a portion of the state in the database, 

then there is no chance for the presence of any species of interest in the archaeological 

record for that area to be identified. Lack of representation is also why non-random 

survey clustering in parts of Missouri can have a large impact on biogeographic work in 

the state. There are several filters for data before they reach the geodatabase, 

accumulation, taphonomic processes, survey location and methodology, and lack of 

reporting all limit the number of sites to be included in MOFauna. 

 

Faunal Identification Coding 

Site forms for all sites containing fauna and listed in the MSHPO geodatabase 

were read and coded. Information collected focuses on whether fauna, human remains, 

artifacts, site/survey report, modified/worked bone, faunal identification and shell are 
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noted (Appendix 1 & 2). Limited information is available on the archaeological site 

forms. Typically, more information is included in the survey report which is based on the 

work resulting in the locating/testing of archaeological sites (Nichols 2015). 

While reading site forms, survey reports and FAUNMAP, it became apparent that 

faunal remains had been identified to a wide variety of taxonomic levels (e.g., common 

name, species, genus, family). It is well known that identification of skeletal remains to 

taxon is difficult and reliant upon the experience of the individual completing the analysis 

(Driver 2011a). All identifications noted in site forms or surveys included in my research 

were recorded, but only those with the identification by common name and/or taxonomic 

designation to either genus (Lepus) or species (all other species of interest) will be 

considered for the analysis. All analysis using common name identifications will be 

distinguished from analysis of datasets comprised of species identified with a formal 

taxonomic name.  

Identity, and therefore experience level of the identifier, were rarely noted in site 

forms. More experienced individuals are capable of more accurate and narrow 

identifications, but there can still be variation in identifications made by experienced 

individuals, even for the same remains, for many reasons, a common one being 

differential access to sufficient comparative skeletons (Driver 2011a; Gobalet 2001). 

Identifications completed by inexperienced individuals are probably included in this 

geodatabase. There is no method to distinguish between experience levels with the 

information available in most of the site forms and survey reports. If there seem to be 

discrepancies or unexpected trends in the data, experience level could be a source of 

error.  
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All sites that had fauna identified, to a common name, in Missouri Archaeological 

Sites and Missouri FAUNMAP are included in analysis as the data layer MOFauna. An 

Excel file lists, by instance, all taxa identified from all site forms and surveys with the 

formal taxonomic identifications and common names provided by the documentation. 

The number of identified specimens (NISP) for each species’ identification was not 

provided in all site forms and survey reports, so while noted when available in the general 

geodatabase, it is not used in analysis. Instead, the presence of a species at an 

archaeological site is noted and the source of that information, whether site form or 

survey report is indicated. For all attributes documented, please see the associated 

Appendix (2).  

 

Database Organization 

Combining FAUNMAP and MSHPO site and faunal information creates an 

updated faunal database for Missouri based on the basic FAUNMAP structure, called 

MOFauna. Figure 1 demonstrates the relationship between the three data sets that 

comprise FAUNMAP. A site-specific number (unique id = the machine number), allows 

the Locality and Faunal tables to be linked. Site and faunal information are related using 

the unique identifier or machine number used by FAUNMAP (Figure 1) with MSHPO 

sites receiving corresponding machine numbers if the site was already a part of the 

FAUNMAP database. Non-FAUNMAP MSHPO sites are assigned a unique machine 

number. The primary database, MOFauna consists of two tables: the point information 

with the location of Missouri archaeological sites containing faunal remains 

(mofauna_sites) and the faunal information related to those sites (mofauna_id). Linking 
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the information between the two tables is the unique machine number for each site. 

Within the database, a variable identifies whether information came from the original 

FAUNMAP database, survey reports or site forms. 

Using the related table (mofauna_id) and data layer (mofauna_sites), it is possible 

to select by location and attribute, sites with identified remains of the species of interest. 

FAUNMAP lists data by site which is then subdivided into the identified fauna from each 

collection unit. Collection units may vary by site because they include levels, test units, 

or other sampling/collection techniques. Subdivision by collection unit is not possible 

with MSHPO based archaeological sites due to variability in how fauna are reported in 

site forms and survey reports. Therefore, the presence of species at an archaeological site 

is the only indicator of location within MOFauna without further subdivision of the 

remains’ provenience within the site. More specific location information is noted when 

available, but is not useful for the current analysis beyond a possible point of discussion. 

Importantly, in analysis discussed later, MOFauna lists the level of taxonomic specificity 

reached for the identified remains.   

 

Archaeological Site Distribution 

The distribution of sites can influence biogeographic reconstructions similar to the 

bias it may cause in understanding settlement patterns (Loebel 2012). Possible sample 

bias due to non-random sampling or survey is examined because of the importance of the 

distribution of sites to biogeographic reconstruction. The goal is like the discussion of 

collection bias on paleo-point data by Loebel (2012), but instead of reconstructing the 

biogeography of humans, this research focuses on the fauna. The addition of site data 
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from the MSHPO office to FAUNMAP produces a larger sample size than the original 

FAUNMAP, but the effects of sampling bias on archaeological site location data could 

create bias even when using larger samples. Problems with sampling bias could result 

from several causes, for example, areas may show large numbers of sites because they 

have been heavily surveyed, while other areas may have a noticeable lack of sites 

because they have undergone limited surveys (Loebel 2002).  

Figure 2 displays the distribution of archaeological sites and MOFauna sites 

across the state. Visual examination of Figure 2 suggests clumping or clustering of site 

points, but spatial analysis is necessary to determine whether the clustering is significant. 

Two different types of analysis are used, Optimized Hot Spot Analysis and Average 

Nearest Neighbor; both tools found in the toolbox accompanying ArcMap Version 10.2.2 

(ESRI 2011). Layers for municipalities, national forests, rivers, and lake polygons 

(obtained from http://msdis.missouri.edu/) are added to the map to determine whether 

these might be the focus of biased sampling.  

 

Spatial Analysis Statistics: Clustering 

 Researchers have used the features and tools of GIS programs allowing complex 

spatial analysis, such as ArcMAP, to interpret relationships between location and data on 

numerous variables. While some analytical tools can be used for multiple types of 

analysis, for example large versus small datasets or incidents versus type, others need to 

be used with specific types of data (Mills 2009). Beyond using statistics to analyze 

relationships between data and other variables, whether there is bias in the collection of 

the data or the dataset itself, can be tested. Three agents or factors can shape modern 

understanding of the distribution of archaeological sites across the landscape. One is the 
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choices made by prehistoric people concerning where they would settle and perform 

various activities. Second, would be whether or not the site persisted until it was located 

and recorded by modern individuals. Third, would be if a site has been located and 

recorded by modern individuals (Guccione 2008). The target variable is settlement 

patterns or any other aspect of where prehistoric people chose to settle or left behind 

traces of their activities, but the measured variable is locations of sites that have both 

survived and been identified. Uneven preservation, sampling, collection and reporting of 

archaeological data can cause bias. If research is not completed using sample methods 

designed to provide a large enough sample without bias, then consideration of how the 

sample of data was recovered is necessary. The distribution of known archaeological sites 

across the landscape is not just the result of human land use and choice in the past, but is 

also influenced by where modern people choose to look for them and where relevant 

deposits have been preserved intact. A survey is usually completed to fulfill an academic 

or federal regulation requirement. As previously described in the section above on 

databases, survey in Missouri, and likely elsewhere in the United States, has been 

encouraged through Section 106 of NHPA and to a lesser extent, for academic pursuits. It 

is appropriate then, that this section cover the types of clustering analysis used in this 

research and then presents several examples of similar work. 

 Archaeological research can benefit from cluster analysis at several scales of 

analysis. Intra-site, or within a site, cluster analysis can identify activity areas (Mills 

2009; Moyes 2002). Inter-site, between archaeological sites or within a landscape, can 

identify clustering of archaeological sites due to political ties, resource availability, or 

simply survey efforts by modern archaeologists (Cooper 2010; Guccione 2008; Johnston 
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2010; Loebel 2012). For inter-site analysis there are still several levels of scale, much like 

ecological scale (extent or size, and resolution). Ecologists may study the interactions 

within an individual, population, community, or ecosystem. While probably not 

particularly helpful at the level of individual, paleozoologists can assist in the study of 

populations, communities or ecosystems by increasing the time depth available 

(Wolverton et al. 2016). A similar series of scales can be identified for the archaeologist 

studying spatial variation: site, landscape, or region. Survey bias can affect interpretation 

and analysis at any scale. If portions of a site remain unexcavated or dissimilar 

excavation techniques were used in different areas of a site, comparisons between areas is 

limited based on what type of data may be missing from one area relative to another. For 

example, a comparison between a portion of a site excavated using ¼ inch mesh screen 

with another portion excavated without screening, disallows cluster analysis across the 

site. Areas without screening would not have the same representative sample of smaller 

artifacts collected in the screened portion of the site. That same logic applies to analysis 

of clustering at a larger scale. Cluster analysis of a landscape may be biased by the survey 

method used. If archaeologists used a predictive model to determine the areas most likely 

to contain archaeological sites and avoided survey in those that deemed unlikely to 

contain sites, clustering may be an artifact of the choices of the researcher. This leads to 

the issue that survey across Missouri has not been completed systematically. Survey has 

been completed based on academic interests, federal regulation, and interested hobbyists. 

Consideration of the bias of the sample of site locations needed to occur before 

interpolation of the biogeography of the species of interest could occur.  

 



61 

 

Optimized Hot Spot Analysis Application. Optimized Hot Spot Analysis is a 

spatial analysis tool offered by ArcMAP, an ESRI GIS product (ESRI 2011, 2018b). The 

tool uses the Getis Ord Gi
* statistic, a local statistic for identifying the occurrence and 

type of clustering present. A global statistic means is one applicable across a study area to 

identify if there is a pattern, such as clustering, but a local statistic focuses on internal 

variance between features, breaking the analysis down into “neighborhoods” (Getis and 

Ord 1992; Mitchell 2005; Ord and Getis 1995). Local statistics, such as Optimized Hot 

Spot Analysis use of Getis Ord Gi
*, will allow the researcher to identify areas of clustered 

high (hot spots) values and low (cold spots) values (Mitchell 2005). For my project, high 

values would be a high number of archaeological sites, and low values would be a low 

number of archaeological sites within a designated neighborhood. The ability to identify 

hot spots using Getis Ord Gi
* allows researchers to identify those hot spots without bias 

from preconceptions regarding their location (Ord and Getis 1995).  

The breakdown into smaller chunks or neighborhoods means a researcher must 

determine the scale of analysis for Getis-Ord Gi
* (ESRI 2011, 2018a, 2018b; Mitchell 

2005). The appropriate scale of analysis may be plain for some questions, for example, if 

you are interested in bear/human encounters, and the average range of a bear is 15 miles, 

then the scale of analysis could be 15 miles. For archaeological site distribution the scale 

of analysis is less clear. If an archaeologist is interested in a particular region, that region 

may be identified as a cluster within the greater landscape, but if cluster analysis is 

applied only to the region the archaeologist is interested in, sites might be distributed 

evenly within that smaller space (Mitchell 2005). Optimized Hot Spot Analysis uses both 

global and local statistics to determine whether an area has clusters of incidents (sites), 



62 

 

break the sample area into neighborhoods, and then finally determine whether there are 

hot and cold spots (ESRI 2011, 2018a, 2018b; Mitchell 2005).  

