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Chapter 1: 
Introduction 

 
 
 

 During the Middle Woodland period (250 BC to AD 500) tribal groups referred to 

collectively as Hopewell inhabited the Eastern Woodlands of the United States. The 

Eastern Woodlands of the United States stretch from the Gulf Coast around Florida and 

Louisiana up north through Ohio, Indiana, Michigan, and Illinois. From east to west the 

Eastern Woodlands extends from the Atlantic coast of Georgia, South Carolina, and 

North Carolina, west to the Mississippi River. The Hopewell participated in elaborate 

ritual and built monumental earthworks. In addition, the Hopewell were connected 

through an exchange of raw materials, finished artifacts, and ideas. This system of 

exchange is more specifically known as the “Hopewell Interaction Sphere” (Seeman 

1979).  

 This thesis examines Middle Woodland cultural systems in the Midwestern 

United States. In particular two regions, South Central Ohio and East Central Indiana are 

examined. Both regions are broken into river valleys, the Scioto and Licking River valleys 

in South Central Ohio and the Big Blue and Upper White River valleys in East Central 

Indiana. Using a mini-systems perspective, core and periphery relationships are 

explored between the two regions. Core and periphery, as the theory is used in 

archaeology and other disciplines are both regions that are part of a larger system. The 

core is central to any system, in the case of this thesis a mini-system. The core both 
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holds and produces wealth, while the periphery is more involved in extractive activities 

which produce wealth. Both are crucial to the survival of any cultural system.  

Chapter 2 explores the many avenues of inquiry are currently under 

examination within Middle Woodland archaeology, including one research trend in 

particular is analyzed in this thesis. Core and periphery as a theoretical framework has 

long been used in both historic and prehistoric archaeology as a means of 

understanding economic relationships in the past. In Middle Woodland archaeology 

core and periphery as a framework reached a peak in Pacheco’s (1996) edited volume 

titled, A View from the Core: A Synthesis of Ohio Hopewell Archaeology. While the 

insights gained through the authors’ research are fruitful and have greatly contributed 

to the field of archaeology, the notions of core and periphery as they originated in the 

work of Wallerstein (1976) seem largely ignored. 

Chapter 3 of this thesis seeks to expand upon the framework of core and 

periphery relationships by understanding core and periphery as being part of a mini-

system. Mini-systems are part of Wallerstein’s initial framework, although he does not 

elaborate on them as with his notion of the world system. Through using Mauss’ (1954) 

conception of non-capitalist economies as gift based economies an understanding of the 

nature of mini-systems is possible. 

Using a refined notion of core and periphery the thesis will examine two 

regions, South Central Ohio and East Central Indiana (Figure 1.1). Data collected 

pertaining to earthworks constructed in these two regions during the Middle Woodland 
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was collected. In particular four river valleys, two from each region were selected in 

order to understand core and periphery relationships from both a local and regional 

perspective. In South Central Ohio the Scioto (Figure 1.2) and Licking River (Figure 1.3) 

valleys were chosen and the Upper White (Figure 1.4) and Big Blue River (Figure 1.5) 

valleys were chosen for the East Central Indiana data set.  

Chapter 4 presents the details of the methodology used in this thesis. Earthwork data 

collected in this thesis include the total number of recorded earthworks, frequency 

distribution of earthworks, distance from a permanent water source, and the area 

enclosed by enclosures and earthen walls. This data alone helps not only in discerning 

core and periphery areas in a mini-system but also is useful in tracing the boundaries of 

a mini-system. Statistical analysis is another component of the quantitative analysis 

presented in this thesis. Linear regression testing will be conducted on the distance from 

a permanent water source data to see if any or all earthworks in each area are water 

based. Power law distributions will also be analyzed using the enclosed area on 

enclosure and earthen wall data. If these distributions are similar it could not only be 

useful in defining core and periphery relationships but may also be useful in setting up a 

hierarchy of ritually important earthworks in each area.
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Figure 1.1: Map outlining the two regions, East Central Indiana and South Central Ohio, analyzed 
in this thesis. 
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Figure 1.2: Map showing the Scioto River valley portion of the study area. 
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Figure 1.3: Map showing the Licking River valley portion of the study area. 
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Figure 1.4: Map showing the Upper White River valley portion of the study area. 
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Figure 1.5: showing the Big Blue River valley portion of the study area. 
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 In Chapter 5 the results of the data analysis will be presented. This presentation 

is broken into the numbers gathered from the earthwork data collected and the results 

of the statistical analysis. Chapter 6 will present interpretations based off the results 

presented in Chapter 5. The main questions to be answered through this interpretation 

include, are South Central Ohio and East Central Indiana both part of the same mini-

system or do they represent two separate mini-systems. The other major question to be 

answered in Chapter 6 is if South Central Ohio and East Central Indiana are part of the 

same mini-system which is core and which area is peripheral. Finally in Chapter 6, 

recommendations for further research using the theoretical frameworks and methods 

used in this thesis will be presented.  

 

 

 

 

 

 

 



 
 

 
 

Chapter 2: 
 

The Prehistoric Eastern Woodlands, Middle Woodland Archaeology and 
Core/Periphery 

 
 
 

 The goal of this chapter is to review pertinent research related to both the 

Middle Woodland period and studies using core and periphery concepts. First an 

overview of the prehistoric Eastern Woodlands of the United States aids in placing the 

Middle Woodland period in a temporal context. Instead of outlining all of prehistory, the 

overview reviews prehistory starting from the Late Archaic period and ending with 

prehistoric culture near the time of European contact. These temporal periods were 

selected because they represent the earthwork building cultures of the Eastern 

Woodlands. The major components of the lifeways and the cultural transformations 

that occurred during each period will be discussed. 

 An analysis of pertinent Middle Woodland research from the 1960’s through the 

present will also be presented. Trends in research pertaining to the Hopewell 

Interaction Sphere, core and periphery concepts, among other trends will be presented. 

Analyzing and understanding research trends in both Middle Woodland archaeology and 

studies using core and periphery concepts are crucial in understanding the significance 

of the research presented in this thesis.  
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An Overview of the Prehistoric Eastern Woodlands: Late Archaic-Mississippian 

 Starting in 4,000 BC and lasting until 700 BC (Jones III and Johnson 2008) the 

Late Archaic saw many changes across the Eastern Woodlands. The first pottery was 

crafted in the Late Archaic. The first mounds in the Eastern Woodlands also appear 

during the Late Archaic (Kellar 1983). Earthwork construction also saw its origins in the 

Late Archaic (Jones III and Johnson 2008). This is significant because it is evidence of the 

ability to control labor.   

 From 1,000 to 200 BC (Jones III and Johnson 2008), during the Early Woodland 

period in the Midwest major shifts in subsistence and ritual lifeways occurred. While 

hunting and gathering was still the primary mode of subsistence, people were living 

much more sedentary lives than previously. Horticulture saw its origins in the Early 

Woodland (Jones III and Johnson 2008). During the Early Woodland groups referred to 

as Adena were building the first earthworks in the Midwest. Conical mounds, cone 

shaped piles of earth, were the primary type of earthwork constructed in this period.  

 The period from 200 BC to AD 600 (Jones III and Johnson 2008) is referred to as 

the Middle Woodland period. While hunting and gathering was still a part of the mode 

of subsistence for humans, horticulture rose in importance. During the Middle 

Woodland period a mode of settlement referred to as the “Vacant Ceremonial Center-

Dispersed Agricultural Hamlet pattern” (Dancey and Pacheco 1997a:3) arose in Ohio. 

This model of settlement views the earthworks constructed by Hopewellian people as 

non-habitation sites with scattered households around the earthworks, participating in 
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horticulture, hunting, and gathering. The earthworks function as ceremonial centers in 

this model and are part of the burial cult which was present across the Eastern 

Woodlands. The burial cult is signified by large numbers of burials; some with elaborate 

grave goods made of both local and exotic materials. Some of the most elaborate of 

these burial centers are the large geometric earthwork centers located in South Central 

Ohio in the Scioto and Licking River Valleys. Around 600 AD the construction of 

earthworks in the Eastern Woodlands slows and in some areas comes to a complete 

halt.  

From AD 500 to 1,200 during the Late Woodland, the construction of 

earthworks slows in the Eastern Woodlands (Jones III and Johnson 2008). This lower 

level of earthwork construction coincided with an intensification of horticulture in the 

Eastern Woodlands (Kellar 1983). This intensified level of horticulture likely contributed 

to the lack of earthwork construction during the Late Woodland. The tribal level of 

social organization which started to arise in the Late Archaic and lasted through the Late 

Woodland gave rise to a much more complex level of organization around 1,000 AD in 

the Eastern Woodlands of North America.  

Around AD 1,000, and lasting up to AD 1650 , Mississippian chiefdoms arose in 

the Eastern Woodlands (Jones III and Johnson 2008). Marked by increasingly sedentary 

lifeways and larger populations the Mississippian chiefdoms lasted until to European 

contact in some areas of the Eastern Woodlands. Some sites reached population levels 

in the thousands, such as the largest of the Mississippian sites in the Eastern Woodlands 
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Cahokia. Cahokia which is located in Eastern Saint Louis has the largest mound in the 

United States known as Monks Mound. Around the time of European contact the site of 

Cahokia had been abandoned by Native Americans. People inhabiting sites such as 

Cahokia survived due to the intensified levels of domestication of crops during the 

Mississippian. Hunting and gathering still contributed to the diets periods of prehistory 

in the Eastern Woodlands. 

The Hopewell Interaction Sphere: A Web of Interconnectedness  

Exchange of goods, both finished artifacts and raw materials has occurred 

through much of prehistory, including the Middle Woodland period (Seeman 1979; 

Struever and Houart 1972). Struever and Houart (1972) were the first to argue for the 

existence of a Hopewell Interaction Sphere. As Seeman states “the data presentation 

and methodology in Struever and Houart’s work are quite informal” (1979:237). Due to 

this lack of formality in methodology, Seeman was the first to test Struever and Houart’s 

ideas through the rigorous analysis of artifacts from Hopewell mortuary (earthwork) 

sites across the Eastern Woodlands. 

The results of Seeman’s analysis of Hopewell interaction are crucial to any 

understanding of core and periphery relationships in the Eastern Woodlands during the 

Middle Woodland period. One conclusion of Seeman’s study was that trade may have 

been occurring but at a volume that was “rather low” (1979:411) and that “the 

distribution of… goods *was+ extremely variable” (1979:411).  Perhaps the most 

important of the conclusions reached by Seeman is that instead of Middle Woodland 
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mortuary sites being evenly distributed across the Eastern Woodlands that mortuary 

sites seem to be clustered in the Scioto River Valley of South Central Ohio (1979:411). 

This along with more current research (Pacheco 1996; Alexander 2007a and 2007b) 

seems to suggest that the Scioto River Valley is a core Hopewell area. 

Current Trends in Middle Woodland Research 

 Current research trends in Middle Woodland archaeology are expanding into 

many areas not heavily explored in the past. Settlement archaeology has become 

increasingly significant in the research with new sites being uncovered especially in Ohio 

(see Dancey and Pacheco 1997b). More current trends in research include the work of 

Carr (2006) which seeks to personalize Hopewell (with emphasis on human agency) by 

focusing on the local level and using local level information to understand Hopewell at a 

regional level. Finally, a focus on the relationships between core and periphery has also 

been a trend in the literature (See Pacheco 1996).  

From the beginning, studies of Hopewell culture have focused on the elaborate 

earthworks and the artifacts contained within them. This approach is limited in that it 

puts all the emphasis on Hopewell earthworks while ignoring other aspects of the 

culture. In the 1960’s this emphasis shifted towards studies of settlement (Prufer 1964, 

1965). Olaf Prufer argued that Hopewell lived in scattered hamlets which dotted the 

landscape around the ceremonial centers (Dancey and Pacheco 1997b, Prufer 1964). 

Even after Prufer’s groundbreaking work in settlement archaeology, scholars have 

argued that nucleated villages are the mode of settlement in Hopewell culture 
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(Converse 1993, 1994; Griffin 1967). Griffin (1967) argues for nucleated villages based 

on settlement debris found nearby earthworks and also argues that poor preservation 

has disturbed many settlement sites. Converse (1993, 1994) more recently argues that 

the complexity exhibited by the earthworks would imply that nucleated villages were 

the model of settlement during the Middle Woodland. Based on the current data of 

settlement sites in Ohio, Prufer’s model of Hopewell hamlets is supported over models 

that suggest that Hopewell inhabited large villages.  

 While most current studies are focused on the regional scale, Carr (2006) argues 

that focusing research on local instead of regional scales can advance our knowledge of 

Hopewell culture. Focusing on the regional scale ignores the variability found in local 

contexts across any region (Carr 2006:51). Carr also argues that focusing on the regional 

scale “impersonalizes Hopewell---to remove it from the social actors and roles that 

produced it” (Carr 2006:51). The major limitation in Hopewell studies focused on 

regional scale is that it doesn’t allow archaeologists to generate data from the local 

scale that could be used to understand regional scale Hopewell (Carr 2006:51-52). The 

volume, Gathering Hopewell Society, Ritual, and Ritual Interaction brings together 

multiple works based on Carr’s local scale level of analysis.  

 The notions of core and periphery are the third trend in current research on 

Hopewell culture. Using the core and periphery concept as a framework furthers our 

understanding of the origins and spread of Hopewell culture across the Eastern 

Woodlands. The volume, A View From the Core A Synthesis of Ohio Hopewell 
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Archaeology (Pacheco 1996) attempts to place the Hopewell core in Chillicothe, Ohio 

with the exception of Marshall who includes Ross County where Chillicothe is located 

but adds neighboring Licking County into his notion of core (Marshall 1996). While most 

of the research contained within the volume uses earthwork and settlement data to 

argue for Ohio Hopewell core and periphery areas, Seeman (1996) and Vickery (1996) 

take unique approaches to analyzing core and periphery in Ohio.  

Seeman (1996) uses data from rockshelters and shows that core and periphery 

are not easily discerned. Rockshelter sites in Ohio do not show the variation that 

earthwork and settlement sites show in core and peripheral regions in Ohio. Vickery 

(1996) examines chert types found in three regions in Ohio and Indiana. The core area 

of Ross County and the Little Miami River Valley to the west used both exotic and local 

chert for manufacturing stone implements. The more peripheral region of the Great 

Miami River Valley presents a different trend with the use of local materials for the 

creation of stone tools. This suggests that the further away from the core area of Ohio 

Hopewell, the more populations relied on locally available chert sources.   

Romain (1996) uses earthwork geometry and more precisely the knowledge 

attached to the geometries associated with earthwork sites in Southern Ohio to 

examine core and periphery relationships. Using various geometric laws Romain shows 

that many earthworks seem to be interrelated based on similar geometric knowledge 

and layout. Also sites that were found to be interrelated also showed evidence beyond 

mere geometry, namely the similar size of the earthworks (Romain 1996:198-199). 
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Romain’s research is significant since it shows a shared knowledge of how earthworks 

are constructed and possibly how they are used. 

Tomack and Burkett (1996), examine the Mount Vernon site in southwestern 

Indiana. Based on their data, the site itself seems to be extremely peripheral to the core 

area around the Scioto River in Ohio. The site shows primarily Ohio Hopewell traits 

while exhibiting some Havana Hopewell traits which are diagnostic of the Middle 

Woodland period in Illinois. Tomack and Burkett’s research is significant in that the 

region encompassing the Mount Vernon site and the Mann site could be the edge of 

Ohio Hopewell influence.  

Recent research by Alexander (2007a, 2007b) used quantified data in the form 

of number of earthworks, percentage of earthworks by type, distance from a permanent 

water source and area enclosed by enclosures to compare two regions in Ohio. The two 

regions examined in this research were the Scioto and Licking River Valleys in South 

Central Ohio. The results of this research indicate that the Scioto River Valley contained 

more earthworks than the neighboring Licking River Valley (Figure 2.1). Both river 

valleys were similar in their percentage of earthworks by type with conical mounds and 

earthen walls (enclosures) dominating both data sets (Figure 2.2). Effigy mounds were 

only present in the Licking River Valley. The results of the area enclosed by earthen walls 

(enclosures) produced an average enclosure space of 18 square meters. Four outliers 

from the data set really stood out from the rest of the data set with much larger 

amounts of enclosed space (Figure 2.3).   
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Figure 2.1: Number of Earthworks by Type in the Scioto and Licking River Valleys 
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Figure 2.2: Percentage of Earthworks by Type in the Scioto and Licking River Valleys 
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Figure 2.3: Space enclosed by enclosures in the Scioto River Valley with the average 
space and four outliers. (All measurements in square meters) 
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 The findings of this research are significant since the Scioto River Valley had 

larger amounts of earthworks than the Licking, Big Blue, and Upper White River Valleys 

which would suggest that this is a core area. The neighboring Licking River Valley had 

similar percentages of earthworks by type, which would suggest that it was peripheral 

to the Scioto and received ideas from the Scioto. The area enclosed by enclosures for 

the Scioto River Valley is also significant. The presence of four outliers which are much 

larger than the average could be used to indicate a hierarchy of ritually important sites.  

