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ABSTRACT

Cemeteries and Hunter-Gatherer Land-Use Patterns: A Case Study from the Middle
Trent Valley, Southern Ontario

Samantha Leigh Walker

The principle aim of this thesis is to evaluate the applicability of the
Goldstein/Kelly hypothesis, which proposes that hunter-gatherer cemeteries emerge
as a product of resource competition, and function to confirm and maintain ancestral
ties to critical resources. My evaluation centres on a case study of the earliest known
cemeteries of the middle Trent Valley, Ontario. To determine whether these
predictions are true, | investigated the ecological context of local wetland-based
foraging, and undertook a locational analysis to determine if the placement of
cemeteries correlates with environmental characteristics that reflect the presence of
valuable resources that are unique to these locations. The analysis reveals that ancient
cemeteries in the middle Trent Valley were located near seasonal riparian wetlands,
possibly to secure wild rice and the variety of fauna it attracts. Through the
integration of paleoecological, archaeological, and ethnographic information for the

region, this research finds support for the Goldstein/Kelly hypothesis.

Keywords: Ontario Archaeology, Geographic Information Systems, GIS,
Environmental Modelling, Eco-Cultural Niches, Spatial Analysis, Mortuary
Archaeology, Cemeteries, Hunter-Gatherers, Late Archaic, Middle Woodland,
Southern Ontario.



ACKNOWLEDGMENTS

| would like to express my utmost gratitude to my supervisor, Dr. James
Conolly, whose expertise, patience, and support have added considerably to this thesis
and to my overall graduate experience here at Trent University. | appreciate your
passion, many skills, and insightful suggestions which have guided me throughout
this study. I am also very appreciative of your efforts to accommodate my
circumstances, providing me with the means to work on my project off-campus,

making the completion of this project possible. Truly, thank you.

| extend my gratitude to the other members of my thesis committee, Dr.
Jocelyn Williams and Dr. Marit Munson, for their feedback and assistance throughout
this research process. Your suggestions and advice have allowed me to refine my
ideas in an effective way. To Marit, your words of wisdom and kindness throughout

this past year have meant a great deal to me.

Thank you, as well, to the many other members of the Anthropology graduate
program at Trent. To Dr. Eugene Morin and Dr. Gyles lanonne, thank you for your
insightful theoretical discussions. To Dr. Anne Keenleyside and again to Dr. Marit
Munson, many thanks for your guidance in designing this research project. A special
thanks to Kristine Williams, Kate Dougherty, and Judy Pinto, who were always
available to answer questions and simplify life for us graduate students, regardless of
their busy schedules. The advice, guidance, and friendship of the many wonderful
people in this department have truly enriched my graduate experience, and | am glad

to have met you all.



A special thanks to Dr. Dimitri Nakassis for granting me the opportunity to
work as a GIS Analyst on the WARP project, and to Dr. Bill Caraher for guiding me
through the physical and digital landscapes of the Argolid. My experience working
with both of you has provided me with foundational GIS skills to complete this study,
and | am grateful for your advice and friendship. Many thanks also to Dr. Gyles
lanonne for including me in his SETS project; understanding settlement patterns in
this very different context has challenged my previous assumptions of the relationship
between settlement strategies and environmental change. Working with you on SETS,
and in class, has been a truly rewarding experience. | would also like to thank Jeffery
Dillane for graciously allowing me to use his Rice Lake research and to Gordon Dibb
for providing valuable information about several of the cemetery sites used in this

study. These contributions have greatly improved the quality of my study.

| would like to express my appreciation to Phil and Arthur for their edits,
advice, and friendship. To Faris: thank you for putting up with me this year. Thank
you, also, to my Uncle Kevin for his positivity and guidance. My innermost gratitude
to my mother Doris and to my stepmother Alison — the strong and beautiful women
who have pulled me through this year and encouraged me to complete this project — |

am so thankful for your support.

Most of all, I would like to thank my father, Michael. You have always
guided me, encouraged me to learn, and supported me. You have been a wonderful
teacher and an amazing dad. All my accomplishments this year | owe to you, and your
unwavering love, strength, and courage. Your passion for knowledge has inspired me
throughout my life, and will follow me in everything | do. Thank you for everything,

always.



TABLE OF CONTENTS

ABSTRACT

ACKNOWLEDGEMENTS

TABLE OF CONTENTS

LIST OF TABLES

LIST OF FIGURES

1 CEMETERIES AND HUNTER-GATHERER LAND USE
PATTERNS: A CASE STUDY FROM THE MIDDLE TRENT
VALLEY, ONTARIO

11 INTRODUCTION
1.2 DATA AND METHODS
1.3 OUTLINE OF THESIS CHAPTERS

2 CEMETERIES AND HUNTER-GATHERERS IN
ARCHAEOLOGICAL THOUGHT

2.1 HUNTER-GATHERER AS A HEURISTIC CATEGORY
2.2 CEMETERY: A HOLISTIC DEFINITION
2.3 THE CEMETERY AS PLACE FROM THE 1970S TO

THE NEW MILLENNIUM
2.3.1 Cemetery studies in the 1970s
2.3.2 Cemetery studies in the 1980s
2.3.3 Cemetery studies in the 1990s

2.4 REVISING THE SAXE/GOLDSTEIN HYPOTHESIS
2.4.1 Evolutionary Theory and Hunter-Gatherer
Archaeology
2.4.2 Rebuttal to Criticisms

2.5 SUMMARY: THE GOLDSTEIN/KELLY HYPOTHESIS

12

14
18

19

23

25



3.

THE ANCIENT HISTORY OF SOUTHERN ONTARIO:
REGIONAL SETTLEMENT AND MORTUARY VARIABILITY

3.1

3.2

3.3

3.4

3.5

3.6

3.7

BACKGROUND AND SETTING
THE LATE PALEOINDIAN PERIOD

THE ARCHAIC PERIOD
3.3.1 Early and Middle Archaic Periods
3.3.2 Late and Terminal Archaic Periods
3.3.3 Mortuary Evidence of the Archaic Period

THE EARLY WOODLAND PERIOD
3.4.1 Meadowood Complex
3.4.2 Middlesex Complex

THE MIDDLE WOODLAND PERIOD
3.5.1 Saugeen Culture
3.5.2 Point Peninsula Culture
3.5.3 Hopewellian Influences in the Middle
Woodland Period

TRANSITION TO THE LATE WOODLAND PERIOD

CONCLUSIONS

WETLAND FORAGING, LANDSCAPE ECOLOGY AND
CEMETERY PLACEMENT IN THE MIDDLE TRENT VALLEY

4.1 THE STUDY AREA

4.1.1 Physical Geography
4.1.2 Cemeteries

4.2 EXPECTED RESOURCE EXPLOITATION IN THE
MIDDLE TRENT VALLEY

4.3 THE SOCIOECOLOGY OF WILD RICE

4.3.1 Classification and Distribution
4.3.2 Physiology

4.3.3 Wild Rice and Animals

4.3.4 Phenology of Wild Rice

4.3.5 Wild Rice and Human Subsistence

4.4 PREDICTIONS, ENVIRONMENTAL PARAMETERS,
AND CEMETERY PLACEMENT

Vi

28

29

32

35

37
40

45
46
48
49

51
52

54

58

59

62

63

69

72

73
75
77
78
80
82

84



5.

A LOCATIONAL ANALYSIS OF HUNTER-GATHERER
CEMETERIES IN THE MIDDLE TRENT VALLEY: METHODS
AND DATA

5.1 METHODS OF ANALYSIS
5.1.1 Maximum Entropy Modelling of Eco-
Cultural Niches
5.1.2 Using ArcMap 10.2

5.2 DATASETS FOR LOCATIONAL ANALYSIS
5.2.1 Mortuary Sites: Defining Cemeteries
5.2.2 Non-Mortuary Sites
5.2.3 Environmental Variables/Parameters
5.2.4 The Use of Modern Environmental Data
5.2.4.1 Hydrological Variables
5.2.4.2 Edaphic Variables

5.3 THE GOLDSTEIN/KELLY HYPOTHESIS:
PREDICTIONS AND CORRELATES

A LOCATIONAL ANALYSIS OF HUNTER-GATHERER
CEMETERIES IN THE MIDDLE TRENT VALLEY: RESULTS

6.1 REFINING ENVIRONMENTAL VARIABLES FOR
ANALYSIS
6.2 MODEL VALIDATION

6.2.1 Receiving Operator Characteristic Curves
6.2.2 Area under the ROC Curve

6.3 PREDICTED ECOLOGICAL SUITABILITY ACROSS
THE STUDY AREA
6.3.1 Point-Wise Mean Distribution Models
6.3.2 Binary Distributions of High Predicted
Suitability
6.3.3 Mann-Whitney U-Test of Mean Euclidean
Distances

6.4 RESPONSE CURVES OF FINAL MODEL
6.4.1 Cemetery (C) Model Response Curves
6.4.2 Total Mortuary (TM) Model Response
Curves
6.4.3 Non-Mortuary (NM) Model Response
Curves

6.5 WATER LEVEL RECONSTRUCTIONS FOR PIGEON
LAKE AND RICE LAKE

6.6 SUMMARY OF RESULTS

vii

86

87

92

93
97
102
107

109

111

116

119

120

124

128

132

135

137

139

144



1. CEMETERIES, RESOURCE AVAILABILITY, AND THE

GOLDSTEIN/KELLY HYPOTHESIS 146
7.1 THE PALEOECOLOGICAL CONTEXTS OF
CEMETERIES IN THE MIDDLE TRENT VALLEY 147

7.1.1 Cemeteries, Soils, and Wetlands
7.1.2 Aerobic Wetland Diversity in the Middle

Trent Valley 150
7.1.3 Resource Variability among Seasonal
Riparian Wetlands 152
7.2 CEMETERIES, WETLANDS, AND THE
GOLDSTEIN/KELLY HYPOTHESIS 155
8.  CONCLUSIONS 161
8.1 SUMMARY OF RESEARCH
8.2 LIMITATIONS AND FUTURE RESEARCH 164
DIRECTIONS
REFERENCES CITED 167
APPENDIX: DATASET DESCRIPTIONS AND SOURCES 185
Al ARCHAEOLOGICAL SITE LOCATIONS
A.1.1 Cemetery Sites Datasets
A.1.2 Non-Mortuary Sites Dataset 196
A2 ENVIRONMENTAL VARIABLES 199
A.2.1 Topographic Variables
A.1.2 Edaphic Variables 200
A.1.3 Hydrological Variables 204
A3 MAXENT PRELIMINARY RESULTS 206
A.3.1 C Model Preliminary Results
A.3.2 TM Model Preliminary Results 209
A.3.3 NM Model Preliminary Results 211

A4 PIGEON LAKE RECONSTRUCTION 213

viii



LIST OF TABLES

Table Description Page
4.1 Nut_ritional value of wild rice in comparison to other 74
grains.
4.2 The use of wild rice by animals. 79
51 Total mortuary sites and cemetery sites datasets. 95
5.2 Non-mortuary sites dataset. 98
53 Environmental variables/covariates. 104
6.1 Environmental variables used in final MaxEnt models. 112
6.2 Analysis of variable importance for C model. 113
6.3 Analysis of variable importance for TM model. 113
6.4 Analysis of variable importance for NM model. 113

7.1 The properties of organic and mineral hydric soils. 150



Figure

3.1

3.2

4.1

4.2
4.3

4.4

6.1
6.2
6.3
6.4
6.5
6.6

6.7

6.8

6.9

LIST OF FIGURES

Description

The geographic boundaries of southern Ontario.

Key archaeological sites of southern Ontario as mentioned in this

chapter.

The middle Trent Valley study area within the Trent River
Watershed.

Key geological divisions of the middle Trent Valley.
Physiography of the middle Trent Valley.

Archaic and Middle Woodland mortuary sites of the middle
Trent Valley.

Jackknife test of C model.

Jackknife test of TM model.
Jackknife test of NM model.
Averaged ROC curve for C dataset.
Averaged ROC curve for TM dataset.

Averaged ROC curve for NM dataset.

MaxEnt-derived logistic probability of suitable conditions for the

C Model.

MaxEnt-derived logistic probability of suitable conditions for the

TM Model.

MaxEnt-derived logistic probability of suitable conditions for the

NM Model.

Page

30

34

64

67

68

71

114

114

114

116

117

117

121

122

123



6.10 C Model binary distribution showing locations of C dataset sites 125
used in analysis.

6.11 TM model binary distribution, showing locations of TM and NM 126
dataset sites.

6.12 I\_II\/I model binary distribution, showing locations of NM dataset 127
sites.
6.13 Non-Direction U-Test for NM (Sample A) and TM (Sample B) 130
samples.
6.14 Non-Direction U-Test for NM (Sample A) and C (Sample B) 131
samples.
6.15 Response of cemeteries to soil_texture. 134
6.16 Response of cemeteries to stoniness. 134
6.17 Response of cemeteries to water_dist. 134
6.18 Response of cemeteries to wetland_dist. 134
6.19 Response of total_mortuary to soil_texture. 136
6.20 Response of total_mortuary to stoniness. 136
6.21 Response of total_mortuary to water_dist. 136
6.22 Response of total_mortuary to wetland_dist. 136
6.23 Response of non_mortuary to soil_texture. 138
6.24 Response of non _mortuary to stoniness. 138
6.25 Response of non _mortuary to water_dist. 138
6.26 Response of non _mortuary to wetland_dist. 138
6.27 Modern surface water level (right) and reconstructed surface 142

water level (left) for proto-Pigeon Lake.

6.28 Modern surface water level (right) and reconstructed surface 143
water level (left) for early Rice Lake.

Xi



CHAPTER 1: CEMETERIES AND HUNTER-GATHERER LAND USE
PATTERNS — A CASE STUDY FROM THE MIDDLE TRENT VALLEY,

ONTARIO

1.1 Introduction

Cemeteries are places of death that are constructed and maintained by the
living. Because of this, cemeteries are undeniably social, commonly religious, and
highly variable. These practices are essentially mutable — their significance is not
uniform across cultures, and their meaning is not static over time. Like all human
practices, cemeteries have not always existed; they are a cultural variant that has
emerged among different groups, at different times and places. However dynamic the
nature of cemeteries may be, this is a truth which they all share. Unfortunately, little
attention has been paid as to why cemeteries emerge as a cultural variant in the first
place. As Parker Pearson (1999: 17) notes: “funerary archaeologists concentrate on
the period when a cemetery was in use but may give less thought as to why it was
begun or abandoned...The break with tradition that is marked by founding or
abandonment can be a momentous event”. My thesis evaluates a potential explanation
for the emergence of cemetery practices — termed the Goldstein/Kelly hypothesis —
through a case study of the earliest cemeteries in the middle Trent Valley area of

southern Ontario.

Many of the earliest cemeteries in North America are associated with a
societal shift to sedentism and increasing reliance on horticulture, which positions

land as a critical resource (Bocquet-Appel and Naji 2006). Agricultural societies are



also associated with population increases, and growing social complexity that
includes elaboration of the treatment of the dead (Charles and Buikstra 1983: 120).
However, some of the earliest examples of cemeteries from across Eastern North
America, including those from the middle Trent Valley, are associated with hunter-
gatherers — peoples who subsist by collecting or procuring food, rather than
cultivating food (Sassaman 2010). This makes explaining the emergence of
cemeteries a theoretically complex matter: if cemeteries are tied to organizational
principles initiated by fully-realized sedentism, why do they also appear among
hunter-gatherers? Furthermore, why have cemetery practices appeared among some
hunter-gatherer groups across time and space, and not others? Do apparent similarities
in cemetery practices reflect shared cultural patterns, or are they only superficially

similar?

Several explanations can be offered for why cemetery practices might emerge
within hunter-gatherer societies. The Goldstein/Kelly hypothesis is one possible
explanation. It proposes that cemetery practices emerged as a product of resource
competition and functioned to confirm and maintain ancestral ties to critical
resources, especially in areas where valued resources were abundant in particular
areas but were otherwise regionally scarce (Goldstein 1976; 1981, Kelly 2001; Kelly
2007). This hypothesis has been suggested for the middle Trent Valley, but has yet to
be systematically evaluated (Conolly et al. 2014; Kenyon 1986; Spence 1986; Spence
et al. 1990). My case study will test the applicability of the Goldstein/Kelly
hypothesis through a locational analysis of the middle Trent VValley cemeteries, which
will determine if these archaeological sites were located in resource-rich areas that

were unique from other environmental settings across the landscape.