Optimized hot spot analysis assists in determining the scale of analysis by using 

several methods. First, it uses Incremental Spatial Autocorrelation, where Global 

Moran’s I statistic is run for increasing distances. Global Moran’s I statistics produces z-

scores that increase as more clustering is identified. At peak z-scores, the degree of 

clustering is optimized. If the Global Moran’s I statistic does not identify a peak distance, 

then the K neighbor average distance is utilized. The K neighbor average distance is the 

average distance necessary for K neighbors for each feature, with K=0.05*N. Due to the 

amount of time that the Global Moran’s I statistic can take to compute, if the sample size 

has over 500 neighbors, then the program defaults to K neighbor average distance. Once 

the scale of analysis has been determined, and performed in the background by ArcMAP, 

but with the results made available to the researchers in the output window of the tool, 

Hot Spot analysis or the Getis-Ord Gi
* statistic is applied (Figure 3; ESRI 2011, 2018a, 

2018b). The reason that the Getis-Ord Gi
* statistic is applied, and analysis does not stop 

at the Morans I, is that the Moran’s I is a global statistic and while it does identify 

clustering, it does not identify whether the clustering is of high values or low values. The 

Getis-Ord Gi
* does just that (ESRI 2011, 2018a, 2018b; Mitchell 2005; Ord and Getis 

1995). 

The Getis-Ord Gi
* statistic identifies clusters of high values and clusters of low 

values by returning a z-score for each feature in the dataset, the z-score correlates to the 

intensity of the clustering of values. High z-scores indicate a high intensity cluster of 

high-value neighborhoods and low z-scores indicate a high intensity cluster of low-value 
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neighborhoods (Getis and Ord 1992). The z-score, p-value and confidence bin for each 

input feature is returned as a result for the tool when used in ArcMap. If the z-score is 

greater than 1.96 or less -1.96 the value is statistically significant at 95% confidence 

intervals (ESRI 2011, 2018a, 2018b; Johnston 2010; Mitchell 2005).  

Optimized Hot Spot Analysis was completed with sites as points and with sites 

and surveys aggregated into 250,000m2 quadrangle by counts of the sites or surveys. The 

Optimized Hot Spot Analysis tool investigates the data and identifies the most applicable 

parameters to analyze the data. Incident data is aggregated and analyzed at the 

appropriate scale, based on parameters identified by the tool. Using the standard Hot Spot 

Analysis tool, these decisions are made by the researcher and the appropriate level may 

not be chosen or readily apparent for some types of data. After running the tool, the 

researcher is provided with a z-score, p-value and confidence level bin for each site or 

data point (ESRI 2011). The process for point or quadrangle based Optimized Hot Spot 

Analysis is similar, but quad based Optimized Hot Spot analysis requires more 

processing prior to analysis because the data are aggregated by count into bins based on 

250,000m2 quadrangles prior to using the Optimized Hot Spot Analysis tool.  

Survey polygons can be so large and complex that point based data would over 

simplify coverage across the landscape. Aggregation at the quadrangle level (250,000m2 

quadrangles) allowed for comparison between the two data types. The use of quadrangles 

as a data aggregate is based on previous work. Lyman (2007) displayed areas sampled for 

faunal remains and the areas that contained pronghorn remains (the species of interest) by 

aggregating data by township (6 x 6 miles, or 9.6 x 9.6 km) for eastern Washington state. 

I grouped data at the quadrangle level due to the larger size of the sample area, entire 
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state vs. half of a state, and because some surveys are large enough to encompass many 

townships; few spread across multiple quadrangles. 

The archaeological survey layer is joined to Missouri 1995 250,000m2 

Quadrangle boundary layer (obtained from http://msdis.missouri.edu/). The join tool is 

based on intersecting polygons. Any survey that intersected a quadrangle would be joined 

with that quadrangle. Optimized Hot Spot Analysis is completed on the joined table 

(HotSurvey). The field for analysis was the Join_Count field and denotes how many 

archaeological surveys intersect the quadrangle (ESRI 2011). Visual comparison of the 

hot and cold spots for archaeological surveys can be completed and compared to factors 

that may influence where archaeological sites are located (Johnston 2010; Loebel 2012).  

The archaeological sites are also joined with the Missouri 1995 250,000 

Quadrangle Boundary Layer. Optimized Hot Spot Analysis is completed on the resulting 

join table (HotQuads). Analysis is completed on the column within the QuadSites3 table 

named Join_Count denoting the number of archaeological sites intersecting a quadrangle. 

Mofauna_sites and the Missouri 1995 Quadrangle Boundary Layer are joined using 

intersect as the matching option resulting in the layer (QuadMOFauna). Optimized Hot 

Spot Analysis is completed on QuadMOFauna. The field for analysis is the Join_Count 

column in QuadMOFauna that designates the number of MOFauna sites intersecting the 

quadrangle polygons (ESRI 2011).  

Archaeological sites are analyzed as point data. Optimized Hot Spot Analysis is 

run on the points representing all digitized Missouri archaeological sites. Results 

demonstrate clustering of archaeological sites at a finer level than the quad based 

analysis, but preclude comparison with survey data that is only available as polygons.  
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Average Nearest Neighbor Application. Nearest Neighbor Analysis was also 

completed for this research. Nearest Neighbor Analysis compares the difference between 

the average distance between a random distribution of points and the average minimum 

distance between points gathered from the sample (Johnston 2010). How dispersed or 

clustered your sample is depends on the z-score value, negative indicating clustering and 

positive indicating dispersed. Z-scores are calculated by dividing the difference between 

the observed and expected values by the standard error (Mitchell 2005). Nearest neighbor 

analysis is a global statistic, providing comparison with all or most points and returning 

information on whether there is clustering, not on what type of clustering or where that 

clustering may occur. Again, this differs from the Optimized Hot Spot Analysis tool with 

ArcMap which identifies those areas of clustering with high or low values (ESRI 2018a, 

2018b; Getis and Ord 1992; Mitchell 2005). I decided to include the Nearest Neighbor 

Index because other research has identified clustering with global statistics, but the local 

statistics suggested a random distribution (Fletcher 2008). The Nearest Neighbor Index 

provides a global statistic not already incorporated into the Optimized Hot Spot Analysis 

tool that can be used confirm the presence of clustering. 

Average Nearest Neighbor is run for the archaeological survey polygon layer, 

Missouri Archaeology Sites, and mofauna_sites. Z-scores are used to determine the 

significance of the nearest neighbor index and are calculated by dividing the difference 

between observed and expected mean distance values by the standard deviation. A 

negative z-score indicates clustering, while a positive z-score indicates dispersed points. 

A z-score of more than 1.96 is significant (ESRI 2011; Johnston 2010). 
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Bias in Cluster Analysis in Archaeology. Johnston (2010) examined whether there 

was clustering of archaeological sites in the Upper Kickapoo Valley Archaeological 

District in Wisconsin. Using data available from the Wisconsin Historic Society for the 

National Register of Historic Places (NRHP) listed district, site locations were analyzed 

using Optimized Hot Spot Analysis, Nearest Neighbor Index, and Ripley’s K-Function 

analyses tools available in ArcMAP (Johnston 2010). The analysis was done using a 

dataset in which most of the district had been surveyed. The ability to examine a 

landscape where the majority of the sites have been recorded is not common. Non-

random survey bias would not have affected Johnston’s (2010) study, and the clustering 

analysis could focus on what the clusters might tell us about human use of the landscape 

through time. This is the goal of settlement pattern research, determining how humans 

were living on and using the landscape. Non-random sampling and a lack of discussion or 

investigation regarding the effects of bias can produced skewed interpretations on 

whether site clustering is due to bias, landscape factors, or human choice.  

Optimized Hot Spot Analysis can be used by researchers to examine more than 

incident data. Other uses of the analysis tool and/or the Getis-Ord Gi
* statistic include 

raster analysis, or examining aerial imagery. The goal is the same, to examine landscapes 

for archaeological sites, or in some cases the looting pits that occur at archaeological 

sites, and the spatial relationship between the phenomena and the landscape (Hritz 2014; 

Ladefoged et al. 2011; Lasaponara et al. 2014). These allow for the entire area covered by 

aerial photography to be included in analysis, lessening the effects of non-random survey.  
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For those studies without complete coverage survey, such as with Johnston 

(2010), understanding how survey or reporting of archaeological sites may affect their 

perceived distribution is important, but often dismissed. Premo (2004) examined multi-

scale patterns in the Maya Lowlands, focusing on the local scale to complement previous 

work that had examined clustering of monuments at the global scale. No discussion was 

included on bias or lack thereof that may have been caused by non-random survey 

methods (Premo 2004). Cooper (2010) used nearest neighbor analysis to identify 

clustering of precolonial sites in Cuba. Cooper (2010) acknowledges that biased survey 

could have resulted in the clustering identified by the analysis, but posits that even when 

bias is acknowledged, analysis must continue with the materials at hand or archaeologists 

would be left with nothing to say. Analysis cannot stop because of biased data, if it did, 

there would not be much research archaeologists could complete, but the discussion and 

identification of bias can and should be as in depth as the analysis of the relationships 

between the variables of interest. Only then can interpretations and hypotheses based on 

the cluster analysis be appropriate and not over-reaching. Loebel (2012) discussed the 

effects of bias based on reporting and survey, but focused on the bias that would arise 

from hobbyist collectors finding fluted points in Illinois. Combining information gained 

from the Illinois Archaeological Survey and from collectors, Loebel (2012) created a 

geodatabase of paleo-point locations for Northern Illinois. Clustering within the sample 

indicated possible land use patterns or responses to topographic and other landscape 

characteristics by past people. Loebel (2012) discussed at length the effects of collector 

bias on the sample, focusing on the amateur efforts due to larger numbers of point 

locations derived from hobbyists versus CRM or academic survey. At MSHPO, 
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information from CRM, academic, and hobby sources have been added to the 

geodatabase without preference for one source over the other, as long as the necessary 

coordinates or maps were provided. Cluster analysis is important for this research 

because of the possible effects of non-random survey, from all the sources listed above, 

on the dataset. Clustering of the archaeological site across the state resulting from non-

random survey can directly affect interpretations and influence biogeographic inferences 

based on data housed in the geodatabase. 

 

Species of Interest 

Choosing a Species. While described in more detail in previous chapters, the 

choice of each species was based on whether it has been or is identified by the MDC as 

extirpated or a species of concern (MDC 2010; Darrow 1986; Hackett et al. 2007; 

Schwartz and Schwartz 2016). On initial review of the FAUNMAP database, each 

species had a presence in the database and theoretically could be located in Missouri 

(Graham and Lundelius 2010). Finally, each species involves a question that is both 

pertinent to conservation and answering that question could benefit from prehistoric 

presence-only data. To recap, the questions for each species are: 

1. Could the wide range and varied habitat choice by river otter have 

been predicted or indicated by prehistoric river otter distribution? 