 

Studies of Core and Periphery in Middle Woodland Archaeology: An Assessment   

Within the edited volume A View From The Core: A Synthesis of Ohio Hopewell 

Archaeology, all articles deal with Ohio Hopewell and specifically core and periphery 

relationships in Ohio, Indiana, and some of the Southeastern United States. While core 

and periphery relationships are dealt with in admirable fashion the authors ignore the 

underlying theory. In fact, none of the authors mention Immanuel Wallerstein who is 

credited for the formulation of “World Systems Theory” (Wallerstein 1976). World 

Systems Theory is where the idea of core and periphery originated. The notion of core 

and periphery is commonplace in both historic and prehistoric archaeology but in 

Middle Woodland archaeology putting the concept into the context of a mini-system is 

not commonplace. 

 The main concern with using World Systems Theory as a theoretical framework 

within prehistoric archaeology is that it was formulated to deal with capitalist societies, 
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not non-capitalist societies (Kardulias and Hall 2008). At first this seems like a real 

problem with using this theoretical framework to understand prehistoric cultures; 

however Wallerstein does provide a way out of this predicament. As part of World 

Systems Theory, Wallerstein (1976) creates the notion of mini-systems, which are non-

capitalist societies. By viewing prehistoric cultures as mini-systems, the usefulness of 

World Systems Theory becomes apparent. While mini-systems are by no means 

participating in the kind of trade that modern capitalist societies participate in they are 

involved in exchange to varying degrees.  

 While Wallerstein (1976) does introduce the concept of mini-systems in his 

original formulation of core and periphery his definition of the concept is lacking. 

Beyond stating that mini-systems are non-capitalist societies Wallerstein does not go 

into any depth of the economic activities viewed by cultural anthropologists and 

archaeologists. Two theoretical frameworks are pertinent to further defining the 

concept of mini-systems and are discussed in depth in the following chapter. The first is 

the idea of gift based economy introduced by Mauss (1954). The second framework is 

ethnographic analogy which has been used in Middle Woodland studies to further 

understand various elements of Middle Woodland culture (Carr 2006; Pacheco 1996).  

Ethnographic Analogy in Middle Woodland Archaeology  

Ethnographic analogy has been used by archaeologists to understand Middle 

Woodland lifeways in the Midwest since the 1960’s. Since a good review of the earlier 

use of ethnographic analogy in Middle Woodland archaeology already exists (Callender 
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1979) this review will focus on more recent use of ethnographic analogy within Middle 

Woodland archaeology. In particular this review focuses on two articles (Carr 2006; 

Pacheco 1996). Pacheco (1996) uses ethnographic analogy to examine Middle 

Woodland settlement patterns in South Central Ohio. Carr (2006) uses ethnographic 

analogy to gain new insights into the nature of Hopewell ritual gatherings.  

 The nature of settlement during the Middle Woodland is a long standing 

problem in Middle Woodland studies. The 1960’s saw advancement in archaeologists 

understanding of settlement during the Middle Woodland. Prufer (1964) developed a 

model known today as the Vacant Ceremonial Center-Dispersed Agricultural Hamlet 

Pattern. This is in opposition to the notion that Middle Woodland peoples inhabited 

large villages (Griffin 1993). While the archaeological evidence supported Prufer’s model 

questions still arose. Pacheco’s use of ethnographic analogy helped answer one of the 

looming questions about Prufer’s model.  

 The question of how such elaborate earthworks could be constructed by small 

populations living in dispersed hamlets (Griffin 1993). Other questions were also 

addressed through a combination of archaeological data collection and interpretation; 

and ethnographic analogy (Baby and Langlois 1979; Converse 1993, 1994; Kozarek 1987; 

Yerkes 1988, 1990, 1994;). Pacheco, along with archaeological survey of three sub 

regions in South Central Ohio (Pacheco 1996:24-32) used the Peruvian Mapuche as an 

analogue for Middle Woodland settlement patterns in South Central Ohio.  
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 Pacheco uses the works of Dillehay (1990, 1992) in his analogy. What Pacheco is 

able to do through the analogy is show that a group of people can live in small scattered 

hamlets while constructing earthworks which is in opposition to Converse who argues 

that this particular settlement pattern would make Middle Woodland people “unique 

among cultures of the world” (1993:5) . The Mapuche live in similar settlement patterns 

to what most archaeologists believe Middle Woodland people lived in. For the 

Mapuche, as Pacheco states there is a “dynamic relationship between dispersed 

communities and their use of vacant ceremonial centers as focal points for group 

interactions” (1996:23).  

Pacheco is also able to answer other problems that archaeologists have had 

with Prufer’s model of Middle Woodland settlement such as those involving the 

presence of archaeological materials just outside of some earthwork sites in Ohio. Using 

the Mapuche analogue Pacheco shows that it is common to clean the interior of 

earthwork complexes and deposit the trash on the outskirts of the complex, “trash that 

Griffin, in particular, attributes to nucleated Hopewell villages” (Pacheco 1996:23).  

 Another major concern in studies of Middle Woodland culture has been 

interpreting the ritual life of the people. Obviously, earthworks were a central 

component of the ritual lives of people during the Middle Woodland. In a recent volume 

edited by Carr and Case (2006) interpretations of the ritual life ways of Middle 

Woodland people were explored. Amongst the articles are articles exploring gender 

(Field et al. 2006; Keller and Carr 2006; Rodrigues 2006), shamanism (Carr and Case 
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2006), artifacts associated with ritual lifeways (Bernadini and Carr 2006; Ruby and 

Shriner 2006; Ruhl 2006; Spence and Fryer 2006; Turff and Carr 2006;   Weets et al. 

2006;), and other topics related to ritual. Amongst the articles is an article by Carr 

(2006) which uses ethnographic analogy to understand Middle Woodland ritual better.  

 Carr uses the Huron Feast of the Dead (Heidenreich 1978:374-375; Hickerson 

1960; Trigger 1969:106-112) as “a model for the nature of gatherings within Ohio 

Hopewell earthwork-mound complexes” (Carr 2006:468). The analogy proved useful in 

explaining the purpose of gatherings at Hopewell earthwork mound complexes. In 

essence the Feast of the Dead brought dispersed people, some from great distances 

together to form kinship and marriage ties, political alliances, and aided in the 

unification of many different tribes (Carr 2006:469). This analogue is very useful in that 

the elements that Carr found useful seem to be commonplace in many cultures and 

cannot be far off from the reasons Hopewellian peoples would have gathered at the 

earthworks.  

 

 

 

 



 
 

 
 

Chapter 3: 

Core and Periphery in Non-Capitalist Societies 
 

 

 Theoretical frameworks are among the most important tools in an 

archaeologist’s toolkit. Theory provides a framework that allows archaeologists to 

interpret the material remains of the past, in essence making the past known. This 

chapter presents theoretical frameworks including world systems theory, notions of gift 

based economy, and ethnographic analogy which are extremely pertinent to 

understanding core and periphery relationships in the prehistoric past. Instead of 

merely outlining these theoretical frameworks, this chapter will expand upon the 

original notions of core and periphery presented with world systems theory by 

examining the notion of gift based economies and placing these gift based economies 

within cultural context through the use of ethnographic analogy.  

World Systems Theory 

 Systems theory in general is a type of framework which views culture as a 

system. This system, much like that in a computer system has multiple components 

which all work collectively and consequently affect one another. For instance, a shift in 

tool technology in a particular culture can have effects on other components of that 

culture such as subsistence practices and social organization. Comprehending each 

component and how it affects other components is an objective of systems theory in 

general.  
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 World systems theory was developed in the 1970’s by Immanuel Wallerstein, a 
historical sociologist. Other major influences of Wallerstein’s world systems theory are 
Marxism and dependency theory. As a framework world systems theory aims to 
understand the emergence of capitalism in the modern world. At the center of 
Wallerstein’s theory is  
 
 
 a world system is a social system, one that has boundaries, structures, member 
 groups, rules of legitimation, and coherence. Its life is made up of the conflicting 
 forces which hold it together by tension and tear it apart as each group seeks 
 eternally to remold it to its advantate. It has the characteristics of an organism, 
 in that it has a life-span over which its characteristics change in some respects 
 and remain stable in others… Life within it is largely self-contained, and the 
 dynamics of its development are largely internal [Wallerstein 1976:229].  
 
 
In other words a world system has boundaries/borders, structures (political, 

economical, etc.), member groups such as countries, and rules. The system is similar to a 

living organism that strives to survive like any biological organism and hence like a 

biological organism is capable of change. While Wallerstein (1976) leaves room for 

external sources of change within a world system the main source of change is internal.  

 There are two main member groups to the world system in Wallerstein’s 

framework. The first group is the core area of the world system. The core area both 

holds and produces capital wealth. To Wallerstein core states in the modern world 

system are powerful nations such as the United States of America. The core maintains 

its wealth through exploitation of the periphery through which labor production 

generates capital wealth for core states. This is not to argue that peripheral states lack 

human agency and adopt every practice of the core.  Peripheral states are developing 

parts of the world such as many countries in Central America. Other than simple wealth 

Wallerstein demonstrates that core states typically have more developed technologies. 
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Along with the core and periphery, a third region that is part of the modern world 

system, the semi-peripheral states, have characteristics of both core and periphery.  

 While many historical archaeologists have used a world systems framework for 

understanding the rise and development of capitalism over the last 500 years, very few 

prehistoric archaeologists acknowledge this framework and its characterizations of core 

and periphery interactions for varying reasons (Kardulias and Hall 2008). The basis 

behind this lack of acknowledgment is that world systems theory was developed to 

understand core and periphery relationships in the modern capitalist world system. 

Wallerstein does provide a means of addressing this concern.    

Wallerstein defines the concept of a “mini-system” (1976) as those systems that 

do not operate within a capitalist economy. This term refers to the bands, tribes, and 

chiefdoms that prehistoric archaeologists strive to comprehend. One of the concerns 

with using the concept of a mini-system when examining core and periphery 

relationships in a prehistoric context is that it imports “inappropriately into ancient 

settings” (Kardulias and Hall 2008:573). Other concerns are that world-systems 

approaches are too economic in scope and are generalizing in nature (Kardulias and Hall 

2008). Kardulias and Hall do not argue that a world-systems approach is not 

generalizing, but state that “employing generalization provides useful insights” 

(2008:573).  This thesis while largely generalizing in the use of world-systems is hoped to 

contribute useful insights into the nature of Middle Woodland lifeways.  

The remaining portion of this chapter will attempt to elaborate on the concept 

of a mini-system and in addition put the concept of mini-system into a core and 

periphery framework. To accomplish this, an examination of Marcel Mauss (1954) and 
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his notion of the gift is used to understand prehistoric economics and finally 

ethnographic analogues will be presented to further illustrate the nature of these gift 

economies and to put these cultures into further context.   

Gift Based Economy 

 Marcel Mauss, nephew of Emile Durkheim, one of the founders of anthropology 

and anthropological theory, contributed to anthropologists and sociologists a 

theoretical framework that explains the economic practices of non-capitalist societies. 

Mauss’ notion of the gift not only proved to sociologists and anthropologists of the time 

that so-called archaic societies had economic systems, but also made those systems 

known. The theory of gift based economies developed in the mid 20th century is still 

useful today in anthropology and more specifically cultural anthropologists and 

archaeologists.  

 Mauss in the introduction sets out to define how the archaic economic system 

functioned.  

 
In the systems of the past we do not find simple exchange of goods, wealth, and 
produce through markets established by individuals. For it is groups, and not 
individuals, which carry on exchange, make contracts, and are bound by 
obligations; the persons represented in the contracts are moral persons-clans, 
tribes, and families; the groups or the chiefs as intermediaries for the groups, 
confront and oppose each other. Further, what they exchange is not exclusively 
goods and wealth, real and personal property, and things of economic value. 
They exchange rather courtesies, entertainments, ritual, military assistance, 
woman, children, dances, and feasts; and fairs in which the market is but one 
element and the circulation of wealth but one part of a wide and enduring 
contract. Finally, although the prestations and counter-prestations take place 
under a voluntary guise they are in essence strictly obligatory, and their 
sanction is private or open warfare [Mauss 1954:2].  
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This definition of the function of a gift system is crucial to any understanding of the 

structure of mini-systems. Economics unlike those of modern capitalist societies 

revolved around group and not the self or individual. The gifts or prestations Mauss 

speaks of in his definition are a form of reciprocity. Gifts given in a gift economy need 

not be in the form of material. To draw upon Middle Woodland earthworks as an 

example people of the period could have gifted themselves as workers when 

earthworks were built of added on to. Gifts could also be in the form of ritual, healing, 

and other such institutions present in non-capitalist societies. One other major 

difference between the modern ideal of gift and the Mauss definition of gift is crucial to 

understanding the concept of a gift economy. 

 In modern times someone can receive a gift for a birthday and may not feel 

contractually obliged to return the gift. In Mauss’ framework those receiving gifts were 

contractually obliged to return the gift. In other words gifting was not a voluntary 

practice in archaic societies. Mauss uses the example of Polynesia to show the 

contractual nature of gifting in archaic societies (1954:6-16). In this example he ties this 

contractual obligation to the notion of mana in archaic Polynesian culture. To give a gift 

was to increase an individual/groups’ mana while to receive was to lower the mana of 

an individual/group (Mauss 1954:6).  

 Mauss speaks of forms of gifting such as feasting and performance of 

ritual/religious rites. These are common practices found in many cultures including 

those studied by Mauss, the Middle Woodland period, and other cultures of the world 

where gift economies have survived. The following section attempts to show through 
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ethnographic analogy how gift economies and the groups participating in them in the 

Middle Woodland period may have functioned.  

Ethnographic Analogy 

 Ethnographic analogy has been used by archaeologists as a method of putting 

both historic and prehistoric cultures into deeper context. Middle Woodland 

archaeology in particular utilizes ethnographic analogues in productive ways as 

discussed in the preceding chapter. Through ethnographic analogy possibilities as to 

how Middle Woodland mini-systems functioned can be explored. This section explores 

three ethnographically known groups each from distinct areas of the Americas. The 

three groups focused on within this section are the Yanomamo (Chagnon 1997), 

Mapuche (Faron 1961, 1964), and Choctaw (Swanton 1946). Four components of the 

cultural systems of these three groups are analyzed below.  

The first of the four components to be analyzed is settlement patterns. The 

second component this section examines is subsistence practices. This component is 

followed by discussions of feasting and shamanism. Instead of focusing on the particular 

variations between the three groups the cross-cultural parallels will be analyzed. It is 

argued here that it is these parallels that facilitate in placing prehistoric cultures into a 

deeper context.  

The Yanomamo of Southern Venezuela and Northern Brazil were central to the 

ethnographic research of Chagnon (1997). The Yanomamo are a tribal group who 

participate in many practices that the Hopewell did. The dispersed settlement pattern 

along with the presence of feasting, shamanism, and mode of subsistence make the 

Yanomamo an informative analogue for explaining Middle Woodland lifeways.  
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 The Yanomamo live in dispersed villages. As Chagnon states “distances between 

the villages can be as short as a few hours’ walk to as much as a week or 10 days walk” 

(1997:46). While the sizes of the villages are likely larger than those during the Middle 

Woodland the dispersed nature of the villages seems similar to that in Prufer’s Model.  

The villages can stay in one spot for up to 60-80 years (Chagnon 1997). Villages 

are usually relocated as a result of threats of war from nearby villages. According to 

Chagnon (1997) the Yanomamo move away from their current villages and try to 

relocate somewhere that is near to allied groups and old gardens. The closeness to 

allied groups is important when the threat of warfare is existent. The reason the 

Yanomamo try to keep near old gardens as well, is that well after a garden goes out of 

use is the presence of peach palm trees which produce fruit well after the Yanomamo 

abandon a garden (Chagnon 1997:72).   

 Feasting is another part of Yanomamo life that people during the Middle 

Woodland shared in common. While feasting seems to have occurred at earthworks 

during the Middle Woodland it is part of village life for the Yanomamo. But where the 

feasting occurs is not of high importance here. What is of high importance are the 

benefits of feasting for people living in dispersed settlements. While feasting helps in 

unification and the formation of political alliances the Yanomamo who participate in 

feasts do not state this as the reason to feast. As Chagnon states, “for the Yanomamo 

participant in a feast, the feast itself has its significance in the marvelous quantities of 

food, the excitement of the dance, and the satisfaction of having others admire and 

covet the fine decoration he wears” (1997:164).  
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While ignorant to the benefits incurred by feasting the Yanomamo do partake in 

the benefits of unification. The alliances are not formed instantly as it may seem. It can 

take months, if not years according to Chagnon for alliances to form. Guests at feasts 

are encouraged to reciprocate usually in the form of an even or more grandiose feast in 

their home village. It is through these acts of reciprocity that political alliances are 

formed for the Yanomamo.   

Shamanism is also a component of Yanomamo life. Instead of looking at the 

particular acts performed by Yanomamo shamans it is more productive to turn attention 

to their responsibility in the community. The role of a Yanomamo shaman is in the 

words of Chagnon to “manipulate the spirit world; cure the sick with magic, sucking, 

singing, or massaging; diagnose illness and prescribe a remedy; and generally intercede 

between humans and spirits in the context of health versus sickness” (1997:116). Only 

men can become shamans in Yanomamo society. There are no restrictions on what man 

can become a shaman, only that those who wish to do so must go thru rigorous training.  