Many archaeological studies have been conducted in the middle Trent Valley,
and the mortuary practices of its ancient inhabitants are well defined (Boyle 1897;
Conolly et al. 2014; Johnston 1968a: 12-30; Johnston 1968b; Kenyon 1986:7-24;
Ritchie 1949:3-18; Spence et al. 1984). The study area is the setting of a particularly
early cemetery dating to the Late Archaic (ca. 4500-3000 BP) which emerged more
than 1000 years prior to other currently identified cemeteries in southern Ontario
(Conolly et al. 2014: 113), and is also home to a Middle Woodland age (ca. 2300-
1000 BP) burial mound tradition that is unique to the region in its elaboration and
complexity (Johnston 1968a:27; Kenyon 1986:2; Spence et al. 1990:164). These
cultural periods are separated by almost 1000 years, during which time cemetery
activity is unidentified. This provides an opportunity to examine the emergence of
cemeteries in a particular geographical context not once, but twice, allowing for the

formulation of refined predictions that can explain this unique cultural pattern.

1.2 Data and Methods

If the Goldstein/Kelly hypothesis is correct, and the emergence of hunter-
gatherer cemeteries in the middle Trent Valley was driven by a need to establish
tenure of critical and potentially contested resources, one would expect these
cemetery locations to share distinct environmental characteristics that are not shared
by other site types. Furthermore, critical resources relating to the ecological contexts
of these sites should have been prevalent during the Late Archaic and Middle
Woodland periods when mortuary activities occur, and more scarce during the Early

Woodland period when these activities temporarily cease. To test for these conditions,



my case study centres on an environmental analysis of Late Archaic and Middle

Woodland archaeological site locations in the middle Trent Valley.

Spatial datasets of cemetery sites and non-mortuary sites (sites of human
activity other than burial or funerary activity) were created in ArcMap 10.2 (ESRI
2013), as were datasets of predicted environmental variables that may have influenced
cemetery site location decisions. Eco-cultural niche models were created from these
datasets using a maximum entropy modelling approach (MaxEnt version 3.3.3e,
Dudik et al. 2010), and were supplemented by exploratory GIS analysis in ArcMap
10.2. These models were used to establish if cemetery sites in the study area share
environmental characteristics that are unique from other types of contemporary
archaeological sites. The results of this analysis were then examined in light of
archaeological, paleoecological, and ethnographic information for the middle Trent
Valley, to better determine what resources, if any, may have been worth securing

through the construction and maintenance of cemeteries.

1.3 Outline of Thesis Chapters

This thesis is divided into eight chapters. Chapter 2 serves as a theoretical
overview of hunter-gatherer cemeteries in anthropological thought, focusing on the
archaeological discourse surrounding the emergence of cemeteries. Chapter 3 presents a
background of the prehistory of southern Ontario and its vicinity, and highlights the
relationship between mortuary practices, subsistence-settlement systems, and
environmental change in order to contextualize local variability in the study area. With

the Goldstein/Kelly hypothesis in mind, Chapter 4 builds some expectations about the



ecological settings of cemetery sites in the middle Trent Valley. Chapter 5 consists of a
detailed outline of the datasets and methods to be used in my locational analysis, and
Chapter 6 presents the results of this analysis. Chapter 7 discusses these results and
offers interpretations regarding the paleoecological contexts of known Late Archaic and
Middle Woodland cemetery locations. I then draw conclusions as to what resources were
potentially of value within the ecological contexts of these cemetery locations. The
results, when coupled with archaeological and ethnographic information relevant to the
study area, point to the availability and importance of wild rice and the diverse
ecosystem supported by this resource. These lines of evidence also suggest why securing
wild rice patches might have been worth the time and labour costs of constructing and
maintaining cemeteries, as both human behavioural ecology and cosmological
perspectives are considered. Chapter 8 summarizes the major findings of my research,
and concludes by outlining the limitations of this study and possible solutions to these

limitations through future studies.



CHAPTER 2: CEMETERIES AND HUNTER-GATHERERS IN

ARCHAEOLOGICAL THOUGHT

What the presence of cemeteries might reflect about hunter-gatherer groups
has long been a matter of debate among scholars (Bailey 1983; Bement 2010; Binford
1971 ; Cannon 1989; Chapman 1981; Charles and Buikstra 1983; Goldstein 1976;
1981; Kelly 2007; Pardoe 1988; Saxe 1970), although few have been concerned with
the relevance of cemetery location in understanding cultural or economical change.
This chapter reviews and evaluates the literature concerning the origins and placement
of hunter-gatherer cemeteries. It also assesses a set of potential predictions, termed the
Goldstein/Kelly hypothesis, which can be later evaluated for their relevance to the
middle Trent Valley. The result is a discussion of the progression of archaeological
thought around the treatment of cemeteries as spatial entities within the broader

cultural landscapes of the past peoples who constructed them.

2.1 Hunter-Gatherer as a Heuristic Category

The foundation of this thesis involves predictions and archaeological
correlates determined from outside the middle Trent Valley. Since a first step in
developing a framework for my case study involves the evaluation of the relationship
between economic strategies and cemetery practices in prehistoric societies, a
heuristic grouping of peoples based on an ecological premise of subsistence and

mobility is necessary. The term hunter-gatherer and its related variants such as
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“forager”, “collector”, “hunter-fisher-forager”, and “pre-agriculturalist” are
generalizations that are used to distinguish between peoples who subsist by collecting
or procuring food, rather than through cultivation. The distinction between
subsistence practices has empirical support, although the diversity that existed in
ancient times is likely to have been significantly greater than what is suggested by

these arbitrary categories (Kuhn and Stiner 2001).

Within the context of this thesis, | have used the term “hunter-gatherer” to
refer to peoples who subsist primarily through the management, collection, and
processing of undomesticated foods (Fortier 2013:2). While there are more precise
definitions to describe the ancient peoples of the middle Trent Valley, this one has the
advantage of simplicity — “it does not confuse primary with derivative and more
variable features of this life-way, such as ‘band-level’ social organization or an
egalitarian social ethic” (Winterhalder: 2001:12). This provides what Panter-Brick et
al. (2001:2) see as a “minimal’ definition, a starting-point on which to graft a more
nuanced understanding of hunter-gatherers: “it is important to begin with a useful
‘working definition’ ... [although] there will always be problematic cases with such a
definition ”. Exactly how specific resources, subsistence strategies, the degree of
sedentism, and variations among these aspects may relate to mortuary practices are
examined in Chapter 3 through a comprehensive evaluation of hunter-gatherers in the

region of southern Ontario, where the middle Trent Valley is located.



2.2 Cemetery: A Holistic Definition

Although there is a substantial body of literature that depends on the
assumption that the term cemetery constitutes a distinctive burial form, few studies
have offered a comprehensive definition of the rudiments of that form (Bailey 1983;
Curl 1999; Francaviglia 1971; Goldstein 1981; Kolbuszewski 1995; Meyer 1997;
Rugg 2000:259). The need for a definition of the term cemetery is particularly
appreciable when describing the collective burial practices of hunter-gatherers, since
the term remains atypical in this area of research (Littleton and Allen 2006:284). This
is due to modern, Western connotations associated with the concept of a cemetery
(Bloch and Parry 1982:15; Pardoe 1988:1), as well as the fact that the social
complexity of hunter-gatherers has often been underestimated (Fortier 2013:10; Kelly

2007:xii).

To Meyer (1997), for example, cemeteries are burial sites established with the
purpose of enshrining the identity of the deceased as an individual. The presence of
grave markers is seen as the ultimate distinguishing feature, as they “describe
characteristics of a deceased person’s life and dates of birth and death” (Meyer 1997:
131). But while many cemeteries can be identified by grave markers, this is not
always the case. Pardoe (1988) describes many ancient indigenous cemeteries in
southeastern Australia as consisting of unmarked graves. Likewise, the Natural Burial
Movement in the United Kingdom presents a modern contradiction, since Natural
Burial cemeteries are “unlikely to incorporate the permanent markers of human
culture which [previously], in the UK, have lent burial grounds a ‘sacred’ status”
(Hockey et al. 2012: 117). Meyer’s definition may be influenced by contemporary

Western thought, in which “the individual has a transcendental value™, and where “the



ideological stress is on each person’s exclusive and unrepeatable history” (Bloch and

Parry 1982:15).

As an alternative definition, Curl (1999: 161) characterizes a cemetery solely
on its separation from other modes of burial, such as churchyards, seeing the former
as “not being attached to a place of worship”, and as often being larger in scale and
predominately owned by secular authorities. In this view, cemeteries serve as a
practical and cohesive way to maintain multicultural communities. But not all
societies have secular authorities, nor have all societies been multicultural. Certainly,
not all societies construct churchyards or their cultural equivalents from which to
compare and contrast these burial forms. This definition excludes societies that do not
fit into the Western paradigm. It is difficult to imagine, for example, how the
ossuaries of Archaic central Texas (Bement 2010) or the megalithic tombs of
Mesolithic southern Scandinavia (Chapman 1981: 71) would fit into Curl’s
framework. Modern definitions such those of Meyer (1997) and Curl (1999) may be
valuable in particular contexts, but their application to the broader scales of human

practice quickly presents contradictions.

Archaeological sites are subject to varying degrees of degradation over time,
and in the case of ancient sites belonging to hunter-gatherers, the archaeological
record is especially sparse. These circumstances make it even more crucial for
archaeologists to explore all facets of available data, much of this coming from
mortuary contexts. The presence of specialized burial places found in association with
early hunter-gatherers presents challenges, forcing researchers to reconsider the

defining features of this burial form. An appropriate definition of “cemetery”, for the



purposes of archaeological research, must be inclusive of the processes of degradation

as well as the dynamics among various societies’ physical responses to death.

Reviews on the subject of the mortuary domain make it clear that mortuary
practices are so diverse that categorization and generalization are often faulty (Block
and Parry 1982). However, across disciplines the category of “cemetery” is
commonly used and its validity is hardly disputed. While the use of the term may
vary, there are important similarities that give the recognition of these practices as a
feature type value to research across disciplines, whether these similarities have been

explicitly acknowledged or not.

Cemeteries share a primary feature that distinguishes them from other
mortuary expressions: they are communal places, locations upon a cultural landscape
that are deliberately created and maintained (Francaviglia 1971: 501). Goldstein
(1981:8) defines a formal cemetery as being a permanent, specialized, bounded area
for the exclusive disposal of the dead. This is conducive to Kolbuszewski’s (1995: 18)
framework, which sees a cemetery as carrying only two interconnected requirements:
“a priori formulated resolutions” (premediated decisions to bury the dead in this area),
and the ability for burial within the space to be “carried out in an appropriately
ritualized way”. Kolbuszewski stresses a disparity between an ad hoc site in which the
disposal of human remains has taken place and a space where burial has been
formally defined. The definitions of Goldstein and Kolbuszewski provide a good
point of departure for understanding cemeteries as a feature class; however criteria are
needed for determining the fulfilment of these requirements in archaeological

contexts.



Since cemeteries are inherently a collective and therefore communal practice,
the most rudimentary qualification is the presence of multiple burials. However, this
is an insufficient prerequisite by itself. Johnston and Clark (1998) discuss the
mortuary landscape of the Willandra Lakes region in New South Wales, Australia. In
this region, which covers thousands of hectares, 103 burials have been discovered.
These graves are not associated with one another, and their numbers are instead the
product of the length and density of occupation in the area (Johnston and Clark 1998:
113). Such a case demonstrates that a cemetery must not only consist of multiple
burials, but multiple burials with observable connection to one another. It is for this
reason that burials in a cemetery should be contiguous — that is, burials should be next
to one another in an observable sequence (Pardoe 1988: 2). Such a connection may be
evaluated by the general nature of horizontal stratigraphy; if a cemetery grows in size
in a particular direction, then the burials in one section will be a different date than

those in another.

Contiguity can also be qualified based on the density of burials. When many
burials are close to one another (relative to surrounding areas of the landscape), it can
be presumed that they are not random events (Littleton and Allen 2007: 290). In other
words, the probability of one internment being placed is dependent on the fact that
other known interments are present in the same place. Thus, “even over a thousand
years, 40 burials could take place, each based on the memory of a preceding one”

(Littleton and Allen 2007: 290).

In addition to absolute dating, Parker Pearson (1999: 13) states that burial
patterns can be accessed through typological systems of fast-changing artifact styles

in order to build chronological frameworks. However, patterns of cemetery growth

10



can be varied and complex. Renfrew (1976: 204-205) has noted, for example, that
simultaneously functioning megalithic tombs in Europe exhibited a regular rather than
a clustered distribution. This type of variable complexity is also exemplified by
Bailey (1983), who distinguishes between short and long term processes and spans.
While an individual burial may be a transitory event, the memory of the burial may
endure over time, leaving the potential for this memory to stimulate further activities.
The use of burial place through time and space is consequently indicative of memory
and meaning, although, as Parker Pearson (1999) has demonstrated, such a link needs
to be derived from the archaeological record rather than assumed solely on the basis

of proximity.

Cemeteries must also be spatially bounded — places exclusive to the burial of
the dead and its related practices. The most apparent boundaries are constructed
features which often act as markers of the extent of a site, such as monuments (i.e.
earthworks, headstones, tombs), fences, or in the case of some hunter-gatherer groups
scarred and carved trees (Littleton and Allen 2007: 286). Landforms may also act as
natural barriers. These can vary from mountain tops, such as in the case of Gobekli
Tepe where a Neolithic mortuary phase is succeeded by Byzantine and Islamic
cemetery phases (Schmidt 2000), to water body interfaces such as those which

separate Middle Woodland burial mounds in the middle Trent Valley (Kenyon 1986).

In the absence of both boundary markers and landforms, boundaries can be
demonstrated by burial density, which should decrease quickly at the edges of the site
(Pardoe 1988: 2). In this context, the Late Archaic and Terminal Archaic burial

components on Jacob Island in the middle Trent Valley (Conolly et al. 2014: 29), can
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be understood as a single spatial entity; a consciously constructed and holistic place of

burial built on the memory of preceding burial events.

2.3 The Cemetery as Place from the 1970s to the New Millennium

While spatial analysis has become a popular aspect of hunter-gatherer
archaeology, most of this work has centred on habitation sites and settlement
patterning, with mortuary sites often being neglected (Brown 1995: 27; Goldstein
1981: 53). This is likely due to the fact that mortuary archaeology has been
predominately oriented towards the individual, being comprised of the analysis of
skeletons, individual graves, and the material goods within graves (Brown 1995: 5;
Pardoe 1985: 1). However few would disagree that a cemetery constitutes a place tied
to memory and community. The cemetery is acknowledged by archaeologists as a
discrete entity, but only a handful of analyses have treated it as one (Saxe 1970;
Goldstein 1976; Charles and Buiksta 1983; Littleton and Allen 2007; Spence 1986).
Furthermore, some analyses which consider cemeteries as places comparatively, do so
only to explore variability within their individual components, such as mortuary
elaboration, social distinction, and status display (Cannon 1989; Small 2002). Fewer
studies have truly considered the cemetery as a spatial unit within the larger cultural

landscape of the people who construct and maintain them.

2.3.1 Cemetery studies in the 1970s
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Arthur Saxe (1970) was among the first to propose the evaluation of
cemeteries as discrete locations. These considerations took the form of Hypothesis 8
in Saxe’s doctoral dissertation, and has since been thought to have “taken on an
independent existence” from the work (Brown 1995: 13). Essentially, Hypothesis 8
states that the emergence of formal cemeteries was prompted by increasing
competition for access to vital resources. Increasing competition encouraged the
formation of corporate groups, who then attempted to monopolize those resources by
justifying their claim to lands through lineal decent from the dead (Saxe 1970: 119).
In other words, a cemetery symbolizes the actions of a group’s intent on securing and

maintaining use rights to areas and their resources.