2. Where were elk found in Missouri prehistorically? Does knowing this 

shed light on habitat usage by elk recently introduced to southeast 

Missouri? 
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3. Habitat choice for the eastern spotted skunk is poorly understood in 

Missouri. Do paleozoological data indicate habitat choice and range of 

this species in prehistoric Missouri? 

4. The white-tailed jackrabbit and the black-tailed jackrabbit are 

considered atypical historic incidences in Missouri. Do 

paleozoological data indicate if the prehistoric range of these leporids 

encompasses Missouri? Do these data indicate whether either is a 

native species that merits a conservation status? Can factors be 

identified that indicate why jackrabbits were not present 

prehistorically, if that is the case? 

 Location. Using the mofauna_id table, a selection by attributes are run for each 

species of interest. The search is for both the scientific name for the species and the 

standardized common name developed for each (Table 2). The selection returns the 

number of instances of each species in Missouri. It is important to note that individual 

locations could have multiple instances due to the distinction in FAUNMAP between 

analysis units. A single site can have multiple analysis units (e.g., strata) with fauna 

identified for each unit. The species name and common name for each species of interest 

are listed in Table 2. Joining selected examples in the mofauna_id table and 

mofauna_sites allows the selection of instances of species in the state to be reversed, thus 

identifying the sites in mofauna_sites and therefore, the geographic location of each site 

with the species of interest under consideration. Using this information, biogeographic 

maps are created which show, demonstrating the distribution of archaeological sites 

containing each species of interest.  
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 Exclusions 

Following identification and separation of the sites containing each species into 

separate layers, tables are examined for sites that need to be excluded. For example, the 

Lepus table had Lepus americanus, snowshoe hare. All the sites with L. americanus are 

removed from the Lepus layer because they are outside the scope of interest for this work 

and are paleontological—they pre-date accepted ages of occupation for humans in 

Missouri (O'Brien and Wood 1998). A single site contains Lepus spp. (Machine Number 

1998); it contains both L. americanus and Lepus spp. There are two instances of each 

identification within the assemblage, resulting in 4 occurrences at this site. Due to the age 

of the deposit and mixing with L. americanus, Machine Number 1998 was removed from 

the Lepus data. This is primarily due to the age of the deposit—prior to human 

occupation of the area and beyond the time periods covered. For the remainder of the 

layers, the only exclusions made are for sites with multiple points due to multiple 

analysis units. The Mofauna_id data table documents information regarding multiple 

occurrences at each site. The extra polygons are removed so the occurrence layer for each 

species does not appear to contain more sites due to some sites having more than a single 

point.  

 

Clustering. Research plans include the intent to use Optimized Hot Spot analysis 

to examine the distribution of sites that contain the species of interest. As previously 

discussed, Optimized Hot Spot Analysis examines the spatial distribution of survey 

efforts and identified archaeological sites. The analysis indicates that sites and surveys 
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are clustered. Therefore, it would be impossible to determine whether clustering of the 

species of interest is due to site and survey clustering or a characteristic specific to the 

species of interest. Therefore, visual observation is used to determine whether there is a 

relationship between the species’ presence and other factors.  

 

Historic Landcover. A layer with historic landscape types was downloaded from 

MSDIS (http://msdis.missouri.edu). The layer was created by James Harlan based on 

GLO survey notes (http://msdis.missouri.edu/metadata/hist_landcov.xml). The early to 

mid-nineteenth century Missouri landcover is documented through the GLO land survey 

notes and can be used to identify historic vegetation conditions (McMillan 1976a). The 

GLO notes were used by McMillan (1976a) to document historic vegetation types around 

Rodgers Shelter, and by W. A. Schroeder (1983) in interpreting the historic status of 

prairie types across the state. Historic documentation describes a period of succession in 

the Ozark Highland area with a shift from prairie to timber, particularly a period of oak 

hickory forest expansion (McMillan 1976a). While timbered at the time of the GLO 

survey, more areas within the Ozark Highlands might have been described as barrens, 

had the same areas been surveyed 100 years prior (McMillan 1976a).  

There is an interesting distinction by W. A. Schroeder (1983) about the 

interpretation of GLO notes. The surveyors for the GLO used a variety of terms to 

describe grassy areas, such as plains, prairie, grass, barrens, glades, bald knobs, and more 

depending on the geographic region of Missouri they were from or working in. The issue 

is determining which of these terms refers to what is typically called prairie today and 

how many describe other types of grassy incursions into otherwise timbered areas, such 
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as the Missouri Ozarks. Later surveys of some areas described as glades or barrens were 

described as prairie. With the survey initiated in 1815, surveyors were not instructed to 

document the grasses or other vegetation that composed the prairie until 1850, after most 

of the survey had been completed. Interpretation of the notes, vegetation descriptions, 

maps and GIS layers based on the notes must be made with the understanding that the 

resolution or internal consistency of the data is less than ideal (W. A. Schroeder 1983). 

This layer can be used to have a baseline of historic landcover where species of interest 

have been located, but further interpretation would need to include referencing climate 

data from the period of deposition for the remains, and how that location may have been 

affected.  

The Extract Value to Point was used with the layer for each species of interest 

with the historic landcover raster (ESRI 2011). Symbology was chosen that matched the 

historic landcover raster, with the type of historic landcover at each site indicated by the 

site marker. By correlating color to habitat type, visual examination can be used to 

identify whether there are common habitats for each species’ occurrences and whether 

those habitats correspond to the modern habitat types that the species regularly uses. A 

table has also been generated with each site, species of interest found within the site, age 

of the deposit for each occurrence and associated historic landcover (Chapter 5 Results, 

Table 6).  

 

Elevation. The elevation raster, obtained from MSDIS 

(http://msdis.missouri.edu/metadata/st_dem.htm), determines the elevation of each site 

with a species of interest. The elevation range of the prehistoric fauna is identified and 
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listed in a table, in the following Results chapter (Chapter 5 Results, Table 6), along with 

other pertinent site information such as age, cultural affiliation, and historic landcover. 

Modern distribution ranges of species were gathered from IUCN (Natureserve and IUCN 

2008) and the range of elevations covered by the modern distribution layer. The elevation 

range of the entire state was also calculated using the raster. Therefore, it is possible to 

compare the ranges within the state of both the prehistoric fauna and modern populations.  

 

Modern Distributions. Modern distribution maps were obtained from shapefiles 

downloaded from the IUCN Red List website (http://www.iucnredlist.org/technical-

documents/spatial-data) (Natureserve and IUCN 2008). The terrestrial mammal shapefile 

was downloaded. Species are selected by attribute from the Terrestrial Mammal file. 

Attributes used are listed below (Table 3). The shapefiles are polygons covering the 

entire species range, far beyond Missouri borders. The modern distribution polygons are 

clipped to only include the species range within Missouri, or in the case of the elk, near 

Missouri. The MDC provided the current range of elk within the state, specifically the 

location where they were reintroduced in southeast Missouri in 2011 (MDC Records, 

personal communication 2017). The MDC polygon is added to the modern elk range. A 

map is generated combining the prehistoric sites containing the species of interest with 

the modern distribution polygons.  

 

Summary 

 This chapter describes the methods and materials used to interpolate the 

prehistoric ranges of the species of interest, elk, jackrabbit, river otter, and eastern spotted 

http://www.iucnredlist.org/technical-documents/spatial-data
http://www.iucnredlist.org/technical-documents/spatial-data
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skunk, based on the occurrence of skeletal elements in archaeological sites. Clustering of 

site and survey locations are visually apparent, so spatial analysis tools are utilized to 

identify hot and cold spots. The hot and cold spots are then compared to features of 

Missouri, such as municipalities, Mark Twain National Forest and lakes. General 

information for each site containing species of interest are extracted from the databases 

and sorted based on species. While the research focuses on the presence of species of 

interest regardless of age, chronological trends could be present. General information 

includes associated historic habitat, age, cultural affiliation of the archaeological sites, 

and elevation. Cultural affiliation can be used as a very broad indicator of deposition time 

(O'Brien and Wood 1998). While not as accurate or fine as the age provided by the 

FAUNMAP database, cultural affiliation and age combined can be used to identify 

changes over time (O'Brien and Wood 1998). Results of the spatial analysis and general 

information comparison are presented in subsequent chapters. 
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CHAPTER 5 

RESULTS 

 

Only specific analyses illustrating salient points are included in this chapter; basic 

data tables are in the appendices (1 & 2) and the geodatabase (available upon written 

request). Analysis regarding the distribution of archaeological sites identified across 

Missouri are shown first, followed by basic information (e.g., elevation, cultural 

affiliation, and historic habitat) specifically for those sites containing remains of species 

of interest. 

 

Cluster Analysis 

Optimized Hot Spot Analysis. As previously stated, the clustering of Missouri 

archaeological sites and surveys is visually apparent (Chapter 4, Figure 2). Using the 

Optimized Hot Spot Analysis tool, the degree to which both sites and surveys in Missouri 

are clustered and the areas where that is occurring are demonstrated. Figure 2 shows the 

clustering of all archaeological sites registered with the MSHPO geodatabase, overlaid by 

the MOFauna sites. 

A probable source of error is the unknown overlap between FAUNMAP and the 

MSHPO geodatabase. The known level is indicated in Table 1 (Chapter 4). Of the 10 

archaeological sites identified in both databases, all but one have the same official 

Smithsonian trinomial. Sites in the two databases with the same trinomial are the same 

site. Unfortunately, many sites in FAUNMAP are only listed by the Machine Number 

and site name, without a site trinomial. MSHPO geodatabase and other records can only 
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be searched by site trinomial. It is therefore possible there are more overlapping sites that 

have not been identified; that is, a few sites may be plotted twice.  

A search was attempted based on location, to find FAUNMAP sites within a 0.25 

buffer of MSHPO archaeological sites (ESRI 2011). Unfortunately, FAUNMAP sites are 

not plotted to the degree of accuracy necessary to allow this type of identification. A 

single site has been identified in both databases based on having a well-known name. 

Graham Cave is an extensively researched and documented archaeological site in a 

Missouri State Park (O'Brien and Wood 1998). Because of Graham Cave’s early 

identification and importance in the Missouri archaeological record few archaeological 

sites have been given the name and so the similarity in the site names is notable. Sites 

identified as containing species of interest were also compared to determine whether sites 

might be entered in the database twice. Based on known attributes and location, none of 

the sites containing species of interest are in both databases. There are sites containing 

multiple instances of the species of interest in separate levels or distinct excavation units, 

but that would not be considered a source of error.  

The Optimized Hot Spot Analysis demonstrates there are areas of clustering of 

identified and registered archaeological sites in Missouri (Figure 4: shown in red). 

Analysis completed using the Optimized Hot Spot Analysis aggregated incident data 

(Missouri Archaeology Site) and using distinct symbology indicates whether a point is 

part of a clustered hot spot or a cold spot (ESRI 2011). The accompanying table of point 

data includes information on the degree of clustering for each site. As previously 

described, hot spots are areas where there is a cluster of high values; cold spots are areas 

where there is a significant degree of low values (ESRI 2011; Johnston 2010). Cluster 
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analysis indicates there are areas that have significant clusters of archaeological sites and 

there are areas with a significantly low number of sites. The hot spot clustering visually 

matches municipalities, forest service property, and major sources of water (Figure 7, 8 & 

9).  