 The one depiction of a shaman in Middle Woodland context that exists is a 

wood carving of a man dressed in what appears to be bear skin. Perhaps based on the 

analogy of Yanomamo shamanism the spirit world of the Hopewell was existent in living 

things around them such as bears and other animals. Viewing animals as significant 

components of a spirit world could also aid in interpretations of effigy mounds 

constructed in the Woodland period.  

 Subsistence is a critical component of the lifeways of all humans. Yanomamo 

subsistence has striking similarities to Middle Woodland subsistence patterns. The 

Yanomamo participated in a varied mode of subsistence, using both wild foodstuffs and 
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game, along with domesticating plants (Chagnon 1997:60-70). As stated above the 

location of Yanomamo settlements are decided upon partially by the location of old 

gardens, along with the availability of wild foodstuffs and game. Perhaps the settlement 

pattern of the Hopewell is strongly related to areas where plants were grown; along 

with availability of wild foodstuffs and game.  

 While regionally and temporally the Yanomamo and the Hopewell are separated 

by great distance striking parallels can be seen. These parallels can be used in an 

attempt to explain Middle Woodland lifeways. The next group this section will examine 

has been used as an analogue to Middle Woodland people by Pacheco as discussed in 

the previous chapter. The Mapuche seem to be a logical group for further analogy. 

The Peruvian and Chilean Mapuche were written about extensively in the 1960’s 

(Faron 1961, 1964). Studies in the 1970’s of the Mapuche (Stuchlik 1976) are also of 

great importance to any attempt at using the Mapuche as an analogue for Middle 

Woodland Lifeways. The same components of Mapuche life will be explored as were 

examined in the previous section of the paper (settlement pattern, feasting, shamanism, 

and mode of subsistence). All of these components can be explored and used 

meaningfully as an analogue to Middle Woodland culture.  

 Since Pacheco (1996) already has published a commendable study that utilized 

the settlement pattern of the Mapuche as an analogue to Middle Woodland settlement 

patterns this discussion will be brief. As Stuchlik states “a *Mapuche+ community 

exhibits only a minimal degree of structuredness. The households are irregularly 

dispersed, and all have equal status within the community” (1976:31). This description 



 
 

35 
 

along with the map on the previous page (Stuchlik 1976:30) really support Pacheco’s 

arguments about the Prufer Model not being unique to cultures of the world.  

 Feasting is also present in Mapuche society. Stuchlik divides feasting into three 

general categories of feasts in Mapuche society; rites of passage, secular or profane 

feasts, and feasts associated with burial (1976:142-150). Of most interest to Middle 

Woodland archaeology is feasting associated with burial. The actual feasting does not 

start until the recently deceased has been dead for at least four days (Stuchlik 

1976:146). Since formal invitations are not sent this allows time for the news to travel to 

other households across the landscape through informal channels. Preparing food for 

the feasts is the responsibility of the family of the deceased. In the example Stuchlik 

gives the food was prepared mainly by the wife of the deceased, although the men in 

the dead husband’s family also prepared some food.   

 Perhaps the reason why some burials in Middle Woodland earthwork contexts 

show evidence of having been reburied within the earthwork may be partially due to 

the time it took to organize people and prepare food for feasts. Especially if multiple 

people from different Middle Woodland communities were being buried at once within 

an earthwork preparing for the feasts could take considerable time and may have been 

impossible at certain times of the year.  

 Shamanism is also a part of Mapuche culture. Mapuche shamanism shares 

much in common with Yanomamo shamanism in that the shamans communicate with 

the spirits. “The machi [shaman] enters the holy of holies, communes with and is 

possessed by the forces of good and is thereby able to control the forces of evil. The 

machi is the most continually active member of any community in dealing with right and 
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wrong. Her livelihood and her spiritual survival depend on preoccupation with Mapuche 

morality. Her close association with the sacred realm of Mapuche society symbolizes her 

separateness from ordinary people”(Faron 1964:138). 

 The previous quote brings the important aspects of Mapuche shamanism 

together. First and foremost Mapuche shamans commune with the spirit world like 

shamans of other cultures. It also shows that shamans in Mapuche society play a 

significant role in the society as a whole. Finally, the most interesting aspect is that 

Mapuche shamans are female, contrary to shamans in most other groups.  

 While the one depiction of a Middle Woodland shaman is male to simply use 

that fact to state that all shamans in Middle Woodland society were male would be 

naïve to say the least. The Mapuche shamans are all female and that leaves the 

possibility that some Middle Woodland shamans may have been as well. By this 

statement the argument is not that female shamans were present in the Middle 

Woodland but simply that it is possible. Also once again shamans play a role in 

communing with the spirit world. As stated earlier Middle Woodland shamans could 

have served a similar role in their own society.  

 Not a lot of information exists on Mapuche subsistence before contact with the 

Spanish. What is known is that after contact the Mapuche went through a transition 

“from desultory garden horticulture, performed by women, to field farming and the 

adoption of many non-Mapuche agricultural techniques” (Faron 1961:12). From this 

description it seems like the Mapuche were much more dependent on crops as a major 

component of the diet than Middle Woodland people.  
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 Middle Woodland people grew plants around their scattered hamlets. The crops 

procured from Middle Woodland gardens did not make up a major component of the 

diet. During the Middle Woodland there was still an emphasis on hunting and gathering 

along with planting gardens. Most of the foodstuffs found at Middle Woodland sites 

seem to be remains from hunting game and gathering wild plants. Unfortunately this 

makes Mapuche subsistence a weak analogue for Middle Woodland subsistence 

practices.  

 Once again like with the Yanomamo, even though the Mapuche and Middle 

Woodland peoples are separated both temporally and spatially possible analogues 

arose. With respect to settlement patterns these similarities have already been 

published (Pacheco 1996). Feasting and specifically the time it takes to prepare a burial 

feast in Mapuche society seems to point towards the existence of preparation time for 

feasts in the Middle Woodland. Also the unifying force inherent in Mapuche feasting 

would also seem to fit Middle Woodland feasting in that a feast would bring together 

people who were living in scattered hamlets. Finally the fact that all Mapuche shamans 

are female reminds everyone that just because a culture is believed to have shamans 

that it should not be assumed that they are all men. The final ethnographically known 

group presented here are the Choctaw. While culturally more complex than the 

Hopewell, useful analogues still exist between the people of the Middle Woodland and 

the Choctaw.  

The Choctaw of the Southeastern United States were chiefdom, as opposed to 

the two tribal groups previously analyzed. The main distinction between tribes and 

chiefdoms is the presence of a chief who has some level of political authority. The 
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Choctaw inhabited lands in the modern states of Louisiana and Alabama. The Choctaw 

are interesting in that like the Mapuche, they constructed earthworks. Most of the early 

information on Choctaw lifeways is contained in the works of John R. Swanton, a 

member of the Bureau of American Ethnology (Swanton 1946).  In this section Choctaw 

settlement, feasting, and subsistence will be analyzed. Since shamans are not written of 

in Choctaw society the medicine men will be discussed since they seem to serve a 

similar role to shamans in other groups.  

 The overall settlement pattern of the Choctaw is summed up by Swanton “they 

were groups of villages and single houses with farms surrounding them” (1946:637). 

Amongst the towns buildings were buildings that served special functions such as 

“gatherings, ceremonials, etc.” (Swanton 1946:637). One description details a chief’s 

house in the village of Bonfouca  

  
 We repaired to [the cabin of the Great chief], which is raised to a height of 10 
 feet on earth brought thither, and is 25 feet high and 45 feet long. Near by are 
 eight cabins. Before that of the chief is the temple mound, which has a circular 
 shape, a little oval, and bounds an open space about 250 paces wide and 300 
 long [Swanton 1946:638].  
 
This quote shows the troubles of using Choctaw settlement as an analogue for Middle 

Woodland settlement. Middle Woodland settlement is in the form of scattered hamlets, 

although few still argue that nucleated villages were the mode of settlement. The 

presence of a temple mound, a type of earthwork associated with Mississippian culture 

in the Midwest and Southeastern United states also makes using Choctaw buildings a 

problematic analogue to Middle Woodland earthworks.  

 Feasting did occur in Choctaw society. While it was not written about much by 

Swanton he does give a quote which shows it to be a part of burial ritual in Choctaw 
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culture (Swanton 1946:726). Feasting occurred after the remains of the dead were 

defleshed and either buried in earthworks or burned (Swanton 1946:726). While 

Swanton himself does not go beyond merely describing that a feast occurred at this 

time analysis is possible.   

The fact that feasting occurred during burial ritual when groups of people had 

come together to mourn seems to be an act of unification much like the burial feasting 

of the Mapuche. The fact that Choctaw burial ritual involved the internment of many 

people at one time also points towards some amount of time preparing both for the 

burial and associated ritual along with the feasting. Once again as with the Mapuche, 

the Choctaw analogy would seem to suggest that preparing feasts during the Middle 

Woodland would have taken time.  

The medicine men in Choctaw society performed similar roles to shamans in 

Yanomamo and Mapuche society. Swanton divides Choctaw medicine men into two 

classes “those who used occult means and arrogated to themselves the gift of prophecy, 

and mere physical makers” (1946:778). Some medicine men of the first class were noted 

to have been able to perform the duties of the second class. The use of the word occult 

in describing the first class of medicine men by Swanton seems to suggest a function 

similar to Yanomamo and Mapuche shamans, the ability to commune with spirits. In the 

case of the Choctaw it seems that the medicine men communed with spirits as a means 

to heal. Since Choctaw medicine men commune with spirits much like the Yanomamo 

and Mapuche shamans it seems even more likely that Middle Woodland shamans had 

similar abilities.  



 
 

40 
 

Swanton gives some very detailed accounts of Choctaw subsistence. Choctaw 

subsistence is based around farming, hunting, and fishing. Two species of corn, along 

with sweet potatoes, leeks, garlic, and cabbage were all cultivated by the Choctaw 

(Swanton 1946:288). None of the particular crops grown by the Choctaw were grown 

during the Middle Woodland. While Swanton states that “the Choctaw were less 

dependent on animal foods than most of their neighbors *they did hunt+…deer, bear, 

and when opportunity offered, the bison and elk” (1946:289). Along with fishing these 

species comprised the non-cultivated portion of the Choctaw diet. The overall mode of 

subsistence seems in opposition to that of the Middle Woodland. 

In the Middle Woodland, hunting and gathering provided the bulk of the diet for 

the people. Growing crops provided a small portion of the diet and was likely consumed 

in the fall and winter months of the year. The opportunity to trade with European 

colonizers was also not open to people during the Middle Woodland. These two 

problems make it hard to draw analogy from the Choctaw to the Middle Woodland in 

the realm of subsistence.  

Outside of feasting and medicine men drawing analogy from the Choctaw of the 

Southeastern United States is troublesome. Feasting took time to prepare for the 

Choctaw much like it would have in the Middle Woodland. Feasting was also associated 

with burial ritual in Choctaw culture and likely was a part of Middle Woodland burial 

ritual as well. Feasting also acted as a unifying process in Choctaw culture just like it did 

in Yanomamo and Mapuche culture. This seems to support the possibility that feasting 

was a source of unification in the Middle Woodland as well.  
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The medicine men in Choctaw culture served similar roles to the shamans of the 

Yanomamo and Mapuche. The medicine men, using occult means were able to heal sick 

and wounded people. This ability to commune with the supernatural shares a lot in 

common with the abilities of the Yanomamo and Mapuche shamans to commune with 

the spirits.  

Instead of analyzing a component of a single group, as most studies do, this 

section analyzed various components of multiple groups. The main reason for this was 

to look for cross-cultural similarities, similarities which could more easily be used as 

analogy to Middle Woodland culture. Particulars that could possibly be used as analogy 

were also analyzed. Four characteristics were analyzed in this section (settlement 

patterns, feasting, shamanism, and subsistence) (Table 3.1). Three ethnographically 

studied groups; the Yanomamo, Mapuche, and Choctaw were studied looking at the 

four components.  

 The first component analyzed for each group was settlement patterns. Cross-

culturally settlement patterns had variation. The Yanomamo and Mapuche settlement 

patterns were both in the form of scattered settlement. Yanomamo village sites while 

scattered are probably larger than those of the Middle Woodland. Mapuche settlement 

on the other hand is very similar to that of the Middle Woodland as has been published. 

Choctaw settlement is very different from the first two in that villages were much larger 

and had farmsteads surrounding them.  

Subsistence was the second component to be analyzed. All three groups 

practiced some form of agriculture/horticulture and hunting/gathering of wild foods.  
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Culture Group Settlement 
Patterns 

Subsistence Feasting Shamanism 

Yanomamo 

 

Scattered 
Hamlet 

Horticultre, 
Hunting, 
Gathering 

Present for the 
reason of 
unification 

Present, 
ability to 
commune 
with spirits 

Mapuche Scattered 
Hamlets 

Horticulture, 
Hunting, 
Gathering 

Present for the 
reason of 
unification 

Present, 
ability to 
commune 
with spirits 

Choctaw Villages  Horticulture / 
Agriculture, 
Hunting, 
Gathering 

Present, for the 
reason of 
unification 

Not present, 
medicine men 
served similar 
function to 
shamans 

Middle 
Woodland 
Period 

Scattered 
Hamlet 

Horticulture, 
Hunting, 
Gathering 

Present Present  

 

Table 3.1: Table showing the results of the ethnographic analogy 
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Subsistence varied as far as reliance on agriculture versus hunting and gathering one 

trend did arise. The importance of settling near wild food sources was part of each 

group’s culture. Perhaps Middle Woodland settlement is not related in terms of location  

to the best soils for planting crops but in locations where wild plants and game were 

readily available.  

The third component analyzed for each group was feasting. Feasting occurred 

for reasons of unification in all three groups. The Yanomamo held feasts in order to 

forge political alliances which are a form of unification between groups. The Mapuche 

and Choctaw feasted on special occasions such as part of burial ritual. In all three groups 

the theme of unification and the time it took to prepare for feasts were common and 

cross-cultural. 

Shamanism was the final component analyzed in this section. All three groups 

had shamans, with the exception of the Choctaw who had medicine men who served 

similar functions in society. In all three groups the shaman/medicine men had the ability 

to commune with spirits. The ability to commune with spirits necessitates the presence 

of spirits. This ability to commune with spirits was found to be cross-cultural while the 

exact reasons for the communication were not.   

From Frames to Frameworks 

 Developing a framework to examine and to make sense of core and periphery 

relationships in the prehistoric Eastern Woodlands is one of the goals of this thesis and 

the overarching goal of this chapter. Wallerstein (1976) originally defined core and 

periphery as part of world systems theory, a theory used in dealing with the modern 

capitalist world system. Wallerstein’s world systems theory presents a difficulty in that 
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using world systems theory as a framework for understanding prehistoric cultures is 

problematic (Kardulias and Hall 2008). Wallerstein (1976) does provide a means to get 

past this issue, the idea of mini-systems, the structure of band, tribe, and chiefdom level 

societies.  

 While Wallerstein’s (1976) definition of core and periphery are important to 

understanding core and periphery relationships in both world systems and mini-

systems, the failure of elaboration presents a problem. By implementing Maussian ideas 

of gift economies along with Wallerstein’s definitions of core and periphery a 

framework for dealing with mini-systems can be constructed. In Wallerstein’s notion of 

core, the core is an area where capital is held and produced, while the periphery is an 

area where production serves to increase the capital wealth of the core state. While this 

is enough to understand core and periphery relationships in the modern capitalist 

system capital wealth does not work well as a concept for defining core and periphery 

relationships in mini-systems.  

 The framework of Maussian gift economies allows the nature of core and 

periphery relationships in prehistoric cultures to be known. The forms of gifting in core 

and periphery areas or in other words what is being gifted is key to defining core and 

periphery relationships. Core areas in prehistoric cultures hold the bulk of material 

wealth, in the form of finished artifacts, unfinished artifacts, and foodstuffs. Forms of 

gifting in core areas includes feasting, like that described in the ethnographic analogues 

above, performance of ritual (burial and shamanism in Middle Woodland culture), and 

in the form of artifacts crafted by specialists within the groups.  
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 Wallerstein (1976) defines the key component of periphery as being an area of 

production. Periphery areas are argued to have material wealth in the form of local 

materials in the form of finished and unfinished artifacts. Exotic materials may appear 

but not in the bulk of what would be expected in a core area. Periphery areas may gift 

to other periphery areas and the core as well. Gifting could be in forms such as feasts, 

performance of ritual, and labor (such as aiding in the construction of earthworks). 

Locally available materials may also be gifted to other groups such as chert and finished 

artifacts.  

 Mini-systems, the term first introduced by Wallerstein (1976) can be used by 

prehistoric archaeologists to understand core and periphery relationships. Using 

Maussian (Mauss 1954) ideas, definition of the core and periphery of any mini-system is 

possible. Wallerstein’s definitions of core and periphery in the modern world system 

bear similarities to definitions of core and periphery in prehistoric cultures. While 

material wealth is held by both core and periphery in prehistoric cultures the wealth 

they hold are of different types.  