Saxe (1970: 120) stressed that Hypothesis 8 was different from the other
hypotheses in his dissertation since it raised locational questions: “the geographic
distribution and treatment of the disposal types in relation to ecosystem variables,
some of which, of course, are also cultural”. While Hypothesis 8 was a preliminary
concept in the dissertation, Saxe later supported his ideas in an ethnographic study of
the processes by which formal burial areas emerged among the Temuan of Malaysia
after the Second World War. This study demonstrated that the structure of corporate
groups, and their associated mortuary behaviour, responded quickly to changes

between the society and the natural environment (Saxe and Gall 1977).

Hypothesis 8 represents a crucial first step in understanding the emergence of
cemeteries in hunter-gatherer societies, and the treatment of cemeteries as spatial
entities. It was seized by archaeologists in the 1970s as a way to examine ancient land
tenure (Goldstein 1976; Peterson 1975; Renfrew 1976). Peterson (1975: 60-63), for

example, has noted that the ecological aspect of territoriality is basic to the hunter-

13



gatherer way of life; unlike theories of low fertility or infanticide, these theories allow
for archaeologists to explore past hunter-gatherer populations as capable of supporting

population expansions in the past.

2.3.2 Cemetery studies in the 1980s

By the mid-1980s, archaeologists have polarizing viewpoints of Saxe’s
Hypothesis 8 (Morris 1991: 147-149). On one hand, what has been termed the
“materialist-ecological paradigm” (Carr 1995: 115) continued to be prominent in
hunter-gatherer archaeology, encouraging the employment of Hypothesis 8 and the
development of revisions and additional predictions. On the other hand, Saxe’s
assumption that corporate lineal groups will always react to resource scarcity by
justifying their claims to lands through the maintenance of cemeteries was viewed as
a generalization and unfounded assumption by postprocessual critics (Hodder 1984;
1990; Shanks and Tilley 1987). Hypothesis 8 was criticized as disregarding the
cultural contexts that were seen as central to ideological functions (Hodder 1984), and
was also accused of drawing too heavily on cross-cultural ethnographic information

(Shanks and Tilley 1982).

It should be noted here, however, that the effects of postprocessualism were
less straightforward with hunter-gatherer studies than with other research foci of
archaeology. Jordan (2003: xvi) explains that monuments and structures associated
with ancient hunter-gatherers are few, and so hunter-gatherer studies tended to follow

an inherently ecological and deterministic path, being primarily concerned with
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methods of food procurement and adaptions to the environment. Because of this,
criticisms to such approaches existed, but solutions were rarely offered in their place

(Cannon 2014:96).

Scholars who supported the materialist-ecological tradition defended against
the “backlash of the 1980°s” (Morris 1991: 163). The most noteworthy was Lynn
Goldstein, who saw Saxe’s Hypothesis 8 as both significant and useful to
archaeologists, regardless of his generalizations. In her own doctoral dissertation on
the mortuary practices of Mississippian society, Goldstein maintained that spatial
organizational principles have been observable, and that the spatial principles used by
several societies were distinct and apparent (Goldstein 1976). She proposed that if a
formal bounded disposal area used exclusively for the dead were present, then the
culture was likely one which had a corporate group structure in the form of a lineal
decent system. Goldstein (1981: 61) later revised Hypothesis 8, stressing that “the
function of cemeteries [in this way] does not exist independently from specific beliefs
and ideas of prehistoric actors”. This revision led to what has since been referred to as

the Saxe/Goldstein hypothesis.

In Goldstein’s revised model, corporate groups that legitimize the control of
crucial but restricted resources by lineal descent from the dead will regularly reaffirm
their rights through popular religion and its ritualization. One means of ritualization
that is often but not always employed is the maintenance of a permanent, specialized,
bounded area for the exclusive disposal of the dead. If such a bounded area exists,
then it is likely that the corporate group has rights over the use and control of crucial

but restricted resources. Goldstein is vigilant that “while utilization of space is clearly
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a component of the mortuary system, within the disposal domain space can be used in

many ways and at different levels simultaneously” (Goldstein 1981: 57).

A number of scholars were supportive of some elements of the Saxe/Goldstein
hypothesis but critical of others. Spence (1986) evaluated the validity of these
concepts against the Terminal Archaic and Early Woodland periods in southern
Ontario. His study revealed that groups in the area were rather small and were spaced
comfortably apart, and so there was no reason to suspect pressure on resources or
group competition. He agrees, however, that the inclusion of individuals in a cemetery
seems to reflect membership to a corporate group, and suggests that one major
function of these cemeteries may have been macroband integration, which would give
the macroband the stability and continuity it needed to be effective (Spence 1986: 92).
However, as Conolly et al. (2014: 3) have recently expressed, views that support
corporate group membership but “otherwise reject the link between cemeteries,
competition, and territoriality do not define why macrobands might have been
compelled to reinforce their stability and continuity in this way”, which makes

propositions such as Spence’s difficult to evaluate.

A contrasting viewpoint to Spence (1986) — and a potential revision of the
Saxe/Goldstein hypothesis — is found in the work of Ingold (1986: 133) who makes a
key distinction between concepts of territoriality and land tenure: “territorial
behaviour is basically a mode of communication, serving to convey information about
the location of individuals dispersed in space... [while] tenure is a mode of
appropriation, by which persons exert claims over resources dispersed in space”.

Ingold sees the use of cemeteries to secure lands and resources as more of a
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cooperative exercise than an act of competitive protection of exclusive resources by

particular groups.

However, time is vital to land tenure, and evidence of pressure on resources or
abrasive competition between bands may not necessarily be observable to
archaeologists. Still, the premise of the Saxe/Goldstein hypothesis should not be
readily denied by the absence of these observations. The ways that land tenure or
territorial practices may be expressed in the mortuary domain are a matter which

deserves its own discussion, and which is better assessed on local and regional levels.

In their studies of European megalithic tombs, Renfrew (1976), and Chapman
(1981) also supported the inherent ecological premise suggested by Goldstein (1976;
1981) that population stress may stimulate competition and therefore emphasise
territoriality, although both studies focused more on early European farming
communities rather than on hunter-gatherers. Chapman (1981:72) refers to these
communities as “segmentary societies” in that they lacked “the centralized,
hierarchical structure of a chiefdom or state”, and instead consisted of “cellular and
modular autonomous units”. Chapman’s description of the social organization of

these communities is compatible with Saxe’s premise of corporate groups.

Charles and Buikstra (1983), in their observations of Archaic mortuary sites in
the Central Mississippi drainage, also expanded on the Saxe/Goldstein Hypothesis.
These postulates were also ecological in nature, and “admittedly highly processual”
(Buikstra and Charles 1999: 203). The most important of these was the explicit
connection between formal cemetery areas and a reduction in group mobility; more
specifically a transition to sedentary subsistence strategies. They also suggested that

the degree of spatial structuring present in the mortuary domain correlated with the
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degree of competition among groups for crucial resources. Inclusion of individuals in
the cemetery implies the inclusion of those individuals in the corporate group. The
authors’ postulations were empirically supported by their study — however, it was
unclear whether these propositions would hold in areas where the regional density of

cemeteries was not as high.

2.3.3 Cemetery studies in the 1990s

The polarization between critics and advocates of the Saxe/Goldstein
hypothesis and its various components persisted into the 1990s. As Chapman (1995:
29-30) notes, “reaction to the territorial model has been both positive and negative,
and is instructive of the ways in which archaeologists pursue research.” This has been
a part of the greater revelation that archaeological debates can be biased and
polemical, as archaeologists see what they want in the work of others (Chapman

1995: 35).

Morris (1991: 163) has defended the Saxe/Goldstein hypothesis by stating that
it is a rewarding idea that if used carefully can stimulate research into new areas of
ancient society: “like any archaeological methodology it is neither right nor wrong,
only more or less helpful in specific empirical situations”. Brown (1995: 14) has also
asserted the potential of the Saxe/Goldstein hypothesis, but acknowledges that some
case studies present complications when the association between residence and

control of resources is considered. As an example, Brown re-examines Hodder’s
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(1982) case study on Nuba mortuary practices, where the dispersion of “deme”
members challenges the association of cemeteries with corporate group membership,
which is seen by both Saxe and Goldstein as an essential step in the formation of
cemeteries as a response to competition. Brown (1995: 4) acknowledges, however,
that the process of dispersion of these tombs could have been a modern phenomenon
and not representative of the original relationship between these tombs and the lineal
groups associated with them. Brown’s view is essentially supportive of the
Saxe/Goldstein hypothesis, but serves as a reminder that generalist models will almost

always be met with contradictive cases.

By the end of the 1990s, Buikstra and Charles (1999) had amended their
earlier postulations of the Saxe/Goldstein hypothesis. Focusing on the Middle and
Late Woodland periods, the authors distinguish between ancestor cults, which
emphasize lineage as well as common property transmission, and mortuary ritual,
which stands as a ground for competition. In this view, although cemeteries may serve
to unify the macroband as Spence (1986) has suggested, evidence of an ancestor cult
would indicate political competition. The authors also emphasized differences
between ancestor cults and earth/fertility cults. In general, Buikstra and Charles’
(1999: 204-205) study is oriented more towards understanding the sacred and its
social ties than to analyzing the land use strategies of hunter-gatherers, but both

considerations are certainly present.

2.4 Revising the Saxe/Goldstein Hypothesis

2.4.1 Evolutionary Theory and Hunter-Gatherer Archaeology
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Since the late 1990s, many archaeologists have increasingly favoured
philosophical-religious, post-structuralist, and phenomenological approaches. In
hunter-gatherer studies, these views have led to a focus on “ceremonial complexes”
and “cult practices” such as those discussed in Buikstra and Charles (1999), among
others (e.g. Byers 2011; Carr and Case 2006; Jordan: 2003; Korp 1990; Lane 2002).
However, while these two decades have certainly revealed growing support for
postmodernist ideals, an increasingly rich empirical record, coupled with
advancements in geospatial technologies, is demonstrating unique potentials for the
future of hunter-gatherer archaeology (Sassaman 2004). Many of these advances have
found a home in the domain of evolutionary theory. An early branch of evolutionary
theory, termed Human Behavioural Ecology (HBE) makes explicit many of the
assumptions that have underpinned previous materialist-ecological models;

behavioural ecology models have been central to the analysis of the foraging economy

(Winterhalder 2001: 14).

HBE considers why certain patterns of behaviour have emerged and continue
to persist, and looks to the socioecological context of these patterns to seek answers
(Kelly 2007:50). Within this framework, optimization is often seen as the ultimate
goal of human adaption. The optimization assumption focuses on the behaviour of
individuals who make decisions about the available behavioural options that permit
the costs and benefits of each option to be evaluated. Because of this, HBE expects
variations within particular ecological settings (Kelly 2007: 53-54). This provides a
preliminary ecological explanation for the existence of mortuary variability among

groups, which was a central concern for Goldstein (1981: 57).
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One particular contribution of HBE that is of interest when considering the
Saxe/Goldstein hypothesis are the predictions set forth by Robert Kelly regarding
cooperative or competetive behaviour (2001; 2007). Kelly explains that regulating the
people and resources of a territory may be beneficial, but that this regulation comes at
a cost of time and energy. Ideally, humans would only favour protecting territories if
the benefit of doing so exceeded these costs; where resources are dense and
predictable, they may be worth the effort of defence. This leads to Kelly’s (2001: 6-
7) prediction that resource abundance is important, but that decreases in residential
mobility are the result of both the local abundance and relative regional scarcity of
resources. The decision to become sedentary is likely based on regional and not just
local resource conditions; this relates back to the costs and benefits of moving people
to resources rather than moving resources to people. Kelly’s prediction adds potential
archaeological correlates to Charles and Buikstra’s (1983) emphasis on the connection
between reduced mobility and the use of cemeteries to secure resources. In other
words, the cost of high mobility as foragers is greater than the time and labour costs
of securing resources through the construction and maintenance of cemeteries, as

collectors.

Predictions for understanding land tenure and territoriality are also possible by
using concepts of intragroup variance and intergroup correlation. “Land tenure,
territoriality, and sharing are all forms of the permission-granting behaviours whereby
hunter-gatherers regulate access to resources and all may be responsive to similar
pressures” (Kelly 2007: 164). When variation exists in resource availability, but the
exploitation of resources among local populations is not synchronized, corporate
groups may evolve land tenure systems; these land-tenure systems involve adherence

to the land through social processes of affiliation (Kelly 2007:164). As a form of
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social affiliation, it may be proposed that group cohesion through ritualization, and
more specifically through corporate lineal decent from the dead, can serve as an

effective form of land tenure.

However, when multiple corporate groups are equally reliant on the same
resources, there is little to be gained from the sharing of use rights. It is under such
conditions that Kelly suggests territorial behaviours may form, with the condition that
resources are defendable (Kelly 2007: 202-203). The basis for competitive or
cooperative territorial behaviour, then, is the product of individuals or groups making
decisions about whether or not it is beneficial to share the rights to resources with
other individuals or groups. Kelly (2007: 186) notes that these decisions can be
expressed through kinship, trade, mythology, and other cultural mechanisms, as
hunter-gatherers construct ideologies that relate themselves to each other, and thus to
certain lands. This can be seen as a continuation of the postulation proposed by
Charles and Buikstra (1983:119), that “the degree of spatial structuring in cemeteries
correlates with the degree of competition among groups”. Increased competition may
also lead to an increased intensity of other aspects of the mortuary domain, such as

ritual behaviour or visible constructions.

More recently, evolutionary theories building on HBE have specifically
addressed the nature of religion through its connection with cognitive psychology and
evolutionary biology. Signalling theory, for example, suggests that the essential
conditions for symbolic communication are present in many social domains among
hunter-gatherers, and are often driven by strategic action and environmental adaption
in order to maintain social benefits (Bird and Smith 2005). The potential explanatory

value of signalling theory is that it addresses the potential benefits of cemeteries as
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symbolic communicators between groups to form cooperative land tenure systems.
Other theories see ritual practices as a by-product of adaptive cognitive functions, in
that they derive from “thematically related precautionary concerns”; they are
established dispositions formed by adaptive advantageous behaviours (Boyer and
Bergstrom 2008:121). These theories better establish the relationship between
adaptive behaviour and cemetery construction, but remain true to the optimization
principle prevalent in HBE studies. An application of Human Behavioural Ecology
and these recent evolutionary theories, in conjunction with the earlier materialist-
ecological explanations for the emergence of cemeteries, provide reasonable
explanations of hunter-gatherer mortuary behaviour and the variability of these
behaviours among groups past and present. Within this revised model, the emergence
of cemetery practices can be explained by ecological adaption and the costs versus
benefits of partaking in such practices, leading to a set of criteria that is similar, but
perhaps more easy to evaluate archaeologically, than that of Saxe, Goldstein, and their
contemporaries. Evolutionary theories help reconcile the generalist nature of the
Saxe/Goldstein hypothesis by allowing for a systematic explanation of variability

based on different ecological circumstances.

2.4.2 Rebuttal to Criticisms

A prevalent theme among ecologically-focused explanations for the
emergence of cemeteries has been the criticism that such theories are overly
deterministic, and inaccurately simplify the complex nature of mortuary practices. In
his evaluation of the Saxe/Goldstein hypothesis, Brown (1995: 3) states that “the

problem is not with the principle, but with the means for secure and credible
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articulation of material manifestations of ritual to features of social organization”. If
steps are taken to identify associations between ritual practices and social
organization, it is necessary to attend to the relative robustness of the variability
among societies and to acknowledge the existence of inconsistent expectations and
realities. Indeed, “the overall pattern of regularities points strongly to a small number
of factors exercising a dominating influence on the forms that mortuary treatment
takes” (Brown 1995: 7) — and, especially among hunter-gatherers, competitive

responses including resource tenure are undoubtedly among these.