The presence of clustered archaeological sites could be the result of two different 

processes. First, archaeological sites could be clustered because prehistoric people 

preferred to live in areas similar to areas modern humans live (municipalities), along 

major water sources, or in areas of natural beauty or timber resources (MTNF). The 

second option is that those areas have been more intensively surveyed than others due to 

modern cultural resource management laws and non-random survey (Loebel 2012; 

O'Brien and Wood 1998). Municipalities, Forest Service lands, and major bodies of water 

will often be regions that trigger Section 106 of the National Historic Preservation Act of 

1966 (NHPA), resulting in cultural resource surveys to determine impacts upon historic 

properties (historic in this case referring to both pre- and post-contact sites).  

Hot and cold spots for survey correlate to hot and cold spots for sites (Figures 5 & 

6), except for a few discrepancies. Areas that have a high number of archaeological 

surveys also, not surprisingly, have a high number of archaeological sites. When 

comparing sites and surveys, aggregated at the 250,000m2 quadrangle level with 

Optimized Hot Spot Analysis, it becomes obvious there are a few differences in where 

clusters of archaeological sites are, compared to clusters of surveys. There are several 

reasons why this might occur, but the primary reason is probably lack of survey 

documentation in the geodatabase due to changes in survey methodology and reporting 

standards over time.  
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The Quad-Based Optimized Hot Spot Analysis indicates that while MTNF forest 

districts have clusters of surveys, the forest districts lack the associated clusters of sites 

(Figures 5 & 6). There are also areas that have clusters of sites, but lack associated 

clusters of surveys (Figures 5 & 6), for example, in the Lake of Ozarks, there was a flurry 

of survey activity during the period prior to the flooding of the area for the lake. These 

surveys were often conducted by avocational archaeologists and lack associated survey 

reports, maps, or materials necessary for inclusion in the modern geodatabase. Several 

major surveys for man-made reservoirs were completed relatively early in the history of 

site documentation and cultural resource management. Survey areas were described, but 

not well identified (O'Brien and Wood 1998). The surveys are not included in the 

MSHPO database because of the lack of an identified survey boundary, but documented 

sites are included. Clusters of sites identified by the reservoir studies are identified by the 

Optimized Hot Spot Analysis, but a corresponding cluster of surveys is not identified 

because of their omission from the MSHPO database (Figures 5 & 6).  

Quad-based Optimized Hot Spot Analysis demonstrates the difficulty of analysis 

when efforts of avocationalist, cultural resource management, and academic archaeology 

are combined to create a geodatabase. There are varying goals or research efforts 

resulting in variable quality of reporting of sites over survey efforts or vice versa.  

 

Average Nearest Neighbor. Average Nearest Neighbor was run on the three main 

datasets (ESRI 2011). These datasets (Archaeological Survey, Missouri Archaeology 

Sites, and MOFauna) were also compared using Optimized Hot Spot Analysis. While 

Optimized Hot Spot Analysis provided an excellent way to visually examine the 
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clustering of archaeological surveys and sites in the state, the Average Nearest Neighbor 

provided comparable data between different data types and supports the identification of 

clustering by Optimized Hot Spot Analysis. Polygons in the Archaeological Survey layer 

and points in Missouri Archaeological Sites and mofauna_sites are fundamentally 

different types of data, even when analyzed using a similar tool as described in the Quad-

Based Optimized Hot Spot Analysis. As a result, an alternate type of analysis was sought 

that would produce results that could be compared to the Quad-Based Optimized Hot 

Spot Analysis to corroborate or dispute results. 

The Average Nearest Neighbor provides additional support to the conclusion that 

archaeological sites and surveys are found in clusters in Missouri (Table 4). Z-scores for 

all three datasets are much higher than 1.96 and negative with a Nearest Neighbor Ratio 

<1, indicative of significant clustering (ESRI 2011). 

 

Cluster Analysis Discussion 

Are archaeological sites identified in Missouri spatially clustered across the 

state? Is this a consequence of survey intensity or land use by Native Americans over 

time? Optimized Hot Spot Analysis demonstrates there is clustering in archaeological 

sites and surveys. There are several types of features the site clusters are associated with, 

such as municipalities, Mark Twain National Forest (MTNF) lands, and water, all 

features that can be triggers for Section 106 review through NHPA (Figure 7, 8, & 9). 

Site and survey clustering were compared by using the number of sites or surveys located 

within a quadrangle versus the conversion of survey polygons to points to determine 

whether survey clustering mirrored site clustering. Not all areas of clustering found in the 
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survey data were mirrored in the site data (Figures 5 & 6). Part of this could be due to 

lack of representation in the geodatabase of older surveys, leading to hot spots of sites in 

areas where unrepresented survey occurred. Hot spots of surveys without corresponding 

hot spots of archaeological sites suggests either sites identified by those surveys were not 

represented in the geodatabase or the areas do not have large numbers of archaeological 

sites present.  

If clusters of archaeological sites are not present in surveyed areas, several 

possible reasons exist. Human may not have occupied those areas in the past or 

environmental or political issues could have precluded occupation. Archaeological sites 

may have been present but have not survived taphonomic events and landscape 

alterations in those areas (Johnston 2010; Loebel 2012; O'Brien and Wood 1998).  

Average Nearest Neighbor provides a second line of evidence of clustering for 

both sites and surveys. This additional evidence is necessary for two reasons. One, 

because of differences in the type of polygons that make up the layers of data; large and 

diverse survey polygons can be difficult to compare to site point data. Therefore, nearest 

neighbor analysis could be completed on the original polygons without conversion to 

points or consolidation into quadrangles by count. Second, Average Nearest Neighbor is 

a global statistic that independently confirms the clustering identified by the Optimized 

Hot Spot Analysis tool. The Missouri Archaeological Sites and MOFauna datasets have 

lower nearest neighbor index values than the archaeological surveys. Low Nearest 

Neighbor index or ratio indicates a higher degree of clustering for Missouri 

archaeological sites and MOFauna than the archaeological survey dataset. Simply put, 

this implies there is more clustering for sites than surveys. Reasons why clustering is 
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greater in site data versus survey data include prehistoric people’s preference on site 

location or a lower number of surveys compared to archaeological sites, with individual 

surveys often identifying multiple, geographically close sites.  

The goal of the cluster analysis was to determine whether there is clustering of 

archaeological sites in Missouri. If that clustering occurred, then was that clustering the 

result of non-random survey? The results presented above support both the clustering of 

archaeological sites and survey, and indicate survey in the state has been non-random. 

Other factors may also be at play based on hot spots of survey lacking corresponding hot 

spots of sites identified by Optimized Hot Spot Analysis, and Nearest Neighbor Index 

indicating higher levels of clustering for sites than for surveys. Future research could 

further elaborate on these findings, but for this project’s scope the importance of 

clustering are the limitations on what can be said about the distribution of the species of 

interest in the past. If the sample of archaeological sites that FAUNMAP and MSHPO 

geodatabase provide are clustered and the result of non-random sampling, then our ability 

to interpolate the species of interest presence in the past is limited to those parts of the 

state with survey, namely around areas of development such as municipalities and water 

(Figure 7). This excludes speculation on areas in the north and southeast portions of the 

state showing cold spots for archaeological sites (Figure 4, 5 & 8). While this information 

on clustering limits discussion, what is identified by examining the location and 

characteristics of the archaeological sites with the species of interest can still be of 

assistance to answering questions identified in the Introduction. 
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Species of Interest 

For each species of interest, instances were selected from the table of occurrences 

(ESRI 2011). Each site might have multiple examples of a species of interest listed in that 

table because FAUNMAP entered data by site and analysis unit and each site might have 

several analysis units.  

Species of interest are displayed within the state individually, as well as combined 

with the other layers in Figure 10. This allows the distribution of each species to be 

viewed without the clutter of other information. In a compilation map (Chapter 4, Figure 

2), all sites with fauna are shown along with all other Missouri archaeological sites to 

allow visual comparison of the two.  

Clustering of specific sites with species of interest was not tested because the sites 

with species of interest lie in areas already demonstrated to have clustering. The 

distribution of sites with species of interest is visually like the distribution of clusters of 

sites identified in the Optimized Hot Spot Analysis. The effects of site clustering on 

interpretation of the distribution of prehistoric species in Missouri becomes more 

apparent. Discussion will be limited because there are several areas such as the north or 

southeast portions of the state, that are under surveyed and thus could eventually yield 

evidence of the species of interest. 

The modern range of each species is displayed along with the sites containing 

remains of them in Figure 10. Modern ranges overlap much of their archaeological 

presence. The species are native to the entire state, even if they are not common across 

that range (Schwartz and Schwartz 2016). There are some distinct discrepancies between 

the prehistoric instances and known modern range of the individual species.  
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The range for elk from the IUCN website has yet to include the released 

population of elk in southeastern Missouri (Natureserve and IUCN 2008). The released 

population area shapefile was obtained from the MDC (MDC Records, personal 

communication 2017) and added to the modern range map for elk. Modern river otter and 

eastern spotted skunk ranges closely track the prehistoric examples, but the modern 

distributions exceed the prehistoric records. Two separate things could explain this result. 

The modern distribution could be larger because of alterations in climate or land use 

since pre-contact and early historic periods encompassed by the MOFauna sites. 

Alternatively, it could be due to a lack of faunal analysis in many areas. The areas where 

there are no instances of river otter and skunk are the same general area lacking instances 

of elk and have fewer instances of MOFauna. With fewer archaeological sites reported 

for these areas, there is a smaller chance of finding a species of interest, if the species was 

present in the past.  

Jackrabbits, although lacking in prehistoric sites compared to the other species of 

interest, demonstrates the same distribution suggested by historic documentation 

(Schwartz and Schwartz 2016), but the sites do not align with the known modern range 

plotted by Natureserve and IUCN (2008). Species of Lepus could not be identified for all 

examples or for FAUNMAP and MSHPO data, so genus level identifications were used. 

Only three sites contained remains identified to jackrabbit that were not spatially 

associated with remains of the snowshoe hare and were from cultural or Holocene sites.  

 

Basic Site Information. Pertinent pieces of information from the FAUNMAP 

database were gathered for discussion of the species of interest and for the types and 
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distribution of faunal producing sites in Missouri, while similar information was not 

always available for MSHPO archaeological sites. Table 6 describes each site containing 

a species of interest by machine number, site trinomial, name, elevation, cultural 

affiliation, original database, and associated historic landcover. Sites are grouped by 

species of interest identified. Several sites contain multiple species of interest; they have 

been listed multiple times, primarily so their characteristics could be compared to other 

sites for that species. Table 5 contains the elevation range and median for the state and 

for each species of interest. 

The FAUNMAP sites are shown combined in Figure 16, so that the deposition 

agent of the sites containing all the species of interest can be examined. The primary 

deposition agent for the species of interest FAUNMAP sites were humans, followed by 

water and cave deposits. FAUNMAP distinguishes between depositional agents, but sites 

can be the result of several depositional agents, especially those sites accumulating over 

long periods of time (Lyman 1994, 2008).  