In core areas wealth is in the form of local materials, exotic materials, shamanic 

practitioners, ritual programs, and feasting. Archaeologically these can be uncovered in 

many ways. The presence of a higher percentage of exotic materials at sites of a given 

temporal period in one region and less at sites of the same temporal period in another 

region are useful for determining which region is core. Shamanic practices and ritual 

programs in the Middle Woodland are likely tied to the earthworks present across the 

Eastern Woodlands. Hence the amount of earthworks constructed in different regions 
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may have been tied to the number of shamanic and/or other ritual practitioners residing 

in the region.    

 Periphery, as in Wallerstein’s definition can be defined in prehistoric cultures as 

being areas of production. The use of local materials should represent the bulk of the 

material wealth. Peripheral areas have forms of gifting that can be used to define core 

and periphery relationships. While acts such as feasting and the performance of ritual 

are forms of gifting similar to that of core areas other characteristics of peripheral 

gifting practices can aid in delineating core and periphery. The gift of labor to core areas 

from peripheral regions is key in the Middle Woodland period. Earthworks could be built 

by peripheral groups as a form of re-gifting to core areas. Hence archaeologists could 

assume that a region with a larger prevalence of earthworks that date to the Middle 

Woodland is core while areas with lesser amounts of earthworks may be more 

peripheral. This and the ratio of local materials to exotic materials in artifact 

assemblages can be used to define periphery (Ratios in periphery would be expected to 

be opposite of the same ratios in core areas).  

 Mini-systems like world systems have core areas and peripheral areas. Their 

relationships while similar to Wallerstein’s ideas of core and periphery (1976) are based 

on the group and not the individual, gifting as opposed to generation of capital wealth. 

The most useful remains of the past in studying core and periphery relationships in the 

Middle Woodland period are material types used in finished and unfinished artifacts and 

the prevalence of earthworks in a given region. This thesis aims to understand core and 

periphery relationships by examining the latter of these two data types in the Middle 

Woodland period.  
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 In the next chapter the methodology chosen to create and analyze the data sets 

used to support the arguments made within the thesis are presented. Therefore it is 

critical to tie the theoretical models discussed in this chapter to the chosen 

methodology. Quantitative data is used in this thesis to argue for the existence of a 

Middle Woodland mini-system that incorporates East Central Indiana and South Central 

Ohio.  

 Data including the total number of earthworks, functional distribution of 

earthworks, distance from a permanent water source, and both forms of statistical 

analysis are used to argue that a singular system, which would contain both core and 

peripheral areas, is present. Specifically, results that when analyzed using a comparative 

framework show similar numbers can be used to argue for the existence of a mini-

system. These numbers, with the exception of the statistical analysis can also be used to 

argue for the presence and location of core and peripheral areas. 



 
 

 
 

Chapter 4: 
Maps, Mounds, and Measurements 

 
 
 

 The methodology used within any research project is critical to answering 

research questions. The methodology chosen for this particular project is a combination 

of map measurements and quantitative analysis. Maps are an invaluable resource for 

archaeologists analyzing any structures that are visible on the landscape and site 

locations. When analyzing earthworks it is not only important to understand the 

artifacts recovered from within, but the earthworks themselves as archaeologically 

relevant materials. This chapter explains the methodology used in this thesis, presenting 

not only what exactly was done, but more importantly, why the selected methods are 

used.  

The existence of maps showing the location of earthworks that are 

contemporaneous on the landscape in the Midwest is crucial to the creation of data sets 

used to answer the research questions posed by this thesis. Two geographical regions, 

South Central Ohio and East-Central Indiana were the focus of this thesis; more 

specifically the Scioto and Licking River valleys of South Central Ohio and the Big Blue 

and Upper White River valleys of East-Central Indiana were selected. All four of these 

river valleys contain numerous Middle Woodland earthworks of various types. 

Measurements of three different variables relating to the earthworks were taken from 

each of the regions. To determine the statistical validity and significance of each variable 
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across all four river valleys, statistical analysis will be used. Simple linear regression is 

the first statistical test for data. Secondly, power law statistical analysis will also be 

used. All data will be analyzed comparatively. 

Maps 

 Maps were located and chosen that show the locations of Middle Woodland 

earthworks across the four river valleys being analyzed. The first map used is a map of 

the earthworks surrounding Chillicothe, Ohio (Squier and Davis 1848) (Figure 4.1) and 

shows the location of numerous earthworks across the Scioto River valley in South 

Central Ohio. This collection of maps contains not only the map with earthwork 

locations across the Scioto River valley but also contains detailed maps of several 

earthwork complexes within South Central Ohio and particularly the Scioto River Valley.  

 The next map (Pacheco 1997:61) (Figure 4.2) used in creating the data sets 

shows the locations of earthworks across the Licking River valley of South Central Ohio. 

Similar to the Squier and Davis map of earthworks in the Scioto River valley region, 

Pacheco’s map shows the location of various types of earthworks in the Licking River 

valley as well as the location of Middle Woodland habitation sites in the region. The 

Scioto and Licking River valley maps were used to compile the data sets for South 

Central Ohio.  

 The regional earthwork map used for the Big Blue and Upper White River valleys 

of East-Central Indiana (Cochran 1996:342) (Figure 4.3) shows the location of 

earthworks across the landscape and allowed for initial data collection. The issue with 
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using the map for the entire data collection of this particular project is that the map 

uses a symbol for earthwork complexes. Due to this more maps are used to collect the 

data pertaining to the earthwork complexes of East-Central Indiana (Cox 1878; Lilly 

1937; Squier and Davis 1848) (Figure 4.4; Figure4.5; Figure 4.6). These maps are detailed 

maps of the Anderson Mounds and New Castle Site and importantly the earthworks 

contained within them. 

Earthworks  

 After maps were found showing the earthworks for each region, a definition of 

what was being measured needed to be put forth. While in general the maps show the 

locations of earthworks, the types of earthworks present in the maps are variable both 

in terms of shape and function. The goal of this section is to define each type of 

earthwork both in terms of appearance and function. Four types of earthworks are 

present across all the regions being analyzed; conical, enclosure/earthen wall, 

elongated, and effigy mounds.  

 Conical mounds (Figure 4.7) are the most common type of earthwork 

constructed in the Middle Woodland period. Conical mounds are cone shaped upon 

construction, although many have deteriorated over time and look less conical. These 

earthworks seem to have served multiple functions for the people who built them. 

Burials are commonly, but not always associated with conical mounds. Other conical 

mounds such as Pipes Mound in the Mound City Group in the Scioto River Valley were  
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Figure 4.1: Map showing the location of earthworks in the Scioto River Valley 
(Squier and Davis 1848) 
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Figure 4.2: Map showing the location of earthworks in the Licking River Valley (Pacheco 
1997:61) 
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Figure 4.3: Map showing the locations of earthworks in East Central Indiana (Cochran 
1996:343) 
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Figure 4.4: Map showing a portion of the earthworks of the Anderson Mound Group 
(Cox 1878) 
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Figure 4.5: Map of the New Castle Site (Lilly 1937) 
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Figure 4.6: McBride map of the Fudge Site (Squier and Davis 1848) 
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filled with broken artifacts that may have been ritually broken upon the death of the 

owner of the items. 

Enclosures and earthen walls (Figure 4.8) are the second type of earthwork used 

in the analysis. Enclosures and earthen walls are made of earth which typically 

surrounds other earthworks, usually conical and elongated mounds. Enclosures/earthen 

walls are thought to be enclosed ritual space. The presence in earthen walls/enclosures 

of entry ways seems to strengthen this interpretation. A larger amount of ritual space 

within earthen walls and enclosures seems to suggest that these sites held larger ritual 

gatherings during the Middle Woodland period.    

 Elongated mounds (Figure 4.9) are the third type of earthwork present in the 

maps used in the analysis. Elongated mounds from an aerial view appear more oval 

shaped than conical mounds. The longer, less rounded elongated mounds appear to be 

stretched versions of conical mounds. While only a few elongated mounds existed on 

the maps their function seems to differ from that of conical mounds. The elongated 

mound within the Mound City Group in South Central Ohio had the presence of post 

molds. The location of the post molds seems to suggest that it was the site of a charnel 

house used in processing the dead for burial. This would suggest that as with the 

previous two types of earthworks, elongated mounds played an important role in 

Middle Woodland burial practices and other associated rituals.   

 The fourth type of earthwork considered is perhaps the least understood of the 

four types of earthworks. Effigy mounds (Figure 4.10) are mounds in the shape of  
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Figure 4.7: Photograph of a Conical Mound located in the Mound City Group in 

Chillicothe, Ohio. 
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Figure 4.8: Photograph of the earthen wall at Mound City Group. Behind the earthen 
wall is a conical mound. 
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Figure 4.9: Photograph of Seip Mound, an elongated mound in South Central Ohio. 
(Photograph courtesy of the Ohio Historical Society)  
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Figure 4.10: Diorama depicting the construction of an effigy mound. 
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different animals such as snakes, bears, and turtles. These earthworks seem to be clan 

symbols perhaps used to mark the territory of a tribe. Their use in the Middle Woodland 

seems likely although they are rare on the landscape compared to the previous three 

types of earthworks.  

 Classifying each type of earthwork by appearance and function aids the analysis 

in terms of interpretation and measurement. Of highest importance to methodology is 

measurement. The types of measurements taken hinge on the types of earthworks 

present being clearly defined. The following section details the types of measurements 

recorded from each map and their importance to the overall analysis.  

Measurements  

 The measurements recorded from each map form the basis for interpreting the 

nature of Middle Woodland mini-systems. Various measurements (all using the metric 

system) were taken from each map to construct the databases used to formulate the 

interpretations of Middle Woodland mini-systems. This section outlines the types of 

measurements taken from each of the maps and why they are important aspects in an 

interpretation of Middle Woodland earthworks and mini-systems. 

 The first measurement while simplistic forms the basis for other measurements 

taken from the maps. The total number of earthworks in each region was the first piece 

of data recorded. While this is a simple count it is a count of the amount of earthwork 

use in each region during the Middle Woodland period. It also is a requirement for the 

second measurement taken for each map.  
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 The second measurement taken from each map is the frequency distribution of 

earthwork types for each region. The frequency distribution of earthworks in each 

region was calculated as (the total number of a type of earthwork in a region/the total 

number of earthworks in the region). Frequency distribution is an important 

measurement since it is expected that while total number of earthworks in each region 

can vary, the frequency distribution should be similar in all regions in a mini-system.  

 The third measurement taken for each region is the distance from a permanent 

water source for each earthwork. The distance from a permanent water source is 

defined as the distance from the nearest non-manmade water source for each 

earthwork. This eliminates manmade water sources such as reservoirs that were not 

present during the Middle Woodland period. The distance from a permanent water 

source is important since water is a requirement for humans to survive. This 

measurement is expected to be similar on average for each type of earthwork across all 

regions analyzed.  

 The final measurement is the area enclosed by enclosures and earthen walls. 

While this data is not readily available for the Licking River valley it is available for the 

other three river valleys being analyzed. This measurement is highly significant since 

enclosures/earthen walls are thought to function as enclosed ritual space. It is expected 

that many enclosures will have similar amounts of interior space, it is also expected that 

outliers will exist and that these outliers may be sites of larger ritual gatherings.  
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Statistical Analysis 

 Statistics are the cornerstone of any quantitative analysis whether it is within 

archaeology or any other realm of professional endeavor. For this particular project 

simple linear regression and power law are chosen to test the statistical significance of 

quantitative data. These statistical techniques are chosen for this thesis due to the 

nature of the variables and the significance of the results of the techniques. 

 Simple linear regression is a common statistic technique used in archaeological 

quantitative analysis. It allows the archaeologist to analyze the relationships between an 

independent and dependent variable. If these relationships are found to be statistically 

significant then meaningful statements can be made about their relationships. For this 

thesis SAS v. 9.1 was used to run linear regression tests. The linear regression 

methodology is similar to that of a previous model which showed statistically significant 

results in dealing with archaeological materials and sites and distance from water 

(Groover 2002). 

 In this methodology distance from a permanent water source for the four river 

valleys will be broken down into bracketed zones. For example, zone one may be 0-100 

meters from a permanent water source. All zones are similar distances from one 

another, for example, zone two from the previous example would be 101-201 meters 

from a permanent water source. The zones, based on distance from water are the 

independent variable for all the linear regression used in this thesis. The zones are 

tested against dependent variables including total number of earthworks, conical 
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mounds, enclosures, and enclosed space for each zone. The model should show a strong 

negative relationship between the independent variable. 

  Power law is also utilized to analyze two variables, a constant variable and a 

quantitative attribute of the constant. For example a constant could be earthquakes and 

the quantitative attribute would be the strength of the earthquake. In this example a 

power law distribution would be created showing lots of small scale earthquakes and 

fewer earthquakes of higher magnitude. For the purpose of the thesis data, power law 

analysis will be used to analyze a constant (enclosed space of enclosures) and the 

number of enclosures exhibiting that amount of space. If a power law distribution is 

resultant from this portion of the statistical analysis a hierarchical relationship with an 

R-Value of 0.89 or greater will result from the analysis.  

Constructing a Quantitative Methodology  

 Any strong quantitative analysis starts with numbers or variables. This project 

examines four different variables related to Middle Woodland earthworks in the 

Midwest, and specifically to what the numbers say about core and periphery 

relationships in the Middle Woodland period Midwestern, United States. The availability 

of useful maps for all regions for all the variables being analyzed (with the exception of 

area enclosed by enclosures for Licking River valley) aided in gathering the appropriate 

numbers for the analysis. The analysis itself needed sound statistical methods that 

would be useful for examining core and periphery relationships archaeologically. Simple 

linear regression was chosen for its usefulness in analyzing water based site patterns in 
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past research (Groover 2002).  Power law as a form of statistical analysis seemed well 

suited for the task and was chosen since it may be useful in analysis, specifically of local 

level data. This combination of methodologies was used to produce sound results and 

new ideas about core and periphery relationships in the Midwestern, United States. 



 
 

 
 

Chapter 5: 

 
Results from the Maps, Mounds, and Measurements 

 
 
 

 The results of any archaeological analysis come from rigorous methodological 

techniques. In the previous chapter the methodologies implemented in this thesis were 

thoroughly outlined. In this section the results of the quantitative analysis are 

presented. First the basic numbers derived from the measurements taken from each 

river valley are presented, followed by the results of the statistical analysis. These 

results will prove useful in answering the questions related to Middle Woodland mini-

systems in South-Central Ohio and East Central Indiana. The basic measurements and 

counts are hoped to answer questions about Middle Woodland mini-systems on a 

regional, spatial scale. The linear regression results should also help answer questions 

on a regional, spatial scale. The results of the power law tests should answer questions 

on a local or community, spatial scale.   

The Measurements 

 The first piece of data collected from each map was the total number of 

recorded earthworks for each river valley (Figure 5.1). In the Scioto River Valley a total 

of 152 earthworks were recorded. In the Licking River Valley, 92 earthworks were 

recorded. In the Upper White River Valley, a total of 40 earthworks were recorded. In 

the Big Blue River Valley, 34 earthworks were recorded. These totals are critical since 
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Figure 5.1: Bar graph showing the total number of recorded earthworks in each river 
valley
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Figure 5.2: Pie chart showing the frequency distribution of earthworks in the Scioto 

River Valley.
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they form the basis for examining the frequency distribution of earthworks in each 

region. 

 The next analysis variable was the frequency distribution of earthworks in each 

river valley. In the Scioto River Valley (Figure 5.2), conical mounds represented the 

majority of earthworks at almost 72 percent, followed by enclosures which make up 27 

percent of the total. Elongated mounds which were also present represented 1 percent 

of the total earthworks in the area. Effigy mounds were not present in the Scioto River 

Valley.  

 In the Licking River Valley the frequency distribution of earthworks was also 

calculated (Figure 5.3). Conical mounds formed the bulk of earthworks in the area at 82 

percent. Enclosures were the second most prominent earthwork in the data making up 

14 percent of the total. Effigy mounds were also present and accounted for over 3 

percent of the data. Elongated mounds were not present in the data for the Licking 

River Valley. 

 The Upper White River Valley showed similar results (Figure 5.4). Conical 

mounds accounted for 70 percent of the total data, followed by enclosures at 27 

percent, and elongated mounds at 3 percent. Effigy mounds were not present in the 

data for the Upper White River Valley. 

 The Big Blue River Valley was the last area examined (Figure 5.5). Conical 

mounds accounted for 56 percent of the data. Enclosures were the other earthwork  
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Figure 5.3: Pie chart showing the frequency distribution of earthworks in the Licking 
River Valley. 
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Figure 5.4: Pie chart showing the frequency distribution of earthworks in the Upper 
White River Valley. 
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Figure 5.5: Pie chart showing the frequency distribution of earthworks in the Big Blue 
River Valley. 
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Table 5.1 Table showing the average distance from a permanent water source for each 

earthwork type and the average for all earthworks. 
 

 

 

 

 

  

 

 

 
Enclosures Mounds Elongated 

Effigy 
Mounds Average 

Scioto 0.56 0.9 0.6175 
 

0.82 

Licking 3.65 4.3 
 

7.48 4.34 

Big 
Blue 1.46 3.56 

  
2.63 

White 0.9 2.91 1.2 
 

2.38 
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type present accounting for 44 percent of the data. Elongated mounds and effigy 

mounds were both not present in the data for the Big Blue River Valley. 