Many materialist-ecological frameworks do not aim to deny the existence of
the dynamics of human thought and experience, or the powerful effects of spiritual
belief that recent postmodernist approaches have advocated (Cannon 2014:96).
Rather, they inadvertently acknowledge them. As Smith and Winterhalder (1992: 50)
clarify, explaining the benefits of a behavioural trait does not fully account for the
origins of that behaviour or its intricate meanings. Since most archaeologists are
interested in how humans arrive at conclusions regarding their own possibilities, it is
critical to understand the cultural filters through which information passes throughout
decision-making processes (Nelson et al. 2010: 2). There is an understanding inherent
in many material-ecological approaches that empirically-based, testable models often
cannot be appropriately applied to the more ontological and transcendental aspects of
the human experience. Materialist-ecological approaches serve instead to answer
certain questions while leaving room for other research questions to be considered by
different means: “more than one problem may be analyzed using the data [of
cemeteries], and the data can be studied at different scales of analyses” (Chapman

1995: 37).
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That a group’s ancestors may have been placed in the ground as a strategy to
secure crucial but restricted resources does not detract symbolism and meaning from
the act of burial — on the contrary it demonstrates the power of the social and spiritual
dimensions of these particular histories. Parker Pearson (1999: 17) proposes that the
act of burial serves to physically ‘plant’ the dead into the land, making their remains
an immutable and permanent part of that land. Such ideas suggest that in order for
cemeteries to function effectively as costly territorial signals, they would certainly
have held strong sacred and symbolic influence. Cemeteries are inherently dynamic
and humanistic whether or not economic strategies of land use were a part of their
intended function. This conclusion adds new potential to the utilization of the
Saxe/Goldstein hypothesis: in order for the materialist-ecological explanation of land
tenure to be validated, the phenomenological, emotional, and qualitative dimensions

must correspond accordingly.

It is not legitimate to argue that the function of cemeteries in easing inter-
generational transfer of control over vital resources exists independently from the
beliefs and ideas of individuals. But it has been stated explicitly on more than one
occasion that ecological explanations, such as the predictions of Lynn Goldstein
(Goldstein 1976; 1981), Robert Kelly (Kelly 2001; 2007), and their advocates, may
increase our understanding of the archaeological record. These predictions, referred to
here as the Goldstein/Kelly hypothesis, can be as much an argument about cognitive
processes as many of the positions taken by material-ecological critics, if they are

examined appropriately.

2.5 Summary: The Goldstein/Kelly Hypothesis
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A cemetery is a communal, consciously constructed place. It is an (intended)
permanent, specialized, bounded area for the exclusive disposal of the dead, where
burial of the dead is carried out in an appropriately ritualized way. If such places are
found in association with hunter-gatherer groups, then the Goldstein/Kelly hypothesis
predicts that the society was one which had a corporate group structure in the form of
a lineal decent system; these cemeteries are expected to emerge as a product of
increased competition among groups in areas where valued resources are available in
local patches, but are otherwise regionally scarce. In such contexts, economic defence
of restricted resources is tied with increased sedentism. Whether cemeteries acted as a
form of social affiliation to promote cooperative land tenure systems, or served to
competitively defend territories through ancestral ties to the dead, a review of the
relevant literature certainly points to the credibility of considering hunter-gatherer

cemetery practices as a part of larger economic strategies for land use.

An important component of the above discussion has been the credibility of
cross-cultural and ethnographic studies to inform upon ecologically-driven
postulations, which can then be evaluated through local and regional case studies.
These studies may then be critically assessed and set against more qualitative criteria,
such as particular histories, phenomenological considerations, and a variety of
interpretive stances. The synthesizing of ethnographic, ecological, and archaeological
data allows for the diversity among hunter-gatherer groups to be considered. At the
same time, such pluralistic approaches permit questions effectively considered by
materialist-ecological approaches to be evaluated in an empirical and largely

quantifiable manner.
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Of course, there are no generalized laws of cultural behaviour — like Brown’s
(1995 14-15) example of the Nubian tombs demonstrates, any model, regardless of its
usefulness and credibility, will not be fit for every society. But structuring
observations through general principals permits archaeologists to become
theoretically informed. The analysis of particular archaeological contexts can then aid
archaeologists in understanding the limits of these principles: “the archaeological
record can, and often will, strike back “(Chapman 1995: 37). It is for this reason that
the principals and predictions of how hunter-gatherer cemeteries maybe have
functioned — including resource competition, macroband cohesion, and land tenure as
presented in this chapter — will be evaluated through a case study of the middle Trent
Valley. Only further local and regional studies of mortuary practices and hunter-
gatherer groups can more appropriately distinguish between the variability in structure
and behaviour, or determine if it is helpful to categorize and model upon these groups

at all.
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CHAPTER 3: THE ANCIENT HISTORY OF SOUTHERN ONTARIO -

REGIONAL SETTLEMENT AND MORTUARY VARIABILITY

| hypothesized in the preceding chapter that the emergence of cemetery practices
among hunter-gatherer groups is likely to be related to organization changes in the social
structure and economic strategies of these groups. A review of the relevant literature
demonstrates that such cemeteries are commonly found in association with corporate
group structures; cemetery practices, in one way or another, often functioned to reinforce
the macroband as the principal social unit of these groups (Buikstra and Charles 1999;
Chapman 1981; Charles and Buikstra 1983; Goldstein 1976; 1981; Ingold 1986; Morris
1991; Saxe 1970; Spence 1986). A more contested proposal, offered foremost by Robert
Kelly, is that by reinforcing group affiliation with specific locations, cemeteries might
have promoted cooperative or competitive land tenure systems in environments where
resources were abundant in local patches, but were otherwise regionally scarce (Ingold
1986; Kelly 2001; Kelly 2007). This view expands on a similarly contentious premise
that cemeteries emerge as a response to increasing competition for access to vital but
restricted resources (Brown 1995; Chapman 1976; Charles and Buikstra 1983; Goldstein
1976; 1981; Saxe 1970). Together these potential explanations will be referred to as the
Goldstein/Kelly hypothesis. This hypothesis warrants evaluation on a case-by-case basis

through localized studies.

The middle Trent Valley area of southern Ontario, Canada, provides an excellent

arena in which to explore the Goldstein/Kelly hypothesis; cemeteries emerge in the Late
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Archaic period and— after an episode of paucity — re-emerge in the Middle Woodland
period, thereby allowing environmental comparisons between these periods of cemetery
activity. Since theory predicts that hunter-gatherer cemeteries are tied to subsistence-
settlement organization, understanding their emergence first requires an understanding of
these systems and the landscapes on which they developed. The middle Trent Valley is a
crossroad between two distinct biological environments in southern Ontario. By evaluating
the cultural adaptions through time in both these environments, it will be easier to
understand cultural adaptation at their intersection. As Goldstein (1995: 101) explains,
“when the spatial dimension is extrapolated to the broader scale of mortuary sites against the
landscape, the interaction of settlement, mortuary practices, and land use in general can be
examined”. The following chapter will provide an outline of the prehistory of southern
Ontario and its vicinity. The purpose of this chapter is to highlight the relationship between
mortuary practices, subsistence-settlement systems, and the exchange of ideas throughout

this region, in order to contextualize mortuary variability in the middle Trent Valley.

3.1 Background and Setting

The modern physiography of southern Ontario is in large part the product of the
last series of minor glacial advances and retreats prior to the major withdrawal of
continental glaciers (ca. 25,000 to 10,000 BP), referred to as the Late Wisconsinan
(Karrow and Warner 1990: 5). These events created a complex mosaic of features and

deposits, including till plains, moraines, drumlins, eskers, outwash plains, sand plains,
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and clay plains, as well as beach ridges of former shorelines and wave-eroded shore cliffs

(Karrow and Warner 1990:5).

Figure 3.1 The geographic boundaries of southern Ontario.

*Data from Scholars Geoportal (2015)
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Southern Ontario can be divided into two main ecological zones. The Deciduous
Forest zone, also known as the Carolinian biotic province, comprises the southernmost
area of the region. The Great Lakes zone, also known as the Canadian biotic province,
comprises the northern portion of southern Ontario (Dice 1943; Karrow and Warner
1990). As its name reflects, the Deciduous Forest zone is largely comprised of deciduous
forests, especially mast-producing trees including “oak, hickory, chestnut, walnut, and
beech”; the Great Lakes zone is a mix of both deciduous and northern coniferous tree
species, including “birch, pine, hemlock, and spruce” (Karrow and Warner 1990: 8). The
Great Lakes zone has a shorter and cooler growing season when compared to the
Deciduous Forest Zone, and fewer mast-producing trees (Karrow and Warner 1990: 8).
The middle Trent Valley resides between these zones, in a transitional area that includes
features of both (Figure 1), leading to an array of environmental features and seasonal

variations that may have played a role in this locality’s unique cultural history.

The characteristics of these ecological zones varied through time in response to
climatic changes. Understanding the paleoecology of any region is a difficult task, and
information for southern Ontario is limited. The use of paleoclimate data is particularly
complicated; Gajewski et al. (2007:8) describe how individual data series produce
varying results on climatic fluctuations, and that, because of this, distortions exist at
regional scales. The following outline of the major cultural periods of southern Ontario
will touch on this subject, noting climatic trends and paleoecological observations, but for
a detailed review the reader must look elsewhere (Edwards and Fritz 1988; Edwards et al.

1996; Hurley and Heidenreich 1969; Liu 1990; Ward 2012).
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3.2 The Late Paleoindian Period (ca.10,500-10,000 BP)

The first known inhabitants to southern Ontario arrived roughly 11, 000 years ago,
shortly after the last ice age. The environment at this time was tundra-like, with sparse
forests dominated by black and white spruce trees (Karrow and Warner 1990; Liu 1990).
Average temperatures slowly begin to rise by the Late Paleoindian period which dates
from roughly 10,500 to about 10,000 years BP, corresponding with tool design
adjustments to smaller and more slender projectile points (Ellis and Deller 1990:57),
which likely reflects a shift in subsistence from large game mammals to a more diversified
strategy (Sassaman 2010: 40). In fact, the locations of later Paleoindian sites along
shorelines are thought to mirror a diet comprising “fish, waterfowl, and other animals in
and around the water” (Ellis 2013: 36). An increased number of discovered sites,
especially findspots of Hi-Lo projectile points, suggest growing populations along Lake
Ontario’s north shore and in southwestern Ontario (Ellis and Deller 1990:61). Ellis and
Deller (1990: 63) infer that this perceived growth in population is likely the result of
increasing biotic productivity due to the expansion of deciduous species. However, raw
material preferences reflect that seasonal rounds continued to cover large territories (Ellis

and Deller 1990:62).

Skeletal remains are a rare occurrence on Paleoindian sites due to the poor
preservation of bone, and unambiguous examples of Paleoindian internments are absent
within southern Ontario (Ellis and Deller 1990). Only one unambiguous example of a
recorded burial in the larger Great Lakes region exists; this is the Renier site in northeast

Wisconsin, where an assemblage of Plano projectile points was cremated with an
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adolescent male, dating to 12,500 BP (Sassaman 2010: 79). This case suggests that the
practice of cremation — which persists in the later part of the Archaic in the Great Lakes
region (Ellis et al. 1990:92) — has its roots in the Late Paleoindian period. Since this
relatively homogenous spruce woodland environment would likely be void of predictable
patches of high-density or high-value resources (Wright 1978:69), and since populations
continued to be significantly lower than in succeeding periods, there would have been
little competition among groups for resources. Following the predictions of Kelly (2001)
and Goldstein (1981), one would not expect Paleoindian groups to affiliate themselves

with particular locations through burial practices.
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3.3 The Archaic Period (ca. 10,000- 3000 BP)

3.3.1 Early and Middle Archaic Periods

The Archaic is the longest cultural period in the prehistory of southern Ontario,
beginning with the end of the Paleoindian period and lasting until the emergence of
ceramic technologies in the Early Woodland period. Separating the Early Archaic and
Paleoindian periods is somewhat arbitrary, since changes in tool assemblages and
settlement patterns are gradual, and vary by location (Ellis et al. 2009). However, for the
purposes of this research, the Early Archaic period is understood as lasting from roughly

10,000 to 8,000 BP.

The Early Archaic experienced increasing temperatures in North America, with
annual temperatures higher than today (Gajewski et al 2007). Until 6500 BP,
precipitation reconstructions based on charcoal and phytoliths are at their lowest (Calcote
2003:218). Karrow and Warner (1990:29) note that the water levels of the Great Lakes
were significantly lower than they are today, and that “spruce forests gave way to pine
forests with some deciduous species, and these species gradually increased in number”.
Munoz et al. (2010:22009) add that as oak increased and pine decreased, “charcoal

remained high, consistent... [with] a shift toward a drier and warmer climate”.

Settlement patterns in the Early Archaic were likely similar to the Late
Paleoindian period (Ellis et al. 1990: 68), with subsistence practices likely involving a
broad utilization of plants and animals (White 2013:123). In southern Ontario, modern

animal species became more common in the Deciduous Forest zone, and, by 8500 BP,
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resource-rich environments were beginning to appear (Ellis 2013: 44: Wright 1978:74).
Approximately 8000 years ago, an abrupt climatic change occurred as the Laurentide Ice
Sheet collapsed, leading to a cooling period over the next two millennia (Gajewski et al
2007: 7), as well as to a major change in moisture availability (Munoz et al. 2010:
22010). However, the carrying capacity of game animals in the Great Lakes zone
remained low until 6000 BP (Wright 1978: 69). Calcote (2003: 221) adds that, between
8000 and 7000 BP, January temperatures were lower while July temperatures were higher

than modern annual values.

During the Middle Archaic period (ca. 6000 to 4000 BP), annual temperatures
again began to rise (Gajewski et al 2007). Calcote (2003: 221) notes an increase in
January temperatures but a very gradual decrease in July temperatures. As with the Early
Archaic, the Middle Archaic period is poorly represented in southern Ontario (Ellis et al.
1990:80). Ellis (2013: 45) describes a general rise in the water levels around this time,
“which flooded large expanses of ground, forcing people into smaller areas”. Sassaman
(2010:170) explains that lake levels were briefly reversed around 4900 BP, and suggests
that this reversal may have eroded previously submerged sites. Despite a scarcity of
archaeological data for the Middle Archaic, Ellis et al. (1990:93) note that many
artifactual traits that are definitively characteristic of the Archaic become common,
including polished ground stone tools, banner-stones, net-sinkers, and the use of local
chert materials. Odell (1990:55) suggests that the use of expedient tool materials — like
those noted in the Middle Archaic assemblages of southern Ontario — reflects a reduction

in residential mobility.
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While annual precipitation levels remained lower than present day throughout the
Middle Archaic, precipitation slightly increased between 6500 and 5500 BP (Calcote
2003:218). Corresponding changes included more precipitation in the summer months,
low fire frequency (reflecting an increase in moisture availability), and increases in
hemlock, beech and hickory tree species (Munoz et al. 2010: 22009). Floodplain lakes
and other backwater bodies increased in frequency around 6500 BP as well. These
developments were a key enhancement to riverine habitats for human populations, as
backwater sloughs and oxbox lakes gradually became convenient sources of fresh fish
(Sassaman 2010:164). Towards the end of the Middle Archaic, a relatively warm and arid
environment had significant impacts on vegetation, the better known of which is the

hemlock decline that took place between 4800 and 3800 BP (Calcote 2003).

3.3.2 Late and Terminal Archaic Periods

A rise in the numbers of known archaeological sites in the Late Archaic period
(ca.4000-3000 BP) suggests that populations experienced rapid growth (Anderson
2001:161; Munoz et al.2010: 22010), likely enabled by increases in terrestrial and
wetland biomass. July temperatures rapidly decreased between 4500 and 3000 BP in
conjunction with a rapid increase in precipitation, with modern values being reached
between 3500 and 3000 BP (Calcote 2003:218-221). Higher-than-present water levels in
the Great Lakes, in addition to the development of shallow embankments along their

margins, also led to an increase in groundwater (Sassaman 2010: 170-171). Mast-
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producing trees also reach their maximum abundance during the Late Archaic, drastically

increasing the availability of nuts, seeds, and fruits (Munoz et al.2010: 22010).

Groups at this time became specialized in their seasonal scheduling of resource
procurement. Seasonally available foods that are relatively simple to collect, such as mast
and shellfish, are increasingly apparent during this period (White 2013:123). Sassaman
(2010:152) explains that the increased use of freshwater shellfish in the Great Lakes zone
is connected to the overall effects of mid-Holocene climatic changes, particularly their
enhancement of riverine habitats. The use of these resources, Sassaman (2010: 173)
maintains, was “reliant on the seasonal bounty ... as climate and vegetation changes
permitted and as the circumstances of an increasingly settled and densely populated
landscape demanded”. Around 3500 BP, a shift in projectile point types towards smaller
and more slender forms invokes more than a stylistic shift — Ellis et al. (1990: 106) see

this change as representing advancements in weapons technology or hunting techniques.