 

Historic Landcover. Figure 11 is a map of the historic landcover of Missouri 

based on General Land Office (GLO) records (see also Figure 17, which displays the 

count of sites by historic landcover categories). Using the extract values to points tool in 

ArcMap, the type of landcover at a site location is extracted and combined with each set 

of site attributes (Table 6). Figures 18 through 21 display landcover types for each 

species as a bar chart for comparison. 

 Missouri archaeological sites are not equally distributed across landcover types. 

Open woodland is the most common historic landcover type for sites (Figure 17), but this 
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is not mirrored by all the species of interest. Elk sites are most commonly associated with 

historic prairie (Figure 18). Historic prairie is one of the least common historic 

landcovers for Missouri sites (Figure 17). This is similar for barrens/scrub (Figure 17). 

The number of sites with elk and barrens/scrub is much higher, in comparison to the other 

types of landcover (Figures 17 & 18). There may be some factors that result in an 

association between prairie, barrens/scrub and elk.  

River otter sites are in (closed) woodland areas most often, whereas most 

Missouri sites are in open woodland (Figure 17 & 19). Eastern spotted skunk sites do not 

deviate from the pattern seen in the larger group of Missouri archaeological sites (Figure 

17 & 20). Jackrabbit sites are too few to draw conclusions (Figure 21).  

Eastern spotted skunk demonstrated a distribution of historic landcover by site 

very similar to all Missouri archaeological sites (Figures 17 & 20). Jackrabbit and river 

otter landcover distribution across the sites both varied from all Missouri archaeological 

sites. Jackrabbit sites were more commonly associated with prairie and barrens/scrub than 

all Missouri archaeological sites. While the GLO records may not be the ideal 

representation for landcover in Missouri beyond the immediate contact period, they do 

have value. During warmer periods, woodland or forest likely retracted and prairie 

expanded, and vice versa during periods of increased precipitation, based on the effects 

described by researchers examining regional, multi-proxy data (O'Brien and Wood 1998). 

Models of drying climate during the Archaic have been developed based on a multi-year 

drought from the 1930s demonstrating the possibility of using historic conditions to 

model prehistoric climate change response (O'Brien and Wood 1998:108). Again, while 
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not ideal, the landcover layer does provide a state-wide proxy for habitat type to use as a 

starting point for further investigation.  

For an in-depth example of comparing modern and pre-contact landcover, 

Rodgers Shelter is one site where eastern spotted skunk, jackrabbits and elk are identified 

(Parmalee et al. 1976:151, 155). Parmalee and colleagues (1976) stated that elk were 

“obviously never an important part of the food economy,” along with bison. They drew 

this conclusion because few elements of both were recovered (Parmalee et al. 1976: 159). 

This data can be used to take a closer look at a few specific locations where more data are 

available. Earlier in the occupation of Rodgers Shelter there is a lack of skunk remains. 

This is possibly a result of a difference in subsistence or preservation, but it tracks with 

the habitat being spruce dominated with increases in the numbers of skunk (spotted and 

striped) encountered as habitat shifted from spruce to oak-hickory forest to the 

forest/prairie combination encountered by early pioneers and the GLO surveyors 

(McMillan 1976b; Parmalee et al. 1976). During these periods of increased 

grassland/prairie, Parmalee and colleagues (1976) and McMillan (1976b) suggest a focus 

on small animal hunting, such as skunk.  

With an increase in grassland/barrens or open habitat, it is also possible jackrabbit 

populations might encroach or increase. There are 3 skeletal elements identified as 

jackrabbit (Shelter MNI=1; Main area MNI=1; Parmalee et al. 1976:151, 155). These 

date to 8,000-7,250 B.P. and occurred in the same layers as other grassland species, 

including eastern spotted skunk [modern habitat tolerance debated] (Parmalee et al. 

1976:229). The mid-Holocene shift from forest to grassland and back again hypothesized 

by McMillan (1976b) indicates the prehistoric ranges for eastern spotted skunk and 
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jackrabbit were subject to similar stressors (habitat change and drought) as modern 

populations with a similar response (increase followed by decrease). An analogy is made 

between the historic drought period of the 1930s and the pre-contact climate during 

drought periods (McMillan 1976b; O’Brien and Wood 1998). Eastern spotted skunk and 

jackrabbit populations in the past could have responded to changes in pre-contact climate 

similar to modern populations of the species. Missouri, as a study region, has a wide 

variety of habitat types across the state (Figure 11 & 17), and results in a wide variety of 

landcover change in response to changing climate. Research focused on smaller regions, 

such as a watershed or valley, could focus on more fine-grained climate change by 

drawing upon available climate and landcover indicators such as pollen or geologic 

sources.  

 

Species of Interest Discussion 

A lot of information for each of the four species of interest has been presented. 

The discussion can now address the questions outlined in Chapters 3.  

Could the wide range and varied habitat choice by river otter have been predicted 

or indicated by prehistoric river otter distribution? River otter were widespread across 

the middle of the state during the Holocene. There are only a few sites in the southern 

portion, to the extreme east and west of the state. Areas where the river otter lacks 

zooarchaeological representation coincide with areas that have few archaeological sites 

and hot spots of site clustering. Therefore, comparison of the pre-contact distribution of 

the river otter, based on the current geodatabase, with the modern distribution of the 

species is impractical. Across the central portion of the state, the pre-contact otter 
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population utilized historically diverse habitats, according to the GLO documentation, 

with a slight tendency to be found more often in woodland compared to the sites in the 

Missouri Archaeology Sites layer, or of all Missouri archaeological sites, across 

landcover types (Figure 17 & 19) 

The south-central area of Missouri is generally known as the Ozark region. 

Modern river otters have become a pest in the Ozarks due to their propensity to compete 

with fishermen over popular game fish (Hamilton 2006). Archaeological sites in that 

region with reported fauna do not list river otter remains. The lack of such remains could 

be due to any reason discussed in the Introduction, yet their absence is intriguing. It could 

be that the promotion of farm ponds to landowners has allowed the river otter to expand 

into the Ozarks or increase their density. The Ozarks are also less densely populated by 

people than other areas of the state, as demonstrated by the municipality layer in Figure 

8, and has a major focus on tourism, such as game fishing, and includes the MTNF 

(Figure 8) (Hamilton 2006). Analysis and re-examination of faunal assemblages from 

archaeological sites in the region could shed light on whether prehistoric otter range 

included the Ozarks. This research project may not have answered the question of 

whether river otters were as widely distributed in the past as they are today, but it does 

help to target areas where more research is needed.  

 

Where were elk found in Missouri prehistorically? Does this shed light on habitat 

usage by elk recently introduced to southeast Missouri? Elk in pre-contact Missouri were 

wide-spread; their remains occur in areas where archaeological sites are common or 

clustered. Elk remains are not present in areas where there are limited numbers of sites 
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with fauna, and limited hot spots of sites. There are no instances of pre-contact elk within 

the modern range of the species, including the reintroduction location. A larger sample 

size may show the population was more plastic in the species’ ability to occupy Missouri 

than Harpole (2004) originally suggested. 

The reintroduction range of elk falls within a hot spot of surveys with no 

corresponding hot spot of sites. Harpole (2004) pointed to the lack of prehistoric elk 

remains in the (at that time) possible reintroduction areas as a potential problem, 

suggesting that elk may not respond favorably to the habitat or remain in the location. 

The lack of archaeological sites in the area suggests the absence of elk could easily 

represent a lack of prehistoric occupation, the inability to locate sites through survey, or 

alteration of the landscape and taphonomic processes that destroyed archaeological sites 

prior to survey. More survey, if completed, may not find many more sites. Elk remains 

are spread across sites in the central region. This suggests that should the current elk 

population increase, they may attempt to go outside of the Peck Ranch area.  

The range of elevations for archaeological sites containing elk remains 

encompasses a large portion of the variation for the state. This is another variable where 

elk seem to have a wide range of tolerance and could utilize many parts of the state. The 

idea that elk prefer more extreme terrain, such as high slopes or elevations, may be a 

product of modern extirpation from lowland areas (see Lyman 2011). Elk may be a 

species that has tolerance for highly variable elevation from the highlands to the 

lowlands. Other factors may contribute to a more limited distribution, including human 

interaction (MDC 2000, 2010). Previous research, and my analysis support the idea that 

elk can live in a wider range of habitats than available in the reintroduction zone; what 
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remains to be seen is whether they will do so or be allowed to do so. There are many 

implications attending the reintroduction of elk into Missouri and the animal may not be 

welcome in areas where human/elk interactions, especially around roads, may increase 

(MDC 2000, 2010). In 2017, a 14-year-old girl shot an elk, after mistaking it for a deer. 

Where the elk came from remains a mystery as it was found 200 miles from the elk 

reintroduction area and lacked a tag or collar (Johnson 2017). A hunter poached an elk in 

2015, near the reintroduction area, taking the antlers and leaving the body to rot (Davis 

2015). The free-roaming elk herd in St. Louis County has a history of poor human/elk 

interactions due to park visitors ignoring safety warnings. Two individuals were gored in 

2017 while trying to take selfies within the herd (Heffernan 2017). These examples 

demonstrate the negative aspects of human/elk interaction following a reintroduction, 

part of the reason why MDC chose the reintroduction area with a low human population 

density, fewer roads, but plenty of public land. Tourism is encouraged, but with 

recommendations for safe viewing. The increased tourism to the area for elk-spotting and 

appreciation for the majesty of the animal has garnered positive reactions from residents 

nearby about the reintroduction and leaving them protective of the new species in town 

(Sloan 2016).  

 

Habitat choice for the eastern spotted skunk is poorly understood in Missouri. Do 

paleozoological data indicate habitat choice and range of this species in prehistoric 

Missouri? The eastern spotted skunk is less widespread than elk and otter. The modern 

range of the skunk encapsulates the archaeological sites with eastern spotted skunk 

remains. As previously stated, the ability to use the archaeological sites to determine 
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habitat choice is limited because of the non-random sampling and clustering of 

archaeological sites. Historic landcover associated with the eastern spotted skunk 

instances is similar to the pattern of landcover for all Missouri Archaeological Sites 

(Figures 17 & 20). Forest has the fewest instances of eastern spotted skunk, as with 

Missouri Archaeological sites, while open woodland and woodland have the most. If the 

historic landcover can be a proxy for the landcover surrounding the archaeological sites 

during the period of accumulation, then the open woodland habitat identified with skunk 

instances in sites contradicts the expected habitat based on modern eastern spotted 

skunks. The average elevation for skunk sites was lower than the average elevation 

within the state, but higher than that of the other species of interest. A trend toward 

higher elevation may be the result of settlement patterns by humans or skunk habitat 

preferences. 

 Schwartz and Schwartz (2016) describe the skunk’s preferred habitat as brushy 

areas, prairie, and cultivated land, while other work suggests a preference for woodland 

with a complex and dense understory (Lesmeister 2007; Lesmeister et al. 2009). If dead 

skunks are the only evidence found in areas without dense understory or a closed canopy, 

both from this research based on skunk remains (Lesmeister 2007; Lesmeister et al. 

2010), then it is possible that skunks do not typically favor those habitats due to increased 

predation. Prairie and scrub/barren were equally represented in the skunk instances 

(Figure 20). (McCullough 1983) hypothesized that the eastern spotted skunk is not a 

creature of the prairie; due in part to the reliance on forested areas by eastern spotted 

skunk recorded in his study. Also, historic accounts point to the skunk’s reliance upon 

cultivated land for food and denning sites (McCullough 1983). The eastern spotted 
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skunk’s presence outside more heavily forested portions of the state may have been a 

historic phenomenon, unsupported by the modern population range. 