The next measurement taken for each river valley was the distance from a 

permanent water source for all earthworks. Distances were measured in km for all 

distance from water data. Averages for each earthwork type in each river valley and 

averages for the total earthworks recorded in each area were calculated (Table 5.1).  

The Scioto River Valley was the first area where distance from a permanent 

water source was measured. Conical mounds in the Scioto River Valley are located, on 

average, .9 km from a permanent water source. Enclosures are located, on average, .56 

km from a permanent water source. Elongated mounds in the Scioto River Valley are 

located, on average, .61 km from a permanent water source. Effigy mounds are not  

present in the Scioto River Valley data. The average distance from a permanent water 

source for the whole Scioto River Valley data set is .82 km.  

 The Licking River Valley was the second area measured for permanent distance 

from a permanent water source. Conical mounds in the Licking River Valley are located, 

on average, 4.3 km from a permanent water source. Enclosures in the Licking River 

Valley are located, on average, 3.65 km from a permanent water source. Effigy mounds 

in the Licking River Valley are located, on average, 7.48 km from a permanent water 

source. Elongated mounds are not present in the Licking River Valley data set. The 

average distance from a permanent water source for the whole Licking River Valley data 

set is 4.34 km.  

 The Big Blue River Valley was the third area measured for distance from a 

permanent water source. Conical mounds in the Big Blue River Valley are located, on 
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average, 3.56 km from a permanent water source. Enclosures in the Big Blue River 

Valley are located, on average, 1.46 km from a permanent water source. Elongated 

mounds and effigy mounds are not present in the Big Blue River Valley data set. The 

average distance from a permanent water source for the whole Big Blue River valley 

data set is 2.63 km.  

 The Upper White River Valley was the final area measured. Conical mounds in 

the Upper White River Valley are located, on average, 2.91 km from a permanent water 

source. Enclosures in the Upper White River Valley are located, on average, .9 km from a 

permanent water source. Elongated mounds are located, on average, 1.2 km from a 

permanent water source in the Upper White River Valley. Effigy mounds are not present 

in the Upper White River Valley data set. The average distance from a permanent water 

source for the whole Upper White River Valley data set is 2.38 km. 

 The final measurement taken from all river valleys except the Licking River 

Valley is the area in meters enclosed by enclosures. In the Scioto River Valley the 

average area enclosed by enclosures is 17.5 m. The average area enclosed by enclosures 

in the Big Blue River Valley is 264.6 m. The average area enclosed by enclosures in the 

Upper White River Valley is 159.5 m. Further enclosed area of enclosure data will 

presented in the statistics results. 

Statistical Analysis 

 The first form of statistical analysis used in the thesis is simple linear regression. 

All areas analyzed in the thesis and more particularly the distance from a permanent 

water source for each earthwork were tested (Table 5.2). In the table the results are  
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River Valley/Region Zone Dependent Variable  Prob-F 

Scioto 1,2,3,4 Total Number of Earthworks 0.12 

Licking 1,2,3,4 Total Number of Earthworks 0.05 

Upper White 1,2,3,4 Total Number of Earthworks 0.09 

Big Blue 1,2,3,4 Total Number of Earthworks 0.14 

Scioto 1,2,3,4 Number of Conical Mounds 0.04 

Licking 1,2,3,4 Number of Conical Mounds 0.04 

Upper White 1,2,3,4 Number of Conical Mounds 0.03 

Big Blue 1,2,3,4 Number of Conical Mounds 0.11 

Scioto 1,2,3 Number of Enclosures 0.25 

Licking 1,2,3 Number of Enclosures 0.07 

Upper White 1,2,3 Number of Enclosures 0.22 

Big Blue 1,2,3 Number of Enclosures 0.29 

Scioto 1,2,3 Total Enclosed Space 0.29 

Upper White 1,2,3 Total Enclosed Space 0.28 

Big Blue 1,2,3 Total Enclosed Space 0.32 

East Central, IN 1,2,3,4, Total Number of Earthworks 0.11 

South Central OH 1,2,3,4, Total Number of Earthworks 0.09 

Whole Data Set 1,2,3,4, Total Number of Earthworks 0.09 

South Central OH 1,2,3,4, Number of Conical Mounds 0.04 

East Central, IN 1,2,3,4, Number of Conical Mounds 0.04 

Whole Data Set 1,2,3,4, Number of Conical Mounds 0.04 

South Central OH 1,2,3,4, Number of Enclosures 0.13 

East Central, IN 1,2,3,4, Number of Enclosures 0.14 

Whole Data Set 1,2,3,4, Number of Enclosures 0.13 

East Central, IN 1,2,3, Total Enclosed Space 0.3 

Whole Data Set 1,2,3, Total Enclosed Space 0.3 

 
Table 5.2: Table showing the results of the simple linear regression testing. 
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sorted by river valley/region, zone, dependent variable, and the Prob-f values. In total, 

25 linear regression tests were run. 

 Zones within the analysis are used for ease when entering, running, and 

analyzing the results statistical analysis. Zones are in essence bracketed distances from 

water. For example, zones were created by dividing the greatest distance from water by 

four. An example of how this works is if the furthest earthwork in a river valley was 

400meters from a permanent water source then the first zone would equal 0-100 

meters from water, the second zone would be 101-200 meters from water, and so on.   

 The first set of tests examined the effect of distance from water on earthwork 

location. The test of the Scioto River Valley resulted in a Prob-f=.12, which is statistically 

insignificant. The Licking River Valley test resulted in a Prob-f=.05 which is statistically 

significant. The Upper White River Valley test resulted in 

a Prob-f=.09 which is statistically insignificant. The Big Blue River Valley test resulted in a 

Prob-f=.14 which is statistically insignificant. South Central Ohio testing resulted in a 

Prob-f=.09 which is statistically insignificant. East Central Indiana testing resulted in a 

Prob-f=.11 which is also statistically insignificant. The whole data set test resulted in a  

Prob-f=.09 which is statistically insignificant.  

 The second set of tests examined the total number of conical mounds at varying 

distances from water. The Scioto River Valley test resulted in a Prob-f=.04 which is 

statistically significant. The Licking River Valley test resulted in a Prob-f=.04 which is also 

statistically significant. The Upper White River Valley test resulted in a Prob-f=.03 which 

is statistically significant. The Big Blue River Valley test resulted in a Prob-f=.11 which is 

statistically insignificant. The South Central Ohio test resulted in a Prob-f=.04 which is 
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statistically significant. The East Central Indiana test resulted in a Prob-f=.04 which is 

also statistically significant. The whole data set test also resulted in a Prob-f=.04. 

 The third set of tests examined the total number of enclosures at varying 

distances from a permanent water source. The Scioto River Valley test resulted in a 

Prob-f=.25 which is statistically insignificant. The Licking River Valley test resulted in a 

Prob-f=.07 which is statistically insignificant. The Upper White River Valley test resulted 

in a Prob-f=.22 which is statistically insignificant. The Big Blue River Valley test resulted 

in a Prob-f=.29 which is statistically insignificant. The South Central Ohio test resulted in 

a Prob-f=.13 which is statistically insignificant. The East Central Indiana test resulted in a 

Prob-f=.14 which is statistically insignificant. The whole data set test resulted in a Prob-

f=.13 which is also statistically insignificant.  

 The fourth set of tests examined the total enclosed space of enclosures at 

varying distances from a permanent water source. The Scioto River Valley test resulted 

in a Prob-f=.29 which is statistically insignificant. The Upper White River Valley test 

resulted in a Prob-f=.28 which is statistically insignificant. The Big Blue River Valley test 

resulted in a Prob-f=.32 which is statistically insignificant. The East Central Indiana test 

resulted in a Prob-f=.3 which is statistically insignificant. The whole data set test resulted 

in a Prob-f=.3 which is also statistically insignificant.  

 The second form of statistical analysis was the examination of power law 

distributions. For the thesis this meant looking at the area enclosed by enclosures for 

the three river valleys (Scioto, Upper White, Big Blue) that the area enclosed was 

measured for. A power law distribution for this would show a hierarchical relationship 

showing very few large enclosures and many smaller enclosures. Graphs showing the 
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results of the power law analysis for enclosed space in the Scioto River valley, Upper 

White River valley, and Big Blue River valley were created (Figure 5.6) (Figure 5.7) 

(Figure 5.8).  
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Figure 5.6: Scatter plot showing the results of the power law analysis of enclosed space 
in the Scioto River valley. The X-axis is the amount of enclosed space and the Y-axis 

shows the number of enclosures of that size.   
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Figure 5.7: Scatter plot showing the results of the power law analysis of enclosed space 
in the Upper White River valley. The X-axis is the amount of enclosed space and the Y-

axis shows the number of enclosures of that size.   
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Figure 5.8: Scatter plot showing the results of the power law analysis of enclosed space 

in the Big Blue River valley. The X-axis is the amount of enclosed space and the Y-axis 
shows the number of enclosures of that size. 
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Chapter 6: 
Core and Periphery, Middle Woodland Mini-Systems, and the Midwest: 

South Central Ohio and East Central Indiana Discerned 
 
 
 

 One of the goals of this thesis was to evaluate the current state of knowledge 

pertaining to core and periphery relationships, and more specifically how these 

relationships are examined in Middle Woodland period archaeological studies. While 

knowledge of what core and periphery relationships are commonplace in Middle 

Woodland studies (See Pacheco 1996), archaeologists seem to forget to place these 

relationships in a mini-systems framework. Through analysis of the work of Wallerstein 

(1976) and his notions of core and periphery in world systems and his brief definition of 

mini-systems the beginnings of more meaningful interpretations of core and periphery 

in the Middle Woodland period and in prehistoric archaeology in general are gained. 

Wallerstein’s (1976) original formulation of a core and periphery framework focused on 

economics and specifically on notions of production and consumption.  

 In this formulation the core area both holds and produces capital wealth 

through the exploitation of peripheral regions which are involved in production. While 

this framework is useful in historical archaeology its implementation in prehistoric 

archaeology seems problematic (Kardulias and Hall 2008). Through examination of the 

workings of Mauss (1954) and his notions of gift based economies a thicker formulation 

of what the core and periphery relationship in prehistoric cultures really amounts to is 

possible. One example of how core and periphery relationships can be discerned in
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a prehistoric culture is through the analysis of exotic (non-local) goods and more 

specifically how these goods are distributed (See Seeman 1979). A core region in 

prehistory would be expected to obtain higher amounts of these goods from the 

peripheral regions involved in their production. Important to this thesis though is how 

Middle Woodland earthworks can be useful in discerning core and periphery 

relationships. 

Core and Periphery 

In a gift based economy one means of gaining wealth is through “moral 

contract” (Mauss 1954) in which, for example, the big man of a community could hold a 

large feast and invite surrounding communities. Those who attend the feast take on this 

moral contract in which they must repay the giver of the gift (the feast in this example). 

One way that this debt could have been paid in Middle Woodland culture is through aid 

in constructing earthworks. Through this gift based economic relationship many, if not 

all the earthworks constructed in the Middle Woodland period could have been created. 

It is expected that through this relationships in Wallerstein’s terms that the powerful 

core would exploit the periphery through throwing more feasts and in essence obtaining 

more wealth through the notion of moral contract.  

 If this relationship holds true then it is expected that more earthworks would be 

constructed in a core region than in a peripheral region. The first set of data collected in 

this thesis was the total number of recorded earthworks in each of the four river valleys, 

two river valleys per region analyzed. The Scioto and Licking River valleys of South 

Central Ohio’s total number of earthworks far outnumbered that of the Upper White 

and Big Blue River Valleys of East Central Indiana. By region, The Scioto River Valley’s 
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total number of earthworks outnumbered those of the Licking River Valley in South 

Central Ohio. In East Central Indiana the Upper White River Valley’s total number of 

earthworks outnumbered the Big Blue River Valley’s total number of earthworks. Based 

on this data if both regions are part of the same mini-system, South Central Ohio, as 

current research would also suggest would be the core region. 

Mini-System or Mini-Systems  

The question of rather South Central Ohio and East Central Indiana are part of 

the same mini-system or are separate mini-systems is important to this analysis. If the 

two regions are in fact part of the same mini-system then a similar set of cultural 

knowledge would be expected in both areas.  The rest of the data collected during the 

research for this thesis is directly related to answering this question. The first piece of 

data to be discussed is the functional distribution of earthworks in each river valley.  

 Of the four types of earthworks conical mounds were the most numerous in 

each region. In each river valley the distribution of conical mounds accounted for more 

than 50 percent of the total data with three of the four river valleys totals equaling 

around 75 percent of the total data. Enclosures accounted for the second largest 

percentages in each region. In three of the four river valleys enclosures accounted for 

around 20-25 percent of the total data. The other two types of earthworks recorded in 

the data set formed a minimal to non-existent percentage of the total earthworks in 

each area.  

 The average distance from a permanent water source is another useful piece of 

data in examining the extant of prehistoric mini-systems. The average distance from a 

permanent water source in three of the four river valleys is very similar with the 
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exception being the Scioto River valley where earthworks were being constructed on 

average much closer to water. This could perhaps be due to the sheer number of 

earthworks built during the Middle Woodland period in this region.  

The average distance from a permanent water source data was also run through 

linear regression tests. While most of the tests proved to be statistically insignificant one 

set of tests proved significant in three of the four river valleys, and in both South Central 

Ohio and East Central Indiana. Conical mounds appear to have been built close to water 

purposefully while the other types of earthworks, including the total number of 

earthworks are not. While insignificant the other earthwork tests provided similar Prob-f 

values.  

 The enclosed area of enclosures is another aspect of defining the boundaries of 

mini-systems. Examining the enclosed area of enclosures in three of the four river 

valleys was accomplished through looking for power law distributions in each area. The 

Big Blue and Upper White river valleys showed statistically significant hierarchical, 

power law distributions, while the Scioto River valley showed a statistically insignificant 

power law distribution.  

The analysis of this distribution could be useful not only in discerning mini-

systems, but also could be useful in creating a hierarchy of ritually important earthworks 

in each area. In all three cases the largest earthwork had much large enclosed space 

than the rest. In every river valley, with the exception of the Scioto River valley a 

hierarchy was easily discerned. Graphs showing this hierarchy in the Big Blue (Figure 

6.1) and the Upper White River valley (Figure 6.2) were created. 
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Figure 6.1: Graph showing a hierarchy of enclosures in the Big Blue River valley based on 
enclosed area (in square meters) of the enclosures. 
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Figure 6.2: Graph showing a hierarchy of enclosures in the Upper White River valley 
based on enclosed area (in square meters) of the enclosures. 
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 Based on the analysis of the data it is argued that South Central Ohio and East 

Central Indiana were both part of one Middle Woodland mini-system. The shared set of 

cultural knowledge that is inherent within any mini-system seems to be present in the 

earthwork data collected for this thesis. The frequency distribution of earthworks, 

distance from water, and enclosed area distributions in each river valley and region are 

very similar. Using this comparative framework it can be argued that a shared 

knowledge of how to construct earthworks, what type of earthworks should be built, 

and what size of earthworks should be built seems to be present in each of the two 

regions.   

Concluding Thoughts and Recommendations for Further Research 

 The data collected and analyzed in this thesis agrees with the bulk of current 

research that South Central Ohio was a core region during the Middle Woodland period 

(See Pacheco 1996). Beyond this the data suggests that a shared set of ritual knowledge 

existed in both South Central Ohio and East Central Indiana. This shared set of 

knowledge suggests that both regions were part of one mini-system and that the two 

are not separate mini-systems. Based off the data East Central Indiana is argued to be 

peripheral to the core region of South Central Ohio.  

 The research into the core and periphery relationships in the Middle Woodland 

period is by no means complete. Further research could start by examining other 

regions such as the Havana region in Illinois as well as other regions such as the 

Southeastern United States. While similar methodologies to those used in this thesis 

could be used other techniques for examining core and periphery relationships within a 

mini-system framework are possible and could prove fruitful. 
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 One of the issues when examining core and periphery in prehistoric contexts is 

the temporal scale. Within this thesis the Middle Woodland was the scale used. With 

dating methods such as radiocarbon and thermoluminescence dating and large enough 

sample of dates associated with earthworks sites in the regions analyzed, as well as 

other regions more defined temporal scale analysis is possible. The advantages of 

examining Middle Woodland period sites in smaller scales is that trends throughout the 

period can become more well defined. As in the modern world system, prehistoric mini 

systems’ could have a shifting core through time.   

For example the distance from water data that was tested using linear 

regression models proved significant in the case of conical mounds but not in other 

earthwork types. Perhaps there is another variable that is important in the 

interpretation of other earthworks types. Elevation is one possibility, along with looking 

at the soil types earthworks were constructed on top of. Other variables that could be 

equally useful in analysis could also exist.  