Although there is relatively little data from which models of settlement can be
constructed during the later Archaic period, it seems that a seasonal cycle was in place that
involved two basic periods of movement. The first occurred during the warmer months,
when populations gathered in locations along major waterways and exploited freshwater
resources (Ellis et al. 1990: 92). The presence of secondary burial practices at many of
these sites suggests that the summer was also a time of communal ritual; in their
exploration of the Bruce Boyd mortuary site, Spence et al. (1978:43) found that
individuals who died in the winter were either cremated or temporarily buried before

being transported to cemeteries near macroband occupation sites. The second settlement
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type occurred during the colder months, when hunting would have been the primary
source of food. Given the probable scarcity of resources, the macroband likely broke into
smaller social units during the winter, following herds of deer and other game on smaller
camps further from the waterways, which were more sheltered from the winter winds

(Ellis et al.1990:92).

As dependency on mast resources grew, societies became increasingly vulnerable
to resource fluctuations (Anderson 2001:162). This, paired with the growth of population
levels, would have led to increased competition between corporate groups. Many of the
archaeological hallmarks of the later Middle Woodland period, which are first detectable

during the Late Archaic period, may be a response to this increase in competition.

Across northeast North America, these hallmarks include a greater local variability
in cultural styles and a shifting emphasis from residential mobility to logistical strategies
that exploit a more refined resource range (Milner et al. 2009). Increased interaction is
also apparent, with the beginnings of long-distance exchanges of metals, marine shell, and
exotic lithic raw materials in southern Ontario (White 2013:123). The distribution of
copper items across the broader territory of northeastern North America also indicates a
succession of exchange networks, whose trade interactions continued for millennia
(Sassaman 2010:87). These exchange systems may be due to both an increase of channel
migration in major river systems (Anderson 2001:161), as well as the apparent increase in
inter-group competition. Another potential indictor of competition, and perhaps the most
critical hallmark of this period, is the emergence of formal cemetery sites in southern

Ontario.
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3.3.3 Mortuary Evidence of the Archaic Period

Early and Middle Archaic burials are rare throughout the Great Lakes region
(Sassaman 2010:79). Ellis et al. (1990:82) note that “the only archaeological recovery
from Ontario of this age is an isolated burial recovered from the Milton-Thomazi site
dated to ca. 6000 BP, and this individual was found unaccompanied by any grave goods”.
However, many of the later Archaic cultural traditions in northeastern North America

involved elaborate mortuary treatments and cremations (Sassaman 2010: 78).

In the eastern woodlands, the Morrison’s Island-6 (Kennedy 1966; Pfeiffer 1977)
and Allumette Island-1 (Kennedy 1966) mortuary components in Quebec are the largest
examples of potential cemetery practices. Burials were found closely spaced within both
components, with many graves overlapping one another (Spence 1986:86). At Morrison’s
Island-6, 13 of the 18 recovered burials were primary, which seems to reflect that burials
often occurred near the time of death (Spence 1986:86). Sassaman (2010:79) notes that in-
flesh burials occur frequently until the Late Archaic period in northeast North America.
The five secondary burials consisted of unarticulated bundles of human remains (Kennedy

1966: 110-111).

Ellis et al. (1990:90) note that several burials at Morrison Island-6 were sprinkled
with red ochre, a practice which continues among Middle Woodland burial practices, and
also that occupational debris was interspersed among the graves. Utilitarian bone tools

such as awls, fishhooks, and gorges were common among the burials, and were
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accompanied to a lesser extent by copper items of similar forms, as well as unmodified
copper pieces (Clermont and Chapdelaine 1998; Ellis et al. 2009: 807). Given the criteria
outlined in Chapter 2, Morrison’s Island-6 is not considered a true cemetery — mortuary
activities here do not seem to occur in an area specialized for the treatment and burial of
the dead. Spence (1986:86) suggests that the Morrison’s Island mortuary components
reflect burial practices near residences at locations repeatedly occupied through time.
Similarly, Ellis et al. (2009:808) note that, since several of the graves crosscut one
another, burials were not strategically placed. While proximity is present among the
burials, contiguity is not, since burials are observed as having not been placed in relation

to one another (see page 10 of this thesis).

Occupational debris, granted in smaller numbers, is also present among the
Allumette Island-1 burials. The site contained a large number of tools, including stone
projectile points and over 1000 copper items (Kennedy 1966: 111-112). Due to the large
size of this assemblage, the occupational debris, and the presence of pit features, Ellis et
al. (1990:90) suggest that Allumette Island-1 served as a major campsite. Nonetheless, 16
burial features were uncovered at this site, some of which included multiple burials. Grave
goods included a large number of artifacts made from native copper, including awls,
gorges, beads, and a pendant, as well as bone artifacts of similar items (Clermont et al.
2003). Especially interesting are the presence of both copper fishhooks and bone

fishhooks and harpoons, suggesting the exploitation of aquatic resources.

The Archaic cemetery components at Jacob Island in the middle Trent Valley may

be an exception to the existing mortuary patterns of this time in southern Ontario. The
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cemetery dates from roughly 5000 to 3500 BP. It consists of a series of burial contexts that
demonstrate multiple spatially discrete internment events over a period of at least six
centuries, evoking a formally designated area for mortuary activities (Conolly et al. 2014).
The Late Archaic (burial groups B, E, D, C) and Terminal Archaic (burial groups F and G)
components of this site exist in horizontal sections. Unlike Morrison Island-6, these
burials do not intersect one another, and radiocarbon dates retrieved from bone collagen
seem to reflect a distinct temporal phase of interments for each of the burial groups
(Conolly et al. 2014: 114). Strategic placement is also indicated by the persisting memory
of the burials, as there is evidence of Middle Woodland peoples having intentionally
disturbed Terminal Archaic mortuary features at the site (Conolly et al. 2014:117-119).
While some faunal remains may indicate occupational debris, for the most part these
remains are modified and seem ritual in nature (many of the faunal remains are isolated
elements such as beavor incisors or belong to dogs). In general, evidence of occupation in
close proximity to the burial features is less pronounced than at the Morrison Island-6 and
Allumette Island-1 sites. This is the earliest example of cemetery practices within the
middle Trent Valley, and perhaps the oldest example of a formal cemetery in southern

Ontario.

A substantial number of later Terminal Archaic (ca. 3400-2900 BP) cemeteries
have been located in southern Ontario, primarily in the southwest sector of the region. An
important characteristic of these sites is the frequent use of exotic grave goods, giving
these burials a visibility that is generally lacking among Late Archaic burials in the region
(Spence 1986: 86). The Bruce Boyd site (Spence et al. 1978) consists of three poorly
preserved burials, and a ritual cache of artifacts that are assigned to the Haldimand
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complex (ca. 3300 BP). While each of these graves held only one individual, two
individuals (an adult and child) had offerings of small bifaces so similar that the same
individual likely made them as a set. Spence (1986:86) believes this reflects that band
members buried at the same time were interred in separate graves, rather than being placed
together. In addition to the bifaces, grave goods included copper beads, a copper awl, a
copper celt, a copper clasp bracelet, iron pyrites, beaver incisors, and red ochre sprinkled
around the bodies (Ellis et al. 1990:115; Spence et al. 1986:86). These artifacts, the lack of
occupational debris, and the seemingly purposeful and relational positioning of the graves
demonstrate how even a poorly preserved archaeological site can be defined as a

cemetery.

Characteristic of the even later Glacial Kame complex (ca. 3200-2900 BP) are
burials with a greater variety of grave goods, such as copper beads, copper awls, copper
gorgets, pendants of marine shell, and birdstones (Cunningham 1948: 5-15, 28). Glacial
Kame burial sites tend to be located along major rivers (Ellis et al. 1990: 115). Although
there are a number of Glacial Kame sites identified in southern Ontario, only a small
number have been excavated thoroughly enough to provide detailed interpretations

(Spence 1986:86).

One of these is the Picton site (Cunningham 1948; Ritchie 1949), located in Prince
Edward County. Here, a total of 17 individuals were recovered from 14 graves (Ellis et al.
1990:118). Burial types include 10 cremations, as well as flexed, bundle, and extended
burials found in both multiple and single interment graves (Spence 1986:87). Ritchie

(1949:34-41) presents a description of artifacts from these graves, which include large
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gorgets, marine shell, copper adzes, bear maxilla masks, bone ornaments, tubular stone

pipes, discoidal shell beads, copper beads, red ochre, and unworked faunal remains.

The Hind site (Donaldson and Wortner 1995; Wortner 1978; Pfeiffer 1977) is
another important Glacial Kame cemetery, and the presence of overlapping graves
suggests that it was repeatedly used (Wortner 1978). Due to the 13 cremations found
among the 23 burial features discovered at the Hind site, researchers have noted that it was
likely a spring site where individuals who passed away over the winter were buried
(Pfeiffer 1977:143; Donaldson and Wortner 1995). The grave good assemblage was
similar to the Picton site, except that only one of the Hind burial features included animal

bone (Pfeiffer 1977:146).

Located on the Thames River at the centre of an oxbow bend, the Hind site is
exemplary of the tendency of Glacial Kame mortuary sites to be located in rich riparian or
lacustrine environments (Ellis et al. 1990:115). The Jacob Island Late Archaic cemetery’s
adjacency to Pigeon Lake also reflects a similar location preference, as do other Late
Archaic cemeteries in eastern North America. An example is the Williams site in Ohio,
whose proximity to the Maumee River rapids, coupled with elevated strontium levels from
osteological remains, demonstrates a heavy reliance on aquatic resources (Strothers et al.
2001). Indeed, wetland and riverine environments are not only a primary attribute of
subsistence-settlement systems in the later portion of the Archaic, but seem to be a

defining environmental characteristic of cemetery locations.
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3.4 The Early Woodland Period (ca. 3000-2000 BP)

The Early Woodland period in southern Ontario is distinguished from the Terminal
Archaic period by the appearance of pottery, and comprises two complexes: the earlier
Meadowood complex and the later Middlesex complex. Significant cultural and
environmental changes occurred around the beginning of the Early Woodland (Crawford et
al. 1988: 132; Kidder 2006). Kidder (2006: 215) explains that cooler temperatures and
increased precipitation throughout Eastern North America resulted in flooding that was
intermittently catastrophic. This environmental shift would have had a profound effect on
human settlement and subsistence strategies, altering the once predictable interactions
between ecosystem processes, making the established resource base unreliable (Munoz et al.
2010: 22009). A critical factor was the increased instability of backwater environments,
which were an important component of Late Archaic subsistence-settlement systems. This is
apparent from the dramatic decrease in shellfishing at this time; Sassaman (2010:152)
explains that, although some sites related to this practice remained active throughout the
Early Woodland, by 3500 BP the majority of shellfishing locales in eastern North America
were abandoned. By the onset of the Early Woodland period many exchange networks

across eastern North America had collapsed, and regional populations appear to have been
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reduced to smaller egalitarian groups that were comprised of a several families, measuring

roughly a few dozen people (Anderson 2001:163).

3.4.1 Meadowood Complex

The Meadowood complex (3000-2400 BP) is “characterized by Vinette | ware and
the distinctive Meadowood chipped stone assemblage” (Spence 1986: 88). Since this stone
tool assemblage is stylistically similar to those from the Hind site, the Meadowood complex
is thought to have evolved from the Glacial Kame complex (Spence and Fox 1986:8; Spence
et al. 1990:129). Only a few sites with Meadowood components are known in the middle
Trent Valley, the best documented being Dawson’s Creek (Jackson 1980) on the north shore
of Rice Lake. The Early Woodland component of this site consists of six hearths (Spence et
al. 1990:133). Radiocarbon dates from these features suggest that there were three main
periods of Early Woodland use at this site, consisting of several visits to the area, each
thought to have been a brief occupation by “a small task group of males” (Spence et al.
1990: 134). Mortuary behaviours attributed to this complex are absent from the middle
Trent Valley (MTSC 2012; Spence et al 1990: Table 5.1). However, understanding the
distribution of the Meadowood complex in southern Ontario is important for understanding

local variability in the study area.

The subsistence and settlement systems of the Early Woodland are not well
understood, although spring occupation sites continued to be oriented toward fishing and the
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burying of the dead, while fall occupation sites were oriented toward deer and nut
harvesting (Spence 1986:88). Only one small spring-occupied site, the Ferris campsite (Fox
1984), is definitively known. Based on this, and some potential spring or summer
occupational activities present at mortuary sites, Spence et al. (1990:136) conclude that the
occupation of spring settlements was notably brief when compared to Late and Terminal
Archaic settlements. This may be attributed to the turbulent nature of riverine environments

during this period.

The better-known burial sites of the Meadowood complex in southern Ontario are
the Liahn Il and Bruce Boyd sites (Spence and Fox 1986; Williamson 1980). At the Liahn 1l
site, 16 individuals were recovered from 13 graves, and both primary and disarticulated
burials were present. The graves of an adult and subadult were the only burials at the site to
be determined as belonging to the Meadowood complex. These burials were marked by red
ochre and contained roughly 55 Onondaga chert preforms (Spence et al. 1990:131). Five
additional burials at the site contain red ochre, and two of these include copper beads and
awls as grave goods. The only evidence of cremation is a single subadult cranial fragment

(Spence et al. 1990:131).

At the Bruce Boyd site (Spence et al. 1978), 20 individuals were identified in 17
burial features, and all burials were at least partially disarticulated. Similar to Pfeiffer’s
(1977:143) conclusion with the Glacial Kame complex, Spence (1986:88) notes that each of
these Meadowood features comprises the majority of the individuals that died the previous

year, and observes that “cremation had become a minor form ... [since] prolonged
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occupation of the spring-summer macroband site...would lead to fewer deaths away from

the cemetery”.

3.4.2 Middlesex Complex

Unlike the Meadowood complex, the Middlesex complex (ca. 2500-2200 BP) is
known primarily from burial components. Most of these sites are located in the state of New
York and throughout New England, but there is some evidence of the complex along the St.
Lawrence River (Fox 2010; Spence et al. 1990: 138). There are also more distant sites in
New Brunswick and central Labrador that have been identified as containing similar cultural

residues to the Middlesex complex (Spence et al.1990:138).

Mortuary sites attributed to this period vary greatly, but several of the more
distinctive Middlesex artifact styles suggest interaction with the Adena culture of the north-
eastern United States (Spence et al. 1990:138). The Morrison’s Island-2 site (Kennedy
1980) consists of a single extended burial, which was surrounded by “birch-bark wrapping,
red ochre, decomposed iron pyrites, 212 copper beads, and four large bifaces” (Spence et al.
140). The See Mound (Boyle 1887; Spence 1967), located near the east end of Lake
Ontario, consisted of over a dozen bodies placed in a soil-constructed mound (Spence et al.
1990:140). Grave goods included “15 copper beads, a copper axe, a chisel-like stone

artifact, two pointed lozenge-shaped ground ‘whetstones’, four slate pendants, two quartzite
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cache blades, two very large spade-like bifaces, three long leaf-shaped bifaces, and five long

notched and stemmed bifaces” (Spence et al. 1990: 141).

Alternatively, several other Middlesex mortuary components contained evidence of
relationships with the Hopewell culture (Spence et al. 1990:142) — the succeeding culture of
the Adena (Spence 1967). Artifacts related to the Hopewell culture include “pointed
whetstones, large corner-notched bifaces, and large, crude cache blades” (Spence et al.
1990:142). In southern Ontario such bifaces are present within the Morrison’s Island-2

burial, as well as at the Killarney Bay 1 site (Spence et al. 1990: 142).

Indeed, some ideas and trade materials within southern Ontario were circulated with
the Adena culture and perhaps with the early Hopewellian culture. In general, however,
localized variation dominates southern Ontario assemblages; material items and cultural
ideas were adapted to conform to local systems of social and cultural expression, a fact that
has been masked by an emphasis in archaeological studies on burial similarities and exotic

grave goods (Spence et al. 1990:142).