More detailed research on archaeological sites containing skunk remains and the 

locations where modern skunks have been documented is necessary to draw additional 

conclusions. Further research in the areas of northern Missouri are needed to determine if 

pre-contact and early historic skunk range extends farther into the dominantly prairie 

ecotone of Missouri. Eastern spotted skunks have clearly been inhabitants of Missouri 

prior to European settlement (Figure 10) and the trapping boom in the early 20th century 

(Gompper and Hackett 2005; Lesmeister 2007). What is not apparent is whether they 

were a widely dispersed species in Missouri prior to the population boom, especially 

whether their range extended into the prairie and grassland of northern Missouri. Without 

more samples from archaeological sites in northern Missouri, the current known range for 

pre-contact and early historic eastern spotted skunk cannot be thoroughly documented 

given the portions of Missouri left un-surveyed. This limited knowledge of pre-contact 

skunk distribution precludes addressing the specie’s habitat preferences.  

 

 The white-tailed jackrabbit and the black-tailed jackrabbit are considered 

atypical historic incidences in the state of Missouri. Does paleozoological data indicate if 

the prehistoric range of these leporids encompasses Missouri? Do these data indicate 

whether either is a native species that merits a conservation status? Are there factors that 

indicate why jackrabbits were not present prehistorically, if that is the case? The modern 

presence of jackrabbits in Missouri is limited. White-tailed jackrabbits have been 

extirpated since the 1990s; black-tailed jackrabbits are classified as endangered, but 
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believed to be extirpated (Schwartz and Schwartz 2016). The habitat where jackrabbits 

are found ranges from prairie and grasslands for the white-tailed jackrabbit and 

scrub/barrens, prairie, and pastures for the black-tailed jackrabbit. Unfortunately for the 

paleozoologist, their bony remains are basically impossible to distinguish to the species 

level (Yang et al. 2005). For this reason, my analysis grouped the jackrabbit species 

together for a genus level examination of the pre-contact range of the genus (Lepus). 

White-tailed jackrabbits are listed as native to Missouri in Schwartz and Schwartz (2016), 

but black-tailed jackrabbits are listed as only being a resident of the state after 1900. The 

range of both species within Missouri in the past is poorly documented. Three instances 

of jackrabbit in this dataset do not provide enough data to discern much about the species, 

but do establish the presence of jackrabbit prior to European land alteration. The periods 

of drought throughout Missouri history, could have provided windows of optimal climate 

and habitat for jackrabbits, especially the black-tailed jackrabbit. During the Archaic, a 

cultural period in the mid-Holocene, there was a period of warming and drying (7000-

6550 BCE) that would have reduced the total area under forests, as prairies became more 

dominant; this period witnessed the appearance in Missouri of several mammals 

considered to be “prairie taxa” (Wolverton 2002). This dry climatic trend continued 

through the mid-Holocene, until the sub-Boreal to sub-Atlantic climatic episodes (3050-

850 BCE) which had more mesic conditions (Chapman 1975; O'Brien and Wood 1998; 

McNutt 1996; Anderson 2001). O’Brien and Wood (1998:108) compare the xeric periods 

during the Archaic to the multi-year drought during the 1930s. The 1930s is also 

identified by jackrabbit researchers as a period of booming population for jackrabbits 

(Applegate 1997; Bronson 1957; Hodge 1990; Knick and Dyer 1997; McAdoo and 
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Young 1980; Norton 1987). Archaic sites may be an untapped resource for understanding 

the jackrabbit’s past distribution across Missouri. Native American agriculture and fire 

regimes would also have been beneficial for the climate of prairie; cultivation creates a 

heterogeneous mix of structure and plants favored by jackrabbits, especially the black-

tailed jackrabbit (Knick and Dyer 1997). The historic landcover associated with the 

instances of jackrabbit are forest, scrub, and prairie (Figure 21). Two of the three types of 

landcover are those currently associated with modern jackrabbits.  

 The presence of pre-contact jackrabbit exceeds the modern range of the species 

(Figure 10), and even exceeds the range described as typical of the early historic 

jackrabbit populations (Schwartz and Schwartz 2016). Pre-contact examples extend well 

into the eastern portion of the state (Figure 10). The presence of jackrabbit in the 

MOFauna database is limited, compared to that of the other species of interest; 

identification issues may be the cause. Only recently has aDNA analysis become a 

possibility for research, both because of the availability of the technology and the price 

tag, but already techniques have been developed to discern between species of Lepus 

(Yang et al. 2005). Reinvestigation and analysis of archaeological sites, particularly those 

associated with periods of drought, may identify assemblages that would benefit from the 

application of aDNA research to confirm or deny the presence of jackrabbits among other 

leporid (jackrabbit and rabbit) remains.  

 

Summary 

 Non-random survey has resulted in more sites being identified in areas where 

survey effort has been clustered. This causes a biased sample by both leaving significant 
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portions of the state with undocumented sites and causing those areas where more survey 

occurred to appear, at first glance, to have been more densely settled in the past, due to 

more numerous sites. A spatially biased sample does not permit an extensive or complex 

examination of landcover and habitat preferences for pre-contact populations of the 

species of interest. Using the information gathered and the geospatial analysis 

methodology used for this research, it should be possible to identify geographic areas of 

the state that do not suffer the effects of biased survey effort. For example, those areas 

that have been heavily surveyed within the state may be better suited to regional 

biogeographic studies using fauna identified in the survey reports.  

 The MOFauna geodatabase can be improved by expanding the net for faunal 

assemblage data, including more and new surveys along with adding regional 

publications with faunal identifications, such as the Missouri Archaeologist. 

Unfortunately, the archaeological site forms maintained by the MSHPO do not contain 

the faunal identifications necessary to allow more conclusive on the biogeographic 

history of the species of interest in Missouri. Still, this project has established a 

methodological process for future research with an improved geodatabase or change in 

geographic scale.  
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CHAPTER 6 

CONCLUSION: CULTURAL AND CONSERVATION IMPLICATIONS 

  

This research project began with the primary goal of determining whether 

information on the biogeographic range of species in pre-contact Missouri can be used to 

inform modern conservation practices. By utilizing a geodatabase based on 

archaeological and paleontological sites, a successful methodology has been developed 

that allows paleozoological data to be used to assist modern conservation biology. This 

methodology is applicable to other projects and includes geospatial analysis to detect 

whether the data being used in the project area is biased. While limited by non-random 

survey and clustered archaeological sites, the MOFauna geodatabase can be used and 

added to when needed for research involving other species within the state.  

The species of interest (river otter, elk, eastern spotted skunk, and jackrabbits) 

were all found in the state prior to European settlement. What can be determined about 

the distribution of these species across Missouri is limited by the non-random nature of 

survey and resulting site clusters. The pre-contact distribution of jackrabbits exceeds their 

modern range and confirmation that jackrabbits occurred in Missouri prior to 1900 is 

very positive for their standing as native species. This portion of the research has the 

greatest implications for management of the species. While white-tailed jackrabbit is 

described as native, the presence of black-tailed jackrabbit is described as more tied to 

European land alteration (Schwartz and Schwartz 2016). Future research could use aDNA 

research, based on Yang et al. (2005), to identify which species of jackrabbit are 

represented in the three sites. Analysis and/or reanalysis of assemblages from 
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archaeological sites dated to periods of drought could produce more examples of 

jackrabbits in Missouri, with the aDNA research to confirm identification of the two 

morphologically similar species, black- and white-tailed jackrabbit. 

Across the identified sites, river otter and elk are widespread, supporting the 

success of the reintroduction of river otters in Missouri and suggesting that elk could 

spread from their current reintroduction area in the southeast of the state. Kiesow (2003) 

suggests a link between river otters and the presence of beaver, which could also be 

examined using the geodatabase to identify how often river otter and beaver remains are 

found in the same site as a future research direction.  

Elk were located primarily in areas that historically lacked dense underbrush and 

were more open with a mix of graze and browse, such as prairie, scrub/barrens, and open 

woodland. With an increase in population, it is plausible that elk will spread out of the 

reintroduction areas into a variety of habitats, if allowed by management. Focused 

research on the archaeological sites, including study of unanalyzed faunal assemblages, 

in and surrounding the Peck Ranch area may help wildlife managers identify likely areas 

for elk to recolonize. 

Eastern spotted skunk is not widely spread across archaeological sites with fauna, 

but is present. Sites with eastern spotted skunk have historic landcover that suggests a 

presence in areas more open and with fewer trees and underbrush than inhabited by 

modern populations. The historic landcover for eastern spotted skunk included more open 

habitat, such as open woodland, barrens/scrub, and prairie, those types of landcover 

lacking dense understory or canopy. The tendency towards more open habitat contradicts 

the habitat preferences identified in Arkansas (Hackett et al. 2007; Lesmeister et al. 
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2009), but supports anecdotal evidence of a preference for brushy areas, open prairie, and 

cultivated land (Schwartz and Schwartz 2016). Analysis or re-examination of faunal 

assemblages in northern Missouri, a portion that is under-represented in MOFauna. For 

eastern spotted skunk, examination at a finer scale, such as site or region specific, may 

produce finer resolution results. Similar work as the detailed examination of landcover 

change over time at Rodgers Shelter, may enhance understanding the presence of eastern 

spotted skunk and the other species of interest in the state.  

Archaeological sites across Missouri are clustered around municipalities, federal 

land (Mark Twain National Forest), and water, all of which might trigger Section 106 of 

NHPA. As well, these could be areas that attracted pre-contact human populations, just 

like these areas have attracted post-contact human settlement. The non-random 

archaeological survey, demonstrated through clustering of both sites and surveys in the 

state, makes discussion of state-wide distribution or analysis of site locations difficult. 

The limitations of inadequate survey for some areas of the state apply to analysis of 

human settlement patterns and, more importantly in the context of this dissertation, non-

human species’ ranges. Focusing analysis on regions that have been heavily surveyed 

allows more in-depth research, but limits understanding the cultural and faunal history of 

the state.  

Future research should focus on surveying under-represented regions. 

Underreported or unreported sites and surveys should be investigated, so the information 

that was originally gathered but has not yet been digitized is included in the geodatabase 

being used today. When funding or support is not available for new survey and 

excavation, the analysis of materials from previously excavated sites should be 
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encouraged. Analysis has not been completed for many archaeological sites; analysis is 

needed for all artifact types for many archaeology sites though some may only need 

faunal analysis (O’Brien and Wood 1998:364).  

The MSHPO geodatabase lacks temporal designations for all archaeological sites. 

The lack of a date, calendar or relative, results from several factors. Not all 

archaeological sites produce artifacts or materials that are diagnostic of a particular 

period or able to be assigned a calendar date using any of the available dating methods. 