 Beyond analysis of earthworks, artifacts themselves could be analyzed in the 

regions examined in this thesis as well as in other Middle Woodland areas. The 

distribution of local and exotic goods has proven useful in discerning core and periphery 

relationships. Another overlooked artifact type that would be useful in discerning the 

extant of mini-systems is pottery. While the materials used in creating prehistoric 

pottery are usually locally gathered the stylistic techniques used are a direct link to a 

shared knowledge base. It is imagined that some techniques may have been used more 

commonly than others and that the distribution of stylistic attributes would be similar 

among regions in a mini-system.  
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 The above suggestions would prove fruitful not only in furthering the arguments 

placed forth in this thesis but also could get closer to defining the boundaries of mini-

system(s) in the Middle Woodland and other prehistoric periods. It would be interesting 

to see for example if the Southeastern United States during the Middle Woodland 

period is part of the mini-system that South Central Ohio and East Central Indiana are. If 

the Southeast is not part of the same mini-system then new questions could be asked, 

first and foremost where the core and periphery of the mini-system is located. If the 

Southeast is part of the same mini-system the same question could be asked and the 

South Central Ohio may not be the answer.       
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Appendix A. Excel Data Spreadsheets 

Licking Map Enclosure/Mound/Effigy 
Distance From Water in 
KM 

1 Enclosure 1.3 

2 Mound 2.72 

3 Mound 5.44 

4 Mound 4.76 

5 Mound 2.72 

6 Mound 5.44 

7 Mound 4.08 

8 Mound 5.44 

9 Mound 1.36 

10 Mound 2.72 

11 Enclosure 4.08 

12 Mound 4.08 

13 Enclosure 1.36 

14 Mound 1.36 

15 Mound 1.36 

16 Mound 1.36 

17 Mound 1.36 

18 Mound 3.4 

19 Mound 2.72 

20 Mound 0.68 

21 Mound 2.72 

22 Mound 1.36 

23 Mound 2.72 

24 Mound 2.72 

25 Mound 6.8 

26 Mound 2.72 

27 Enclosure 0.68 

28 Enclosure 0.68 

29 Mound 2.72 

30 Mound 1.36 

31 Mound 0.68 

32 Mound 6.8 

33 Mound 2.72 

34 Mound 1.36 

35 Enclosure 0.68 

36 Effigy 4.08 

37 Mound 2.72 

38 Mound 4.08 

39 Mound 6.8 

40 Mound 5.44 

41 Mound 4.08 

42 Mound 2.04 

43 Mound 4.08 
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44 Mound 2.72 

45 Mound 5.44 

46 Mound 1.36 

47 Mound 2.04 

48 Mound 2.72 

49 Mound 2.72 

50 Mound 2.72 

51 Enclosure 0.68 

52 Mound 1.36 

53 Mound 2.72 

54 Mound 0.68 

55 Mound 0.68 

56 Mound 0.68 

57 Enclosure 1.36 

58 Mound 4.76 

59 Mound 8.16 

60 Mound 4.08 

61 Mound 2.72 

62 Mound 1.36 

63 Mound 2.72 

64 Mound 6.8 

65 Mound 8.16 

66 Mound 8.84 

67 Mound 9.52 

68 Mound 10.88 

69 Mound 8.16 

70 Mound 4.08 

71 Enclosure 3.4 

72 Enclosure 11.56 

73 Mound 14.96 

74 Effigy 14.28 

75 Effigy 4.08 

76 Mound 9.52 

77 Mound 10.88 

78 Enclosure 5.44 

79 Mound 6.12 

80 Mound 6.8 

81 Mound 4.08 

82 Mound 4.08 

83 Mound 5.44 

84 Enclosure 9.52 

85 Mound 10.2 

86 Enclosure 6.8 

87 Mound 7.48 

88 Mound 1.36 

89 Mound 8.8 

90 Mound 9.52 
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91 Mound 5.44 

92 Mound 1.36 

Scioto Map 1.609 
 1 Mound 0.9050625 

2 Enclosure 0.603375 

3 Enclosure 0.0753012 

4 Mound 0.603375 

5 Mound 0.3016875 

6 Enclosure 1.05590625 

7 Mound 1.05590625 

8 Mound 0.3016875 

9 Mound 0.3016875 

10 Mound 0.603375 

11 Mound 0.9118125 

12 Mound 0.603375 

13 Enclosure 1.5663615 

14 Mound 1.810125 

15 Mound 1.96096875 

16 Enclosure 0.9052234 

17 Enclosure 0.15663615 

18 Mound 0.3016875 

19 Mound 2.7007065 

20 Mound 2.4135 

21 Mound 0.023531625 

22 Mound 0.3016875 

23 Mound 0.3016875 

24 Mound 0.15663615 

25 Mound 2.7007065 

26 Mound 2.86603125 

27 Mound 1.5663615 

28 Mound 1.35759375 

29 Mound 1.35759375 

30 Mound 1.05590625 

31 Enclosure 0.3016875 

32 Enclosure 0.45253125 

33 Mound 0.3016875 

34 Enclosure 0.15663615 

35 Enclosure 0.3016875 

36 Enclosure 0.603375 

37 Enclosure 0.3016875 

38 Enclosure 0.15663615 

39 Enclosure 0.603375 

40 Enclosure 0.15663615 

41 Enclosure 0.15663615 

42 Enclosure 0.15663615 

43 Enclosure 0.45253125 

44 Mound 0.9052234 
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45 Mound 0.603375 

46 Mound 0.9052234 

47 Mound 0.3016875 

48 Mound 1.35759375 

49 Mound 1.20675 

50 Mound 0.603375 

51 Mound 1.20675 

52 Mound 0.75421875 

53 Mound 0.9052234 

54 Mound 1.35759375 

55 Mound 1.35759375 

56 Mound 1.35759375 

57 Mound 0.3016875 

58 Mound 0.15084375 

59 Mound 0.15084375 

60 Enclosure 0.603375 

61 Mound 0.9052234 

62 Enclosure 0.9052234 

63 Enclosure 0.3016875 

64 Enclosure 0.45253125 

65 Enclosure 0.3016875 

66 Enclosure 0.15663615 

67 Mound 0.45253125 

68 Mound 0.15663615 

69 Mound 0.45253125 

70 Mound 1.05590625 

71 Mound 1.5663615 

72 Mound 1.5663615 

73 Enclosure 0.603375 

74 Enclosure 0.15663615 

75 Mound 0.8045 

76 Mound 1.35759375 

77 Mound 1.810125 

78 Mound 1.5663615 

79 Mound 1.1061875 

80 Mound 1.1061875 

81 Mound 1.5663615 

82 Enclosure 0.8045 

83 Mound 2.212375 

84 Mound 1.9106875 

85 Mound 1.7095625 

86 Mound 2.7007065 

87 Mound 2.7007065 

88 Mound 1.7095625 

89 Enclosure 1.3958075 

90 Enclosure 1.810125 

91 Enclosure 1.5663615 
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92 Mound 1.1061875 

93 Mound 0.8045 

94 Mound 1.35759375 

95 Mound 1.1061875 

96 Mound 0.9052234 

97 Enclosure 0.603375 

98 Mound 0.15663615 

99 Mound 0.45253125 

100 Enclosure 0.603375 

101 Enclosure 0.9052234 

102 Mound 1.35759375 

103 Enclosure 0.45253125 

104 Mound 0.78318075 

105 Mound 0.78318075 

106 Mound 0.45253125 

107 Mound 0.3016875 

108 Mound 0.3016875 

109 Enclosure 0.3016875 

110 Mound 0.603375 

111 Enclosure 0.75421875 

112 Enclosure 0.603375 

113 Mound 0.9052234 

114 Enclosure 0.45253125 

115 Enclosure 0.75421875 

116 Enclosure 0.8045 

117 Enclosure 0.3016875 

118 Mound 0.3016875 

119 Mound 0.3016875 

120 Mound 1.609 

121 
Mounds within enclosure SE 

Map 0.78318075 

122 Elongated 0.78318075 

123 Mound 0.78318075 

124 Mound 1.05590625 

125 Mound 1.05590625 

126 Mound 0.8045 

127 Mound 0.8045 

128 Mound 0.8045 

129 Mound City Mounds 0.3016875 

130 Mound 0.3016875 

131 Mound 0.3016875 

132 Elongated 0.45253125 

133 Mound 0.45253125 

134 Mound 0.45253125 

135 Mound 0.45253125 

136 Mound 0.45253125 

137 Mound 0.603375 
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138 Mound 0.603375 

139 Mound 0.603375 

140 Mound 0.603375 

141 Mound 0.603375 

142 Mound 0.603375 

143 Mound 0.603375 

144 Mound 0.603375 

145 Mound 0.603375 

146 Mound 0.603375 

147 Mound 0.603375 

148 Mound 0.603375 

149 Mound 0.603375 

150 Mound 0.603375 

151 Mound 0.75421875 

152 Mound 0.75421875 

 

Enclosure Space Scioto River 
Valley Form Area inside in KM 

 2 oval 
  3 other  
  6 Circular 0.007942587 7.942587 

13 Circular 0.012271846 12.271846 

16 Circular 0.150330117 150.330117 

17 Square 3.22741225 3227.41225 

31 Circular 0.049641171 49.641171 

32 Circular 0.007942587 7.942587 

34 Circular 0.007942587 7.942587 

35 Circular 0.007942587 7.942587 

36 Circular 0.007942587 7.942587 

37 Circular 0.007942587 7.942587 

38 Circular 0.007942587 7.942587 

39 Circular 0.007942587 7.942587 

40 Circular 0.007942587 7.942587 

41 Circular 0.007942587 7.942587 

42 Circular 0.007942587 7.942587 

43 Circular 0.049641171 49.641171 

60 Circular 0.012271846 12.271846 

62 Circular 0.007942587 7.942587 

63 Circular 0.071483287 71.483287 

64 Circular 0.071483287 71.483287 

65 Circular 0.007942587 7.942587 

66 other  
  73 Circular 0.007942587 7.942587 

74 
other (Circle connecteed to 

square) 3.298895537 3298.895537 

82 other 
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89 Circular 0.007942587 7.942587 

90 Circular 0.007942587 7.942587 

91 Circular 0.007942587 7.942587 

97 Circular 0.071483287 71.483287 

100 Circular 0.007942587 7.942587 

101 other 
  103 other 
  109 Circular 0.007942587 7.942587 

111 Circular 0.007942587 7.942587 

112 Circular 0.012271846 12.271846 

114 Circular 0.012271846 12.271846 

115 oval 
  116 Circular 0.007942587 7.942587 

117 Square 3.22741225 3227.41225 

Big Blue River Earthwork Type Distance from water KM 

1 Conical 10.4 
 2 Conical 12.8 
 3 Conical 9.6 
 4 Conical 6.4 
 5 Conical 0.8 
 6 Conical 7.2 
 7 Enclosure 4.8 70.43 

8 Enclosure 2.4 70.43 

9 Conical 0.4 
 10 Conical 4.8 
 11 Conical 0.8 
 12 Conical 0.8 
 13 Conical 3.2 
 14 Enclosure 0.8 70.43 

15 Conical 0.32 
 16 Enclosure 0.8 70.43 

17 Conical 0.4 
 18 Conical 0.8 
 19 Conical 0.8 
 20 Conical 2.56 
 21 Conical 0.8 
 22 Conical 3.6 
 23 Conical 1.2 
 24 Enclosure 1.2 70.43 

25 Enclosure 1.2 70.43 

26 Enclosure 1.2 140.86 

27 Enclosure 1.2 142.75 

28 Enclosure 1.2 41.19 

29 Enclosure 1.2 70.43 

30 Enclosure 1.2 70.43 

31 Enclosure 1.2 70.43 

32 Enclosure 1.2 140.86 
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33 Enclosure 1.2 190.3 

34 Enclosure 1.2 1903.03 

Upper White River 
   1 Conical 1.2 

 2 Enclosure 0.8 70 

3 Conical 1.2 
 4 Conical 8 
 5 Conical 0.8 
 6 Conical 5.2 
 7 Conical 5.2 
 8 Conical 4 
 9 Conical 1.6 
 10 Conical 0.4 
 11 Conical 0.4 
 12 Conical 0.8 
 13 Enclosure 4.8 142.68 

14 Conical 6.8 
 15 Conical 3.2 
 16 Conical 4.8 
 17 Conical 1.2 
 18 Conical 1.2 
 19 Conical 1.6 
 20 Conical 1.6 
 21 Elongated 1.2 
 22 Enclosure 1.2 636.36 

23 Conical 2.8 
 24 Conical 1.6 
 25 Conical 0.8 
 26 Conical 8 
 27 Conical 8 
 28 Conical 8 
 29 Conical 1.6 
 30 Conical 1.6 
 31 Enclosure 0.4 157 

32 Enclosure 0.4 78.5 

33 Enclosure 0.4 39.2 

34 Enclosure 0.4 314 

35 Enclosure 0.4 200 

36 Enclosure 0.4 39 

37 Enclosure 0.4 39.2 

38 Enclosure 0.4 39.2 

39 Conical 0.4 
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Appendix B. SAS Data Log 

/* Water Based Earthwork Tests */ 

 

 options linesize=72 pagesize=54; 

 

 data Sciotototalnumberofearthworks; 

 input zone numberofearthworksscioto @@; 

 cards; 

 

 955  116 

 1910 22 

 2866 14 

 

 

; 

 data Lickingtotalnumberofearthworks; 

 input zone numberofearthworkslicking @@; 

 cards; 

 

 4986 61 

 9973 25 

 14960 6 

 

 

; 

 data Upperwhiterivertotalnumberofearthworks; 

 input zone numberofearthworksupperwhite @@; 

 cards; 

 

 2666 27 

 5333 7 

 8000 5 

 

 

; 

 data Bigbluerivertotalnumberofearthworks; 

 input zone numberofearthworksbigblue @@; 

 cards; 

 

 4266 27 

 8533 4 

 12800 3 

 

; 

 data Sciotototalnumberofconical; 

 input zone numberofconicalscioto @@; 
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 cards; 

 

 955  72 

 1910 32 

 2866 7 

 

 

; 

 data Lickingtotalnumberofconical; 

 input zone numberofconicallicking @@; 

 cards; 

 

 4986 50 

 9973 21 

 14960 5 

 

 

; 

 data Upperwhitetotalnumberofconical; 

 input zone numberofconicalwhite @@; 

 cards; 

 

 2666 16 

 5333 7 

 8000 4 

 

 

; 

 data Bigbluetotalnumberofconical; 

 input zone numberofconicalbigblue @@; 

 cards; 

 

 4266 13 

 8533 3 

 12800 3 

 

 

; 

 data Sciotototalnumberofenclosures; 

 input zone numberofenclosuresscioto @@; 

 cards; 

 

 955  36 

 1910 5 

 2866 0 

 

 

; 

 data Lickingtotalnumberofenclosures; 

 input zone numberofenclosureslicking @@; 

 cards; 

 

 4986 9 

 9973 3 

 14960 1 
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; 

 data Upperwhitetotalnumberofenclosures; 

 input zone numberofenclosureswhite @@; 

 cards; 

 

 2666 10 

 9973 1 

 8000 0 

 

 

; 

 data Bigbluetotalnumberofenclosures; 

 input zone numberofenclosuresbigblue @@; 

 cards; 

 

 4266 14 

 8533 1 

 12800 0 

 

 

; 

 data Sciotototalenclosedspace; 

 input zone totalenclosedspacescioto @@; 

 cards; 

 

 955  490 

 1910 35 

 2866 0 

 

 

; 

 data Upperwhitetotalenclosedspace; 

 input zone totalenclosedspacewhite @@; 

 cards; 

 

 2666 1612 

 5333 142 

 8000 0 

 

 

; 

 data Bigbluetotalenclosedspace; 

 input zone totalenclosedspacebigblue @@; 

 cards; 

 

 4266 3122 

 8533 70 

 12800 0 

 

 

; 
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 proc reg data=Sciotototalnumberofearthworks; 

  model numberofearthworksscioto=zone; 

  id zone; 

  var numberofearthworksscioto; 

  run; 

 

 proc plot data=Sciotototalnumberofearthworks; 

  plot numberofearthworksscioto*zone; 

  run; 

 

 proc reg data=Lickingtotalnumberofearthworks; 

  model numberofearthworkslicking=zone; 

  id zone; 

  var numberofearthworkslicking; 

  run; 

 

 proc plot data=Lickingtotalnumberofearthworks; 

  plot numberofearthworkslicking*zone; 

  run; 

 

 proc reg data=Upperwhiterivertotalnumberofearthworks; 

  model numberofearthworksupperwhite=zone; 

  id zone; 

  var numberofearthworksupperwhite; 

  run; 

 

 proc plot data=Upperwhiterivertotalnumberofearthworks; 

  plot numberofearthworksupperwhite*zone; 

  run; 

 

 proc reg data=Bigbluerivertotalnumberofearthworks; 

  model numberofearthworksbigblue=zone; 

  id zone; 

  var numberofearthworksbigblue; 

  run; 

 

 proc plot data=Bigbluerivertotalnumberofearthworks; 

  plot numberofearthworksbigblue*zone; 

  run; 

 

 proc reg data=Sciotototalnumberofconical; 

  model numberofconicalscioto=zone; 

  id zone; 

  var numberofconicalscioto; 

  run; 

 

 proc plot data=Sciotototalnumberofconical; 

  plot numberofconicalscioto*zone; 

  run; 

 

 proc reg data=Lickingtotalnumberofconical; 

  model numberofconicallicking=zone; 

  id zone; 

  var numberofconicallicking; 
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  run; 

 

 proc plot data=Lickingtotalnumberofconical; 

  plot numberofconicallicking*zone; 

  run; 