3.5 The Middle Woodland Period (ca. 2000-1000 BP)

The Middle Woodland begins around 2000 BP with the appearance of more
elaborate ceramics with finer constructions, the most prominent being the Vinette 11 type
that is characteristically “decorated by impressing a squared, toothed stamp” or by an
incised pattern “resembling the edge of a shell...into the clay” (Spence et al.1990: 142).
Brose (1978:7) notes increasing evidence of group territorialization in eastern North
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America, and for what he determines as “stylistic ethnic boundary markers”. In southern
Ontario, such boundaries can be determined between the Saugeen culture in the west and
the Point Peninsula culture in east; the latter of which also expands across southern

Quebec and the state of New York (Spence et al. 1990: Figure 5.4, 143,157).

Smith (2000: 358) explains that the Middle Woodland period coincides with the
beginnings of “post-Sub-Atlantic climatic episodes”, resulting in warmer temperatures
that were a few degrees higher than modern day. The little climatic optimal (2100-750 BP)
and the beginning of the Medieval Warm Optimum (1300-750 BP) are the most notable
episodes (Smith 2000: 365). There seems to have also been a gradual shift in precipitation
during the Middle Woodland, with higher averages in the winter, and summers that were
once again relatively dry (Munoz et al.2010: 22009). These drier summers would have
allowed for logistical organization similar to the Late Archaic; by 1500 BP floodplains
had stabilized, as is documented in the Grand River valley of southern Ontario (Crawford
et al.1998:132). This likely presented suitable locations for occupation with a “relatively
low risk of flooding, at least compared to the period between the Late Archaic/Middle
Woodland” (Crawford et al.1998:134). In addition, heavier winter precipitation would
have greatly increased biomass; snow cover provides thermal protection to ground
vegetation, and protects fertile upper soil horizons from erosion (Drescher and Thomas
2012: 541). Also recognizable during this time is an increase in chestnut trees further
north, expanding across southern Ontario from the lower Great Lakes (Munoz et al.2010:

22010).
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The macroband seems to take on increased importance during the Middle
Woodland period, with evidence for corporate lineage structures and larger spring-summer
sites with adjacent middens that demonstrate prolonged, recurring occupations (Spence et
al. 1990: 167-168). Semi-sedentary behaviour is also apparent in the development of more
elaborate mortuary practices (Spence et al. 1984; Spence et al. 1990). This, yet again,
supports the premise that greater subsistence intensification and long-term investments in
landscapes are not only correlated with the emergence of complex forms of resource use
and settlement organization, but evidently often lead to the appearance of increasingly

complex burial practices (Buikstra et al 1999; Kelly 2007).

3.5.1 Saugeen Culture

Comprehensive archaeological evidence for the Saugeen culture is limited to the
shores of Lake Huron (Spence et al. 1990: 148). Saugeen peoples are primarily
characterized by distinctions in their ceramics from Point Peninsula groups, including a
coarser fabric, coil construction, and thicker, straighter vessel walls (Spence et al.
1990:148; Figure 5.6). Insights into the settlement-subsistence system of the Saugeen
culture are available through reconstructions of the Donaldson site (Finlayson 1977:
Spence 1986), which lies along the Saugeen River near Lake Huron. The site was likely a
spring camp for the corporate group, and was used frequently for millennia (Spence
1986:89). In the spring, small groups that had wintered separately gathered together to
exploit spawning fish; in the late summer or fall, this large macroband again dispersed
into smaller groups along the shorelines of Lake Huron, before moving inland to wind-
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sheltered wintering camps (Spence 1986:89; Spence et al. 1990:153-155). A similar
settlement pattern has been observed by Kenyon (1980) at Saugeen sites in the Pinery
Park area. Although Saugeen material is present throughout southwestern Ontario, “there

IS no evidence of a major population increase” (Spence et al. 1990: 155).

The Middle Woodland cemetery components of the Donaldson site provide a
good example of Saugeen burials. Two cemeteries are documented here, and although
some occupational debris and features were found around the burials, Spence (1986: 89)
notes that these “probably represent prior or later use of the area”. The Donaldson-2
cemetery is early Middle Woodland in date, and consists of three excavated burial pits
from which 11 individuals were recovered, as well as several unexcavated pits (Finlayson
1977: 259-284; Spence 1986:89). The Donaldson-1 cemetery dates to the late Middle
Woodland, and includes 12 individuals that were discovered within 6 burial pits (Spence
1986:90). Burial types within both cemeteries included cremation, bundle burials, and
primary burials. Red ochre is present within the graves, and grave goods include copper
panpipe covers, stone earpools, gorgets, mica sheets, whetsones, shell bead necklaces,
bone chisels, chert knives, and bone harpoons (Spence et al. 1990:150-151). The
earspools, copper panpipes and mica are of particular importance as they are considered
distinctive Hopewellian goods (Spence et al. 1990:150; Turff and Carr 2005:648). These
goods may have been traded through interactions with the Point Peninsula culture — the
cultural group that occupied the middle Trent Valley at this time, whose elaborate burial
mounds are often considered the northern periphery of Hopewellian mortuary practices

(Kenyon 1986; Byers 2001; Spence 1978).
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3.5.2 Point Peninsula Culture

Smith (2000:365) asserts that the Point Peninsula culture can be more precisely
dated to 2400 - 1300 BP. Since the Point Peninsula culture extends past south-eastern
Ontario, including southern Quebec, New York, and even Northwestern Vermont
(Spence et al.1990:157), a considerable amount of local variation in the material culture
exists. In southern Ontario, Point Peninsula Vinette Il type ceramics are typically coil-
constructed with flaring rims and occasionally include a red ochre wash (Spence et al.
1990:158, Figure 5.11). These ceramics also differ from the Saugeen types by their “more
frequent occurrence of interior channeling, thinner vessel walls, finer paste, pointed

lips...and finer dentate [stamping]” (Spence et al. 1990:158).

The well-known Point Peninsula material comes from the middle Trent Valley,
and is often referred to as the Rice Lake phase (Spence et al. 1990:164). This phase is
distinctively known for being the most concentrated representation of Hopewellian
influence in southern Ontario, and includes the elaborate earthen burial mounds that
comprise the majority of the middle Trent Valley cemeteries (Johnston 1968a). Due to the
Rice Lake phase’s restriction to the middle Trent Valley, the mortuary evidence of this
phase will be outlined in Chapter 5, when the site datasets for this study are focused upon.
However, since the best known examples of Hopewellian material culture in southern
Ontario belong to this phase, the components of the four major sites most associated with
this phenomenon — East Sugar Island, Serpent Mounds , Cameron’s Point and Le
Vesconte Mound — will be discussed in the following section on Hopewellian influence.
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Outside of the Trent Valley, available data on the Point Peninsula culture in
southern Ontario is sparse (Spence et al. 1990: 165). Burial mounds are present in several
areas, but contain few burials or artifacts that help determine their cultural associations
(Spence et al. 1990:166). These include a few mound sites east of the Trent River in the
Moira River Valley, and several more around the Bay of Quinte (Kenyon 1986; Richie
1944; Spence et al. 1990: 166). Only one of the Bay of Quinte mounds yielded a variety of
grave goods, including one barbed point, six bone awls, three tubular marine shell beads,
red ochre, an antler comb with incised design, and many faunal remains (Kenyon 1986: 8;

Richie 1944:178).

In the St. Catharines area, the Yellow Point Mound (Boyle 1902) contained a few
burials in addition to “some mica, two projectile points, a gorget, and a netsinker” among
the documented items (Spence et al. 1990:166). A mound with a similar assemblage was
discovered at Dundurn Castle in Hamilton; however, it contained only a single burial
(Fox 2004:48; Spence et al. 1990:166). Several related mounds in the Niagara County of
New York may provide insight into these sparse burial mounds. One of these, found in
Lewiston, New York, produced a radiocarbon date of 1854+ 80 BP (Ritchie 1965:13) and
contained native silver grave goods, manufactured from silver obtained from the Cobalt,
Ontario vicinity (Spence and Fryer 2005). Spence et al. (1990:166), upon analysis of
these Niagara County mounds, propose that the bands in these parts of southern Ontario
were more egalitarian compared to those of the Rice Lake phase; “other than the labour
involved in mound construction, there is no evidence that any of these burials enjoyed a

particular social status”.
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3.5.3 Hopewellian Influences in the Middle Woodland Period

Although differing perspectives as to the nature of the Hopewell culture exist, it is
commonly held that the tradition did not belong to a single society, but rather a network of
interacting populations within eastern North America. Hopewell is ‘... not a shared belief
system or formally organized trade network’’ but rather refers to an “*... increased
intensity of negotiation and contestation’’ among these societies (Charles et al. 2004: 4).
Brose (1978: 8) proposes that this informal exchange network operated as a form of
subsistence reassurance, a point that is further supported in the conclusions of Spence et
al. (1984: 120) in their investigation of southern Ontario. An important point to stress
when evaluating the Hopewellian influences of southern Ontario is that many local
cultural traditions existed. Even the most prominent manifestation of Hopewellian
influence, which occurs in the middle Trent Valley during the Rice Lake phase, is
restricted to a small number of sites — and at these sites only within certain components.
These include the East Sugar Island site, the Serpent Mounds site, the Cameron’s Point

site, and the Le Vesconte Mound.

At East Sugar Island (Boyle 1896; Johnston 1968a; Richardson 1968) two
mounds were excavated; the Princess Mound and the Prince Mound. The Princess Mound
produced seven secondary burials, as well as one primary burial. The primary burial
included eight necklaces that together contained 350 copper beads, 300 marginella
(marine) shell beads, and 865 shell disk beads, a biconcave gorget of “translucent Mexican
Onyx”, red ochre, and a large copper adze (Johnston 1968a:16). The nearby Prince Mound
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produced two secondary burials, and one primary flexed burial containing copper bead
bracelets, a stone adze, and a broken gorget (Kenyon 1986: 15; Johnston 1968a:16). The
remains of roughly three individuals were also found on the floor of the mound, and
nearby were a copper bead and a shell disk bead (Spence et al. 1978: 117). Spence et al
(1978:118) note that copper and marine shell beads are Hopewellian trade items. The
biconcave gorget may represent an exotic chert, such as those known among Hopewell

groups from Ohio and Indiana (Spence et al. 1990:158).

The Serpent Mounds site (Johnston 1968b) is comprised of nine mounds, with
Mound E demonstrating the most Hopewellian influence. This mound likely comprises
several structures, and contains primary burials, bundle burials, cremations, and subfloor
burial pits (Johnston 1968b: 20-22; Kenyon 1986 11-12, 23). Grave goods were chiefly
associated with subfloor internments and primary burials; recovered Hopewellian
influence items again include marine shell and copper beads, as well as silver beads, a

fossil horn coral, and a marine shell pendant (Spence et al. 1978:118).

At the Cameron’s Point site (Boyle 1896; Hakas 1973), Mound C holds the most
evidence for Hopewellian influences. This mound contained “at least fifty skeletons or
parts of skeletons...ten of them...found in shallow submound pits; the remaining forty
were either on the floor of the mound or scattered throughout the mound fill” (Kenyon
1986:21). The fill of this mound contained one fossil horn coral, and the remaining grave
goods were found among the submound burial pits (Kenyon 1986: 21). These included

copper and silver beads, native silver nuggets, worked silver, marine shell beads, iron
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pyrites, as well as copper and silver panpipes (Johnston 1968a:21-22; Kenyon 1986:21-

22).

The LeVesconte Mound (Johnston 1968a; Ritchie 1965; Kenyon 1986) contains
the most Hopewellian material for the Rice Lake phase (Spence et al 1978: 118). The site
contained over 30 burials, including primary burials, secondary burials, and cremations.
Kenyon (1986: 25-38) provides a detailed description of over 300 items discovered among
the 8 clusters of the site; Hopewell-related items include marine shell beads, a marine
shell pendant, silver beads, silver sheets, mica sheets, copper and silver panpipes, copper
beads, copper pins, a copper gorget, corals, marine shells, and a perforated sharks tooth.
Native silver and copper nuggets, whetstones, and various stone tools of exotic materials

were also present.

In a study sourcing the silver objects from Hopewellian sites, Spence and Fryer
(2005:729) proposed that the Cobalt silver items “entered the Hopewell realm through
occasional direct procurement expeditions”. Materials obtained on these expeditions were
sometimes disposed of in burials, as is evident at the LeVesconte site, but in other cases,
materials were exchanged in the form of sheet metal (Spence and Fryer 2005:729). The
study also indicates that silver items found at LeVesconte are “linked to Hopewell
communities in New York and Pennsylvania” (Spence and Fryer 2005:730). This is
supported by similar silver items found at the Lewiston mound in New York (Ritchie 1965),
although the mortuary differences between this and LeVesconte suggest that trade was

likely the only relation between the sites.
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Around Rice Lake, Hopewell grave goods and silver sourcing correspond with the
theory of an interactive trade network, where materials moved across eastern North America
through trade between neighboring groups. Indeed, regardless of the variations in grave
goods, the Rice Lake phase sites likely represent “one phase of a culture... [suggested] by
the presence of mound groups” in the mortuary components of these sites, that share
comparable Middle Woodland dates and sequences (Johnston 1968a: 27). Since the Rice
Lake phase sites contain the most elaborate Hopewell-related material for the region, it can
be assumed that Hopewellian site components in southern Ontario likely represent trade
activities between local populations and cultural groups in the northern United States. This
IS not surprising, since, as Johnston (1968a:5) states, “any east-west movement across
southern Ontario originating in the north, east, or west, would be funneled, as it were,

through the Rice Lake District”.

It remains unknown why some Hopewell practices (such as the building of burial
mounds) were adopted in certain areas of southern Ontario at particular times, but an
evaluation of environmental change and shifts in social organization suggests that
competition for resources and territorial behaviour correspond to inter-regional trade as well
as the building of elaborate mortuary structures. The relationship between this larger
transportation network will be considered in later chapters in relation to the Goldstein/Kelly

hypothesis.

3.6 Transition to the Late Woodland Period (ca. 1200-400 BP)
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The Late Woodland period coincides with the Medieval Climatic Optimum
(1300- 750 BP), the latest and warmest period of the little climatic optimal (Loehle 2007:
1049; Smith 2000:358). By the end of the Middle Woodland period, a reduction in the
use of many macroband sites is apparent (Spence et al. 1990: 168). In their place, larger
settlements with more permanent structures appear, and maize horticulture emerges (Fox
1990:171). Beginning around 1200 BP, mortuary ritual becomes gradually less elaborate;

Hopewell grave goods disappear and burial mounds are no longer built (Fox 1990:172).

It is interesting that elaborate cemetery practices in southern Ontario decline with
the introduction of maize horticulture. The economic control gained from producing
maize likely reduced the competition between corporate groups for resources. Increased
sedentism — also a common result of increased horticulture — would have lessened the
need to enforce ancestral ties to particular seasonal resource nodes through the costly
signalling of cemeteries. Indeed, the correlation between diminished competition for
resources and a decreased frequency of elaborate cemetery practices seems more than

coincidence.

3.7 Conclusions

Throughout the prehistory of southern Ontario there are several periods of cultural
and demographic change that correspond with major environmental shifts. During the
tundra-dominated early Paleoindian period, population was low, mortuary practices

uncommon (or at least unknown), and evidence of resource competition absent. As the
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climate becomes warmer near the end of the Paleoindian period, there is evidence of
population increases and a wider resource base among groups. The warm and arid
environment of the earlier Archaic period gave way to cooler summers, increased
precipitation, and higher ground water in the Late Archaic. These changes seem to
correspond with a broader range of utilized resources, reduced seasonal mobility, and the
emergence of the earliest formal cemetery in the middle Trent Valley area. By the
Terminal Archaic, most of southern Ontario was inhabited, and cultural complexity
dramatically increased; formal cemeteries were common, and grave goods within these

cemeteries reflect the interregional trade of copper, marine shells, and other valued items.