For those the archaeological sites that do have the materials or artifacts, the money or 

time for analysis may be lacking. Uneven reporting of archaeological sites and data entry 

into the geodatabase result in more missing temporal information (Deel, personal 

communication 2018). Lack of temporal data prevents the ability to track environmental 

or anthropogenically driven faunal change over time. The Holocene was a climatic and 

culturally diverse period and could be a source of insight on how future climate change 

may influence mammalian species. Future work on the MSHPO geodatabase and 

assemblages from Missouri archaeological sites could provide critical data by focusing 

on designating a period or calendar years for occupation/accumulation. 
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Figure 1. FAUNMAP relationship diagram for the three spreadsheets. All tables were 

linked using a unique machine number for each site.  Three tables: Locality – listed the 

location, name, and some dating information; Faunal – fauna identified according to the 

collection units within each site; Absolute – age and dating technique data.  
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Figure 2. Archaeology sites of Missouri 
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Figure 3. Getis-Ord local statistic. Reproduced from ESRI Online Help (ESRI 2018a). 

Copyright © 1995–2017 Esri. All rights reserved. Published in the United States of 

America. 
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Figure 4. Optimized hot spot analysis using Missouri Archaeological Sites. 
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Figure 5. Optimized Hot Spot Analysis completed using site count by 250,000m2 

quadrangle. 



126 

 

 

Figure 6. Optimized Hot Spot Analysis completed using survey count by 250,000m2 

quadrangle. 
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Figure 7. The important Missouri features mirroring the clusters identified in survey 

analysis. 
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Figure 8. The important Missouri features mirroring the clusters identified in site 

analysis. 
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Figure 9. Hot Spot Analysis with municipalities, lakes, and Mark Twain National Forest 

(MTNF).  
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Figure 10. Modern distributions (Natureserve and IUCN 2008) and MOFauna examples. 
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Figure 11. Historic landcover for Missouri, based off GLO survey notes. 
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Figure 12. Historic landcover for elk. 
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Figure 13. Historic landcover for jackrabbits. 
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Figure 14. Historic landcover for river otter. 
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Figure 15. Historic landcover for eastern spotted skunk. 
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Figure 16. Species location by deposition agent. 
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Figure 17. Missouri Archaeological Sites by historic landcover. 
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Figure 18. Elk sites by historic landcover. 
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Figure 19. River otter sites by historic landcover. 
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Figure 20. Eastern spotted skunk sites by historic landcover. 
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Figure 21. Jackrabbit sites by historic landcover. 
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Table 1. Number of sites by type. 

 

Site Type Number of Sites 

Missouri Archaeological Sites 35,278 

Missouri FAUNMAP 172 

MOFauna 479 

FAUNMAP sites also listed in Missouri 

Archaeological Sites 10 
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Table 2. Species and common names. 

 

Species Name 

Standardized 

Common Name Shapefile Layer Data Table 

Lepus Jackrabbit Lepus_sites Lepus_data 

Spilogale putorius Eastern spotted 

skunk 

Spilo_sites Spilo_data 

Cervus elaphus Wapiti Cervus_sites Cervus_data 

Lontra canadensis River otter Lontra_sites Lontra_data 
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Table 3. IUCN terrestrial mammal attribute selection. 

 

Species Name Search Attribute 

Output Shapefile 

Layer 

Lepus Genus_Name=”Lepus” Mod_Lepus 

Spilogale 

putorius 

Genus_Name=”Spilogale” AND 

species_na=”putorius” 

Mod_Spilo 

Cervus elaphus Genus_Name=”Cervus” AND 

species_na=”elaphus” 

Mod_Cervus 

Lontra 

canadensis 

Genus_Name=”Lontra” AND 

species_na=”canadensis” 

Mod_Lontra 
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Table 4. Nearest neighbor results. 

 

Dataset 

Observed 

Mean 

Distance 

Expected 

Mean 

Distance 

Nearest 

Neighbor 

Ratio Z-Score P-Value 

Archaeological 

Survey 

1180.60 2357.27 0.50 -

110.187 

0.000000 

Missouri 

Archaeology Sites 

498.15 1448.76 0.34 -232.35 0.000000 

MOFauna 3290.32 9858.92 0.33 -32.967 0.000000 
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Table 5. Elevation for State and Species of Interest 

Name  Lowest 

Elevation  

Highest 

Elevation  

Median  Mean  

Missouri  132  1771  976.5  975.97  

Lepus  580  812  752  714.67  

Cervus  295  1147  766  726.45  

Lontra  295  995  791  750.82  

Spilogale  567  1125  825.5  810.5  
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Table 6. General site information. 

Eastern Spotted Skunk 

Machine 

Number 

Site 

Trinomial Site Name Elevation 

Historic 

Landcover Cultural Affiliation 

In 

FAUNMAP Age 

36   Brynjulfson Cave #1 776 Forest   x WIHO 

47   Graham Cave 767 Open Woodland Late Historic x LHOL 

48 23CY64 Arnold Research 

Cave 

574 Woodland   x QUAT 

334   Brynjulfson Cave #2 839 Barrens/Scrub   x LHOL 

373 23BN1 King Hill Site 846 Prairie Kansa; Oneota Tradition x LHOL 

1977 23PH145 Tick Creek Cave 941 Open Woodland Late Archaic; Middle 

Archaic 

x HOLO 

1998   Crankshaft Cave 884 Woodland   x WISC 

2567 23CR149 Pot Shelter 752 Woodland Historic; Woodland x LHOL 

2576 23BE125 Rodgers Shelter 812 Barrens/Scrub Woodland; Mississippian x LHOL 

2754 23LN104 Burkemper 567 Prairie Late Woodland x LHOL 

3292 23CT36 Granite Quarry Cave 843 Open Woodland Historic; Prehistoric; 

Mississippian; late 

Archaic; Archaic 

x LHOL 

6169 23MD53   1125 Open Woodland     
 

River Otter 

Machine 

Number 

Site 

Trinomial Site Name Elevation 

Historic 

Landcover Cultural Affiliation 

In 

FAUNMAP Age 

1983 23MI8 Hoecake 295 Forest   x LHOL 

2754 23LN104 Burkemper 567 Prairie Late Woodland x LHOL 

48 23CY64 Arnold Research 

Cave 

574 Woodland   x QUAT 

2557 23CP1 Mellor 589 Open Woodland Hopewell x LHOL 

6179 ML50 TM3-28-93-4 602 Open Woodland Unknown   
 

1980 23SA131 Guthrey 672 Prairie Oneota x LHOL 
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926 23CR301 Kimberlin 725 Woodland Meramec Tradition; Late 

Woodland 

x LHOL 

36   Brynjulfson Cave #1 776 Forest   x WIHO 

1981 23SA2 Utz 791 Barrens/Scrub Oneota x LHOL 

2562 23HE150 Eckhardt Cairn 824 Woodland Fristoe Burial Complex x LHOL 

334   Brynjulfson Cave #2 839 Barrens/Scrub   x LHOL 

1939 23SR136 Lutz Bluff Shelter 840 Woodland Late Woodland x LHOL 

2566 23HI216 Phillips Spring 860 Woodland Woodland x LHOL 

1998   Crankshaft Cave 884 Woodland   x WISC 

1977 23PH145 Tick Creek Cave 941 Open Woodland Late Archaic; Middle 

Archaic 

x HOLO 

2246 23CL199 Yeo 990 Prairie Hopewell x LHOL 

6164 MD147 Henson Cave 995 Woodland Late Prehistoric (Neosho 

Phase) 

  
 

Jackrabbits 

Machine 

Number 

Site 

Trinomial Site Name Elevation 

Historic 

Landcover Cultural Affiliation 

In 

FAUNMAP Age 

2567 23CR149 Pot Shelter 752 Woodland Historic; Woodland x LHOL 

2576 23BE125 Rodgers Shelter 812 Barrens/Scrub Woodland; Mississippian x LHOL 

6017 23BO950   580 Forest  Unknown x 
 

Elk 

Machine 

Number 

Site 

Trinomial Site Name Elevation 

Historic 

Landcover Cultural Affiliation 

In 

FAUNMAP Age 

2550   Blackwater River 766 Barrens/Scrub   x WIHO 

2555   Givens 630 Prairie Hopewell x LHOL 

47   Graham Cave 767 Open Woodland Late Historic x LHOL 

2556   Imhoff 601 Barrens/Scrub Hopewell x LHOL 

2507   Mill Creek 1029 Prairie   x HOLO 

1994   Zoo Cave 1147 Forest   x WIHO 

2576 23BE125 Rodgers Shelter 812 Barrens/Scrub Woodland; Mississippian x LHOL 

373 23BN1 King Hill Site 846 Prairie Kansa; Oneota Tradition x LHOL 
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1987 23CE154 Sycamore Bridge 

Mound 

867 Prairie Late Woodland x LHOL 

2557 23CP1 Mellor 589 Open Woodland Hopewell x LHOL 

48 23CY64 Arnold Research 

Cave 

574 Woodland   x QUAT 

1989 23DA226 Divine Mound 939 Barrens/Scrub Late Woodland x LHOL 

1990 23DA246 Paradise 867 Woodland Late Woodland x LHOL 

1978 23HI172 Blackwell Cave 834 Forest   x HOLO 

1975 23HI247 Beck Shelter 994 Open Woodland Late Woodland x LHOL 

1971 23J55 Herrell Village 436 Barrens/Scrub Middle Mississippian x LHOL 

1973 23J7 Hidden Valley Rock 

Shelter 

380 Water Woodland; Mississippian x LHOL 

2754 23LN104 Burkemper 567 Prairie Late Woodland x LHOL 

1983 23MI8 Hoecake 295 Forest   x LHOL 

1855 23MN260 Ross 736 Prairie Woodland x LHOL 

379 23MN732 Pigeon Roost Creek 555 Woodland Late Woodland x LHOL 

378 23MN799 Cooper 555 Woodland Late Archaic x HOLO 

1977 23PH145 Tick Creek Cave 941 Open Woodland Late Archaic; Middle 

Archaic 

x HOLO 

2582 23PL13 Renner 1018 Barrens/Scrub Hopewell; Mississippian; 

Plains Woodland 

x LHOL 

1980 23SA131 Guthrey 672 Prairie Oneota x LHOL 

1981 23SA2 Utz 791 Barrens/Scrub Oneota x LHOL 

2569 23SA4 Gumbo Point 673 Prairie Osage x LHOL 

915 23SC609 Boschert 433 Prairie Late Woodland x LHOL 

2382 23SR20 Vista Shelter 800 Woodland Mississippian x LHOL 

1938 23SR230 Bryant Cave 825 Open Woodland Late Woodland x LHOL 

2570 23VE1 Carrington 886 Prairie Osage x LHOL 

2571 23VE3 Brown 800 Prairie Osage x LHOL 

2572 23VE4 Hayes 841 Prairie Osage x LHOL 

6006 BA4 Morrison Cave 813 Open Woodland     
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6012 BO303 Gordon Tract 

Archaeological Site 

652 Forest Woodland; Late Archaic   
 

6016 BO823   659 Open Woodland     
 

6082 CY499   675 Woodland Late Woodland   
 

6105 JA108   745 Barrens/Scrub     
 

6106 JA111   845 Barrens/Scrub     
 

6113 JA238   789 Barrens/Scrub     
 

6130 JE400 Large Borrow (I) 478 Open Woodland Unknown   
 

6135 JP164 7-P-71-21a (2) 930 Open Woodland Early Archaic; 

Mississippian; 1830s (?); 

Present Day; Early Archaic 

through modern times; 

Middle Archaic; Late 

Archaic 

  
 

6144 LE363   482 Water     
 

6188 NM51   299 Woodland     
 

6226 PU302 Fox Cave 912 Woodland Late Woodland   
 

6236 PU78 Decker Cave 1107 Woodland Archaic through 

Mississippian 

  
 

6253 SC2076   528 Open Woodland     
 

6263 SC609   475 Barrens/Scrub Woodland x 
 

6305 SR21 Rockhouse Cave 741 Forest     
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Appendices   

The geodatabase used for this research is too large to allow inclusion in an appendix. 