 

 proc reg data=Upperwhitetotalnumberofconical; 

  model numberofconicalwhite=zone; 

  id zone; 

  var sites; 

  run; 

 

 proc plot data=Upperwhitetotalnumberofconical; 

  plot numberofconicalwhite*zone; 

  run; 

 

 proc reg data=Bigbluetotalnumberofconical; 

  model numberofconicalbigblue=zone; 

  id zone; 

  var numberofconicalbigblue; 

  run; 

 

 proc plot data=Bigbluetotalnumberofconical; 

  plot numberofconicalbigblue*zone; 

  run; 

 

 proc reg data=Sciotototalnumberofenclosures; 

  model numberofenclosuresscioto=zone; 

  id zone; 

  var numberofenclosuresscioto; 

  run; 

 

 proc plot data=Sciotototalnumberofenclosures; 

  plot numberofenclosuresscioto*zone; 

  run; 

 

 proc reg data=Lickingtotalnumberofenclosures; 

  model numberofenclosureslicking=zone; 

  id zone; 

  var numberofenclosureslicking; 

  run; 

 

 proc plot data=Lickingtotalnumberofenclosures; 

  plot numberofenclosureslicking*zone; 

  run; 

 

 proc reg data=Upperwhitetotalnumberofenclosures; 

  model numberofenclosureswhite=zone; 

  id zone; 

  var numberofenclosureswhite; 

  run; 

 

 proc plot data=Upperwhitetotalnumberofenclosures; 

  plot numberofenclosureswhite*zone; 

  run; 
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 proc reg data=Bigbluetotalnumberofenclosures; 

  model numberofenclosuresbigblue=zone; 

  id zone; 

  var numberofenclosuresbigblue; 

  run; 

 

 proc plot data=Bigbluetotalnumberofenclosures; 

  plot numberofenclosuresbigblue*zone; 

  run; 

 

 proc reg data=Sciotototalenclosedspace; 

  model totalenclosedspacescioto=zone; 

  id zone; 

  var totalenclosedspacescioto; 

  run; 

 

 proc plot data=Sciotototalenclosedspace; 

  plot totalenclosedspacescioto*zone; 

  run; 

 

 proc reg data=Upperwhitetotalenclosedspace; 

  model totalenclosedspacewhite=zone; 

  id zone; 

  var totalenclosedspacewhite; 

  run; 

 

 proc plot data=Upperwhitetotalenclosedspace; 

  plot totalenclosedspacewhite*zone; 

  run; 

 

 proc reg data=Bigbluetotalenclosedspace; 

  model totalenclosedspacebigblue=zone; 

  id zone; 

  var totalenclosedspacebigblue; 

  run; 

 

 proc plot data=Bigbluetotalenclosedspace; 

  plot totalenclosedspacebigblue*zone; 

  run; 

 

 data Ecintotalew; 

 input zone totalew @@; 

 cards; 

 

 3466 27 

 6932 6 

 10398 6 

 13864 0 

 

; 

 data Scohtotalew; 

 input zone totalew @@; 

 cards; 
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 2970 89 

 5941 24 

 8911 10 

 11881 0 

 

; 

 data wholesettotalew; 

 input zone totalew; 

 cards; 

 

 3218 58 

 6436 15 

 9654 8 

 12872 0 

 

; 

 data Scohtotalconical; 

 input zone totalconical; 

 cards; 

 

 2970 61 

 5941 27 

 8911 6 

 11881 0 

 

; 

 data Ecintotalconical; 

 input zone totalconical; 

 cards; 

 

 3466 37 

 6932 15 

 10398 5 

 13864 0 

 

; 

 data Wholesettotalconical; 

 input zone totalconical; 

 cards; 

 

 3218 49 

 6436 21 

 9654 6 

 12872 0 

 

; 

 data Scohtotalenclosures; 

 input zone totalenclosures; 

 cards; 

 

 2970 23 

 5941 4 

 8911 1 

 11881 0 
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; 

 data Ecintotalenclosures; 

 input zone totalenclosures; 

 cards; 

 

 3466 19 

 6932 3 

 10398 1 

 13864 0 

 

; 

 data Wholesettotalenclosures; 

 input zone totalenclosures; 

 cards; 

 

 3218 21 

 6436 4 

 9654 1 

 12872 0 

 

; 

 data Ecintotalenclosedspace; 

 input zone totalenclosedspace; 

 cards; 

 

 3466 2367 

 6932 106 

 10398 0 

 

; 

 data Wholesettotalenclosedspace; 

 input zone totalenclosedspace; 

 cards; 

 

 3218 1429 

 6436 71 

 9654 0 

 

; 

proc reg data=Ecintotalew; 

 model totalew=zone; 

 id zone; 

 var totalew; 

 run; 

 

proc plot data=Ecintotalew; 

 plot totalew*zone; 

 run; 

 

proc reg data=Scohtotalew; 

 model totalew=zone; 

 id zone; 

 var totalew; 

 run; 
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proc plot data=Scohtotalew; 

 plot totalew*zone; 

 run; 

 

 

 

 

proc reg data=wholesettotalew; 

 model totalew=zone; 

 id zone; 

 var totalew; 

 run; 

 

proc plot data=wholesettotalew; 

 plot totalew*zone; 

 run; 

 

proc reg data=Scohtotalconical; 

 model totalconical=zone; 

 id zone; 

 var totalconical; 

 run; 

 

proc plot data=Scohtotalconical; 

 plot totalconical*zone; 

 run; 

 

proc reg data=Ecintotalconical; 

 model totalconical=zone; 

 id zone; 

 var totalconical; 

 run; 

 

proc plot data=Ecintotalconical; 

 plot totalconical*zone; 

 run; 

 

proc reg data=Wholesettotalconical; 

 model totalconical=zone; 

 id zone; 

 var totalconical; 

 run; 

 

proc plot data=Wholesettotalconical; 

 plot totalconical*zone; 

 run; 

 

proc reg data=Scohtotalenclosures; 

 model totalenclosures=zone; 

 id zone; 

 var totalenclosures; 

 run; 

 

proc plot data=Scohtotalenclosures; 

 plot totalenclosures*zone; 
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 run; 

 

proc reg data=Ecintotalenclosures; 

 model totalenclosures=zone; 

 id zone; 

 var totalenclosures; 

 run; 

 

proc plot data=Ecintotalenclosures; 

 plot totalenclosures*zone; 

 run; 

 

proc reg data=Wholesettotalenclosures; 

 model totalenclosures=zone; 

 id zone; 

 var totalenclosures; 

 run; 

 

proc plot data=Wholesettotalenclosures; 

 plot totalenclosures*zone; 

 run; 

 

proc reg data=Ecintotalenclosedspace; 

 model totalenclosedspace=zone; 

 id zone; 

 var totalenclosedspace; 

 run; 

 

proc plot data=Ecintotalenclosedspace; 

 plot totalenclosedspace*zone; 

 run; 

 

proc reg data=Wholesettotalenclosedspace; 

 model totalenclosedspace=zone; 

 id zone; 

 var totalenclosedspace; 

 run; 

 

proc plot data=Wholesettotalenclosedspace; 

 plot totalenclosedspace*zone; 

 run; 
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Appendix C. SAS Results Log 

   The SAS System                            1 

                                         23:14 Tuesday, February 1, 2011 

 

                           The REG Procedure 

                             Model: MODEL1 

             Dependent Variable: numberofearthworksscioto 

 

                Number of Observations Read           3 

                Number of Observations Used           3 

 

 

                          Analysis of Variance 

 

                                  Sum of         Mean 

  Source                 DF      Squares       Square  F Value  Pr > F 

 

  Model                   1   5200.46955   5200.46955     4.21  0.2886 

  Error                   1   1234.19712   1234.19712 

  Corrected Total         2   6434.66667 

 

 

          Root MSE             35.13114    R-Square     0.8082 

          Dependent Mean       50.66667    Adj R-Sq     0.6164 

          Coeff Var            69.33778 

 

 

                          Parameter Estimates 

 

                                    Parameter       Standard 

Variable                    DF       Estimate          Error    t Value 

 

Intercept                    1      152.61608       53.64766       2.84 

zone                         1       -0.05337        0.02600      -2.05 

 

                          Parameter Estimates 

 

               Variable                    DF    Pr > |t| 

 

               Intercept                    1      0.2152 

               zone                         1      0.2886 
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                             The SAS System                            2 

                                         23:14 Tuesday, February 1, 2011 

 

         Plot of numberofearthworksscioto*zone.  A=1, B=2, etc. 
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                             The SAS System                            3 

                                         23:14 Tuesday, February 1, 2011 

 

                           The REG Procedure 

                             Model: MODEL1 

             Dependent Variable: numberofearthworkslicking 

 

                Number of Observations Read           3 

                Number of Observations Used           3 

 

 

                          Analysis of Variance 

 

                                  Sum of         Mean 

  Source                 DF      Squares       Square  F Value  Pr > F 

 

  Model                   1   1512.50000   1512.50000    31.40  0.1124 

  Error                   1     48.16667     48.16667 

  Corrected Total         2   1560.66667 

 

 

          Root MSE              6.94022    R-Square     0.9691 

          Dependent Mean       30.66667    Adj R-Sq     0.9383 

          Coeff Var            22.63116 

 

 

                          Parameter Estimates 

 

                                     Parameter       Standard 

Variable                     DF       Estimate          Error    t Value 

 

Intercept                     1       85.66115       10.60045       8.08 

zone                          1       -0.00551     0.00098405      -5.60 

 

                          Parameter Estimates 

 

              Variable                     DF    Pr > |t| 

 

              Intercept                     1      0.0784 

              zone                          1      0.1124 
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                             The SAS System                            4 

                                         23:14 Tuesday, February 1, 2011 

 

        Plot of numberofearthworkslicking*zone.  A=1, B=2, etc. 
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                             The SAS System                            5 

                                         23:14 Tuesday, February 1, 2011 

 

                           The REG Procedure 

                             Model: MODEL1 

               Dependent Variable: numberofconicalscioto 

 

                Number of Observations Read           3 

                Number of Observations Used           3 

 

 

                          Analysis of Variance 

 

                                  Sum of         Mean 

  Source                 DF      Squares       Square  F Value  Pr > F 

 

  Model                   1   2112.32974   2112.32974    56.07  0.0845 

  Error                   1     37.67026     37.67026 

  Corrected Total         2   2150.00000 

 

 

          Root MSE              6.13761    R-Square     0.9825 

          Dependent Mean       37.00000    Adj R-Sq     0.9650 

          Coeff Var            16.58814 

 

 

                          Parameter Estimates 

 

                              Parameter     Standard 

 Variable               DF     Estimate        Error  t Value  Pr > |t| 

 

 Intercept               1    101.97470      9.37255    10.88    0.0583 

 zone                    1     -0.03401      0.00454    -7.49    0.0845 
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                             The SAS System                            6 

                                         23:14 Tuesday, February 1, 2011 

 

Plot of numberofconicalscioto*zone.  Legend: A = 1 obs, B = 2 obs, etc. 
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                             The SAS System                            7 

                                         23:14 Tuesday, February 1, 2011 

 

                           The REG Procedure 

                             Model: MODEL1 

              Dependent Variable: numberofconicallicking 

 

                Number of Observations Read           3 

                Number of Observations Used           3 

 

 

                          Analysis of Variance 

 

                                  Sum of         Mean 

  Source                 DF      Squares       Square  F Value  Pr > F 

 

  Model                   1   1012.50000   1012.50000    35.95  0.1052 

  Error                   1     28.16667     28.16667 

  Corrected Total         2   1040.66667 

 

 

          Root MSE              5.30723    R-Square     0.9729 

          Dependent Mean       25.33333    Adj R-Sq     0.9459 

          Coeff Var            20.94958 

 

 

                          Parameter Estimates 

 

                              Parameter     Standard 

Variable                DF     Estimate        Error  t Value  Pr > |t| 

 

Intercept                1     70.32882      8.10623     8.68    0.0731 

zone                     1     -0.00451   0.00075251    -6.00    0.1052 
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                             The SAS System                            8 

                                         23:14 Tuesday, February 1, 2011 

 

Plot of numberofconicallicking*zone.  Legend: A = 1 obs, B = 2 obs, etc. 
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                             The SAS System                            9 

                                         23:14 Tuesday, February 1, 2011 

 

                           The REG Procedure 

                             Model: MODEL1 

               Dependent Variable: numberofconicalwhite 

 

                Number of Observations Read           3 

                Number of Observations Used           3 

 

 

                          Analysis of Variance 

 

                                  Sum of         Mean 

  Source                 DF      Squares       Square  F Value  Pr > F 

 

  Model                   1     72.00000     72.00000    12.00  0.1789 

  Error                   1      6.00000      6.00000 

  Corrected Total         2     78.00000 

 

 

          Root MSE              2.44949    R-Square     0.9231 

          Dependent Mean        9.00000    Adj R-Sq     0.8462 

          Coeff Var            27.21655 

 

 

                          Parameter Estimates 

 

                             Parameter     Standard 

 Variable              DF     Estimate        Error  t Value  Pr > |t| 

 

 Intercept              1     20.99775      3.74106     5.61    0.1122 

 zone                   1     -0.00225   0.00064944    -3.46    0.1789 
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                             The SAS System                           10 

                                         23:14 Tuesday, February 1, 2011 

 

 Plot of numberofconicalwhite*zone.  Legend: A = 1 obs, B = 2 obs, etc. 
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                             The SAS System                           11 

                                         23:14 Tuesday, February 1, 2011 

 

                           The REG Procedure 

                             Model: MODEL1 

              Dependent Variable: numberofconicalbigblue 

 

                Number of Observations Read           3 

                Number of Observations Used           3 

 

 

                          Analysis of Variance 

 

                                  Sum of         Mean 

  Source                 DF      Squares       Square  F Value  Pr > F 

 

  Model                   1     50.00000     50.00000     3.00  0.3333 

  Error                   1     16.66667     16.66667 

  Corrected Total         2     66.66667 

 

 

          Root MSE              4.08248    R-Square     0.7500 

          Dependent Mean        6.33333    Adj R-Sq     0.5000 

          Coeff Var            64.46026 

 

 

                          Parameter Estimates 

 

                              Parameter     Standard 

Variable                DF     Estimate        Error  t Value  Pr > |t| 

 

Intercept                1     16.33216      6.23547     2.62    0.2322 

zone                     1     -0.00117   0.00067653    -1.73    0.3333 
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                             The SAS System                           12 

                                         23:14 Tuesday, February 1, 2011 

 

Plot of numberofconicalbigblue*zone.  Legend: A = 1 obs, B = 2 obs, etc. 
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                                         23:14 Tuesday, February 1, 2011 

 

                           The REG Procedure 

                             Model: MODEL1 

             Dependent Variable: numberofenclosuresscioto 

 

                Number of Observations Read           3 

                Number of Observations Used           3 

 

 

                          Analysis of Variance 

 

                                  Sum of         Mean 

  Source                 DF      Squares       Square  F Value  Pr > F 

 

  Model                   1    647.83669    647.83669     5.74  0.2517 

  Error                   1    112.82998    112.82998 

  Corrected Total         2    760.66667 

 

 

          Root MSE             10.62215    R-Square     0.8517 

          Dependent Mean       13.66667    Adj R-Sq     0.7033 

          Coeff Var            77.72302 

 

 

                          Parameter Estimates 

 

                                    Parameter       Standard 

Variable                    DF       Estimate          Error    t Value 

 

Intercept                    1       49.64957       16.22074       3.06 

zone                         1       -0.01884        0.00786      -2.40 

 

                          Parameter Estimates 

 

               Variable                    DF    Pr > |t| 

 

               Intercept                    1      0.2010 

               zone                         1      0.2517 
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                                         23:14 Tuesday, February 1, 2011 

 

         Plot of numberofenclosuresscioto*zone.  A=1, B=2, etc. 
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                                         23:14 Tuesday, February 1, 2011 

 

                           The REG Procedure 

                             Model: MODEL1 

             Dependent Variable: numberofenclosureslicking 

 

                Number of Observations Read           3 

                Number of Observations Used           3 

 

 

                          Analysis of Variance 

 

                                  Sum of         Mean 

  Source                 DF      Squares       Square  F Value  Pr > F 

 

  Model                   1     32.00000     32.00000    12.00  0.1789 

  Error                   1      2.66667      2.66667 

  Corrected Total         2     34.66667 

 

 

          Root MSE              1.63299    R-Square     0.9231 

          Dependent Mean        4.33333    Adj R-Sq     0.8462 

          Coeff Var            37.68446 

 

 

                          Parameter Estimates 

 

                                     Parameter       Standard 

Variable                     DF       Estimate          Error    t Value 

 

Intercept                     1       12.33253        2.49422       4.94 

zone                          1    -0.00080209     0.00023154      -3.46 

 

                          Parameter Estimates 

 

              Variable                     DF    Pr > |t| 

 

              Intercept                     1      0.1270 

              zone                          1      0.1789 
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                             The SAS System                           16 

                                         23:14 Tuesday, February 1, 2011 

 

        Plot of numberofenclosureslicking*zone.  A=1, B=2, etc. 
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                             The SAS System                           17 

                                         23:14 Tuesday, February 1, 2011 

 

                           The REG Procedure 

                             Model: MODEL1 

             Dependent Variable: numberofenclosuresbigblue 

 