Increased precipitation and flooding occurred during the Early Woodland period.
Evidence of cremation dramatically decreased; the fact that groups were not transporting
individuals who died away from macroband sites suggests a decline in the use of persistent
formal cemetery areas. Given the instability of aquatic resource areas — which were a
principal regional feature of the established mode of subsistence — it can be presumed that
resource competition was not a prominent phenomenon among the small, egalitarian groups
of the Early Woodland period. In regards to population growth, Spence et al. (1990:167) add
that “nowhere [in southern Ontario] is there evidence of a population increase large enough
to have caused inter-band competition for resources”. That cremation practices and formal
cemeteries decrease in frequency throughout southern Ontario during this time again

demonstrates a connection between resource competition and cemetery practices.

The environment stabilizes during the Middle Woodland period, and Middle

Woodland archaeological sites are noticeably more common than Early Woodland sites.
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There also seems to have been some major changes to the subsistence-settlement system
during the Middle Woodland period, including larger macroband sites with longer
occupations located near waterways. Localized cultural types become well-defined
during this period, and elaborate burial practices seem to reach their peak in regional

prehistory, as well as in the local prehistory of the middle Trent Valley.

Given the environmental changes and patterns of settlement that occurred
between the Late Archaic and Middle Woodland, it seems that cemetery practices are
correlated with aquatic resource availability and inter-group competition in southern
Ontario. Several cemetery sites reflect a preference for either lacustrine, riverine, or
wetland environments, and mortuary elaboration decreases dramatically when these
environments are unstable (as evident in the Early Woodland period). The fact that Early
Woodland mortuary practices are absent from the middle Trent Valley — an area
particularly rich in lakes, wetlands, and rivers — further emphasizes the perceived

importance of aquatic environments.

Correlation does not necessarily equate with causation, but these observations
support the merit of exploring the locations of cemetery sites on a finer scale to determine
the likelihood that they were strategically positioned around valued or abundant resources
that were available in restricted patches. Chapter 4 will provide some environmental
expectations for cemetery site locations, based on the regional patterns for southern
Ontario and local observations of the middle Trent Valley. These expectations will then
be used to develop a set of testable predictions in a formal locational analysis of burial

and non-burial locations within the study area.
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CHAPTER 4: WETLAND FORAGING, LANDSCAPE ECOLOGY AND
CEMETERY PLACEMENT IN THE MIDDLE TRENT VALLEY

The middle Trent Valley is one of the most studied archaeological areas in
southern Ontario (Boyle 1897; Conolly et al. 2014; Johnston 1968a: 12-30; Johnston
1968b; Kenyon 1986:7-24; Ritchie 1949:3-18; Spence et al. 1984). Noteworthy
mortuary features include the emergence of the Jacob Island cemetery more than 1000
years prior to other currently identified cemeteries in southern Ontario (Conolly et al.
2014: 113), and a Middle Woodland burial mound tradition that surpasses other
contemporary regional mortuary traditions in its elaboration and complexity (Johnston
1968a:27; Kenyon 1986:2; Spence et al. 1990:164). These were both times with
relatively warm and dry climates, when flooding would have been stable and
predictable in southern Ontario (Crawford et al. 1998:134; Kidder 2006: 215; Munoz
et al. 2010; 22009; Smith 2000:358). Similar to other areas of southern Ontario,
mortuary complexity in the middle Trent Valley seems to be correlated with these
periods of water system stability. Unique to the study area, however, is the complete
absence of identified cemetery sites dating to the regionally wetter, and perhaps flood-

prone, Early Woodland period (Crawford et al. 1988; Kidder 2006).

In their regional context, these circumstances suggest that aquatic
environments were critical resource providers for local groups during the Late
Archaic and Middle Woodland periods, and it seems that the emergence of cemeteries
corresponds with the stability of these environments. In addition to containing direct
evidence for the exploitation of aquatic resources, many cemetery locations in

southern Ontario reflect a preference for aquatic environments. With these regional
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observations in mind, this chapter builds some environmental expectations for
cemetery locations in the middle Trent Valley based on the Goldstein/Kelly
hypothesis. Connections are drawn between foraging practices and the characteristics
of lacustrine, riverine, and wetland environments to establish a set of environmental
parameters that may have influenced cemetery location decisions. These parameters
will be applied to a locational analysis of Late Archaic and Middle Woodland

archaeological sites in the middle Trent Valley study area.

4.1: The Study Area

4.1.1 Physical Geography

The Trent Valley, also known as the Trent River Watershed, is located within
the modern Bancroft, Kawartha and Peterborough administrative districts of southern
Ontario. The primary focus of my research is the middle Trent Valley, the central
portion of this water system. The study area was primarily chosen because of the
concentration of Late Archaic and Middle Woodland mortuary sites that have been
discovered from Pigeon Lake to along the Trent River. For consistency, the study area
boundaries are defined by nine Quaternary subdivisions of the watershed that include

the drainage extent of these water features (Figure 4.1).
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Figure 4.1 The middle Trent Valley study area within the Trent River Watershed.
*Data from the Ontario Hydrological Network database (2010.

65




The middle Trent Valley includes parts of both the Deciduous Forest and
Great Lakes biotic zones, resulting in mixed forests of southern mast trees as well as
northern deciduous and coniferous tree types (Karrow and Warner 1990:8). A
geological division is also present, further increasing the variability in vegetation. The
northern portion of the middle Trent Valley straddles the southern edge of the
Canadian Shield, which is “comprised mainly of igneous and high grade metamorphic
rocks” (Adams and Taylor 2009:14). This portion of the study area can be
characterized by “shallow, infertile soils, poor drainage, and a relatively short
growing season”, although it also includes restricted patches of rich wetland resources
(Ramsden 1998:144). The remainder of the study area rests on limestone and contains

richer soils (Adam et al. 2009:14; Ecclestone and Cogley 2009:19).

The effects of the Late Wisconsinan glaciations (ca. 25,000 — 10,000 BP),
which formed many of the landforms in southern Ontario (Karrow and Warner
1990:5), produced a variable landscape in the middle Trent Valley due to these two
geological zones (Adams and Taylor 2009:16). Soils on the Canadian Shield are thin
atop the bedrock, having been stripped by the retreating ice, while limestone bedrock
areas were often dumping grounds for materials carried by the melting ice (Adams
and Taylor 2009:16). This led to the formation of three major landform divisions
which are depicted below in Figure 4.1.2: the Dummer Moraine north of Warsaw, the
Peterborough Drumlin field, and the Oak Ridges Moraine south of the drumlin fields
(Crozier 1972: 8; Ecclestone and Cogley 2009:28-36). As depicted in Figure 4.1.3, the
study area also includes examples of most other landform types present throughout
southern Ontario, including model illustrations of eskers, spillways and till plains

(Crozier 1972: 9-11).

66



'l Canadian Shield A U_:“im
B Peterborough Drumlin Field

B Oak Ridges Moraine

| | Dummer Moraine

Figure 4.2 Key geological divisions of the middle Trent Valley.
*Data from Physiography of Ontario database (2007), retrieved through the Scholars Geoportal (2015).
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Figure 4.3 Physiography of the middle Trent Valley.

*Data from Physiography of Ontario database (2007), retrieved through the Scholars Geoportal (2015).
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The Oak Ridges Moraine is an especially important feature, as it isolates the
region from the effects of Lake Ontario, leading to decreased winter temperatures and
increased snowfall (Adams and Taylor 2009:16). Increased precipitation in the winter
results in a larger spring melt, which typically results in higher and stronger spring
floods from the run-off of rivers and streams. In addition, the most notable features of
the middle Trent Valley are in fact water features, including the Kawartha Lakes,
major rivers, small rivers, streams, and several types of wetlands. For the most part,
these water features precede human occupation of the area, as they were shaped and
deepened by the effects of Pleistocene ice sheets passing from the resistant Canadian

Shield onto the softer limestone (Adams and Taylor 2009:16).

4.1.2 Cemeteries

The only currently defined cemetery of Late Archaic age for the study area is
the Jacob Island 2 site component, where four discrete burial groups that together
comprise over 60 individuals mark the beginning of a persistent mortuary location,
with active use phases until the Late Woodland period (Conolly et al. 2014). Nearby,
the Jacob Island 1 component contains two Middle Woodland burials that may
represent a mound destroyed by bulldozing, as well as evidence for Middle Woodland
peoples having disturbed Late Archaic mortuary features at the site (Conolly et al.
2014:117-119). This is not the only site that suggests a continuity in location choices
between Late Archaic and Middle Woodland mortuary practices; about 150 feet
southwest of Mound E on the Serpent Mounds site are burials of likely Late Archaic
date as suggested by the presence of Laurentian stone tools in the surrounding area

(Johnston 1968b:36-40). It is also noteworthy that the early Jacob Island components
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contain a mix of internment types (including flexed, extended, and bundle burials), a
detail that is apparent among the later burial mound internments in the area (Conolly et
al. 2014: 126). Other elements of continuity among Late Archaic and Middle
Woodland mortuary sites in the study area include the presence of stone adzes, worked

copper items, red ochre, and potentially cremation.

Most known Late Archaic and Middle Woodland cemetery sites are currently
located near lakes and rivers (Figure 4.1.3). In the context of the Goldstein/Kelly
hypothesis, the positioning of these sites supports the considerations expressed in
Chapter 3 of a connection between the emergence of cemetery sites in southern
Ontario at times when lacustrine, riverine, and backwater environments were affluent
and stable, and a perceived reliance on aquatic resources. In addition, a recent
network analysis of Late Archaic and Middle Woodland archaeological sites in the
Trent-Severn Watershed has revealed that burial sites are more centrally located along
known water transportation routes than non-burial sites, at both local and regional
scales (Conolly 2015). Consequently, there are reasons to believe that the emergence
and re-emergence of cemetery practices in the middle Trent Valley reflect similar
strategies of land use, perhaps driven by environmental fluctuations along the water

system on this diverse and seasonally-variable landscape.
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Figure 4.4 Archaic and Middle Woodland mortuary sites of the middle Trent Valley.
*Data from Ontario Hydrological Network database (2010) and MTCS Ontario Archaeological Sites database (2013).
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4.2 Expected Resource Exploitation in the Middle Trent Valley

In southern Ontario, archaeological evidence and scholarly interpretations
point to the importance of fish, shellfish, and mast during the Late Archaic and
Middle Woodland periods (Ellis et al. 1990; Sassaman 2010; White 2013). The local
availability and abundance of these and other resources, however, would have varied
across the region in relation to horizontal changes in soil types, groundwater, water

bodies, and topography.

Archaeological remains recovered from the Mclintyre site in the middle Trent
Valley provide detailed insight into resource availability for — what has been
perceived as — a wetland and terrestrial foraging location within the study area
(Johnston 1984). Plant remains recovered from Mclntyre include nuts such as acorn,
butternut, and hickory, as well as fruits such as plum, cherry, blueberry, and hawthorn
(Yarnell 1984: 101-106), while faunal remains include deer, beaver, muskrat, and
bear (Naylor and Savage 1984:118). Fish were also a particularly important resource,
especially several species of bass (Waselkov 1984:152). The presence of these
resources suggests that the Mclntyre site was occupied between the spring and fall
(Elis et al. 1990: 120; Naylor and Savage 1984:133). Artifacts recovered from
Mclnytre also suggest that repeated occupations of the site occurred throughout the
latter half of the Archaic (Ellis et al. 1990: 119). This reflects a general pattern of
decreased residential mobility, which is further supported by the discovery of
comparable Late Archaic sites along the shorelines of Lake Huron (Ellis et

al.1990:111).

Of particular importance in regards to resource availability and increased

sedentism is the suggestion by McAndrews (1984) that wild rice may have been an
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important resource to inhabitants of the Mclintyre site. This is based on the presence
of Gramineae pollen signatures — the grass family to which wild rice belongs — found
through microfossil analyses from this and other archaeological sites on Rice Lake
(McAndrews 1984: 166-169). Wild rice would have offered significant dietary value
to Late Archaic and Middle Woodland corporate groups, both through its
consumption and its tendency to attract fish, waterfowl, and terrestrial animals that
local groups are known to have consumed (Naylor and Savage 1984:118; Waskelkov

1984:152).

The suspected importance of wild rice in subsistence economies within the
Great Lakes from the Late Archaic onwards has been addressed by a several scholars
(e.g., Boyd et al. 2014, Boyd et al. 2013; Johnston 1984; Rajnovich 1984; Vennum
1988). Given the high likelihood that it also formed an important (if not critical)
resource in the middle Trent Valley, the following section reviews the socioecology
and documented use of wild rice in this region. | also discuss how the presence and
abundance of this resource may relate to the emergence of cemeteries in the study

area.

4.3 The Socioecology of Wild Rice

Wild rice is the only indigenous cereal grain that grows in Canada (Johnston

1984:161). It is a valuable dietary resource as it is rich in carbohydrates and essential
proteins, and converts easily to energy in the body. Wild rice is low in fat, easily

digested, and rich in many vitamins. In fact, Earl (1994:74) proposes that “wild rice
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was more nutritious on the whole than any other vegetal, grain, animal or fruit source

in the traditional Indian diet”. To demonstrate its dietary value, Table 6.2 compares

the nutritional contents of wild rice with several other grains.

. Total . .
Food Protein Fat Carbohydrates Fiber Family
Wild rice 14.73 1.08 74.90 6.2 Poaceae (grass): Oryzae (rice)
Spelt 14.57 2.43 70.19 10.7 Poaceae (grass): Triticeae (gluten)
Wheat
flour, 13.70 1.87 72.57 12.2 Poaceae (grass): Triticeae (gluten)
whole
Buckwheat
flour, 12.62 3.10 70.59 10.0 Polygonaceae (Knotweed)
whole
Kamut 14.70 2.20 70.38 9.1 Poaceae (grass): Triticeae (gluten)
Millet 11.02 4.22 72.85 8.5 Poaceae (grass): Paniceae (millet)
P;ﬁ;:ﬁy 10.50 1.60 74.52 10.1 Poaceae (grass): Triticeae (gluten)
Buckwheat
groats,
11.73 2.71 74.95 10.3 Polygonaceae (Knotweed)
roasted
(kasha)

Teff 13.30 2.38 73.13 8.0 Poaceae (grass): Eragrostideae
Sorghum 11.30 3.30 74.63 6.3 Poaceae (grass): Andropogoneae
Oats 16.89 6.90 66.27 10.6 Poaceae (grass): Avena (oats)

CE?gLnrm 6.55 3.67 78.0 9.2 Fagaceae (Beech, Oak)
Rice 6.50 0.52 79.15 2.8 Poacease (grass): Oryzae (rice)

Table 4.1 Nutritional value of wild rice in comparison to other grains
* Data from Vennum (1988: 40), USDA (2011), and Zhai et al (2001).

Note: Of the grains presented in this table, wild rice has the 2™ highest protein content, and the 3"
highest carbohydrate content.

Wild rice has a fundamental role in the ecology of wetland environments, and
is known to once have been abundant in southern Ontario (Boyd et al 2013; Counts

and Lee 1987; Dore 1969; 1980; OWES 2011; Rajnovich 1984; Yu and McAndrews

1984). While wild rice is historically known to have been an important resource, it
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remains unknown how early it was first exploited (Barrett and Markowitz 2004: 809
Dore 1969; Duvel 1905b; Jenks 1901; Vennum 1988). Prior to the 1980s, wild rice

had not been found within archaeological sites dated earlier than the Late Woodland
period (Arzigian 2000:246). For many archaeologists this was a confirmation that,
given that wild rice seeds survive nearly intact after burning, it was not a significant

food source in ancient times (Vennum 1988:29).

Since the 1980s, wild rice has been found in small but notable numbers on

several early archaeological sites in the Lower Great Lakes region (Vennum 1988:30;
McAndrews 1984:165-169). Investigations since these discoveries have revealed that,
contrary to its assumed resilient preservation, charred wild rice cannot preserve
relative to other seeds; for example, wild rice seeds are much more fragile than
sunflower seeds when carbonized under similar conditions (Johnston 1984:185). This

can present complications when interpreting the resource base of ancient hunter-

gatherers in southern Ontario, especially since archaeological studies exploring the

early use of wild rice remain few (Arzigian 2000; Johnston 1984; Rajnovich 1984).