Over 4,000 lines of data are included in one of the tables (mofauna_id) resulting from the 

combination of information from FAUNMAP and the MSHPO geodatabase and archives. 

The MOFauna database will be made available, upon written request, to Secretary of 

Interior qualified archaeologists (https://www.nps.gov/history/local-

law/arch_stnds_9.htm). The data is restricted to professional archaeologists because of 

the sensitive nature of archaeological site location information and legal consideration of 

sharing a derivative of the MSHPO geodatabase.  Examples of the data sheets filled out 

during data collection have been included in the following appendices, along with 

examples of the data included in attribute tables in the MOFauna geodatabase. Site 

locations have been removed and headers have been altered for legibility for the attribute 

tables. 
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Appendix 1: Data Sheet Examples 

Table A1. Survey data sheet example 

Survey 

Number S
u

rv
ey

 F
o

rm
 P

re
se

n
t 

F
au

n
a 

H
u

m
an

 

U
n

id
en

ti
fi

ed
 

S
p

ec
ie

s 
o

f 
In

te
re

st
 

A
n

y
 S

p
ec

ie
s 

Id
en

ti
fi

ed
 

Fauna Description Authors Year Faunal Analyst H
is

to
ri

c 
(H

),
 P

re
h

is
to

ri
c 

(P
),

 B
o

th
 

(B
) A
rc

h
ae

o
lo

g
y

 S
it

es
 

Comments 

AN-64 x X -  - x 

worked bone and 

antler; shell is 

identified with list 

Larry 

Grantham 2012 

None 

Identified  AN56  

AN-9 x X x - - - 

historic cemetery, 

animal bones 

Gary Rex 

Walters 1984 

None 

Identified  AN56  

BN-30 x X - - - - 

two bone fragments, 

tooth me-lg animal 

Jim D. 

Feagins 1997 

None 

Identified  BN40  

BO-13 x - - - - - no fauna 

Michael J. 

McNerney 1978     

BO-153 x   x - - 

shell fragments - 

walnut - updated 

11/18/2014 

Craig 

Sturdevant 2002 

Craig 

Sturdevant - 

Principal 

Investigator 

analyzed 

artifacts  BO1259  
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Table A2. Site data sheet example 

Site Number (23) S
it

e 
F

o
rm

 P
re

se
n

t 

F
au

n
a 

H
u

m
an

 

U
n

id
en

ti
fi

ed
 

S
it

e 
R

ep
o

rt
 N

o
te

d
 

S
p

ec
ie

s 
o

f 
In

te
re

st
 

A
n

y
 S

p
ec

ie
s 

Id
en

ti
fi

ed
 

M
o

d
if

ie
d

/W
o

rk
ed

 b
o

n
e 

S
h

el
l 

Fauna Description Comments 

AD15 X x - x  - - -  broken bones  
AD156 X x -   - x -  fully articulated bison  
AD95 X x  x  - - -  bones  
AN100 X x  x  - - -  bones  
AN37 X x  x  - - -  bone frags and scatter faunal  
AN49 X x x   - - x  human and mussel  
AN50 X x -   - x -  domestic pig  
AN62 X x -   - - x  mussel shell  
AT1048 X x -   - x -  pig, dog, turtle - leach  
AT11 X x -   - x x  drilled shell, mastodon, mylodon poss. AT15; AT11; AU180 

AT29 X x -   - - x  mussel shell  
AT30 X x -   - - x  mussel shell  
AT31 X x -   - - x  mussel  
AT33 X x -   - x x  bone, shell, deer antler  
AU1144 X x - x  - - -  bone frag   

BA4 X x -   x x x x 

bead - needle, shell - elk, beaver, tortoise, 

raccoon, deer, turtle, buffalo, turkey  
BA8 X x -   - - x  shell  
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Appendix 2. Attributes contained in the MOFauna database. Headings are based on FAUNMAP data tables. The tables (mofauna_site and mofauna_id) have 

each been broken into three portions due to space limitations. 

Table A3. Attributes contained in mofauna_site table in the MOFauna database. 

SITE 

ID 

Machine 

Number 

Site 

Number 

Site Name Alternate 

Name 

In Both 

Databases 

State County CodedBy DateCoded1 

CE153 335 CE153 Flycatcher 

Village 

  
MO CEDAR MKM 12:00:00 AM, 

7/15/1991 

CR80 2558 23CR80 Smith Shelter 
  

MO CRAWFORD MAG 12:00:00 AM, 

11/21/1992 

CR80 2558 23CR80 Smith Shelter 
  

MO CRAWFORD MAG 12:00:00 AM, 

11/21/1992 

CR80 2558 23CR80 Smith Shelter 
  

MO CRAWFORD MAG 12:00:00 AM, 

11/21/1992 

CR60 2559 23CR60 Patten 
  

MO CRAWFORD MAG 12:00:00 AM, 

11/21/1992 

SC759 6264 SC759 Cannon 

Cemetery 

  
MO St. Charles HMG 2014-10-13 

TE36 6313 TE36 
   

MO Texas HMG 2014-10-14 

WA63 6315 WA63 
   

MO Washington HMG 2014-10-14 
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Table A4. Attributes contained in mofauna_site table (continued) 

SITE 

ID 

Coding Update Comment Precision Quadrangle QuadSize Township Latitude Longitude Altitude 

CE153 12:00:00 AM, 

12/7/1992 

 
QA Stockton 7.5 

 
   

CR80 12:00:00 AM, 

3/5/2002 

 
QP Sullivan 7.5 

 
   

CR80 12:00:00 AM, 

3/5/2002 

 
QP Sullivan 7.5 

 
   

CR80 12:00:00 AM, 

3/5/2002 

 
QP Sullivan 7.5 

 
   

CR60  
 

QP SULLIVAN 7.5 
 

   

SC759  family cemetery, 

mussel shells and bone 

tools, deer, fish, turtles 

 
Troy 

  
   

TE36  pics of bone, animal 

teeth, mussel shell, 

beaver and deer 

    
   

WA63  turtle, fish, birds, deer, 

shell, bone tools 

    
   

 

  



 

 

 

1
5
6
 

Table A5. Attributes contained in mofauna_site table (continued) 

SITE ID Repository Bibnum LATDD LONGDD Recovery 

Method 

Depositional 

System 

Depositional 

Environment 

Site 

Type 

Cultural Age Orig 

DBase 

CE153 UMO 
 

  
 

FL 
 

CULT 
 

f 

CR80 UMO 
 

  FINE CV RS CULT Late Woodland; 

Archaic 

f 

CR80 UMO 
 

  FINE CV RS CULT 
 

f 

CR80 UMO 
 

  FINE CV RS CULT Pre-Ceramic f 

CR60 UMO 
 

  
 

AN 
 

CULT Archaic; 

Woodland 

f 

SC759 LINC 
 

  Unknown AN 
 

CULT Late Woodland; 

Historic 

Euroamerican 

m 

TE36 PRIV 
   

Unknown AN 
 

CULT 
 

m 

WA63 
    

Unknown AN 
 

CULT 
 

m 
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Table A6. Attributes included in mofauna_id table in the MOFauna database.  

 

Machine 

Number 

Analysis 

Unit Class Order Family Genus Species Common Name 

334 Bone Bed Mammalia Rodentia Muridae Synaptomys cooperi  

334 Bone Bed Mammalia Rodentia Sciuridae Glaucomys volans  

334 Bone Bed Mammalia Rodentia Sciuridae Marmota monax  

334 Bone Bed Mammalia Rodentia Sciuridae Sciurus carolinensis  

334 Bone Bed Mammalia Rodentia Sciuridae Sciurus niger  

334 Bone Bed Mammalia Rodentia Sciuridae Sciurus sp.  

334 Bone Bed Mammalia Rodentia Sciuridae Spermophilus tridecemlineatus  

2587 Assemblage Mammalia Artiodactyla Bovidae Bison sp.  

2587 Assemblage Mammalia Artiodactyla Cervidae Odocoileus sp.  

2587 Assemblage Mollusca          

6186       pig 

6206       mussel 

6275   Anura    frog/toad 

6275    Anatinae   duck 

6275    Charadriidae   shorebird 

6275  Mammalia Carnivora Mustelidae   small carnivore 

6275     Anas platyrhynchos/rubribes mallard/black duck 

6275     Anser albiforns 

greater white-fronted 

goose 

6275  Mammalia Artiodactyla Bovidae Bos taurus cattle 

6275     Branta canadensis canada goose 
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Table A7. Attributes included in mofauna_id table in the MOFauna database. (continued) 

 

Machine 

Number STD Common Name ID Level 

ID 

Confidence MNI NISP Context Modification Type Original Bib 

Original 

Bib2 

334   CF 9 81          

334     16 95          

334     18 189          

334   CF 7 34          

334   CF 3 20          

334     5 91          

334     1 3          

2587                  

2587                  

2587                  

6186 pig CN      B SURVNM53  

6206 mussel CN   1   S SURVNO9  

6275 frog/toad O   1   B SURVSL543  

6275 duck F  4 20   B SURVSL543  

6275  F  1 1   B SURVSL543  

6275 sm carnivore F Cf 1 1   B SURVSL543  

6275  S  1 2   B SURVSL543  

6275  S Cf 1 1   B SURVSL543  

6275 domestic cow S  3 31   B SURVSL543  

6275 canada goose S  1 1   B SURVSL543  
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Table A8. Attributes included in mofauna_id table in the MOFauna database. (continued) 

 

Machine 

Number 

Page 

Number Comment Site Name 

Alternate 

Name 

State 

prov County 

Site 

Number DB 

334   Brynjulfson Cave #2  MO BOONE  f 

334    Brynjulfson Cave #2  MO BOONE  f 

334    Brynjulfson Cave #2  MO BOONE  f 

334    Brynjulfson Cave #2  MO BOONE  f 

334    Brynjulfson Cave #2  MO BOONE  f 

334    Brynjulfson Cave #2  MO BOONE  f 

334    Brynjulfson Cave #2  MO BOONE  f 

2587    Shady Grove  MO POLK 23PO309 f 

2587    Shady Grove  MO POLK 23PO309 f 

2587    Shady Grove  MO POLK 23PO309 f 

6186        NM217 m 

6206 89      NO85 m 

6275 47 

mussel shell fragment, 

triangular shape     SL1050 m 

6275 321      SL1050 m 

6275 320      SL1050 m 

6275 320      SL1050 m 

6275 319      SL1050 m 

6275 320      SL1050 m 

6275 320      SL1050 m 

6275 319      SL1050 m 
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