                Number of Observations Read           3 

                Number of Observations Used           3 

 

 

                          Analysis of Variance 

 

                                  Sum of         Mean 

  Source                 DF      Squares       Square  F Value  Pr > F 

 

  Model                   1     98.00000     98.00000     4.08  0.2926 

  Error                   1     24.00000     24.00000 

  Corrected Total         2    122.00000 

 

 

          Root MSE              4.89898    R-Square     0.8033 

          Dependent Mean        5.00000    Adj R-Sq     0.6066 

          Coeff Var            97.97959 

 

 

                          Parameter Estimates 

 

                                     Parameter       Standard 

Variable                     DF       Estimate          Error    t Value 

 

Intercept                     1       18.99836        7.48256       2.54 

zone                          1       -0.00164     0.00081184      -2.02 

 

                          Parameter Estimates 

 

              Variable                     DF    Pr > |t| 

 

              Intercept                     1      0.2389 

              zone                          1      0.2926 
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                                         23:14 Tuesday, February 1, 2011 

 

        Plot of numberofenclosuresbigblue*zone.  A=1, B=2, etc. 
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                                         23:14 Tuesday, February 1, 2011 

 

                           The REG Procedure 

                             Model: MODEL1 

             Dependent Variable: totalenclosedspacescioto 

 

                Number of Observations Read           3 

                Number of Observations Used           3 

 

 

                          Analysis of Variance 

 

                                  Sum of         Mean 

  Source                 DF      Squares       Square  F Value  Pr > F 

 

  Model                   1       120014       120014     4.08  0.2927 

  Error                   1        29436        29436 

  Corrected Total         2       149450 

 

 

          Root MSE            171.56895    R-Square     0.8030 

          Dependent Mean      175.00000    Adj R-Sq     0.6061 

          Coeff Var            98.03940 

 

 

                          Parameter Estimates 

 

                                    Parameter       Standard 

Variable                    DF       Estimate          Error    t Value 

 

Intercept                    1      664.75578      261.99753       2.54 

zone                         1       -0.25637        0.12697      -2.02 

 

                          Parameter Estimates 

 

               Variable                    DF    Pr > |t| 

 

               Intercept                    1      0.2390 

               zone                         1      0.2927 
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                             The SAS System                           20 

                                         23:14 Tuesday, February 1, 2011 

 

         Plot of totalenclosedspacescioto*zone.  A=1, B=2, etc. 
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                                         23:14 Tuesday, February 1, 2011 

 

                           The REG Procedure 

                             Model: MODEL1 

              Dependent Variable: totalenclosedspacewhite 

 

                Number of Observations Read           3 

                Number of Observations Used           3 

 

 

                          Analysis of Variance 

 

                                  Sum of         Mean 

  Source                 DF      Squares       Square  F Value  Pr > F 

 

  Model                   1      1299272      1299272     4.42  0.2826 

  Error                   1       293931       293931 

  Corrected Total         2      1593203 

 

 

          Root MSE            542.15373    R-Square     0.8155 

          Dependent Mean      584.66667    Adj R-Sq     0.6310 

          Coeff Var            92.72869 

 

 

                          Parameter Estimates 

 

                               Parameter     Standard 

Variable                 DF     Estimate        Error  t Value  Pr > |t| 

 

Intercept                 1   2196.36445    828.02042     2.65    0.2295 

zone                      1     -0.30221      0.14374    -2.10    0.2826 
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                                         23:14 Tuesday, February 1, 2011 

 

         Plot of totalenclosedspacewhite*zone.  A=1, B=2, etc. 
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                                         23:14 Tuesday, February 1, 2011 

 

                           The REG Procedure 

                             Model: MODEL1 

             Dependent Variable: totalenclosedspacebigblue 

 

                Number of Observations Read           3 

                Number of Observations Used           3 

 

 

                          Analysis of Variance 

 

                                  Sum of         Mean 

  Source                 DF      Squares       Square  F Value  Pr > F 

 

  Model                   1      4873442      4873442     3.29  0.3208 

  Error                   1      1482054      1482054 

  Corrected Total         2      6355496 

 

 

          Root MSE           1217.39640    R-Square     0.7668 

          Dependent Mean     1064.00000    Adj R-Sq     0.5336 

          Coeff Var           114.41696 

 

 

                          Parameter Estimates 

 

                                     Parameter       Standard 

Variable                     DF       Estimate          Error    t Value 

 

Intercept                     1     4185.63417     1859.41695       2.25 

zone                          1       -0.36583        0.20174      -1.81 

 

                          Parameter Estimates 

 

              Variable                     DF    Pr > |t| 

 

              Intercept                     1      0.2661 

              zone                          1      0.3208 
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                                         23:14 Tuesday, February 1, 2011 

 

        Plot of totalenclosedspacebigblue*zone.  A=1, B=2, etc. 
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                                         23:14 Tuesday, February 1, 2011 

 

                           The REG Procedure 

                             Model: MODEL1 

                      Dependent Variable: totalew 

 

                Number of Observations Read           4 

                Number of Observations Used           4 

 

 

                          Analysis of Variance 

 

                                  Sum of         Mean 

  Source                 DF      Squares       Square  F Value  Pr > F 

 

  Model                   1    328.05000    328.05000     7.08  0.1170 

  Error                   2     92.70000     46.35000 

  Corrected Total         3    420.75000 

 

 

          Root MSE              6.80808    R-Square     0.7797 

          Dependent Mean        9.75000    Adj R-Sq     0.6695 

          Coeff Var            69.82650 

 

 

                          Parameter Estimates 

 

                       Parameter       Standard 

  Variable     DF       Estimate          Error    t Value    Pr > |t| 

 

  Intercept     1       30.00000        8.33817       3.60      0.0693 

  zone          1       -0.00234     0.00087844      -2.66      0.1170 
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                                         23:14 Tuesday, February 1, 2011 

 

       Plot of totalew*zone.  Legend: A = 1 obs, B = 2 obs, etc. 
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                                         23:14 Tuesday, February 1, 2011 

 

                           The REG Procedure 

                             Model: MODEL1 

                      Dependent Variable: totalew 

 

                Number of Observations Read           4 

                Number of Observations Used           4 

 

 

                          Analysis of Variance 

 

                                  Sum of         Mean 

  Source                 DF      Squares       Square  F Value  Pr > F 

 

  Model                   1   3948.35460   3948.35460     9.11  0.0944 

  Error                   2    866.39540    433.19770 

  Corrected Total         3   4814.75000 

 

 

          Root MSE             20.81340    R-Square     0.8201 

          Dependent Mean       30.75000    Adj R-Sq     0.7301 

          Coeff Var            67.68586 

 

 

                          Parameter Estimates 

 

                       Parameter       Standard 

  Variable     DF       Estimate          Error    t Value    Pr > |t| 

 

  Intercept     1      101.00271       25.49111       3.96      0.0582 

  zone          1       -0.00946        0.00313      -3.02      0.0944 
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                                         23:14 Tuesday, February 1, 2011 

 

       Plot of totalew*zone.  Legend: A = 1 obs, B = 2 obs, etc. 
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                                         23:14 Tuesday, February 1, 2011 

 

                           The REG Procedure 

                             Model: MODEL1 

                      Dependent Variable: totalew 

 

                Number of Observations Read           4 

                Number of Observations Used           4 

 

 

                          Analysis of Variance 

 

                                  Sum of         Mean 

  Source                 DF      Squares       Square  F Value  Pr > F 

 

  Model                   1   1638.05000   1638.05000     8.74  0.0979 

  Error                   2    374.70000    187.35000 

  Corrected Total         3   2012.75000 

 

 

          Root MSE             13.68759    R-Square     0.8138 

          Dependent Mean       20.25000    Adj R-Sq     0.7208 

          Coeff Var            67.59302 

 

 

                          Parameter Estimates 

 

                       Parameter       Standard 

  Variable     DF       Estimate          Error    t Value    Pr > |t| 

 

  Intercept     1       65.50000       16.76380       3.91      0.0597 

  zone          1       -0.00562        0.00190      -2.96      0.0979 
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                                         23:14 Tuesday, February 1, 2011 

 

       Plot of totalew*zone.  Legend: A = 1 obs, B = 2 obs, etc. 
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                                         23:14 Tuesday, February 1, 2011 

 

                           The REG Procedure 

                             Model: MODEL1 

                   Dependent Variable: totalconical 

 

                Number of Observations Read           4 

                Number of Observations Used           4 

 

 

                          Analysis of Variance 

 

                                  Sum of         Mean 

  Source                 DF      Squares       Square  F Value  Pr > F 

 

  Model                   1   2080.89477   2080.89477    21.22  0.0440 

  Error                   2    196.10523     98.05262 

  Corrected Total         3   2277.00000 

 

 

          Root MSE              9.90215    R-Square     0.9139 

          Dependent Mean       23.50000    Adj R-Sq     0.8708 

          Coeff Var            42.13682 

 

 

                          Parameter Estimates 

 

                        Parameter       Standard 

Variable        DF       Estimate          Error    t Value    Pr > |t| 

 

Intercept        1       74.50116       12.12761       6.14      0.0255 

zone             1       -0.00687        0.00149      -4.61      0.0440 
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                                         23:14 Tuesday, February 1, 2011 

 

     Plot of totalconical*zone.  Legend: A = 1 obs, B = 2 obs, etc. 
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                                         23:14 Tuesday, February 1, 2011 

 

                           The REG Procedure 

                             Model: MODEL1 

                   Dependent Variable: totalconical 

 

                Number of Observations Read           4 

                Number of Observations Used           4 

 

 

                          Analysis of Variance 

 

                                  Sum of         Mean 

  Source                 DF      Squares       Square  F Value  Pr > F 

 

  Model                   1    732.05000    732.05000    19.60  0.0474 

  Error                   2     74.70000     37.35000 

  Corrected Total         3    806.75000 

 

 

          Root MSE              6.11146    R-Square     0.9074 

          Dependent Mean       14.25000    Adj R-Sq     0.8611 

          Coeff Var            42.88747 

 

 

                          Parameter Estimates 

 

                        Parameter       Standard 

Variable        DF       Estimate          Error    t Value    Pr > |t| 

 

Intercept        1       44.50000        7.48498       5.95      0.0271 

zone             1       -0.00349     0.00078855      -4.43      0.0474 
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                                         23:14 Tuesday, February 1, 2011 

 

     Plot of totalconical*zone.  Legend: A = 1 obs, B = 2 obs, etc. 
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                                         23:14 Tuesday, February 1, 2011 

 

                           The REG Procedure 

                             Model: MODEL1 

                   Dependent Variable: totalconical 

 

                Number of Observations Read           4 

                Number of Observations Used           4 

 

 

                          Analysis of Variance 

 

                                  Sum of         Mean 

  Source                 DF      Squares       Square  F Value  Pr > F 

 

  Model                   1   1312.20000   1312.20000    21.55  0.0434 

  Error                   2    121.80000     60.90000 

  Corrected Total         3   1434.00000 

 

 

          Root MSE              7.80385    R-Square     0.9151 

          Dependent Mean       19.00000    Adj R-Sq     0.8726 

          Coeff Var            41.07287 

 

 

                          Parameter Estimates 

 

                        Parameter       Standard 

Variable        DF       Estimate          Error    t Value    Pr > |t| 

 

Intercept        1       59.50000        9.55772       6.23      0.0248 

zone             1       -0.00503        0.00108      -4.64      0.0434 
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                                         23:14 Tuesday, February 1, 2011 

 

     Plot of totalconical*zone.  Legend: A = 1 obs, B = 2 obs, etc. 
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                                         23:14 Tuesday, February 1, 2011 

 

                           The REG Procedure 

                             Model: MODEL1 

                  Dependent Variable: totalenclosures 

 

                Number of Observations Read           4 

                Number of Observations Used           4 

 

 

                          Analysis of Variance 

 

                                  Sum of         Mean 

  Source                 DF      Squares       Square  F Value  Pr > F 

 

  Model                   1    259.22521    259.22521     5.71  0.1394 

  Error                   2     90.77479     45.38740 

  Corrected Total         3    350.00000 

 

 

          Root MSE              6.73702    R-Square     0.7406 

          Dependent Mean        7.00000    Adj R-Sq     0.6110 

          Coeff Var            96.24310 

 

 

                          Parameter Estimates 

 

                          Parameter      Standard 

 Variable          DF      Estimate         Error   t Value   Pr > |t| 

 

 Intercept          1      25.00088       8.25113      3.03     0.0938 

 zone               1      -0.00242       0.00101     -2.39     0.1394 
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                                         23:14 Tuesday, February 1, 2011 

 

   Plot of totalenclosures*zone.  Legend: A = 1 obs, B = 2 obs, etc. 
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                                         23:14 Tuesday, February 1, 2011 

 

                           The REG Procedure 

                             Model: MODEL1 

                  Dependent Variable: totalenclosures 

 

                Number of Observations Read           4 

                Number of Observations Used           4 

 

 

                          Analysis of Variance 

 

                                  Sum of         Mean 

  Source                 DF      Squares       Square  F Value  Pr > F 

 

  Model                   1    174.05000    174.05000     5.38  0.1462 

  Error                   2     64.70000     32.35000 

  Corrected Total         3    238.75000 

 

 

          Root MSE              5.68771    R-Square     0.7290 

          Dependent Mean        5.75000    Adj R-Sq     0.5935 

          Coeff Var            98.91663 

 

 

                          Parameter Estimates 

 

                          Parameter      Standard 

 Variable          DF      Estimate         Error   t Value   Pr > |t| 

 

 Intercept          1      20.50000       6.96599      2.94     0.0987 

 zone               1      -0.00170    0.00073388     -2.32     0.1462 
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                                         23:14 Tuesday, February 1, 2011 

 

   Plot of totalenclosures*zone.  Legend: A = 1 obs, B = 2 obs, etc. 
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                                         23:14 Tuesday, February 1, 2011 

 

                           The REG Procedure 

                             Model: MODEL1 

                  Dependent Variable: totalenclosures 

 

                Number of Observations Read           4 

                Number of Observations Used           4 

 

 

                          Analysis of Variance 

 

                                  Sum of         Mean 

  Source                 DF      Squares       Square  F Value  Pr > F 

 

  Model                   1    217.80000    217.80000     6.12  0.1319 

  Error                   2     71.20000     35.60000 

  Corrected Total         3    289.00000 

 

 

          Root MSE              5.96657    R-Square     0.7536 

          Dependent Mean        6.50000    Adj R-Sq     0.6304 

          Coeff Var            91.79344 

 

 

                          Parameter Estimates 

 

                          Parameter      Standard 

 Variable          DF      Estimate         Error   t Value   Pr > |t| 

 

 Intercept          1      23.00000       7.30753      3.15     0.0878 

 zone               1      -0.00205    0.00082919     -2.47     0.1319 
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                                         23:14 Tuesday, February 1, 2011 

 

   Plot of totalenclosures*zone.  Legend: A = 1 obs, B = 2 obs, etc. 
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                                         23:14 Tuesday, February 1, 2011 

 

                           The REG Procedure 

                             Model: MODEL1 

                Dependent Variable: totalenclosedspace 

 

                Number of Observations Read           3 

                Number of Observations Used           3 

 

 

                          Analysis of Variance 

 

                                  Sum of         Mean 

  Source                 DF      Squares       Square  F Value  Pr > F 

 

  Model                   1      2801345      2801345     3.62  0.3081 

  Error                   1       774004       774004 

  Corrected Total         2      3575349 

 

 

          Root MSE            879.77507    R-Square     0.7835 

          Dependent Mean      824.33333    Adj R-Sq     0.5670 

          Coeff Var           106.72564 

 

 

                          Parameter Estimates 

 

                            Parameter      Standard 

Variable             DF      Estimate         Error   t Value   Pr > |t| 

 

Intercept             1    3191.33333    1343.87861      2.37     0.2537 

zone                  1      -0.34146       0.17948     -1.90     0.3081 
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                                         23:14 Tuesday, February 1, 2011 

 

  Plot of totalenclosedspace*zone.  Legend: A = 1 obs, B = 2 obs, etc. 
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                                         23:14 Tuesday, February 1, 2011 

 

                           The REG Procedure 

                             Model: MODEL1 

                Dependent Variable: totalenclosedspace 

 

                Number of Observations Read           3 

                Number of Observations Used           3 

 

 

                          Analysis of Variance 

 

                                  Sum of         Mean 

  Source                 DF      Squares       Square  F Value  Pr > F 

 

  Model                   1      1021021      1021021     3.70  0.3053 

  Error                   1       276062       276062 

  Corrected Total         2      1297082 

 

 

          Root MSE            525.41555    R-Square     0.7872 

          Dependent Mean      500.00000    Adj R-Sq     0.5743 

          Coeff Var           105.08311 

 

 

                          Parameter Estimates 

 

                            Parameter      Standard 

Variable             DF      Estimate         Error   t Value   Pr > |t| 

 

Intercept             1    1929.00000     802.58551      2.40     0.2510 

zone                  1      -0.22203       0.11545     -1.92     0.3053 
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                                         23:14 Tuesday, February 1, 2011 

 

  Plot of totalenclosedspace*zone.  Legend: A = 1 obs, B = 2 obs, etc. 
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