4.3.1 Classification and Distribution

In most areas, wild rice abundance has severely declined since the beginning

of the 1900s due to a loss of habitat and stabilization of water courses (Meeker
1993:89; Pillsbury and McGuire 2009:724). At the same time, because of widespread

and often secretive planting in remote areas by sportsmen, conservationists, and local
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indigenous peoples, the original distribution of this important resource has become

greatly obscured (Dore 1980:409; Duvel 1905:229).

Wild rice consists of four species which form the genus Zizania, in the tribe

Oryzeae, which belongs to the larger grass family Gramineae (Vennum 1988; Warick

and Aiken 1986). Two of these species, Z. aquatica and Z. Palustris, are native to

eastern North America. Z. aquatica, the slender seeded type, grows in the St.
Lawrence River, eastern and southeastern United States coastal areas, and in
Louisiana (Aiken et al. 1988:23-27). Z. palustris, the large seeded type, grows in the

Great Lakes region which includes Illinois, Indiana, Michigan, Minnesota, New York,

Ohio, Pennsylvania and Wisconsin as well as southern Ontario (Douglas and

Mclintyre 2004:17; Terrell 1997). Although southern Ontario is at an intersection of
these habitat ranges, it is unlikely for Z. aquatica to be present; Lake Ontario connects
to the St. Lawrence River, but only at its outflow (Wetzel 2001:28). This means it is
possible for Z. palustris seedlings to travel with the drainage northeast of Lake

Ontario to the habitat of Z. aquatica, but unlikely for the opposite to occur.

Z. palustris L. var. palustris and Z. palustris L. var. interior are the two
known varieties of the Z. palustris species. Z. palustris L. var. interior was likely the
affluent in southern Ontario while Z. palustris L. var. palustris likely grew towards to
the northwest provinces (Terrell 1997), since Z. palustris L. var. interior grows only

at scattered points in southeastern Manitoba and adjoining Ontario. Var. palustris was
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known to be abundant across northeastern Minnesota®, northern Wisconsin, and
southern Ontario (Dore 1969:18-19; Jenks 1901:1029-1031), and can be
distinguished by its smaller stature and leaf width (Warick and Aiken 1986:471). It
also seems that var. palustris was particularly abundant in some of the major rivers
such as the Trent, Mississippi, and Rideau (Dore 1969:20). Additionally, Dore
(1980:407) believes that Rice Lake on the Trent River derives its name specifically
from the stands of this rice variety. In Meeker’s (1993:88) PhD dissertation on the
ecology of wild rice around Lake Superior, he confirms that the only identifiable
variety within the rather broad study area is var. palustris. Although in modern times
the distribution of var. palustris is quite broad across Ontario, the distribution outside

of the southern region is sporadic and so likely does not occur naturally. In

summation, it seems that the wild rice common to southern Ontario was in fact

Zizania palustris L. var. Palustris, which was nearly exclusive to the Great Lakes

region. All further discussion of wild rice in this chapter will refer to this variety.

4.3.2 Physiology

Wild rice is a tall annual aquatic grass with wide blades and reed-like septet
aerial stems (Dore 1980:405). Although aquatic, it is an emergent rather than a

submerged plant; wild rice must grow out of the water in order to photosynthesize

! The “Arrowhead” region in northeastern Minnesota was conserved by the Ojibwe as their wild rice “storehouse”,
as the wild rice in that area was so plentiful (Carpenter2008: 142). Unfortunately, it was recognized early on by
colonial settlers that this area that there was a very real potential that precious metals and minerals would be found
in that region (Office of Indian Affairs 1851). Of the total land of this region, over 22, 167, 000 acres were ceded
under the 1842 and 1854 treaties, while the reservations established under the 1854 treaty contained only 287, 570
acres. (Carpenter 2008: 143)
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(Meeker 1993:95-96). At maturity, slender stems extend 60 to 120 cm above the

water surface, and the leaf blades are roughly 2 to 3.8 cm broad (Dore 1969:16-17).
Wild rice seeds are long and narrow, with a relatively thin seed coat covering a
starchy endosperm (Aiken 1986:237; Johnston 1984:185). The fragile morphology of
these seeds is likely the primary encumbrance for their preservation in the
archaeological record, since charring would damage this thin seed coat, leaving the

endosperm susceptible to compression.

Contrary to the ecology of many aquatic plants, water chemistry seems to have
a minor role in the presence and abundance of wild rice. It appears to grow over wide
ranges of alkalinity, pH, iron, and salinity; with the only true limitation being water
with greater than 50 ppm of sulphate (Meeker 1993:94), limiting its presence to
aerobic environments. It also seems to make little difference whether the soil under
the water is mud, sand, or gravel. Under natural conditions, the plants may be found
even where the bottom is bare and rocky, as long as there are spaces between the
crevices in the bedrock floor for the seeds to lodge and for the seedling roots to

penetrate.

4.3.3 Wild Rice and Animals

Dore (1969:64) relates how wild rice has been a significant resource for

animals as well as humans. Muskrats are fond of its growing roots, while larger

grazing animals such as moose are known to consume its tall stems. Small birds, such

as red-winged blackbirds and sparrows, are avid feeders on the grain; in late August
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and early September large flocks of such birds in their southward migration settle on
the wild-rice beds, standing on the plants themselves and eating off the panicles.

Waterfow! typically feed on the grains after they are shed and have sunk into the
surrounding water, but these birds have also been documented to reach up from the
water and pick grains from low-growing plants. In fact, wild rice was the focus of
several Wenabozhoo (another name for Nanabush, the “trickster) stories in which the

principal characters are waterfowl, including myths such as “Wenabozhoo and
Mallard” and “Wenabozhoo goes Visiting” (Vennum 1988:62-64). Jenks (1901:1904)
describes another myth in which Wenabozhoo was led to a patch of wild rice by a
duck, where he observed various waterfowl eating the grain. That wild rice was
historically known as an attractant for waterfowl supports the consideration that wild
rice habitats were known among local populations to support a wide resource base.

Wild rice is also utilized by a variety of birds and rodents as shelter. Table 6.1

presents an overview of the relationship between wild rice and animals.

Part of Plant Exploited

Animals Using as Food Source

Ripe, Fallen Seed Mallard Duck
Ripe, Fallen Seed Wood Duck
Ripe, Fallen Seed/ Seed on Panicle Fish Crow

Ripe, Fallen Seed

Blue-Winged Teal

Ripe, Fallen Seed

Canadian Goose

Seed on Panicle

Red-Winged Blackbird Sparrow

Seed on Panicle

Northern Bobwhite, Channel Catfish

Grass Roots

Muskrat, Eastern Painted Turtle

Mature Panicles/Uprooted Plants

White-Tailed Deer

Seedlings/Uprooted Young Plants

Common Carp

Whole Plant

Moose

Plant as Shelter

Canadian Crayfish

Mallard Duck
Goose

Northern
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Wood Duck

Red-Winged
Blackbird

Beaver

White-Tailed
Deer

Raccoon

Water Snake

Black Crabbie

Table 4.2 The use of wild rice by animals
Note: Data from Aiken et al. (1988), Dore (1969), Martin et al. (1951) and Vennum (1988).

4.3.4 Phenology of Wild Rice

Phenology is the study of the growth and life cycle of a plant. Understanding

the phenology of wild rice is important in order to understand how the seasonality of

this resource may have varied throughout prehistory. While information on the

phenology of wild rice in southern Ontario is lacking, an isoenzyme experiment

involving the growth of more than 3000 seedlings has demonstrated that the same

germination pattern was observed for all annual wild rice taxa (Aiken 1986:240). This

helps validate the application of life cycle information from alternate regions.

In Minnesota, wild rice matures in about 120 days, and requires about 2600

growing degree days (GDD) ?, with a 40°F (~4 °C) base water temperature (Meeker

1993:104). Meeker’s GDD, if the calculation is reversed, gives an average daily

temperature of 44°F (~7°C) for the 120 day growing cycle. This demonstrates that

while temperature fluctuations may greatly affect the maturity rate of many plants, the

phenology of wild rice remains rather consistent when the condition of its base water

temperature is met.

2 “Growing degree days” (abbreviated GDD) is a way of assigning a heat value to each day. The values are added
together to give an estimate of the amount of seasonal growth a plant has achieved. GDD is useful because plants
are often dependent on temperature for growth, and so calendar days can be misleading. To calculate GDD, add
each day’s maximum and minimum temperatures throughout the growing season, divide that sum by two to get an
average, and subtract the “temperature base” (the temperature below which plant development stops) assigned to

the plant being monitored (Miller et al 2001: 5)
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The germination of wild rice seeds begin with snowmelt and spring runoff in
mid-April until early May (Vennum 1988:15, Meeker 1993:88). In the account of
Dore (1969:7-8), it is not until about June that the stalks appear above the water. In
early August the panicles materialize. Fertilization happens soon after, at which point
the ovary enlarges and soon fills the space inside the hull. At maturity the hulls with
enclosed grains fall into the surrounding water and sink quickly to the substrate.
While the seeds ripen and shatter periodically over roughly two weeks, by mid-
September most have fallen (Dore 1969:8). In Meeker’s (1993:92) dissertation, he
mentions that wild rice in the upstream stretches of the Kakagon region around Lake
Superior matures around mid-August, which is 10 to 14 days prior to the downstream

areas. The plant then dies before freeze-up, and the fallen seeds remain dormant in the

bottom sediment over the winter until next spring (Dore 1969:7). Typically about half

of one year’s seed cohort germinates in the next spring (Meeker 1993:93).

Since Aiken’s (1986:240) experiment predicts homogenous germination
behavior in annual wild rice, it can be assumed that wild rice in southern Ontario
would also be dependent on a ~ 4°C base temperature, and that its life cycle would be
temporally similar to that of wild rice in Minnesota; beginning with snowmelt and
spring runoff, and maturing in roughly 120 calendar days if this base temperature is
maintained. Therefore, in climates similar to modern day, wild rice germination can
be expected to begin between mid-April and early May, and to reach maturity

between mid-August and mid-September.

The temperatures of shallow rivers and shallow lakes are reliant upon
atmosphere temperature, and so it is possible for climatic reconstructions of
prehistoric average temperatures to provide an insight into temperature variation in
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wild rice habits throughout prehistory. As discussed in Chapter 3, the vegetation

growing season in southern Ontario was likely shorter around 4000 BP than today,
due to a winter-wet precipitation pattern and a seasonal temperature cycle increase
lower than today (Shuman and Donnelly 2006). This may indicate that wild rice
ripened later in the season during the Late Archaic, as well as in the climatically
similar Middle Woodland period. Perhaps, then, these wetland environments
supported increased sedentism through the availability of fish, shellfish, small
mammals, turtles, and the occasional large mammal in the spring and early summer,
mast and larger mammals in the late summer and early fall, and wild rice in the late

fall.

4.3.5 Wild Rice and Human Subsistence

Exploring ethnographic accounts for the use of this significant dietary resource
among local populations can provide an understanding of its potential value among
ancient corporate groups. Harvesting and processing methods described in this section
are extrapolated from ethnographic accounts of the Anishinaabeg peoples to provide a

preliminary insight of potential past subsistence practices.

With the exception of husking, all stages of rice harvesting and processing

among the Anishinaabeg were performed by women, with some assistance from
children (Vennum 1988:108). The most common harvesting method has been to
glide a canoe into a stand of wild rice as gently as possible, and then bend the stems

delicately over the canoe and shake them so that the ripe grain falls into the canoe.
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Since wild rice grains mature at different rates, a stand may be visited several times

over a period of roughly two weeks (Barrett and Markowitz 2004:808; Vennum
1988:90-97). Some women harvested small quantities of rice in its milk state by
pulling a closed hand over the fruit heads. This premature milk rice, which when
parched had a much lighter colour than ripe wild rice does after parching, could be
cooked and eaten in advance of the harvest (Vennum 1988:87). This is significant, for

it extends the potential seasonality of wild rice as a subsistence resource.

Although the majority of Anishinaabe groups collected wild rice on the water,
sometimes sheaves of ripe rice were cut and the kernels were removed on shore. At
Rice Lake in southern Ontario, the use of a “curved sharp-edged paddle” to cut the
stalks has been observed (Vennum 1988:89). This evidence for on-land processing of

wild rice in the study area suggests the prevalence of an alternate harvesting method
with potential relevance to the Goldstein/Kelly hypothesis in the region. This method,
referred to as bundling, involved binding several stems together with twine while the
grains were immature - about two or three weeks before harvest - then returning at

maturity and shearing off the entire bundle in order to thresh the wild rice on land
(Vennum 1988:83). Bounded rice is said to ripen more evenly, to produce heavier
kernels, and to have a slightly different flavour (Vennum 1988:88). Women tended to
use distinctive binding patterns to designate their rights to particular bundles (Barrett
and Markowitz 2004:808); demonstrated ownership over wild rice bundles has

interesting social implications for how this resource may relate to cooperative land

tenure systems.
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Jenks (1901:1091-1092) relates that the periods of the wild rice harvest were

“gala days to the Indians”, in which religious ceremonies were commingled with
procurement of this resource. Wild rice has also often been included among the

Anishinaabeg as one of several foods to feed the spirits of the dead (Earl 1994:74).
These accounts suggest that harvesting wild rice was a cooperative exercise tied to the
social and religious dimensions of Anishinaabe life. In modern times such practices
persist among the Ojibwa, as wild rice is often left at a grave, mourners refrain from
consuming wild rice, and many women refrain from harvest during their menstruation
(Earl 1994:74; Vennum 1988:58). Such rituals, paired with the prevalence of this
resource in myths (Jenks 1901; Vennum 1988), are supportive of its connection with

places of burial and communal ritual, such as cemeteries.

4.4 Predictions, Environmental Parameters, and Cemetery Locations

This chapter has presented some considerations as to what resources may have
been valuable in the Middle Trent Valley. However, the locations of these resources
(wild rice in particular) are dependent on the properties of local soils, water
availability, and topography, which affect the presence and abundance of flora and
fauna across time and space. It is for this reason that a locational analysis of the
ecological characteristics of Late Archaic and Middle Woodland archaeological sites
may provide further insight into what resources might have been used by local groups.
Comparisons between cemetery and non-mortuary sites may demonstrate if certain
ecological settings (possibly reflecting certain resources such as wild rice) are

restricted to cemetery sites. The environmental parameters chosen for my analysis
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focus on the physical properties of the landscape whose variation may affect resource
availability, predictably, and abundance, such as the properties of the terrain and soil,
and the distribution and extents of various water features. Measures are also taken to
account for variability in these features through time, including local water level

reconstructions.

Because of the clear value of wild rice as a resource and its historical uses
among local populations of the Lower Great Lakes region, | expect that Late Archaic
and Middle Woodland cemetery sites were located near river floodplains where wild
rice would have thrived in the past. The importance of mast may also be
underestimated for this area, and it is possible that cemetery locations share a
relationship with well-drained soils, like those that support the growth of mast trees. It
is also conceivable, of course, that the results of the locational analysis will reflect no
discernible pattern with resource availability and abundance, which would discredit
the Goldstein/Kelly hypothesis. The results of the locational analysis must be
compared to the overall archaeological and paleoecological context of the study area

to contextualize the cost and benefits of defending these particular places.
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CHAPTER 5: A LOCATIONAL ANALYSIS OF HUNTER-GATHERER

CEMETERIES IN THE MIDDLE TRENT VALLEY — METHODS AND DATA

Here | present the methods and data for a locational analysis of cemetery sites
in the middle Trent Valley. I will first summarize my methodological framework for
testing the strength of the Goldstein/Kelly hypothesis, and then outline the
archaeological site datasets to be analyzed and the environmental parameters to be
tested. The analysis involves the use of ESRI’s ArcMap 10.2 software to build an
archaeological database and create spatial datasets, and a Maximum Entropy
modelling approach (MaxEnt version 3.3.3e, Dudik et al. 2010) to create eco-cultural
niche models of cemeteries and non-mortuary sites. Maximum entropy modelling is
an approach designed to characterize the geographic distributions of plant or animal
species (or in my case, locations of past human activity), by testing for correlations
between the observed locations of activity and environmental covariates within a
multi-dimensional landscape of interest (Elith et al. 2011:43; Phillips et al. 2006:
231). By measuring the relationship between certain environmental variables and the
locations of cemetery sites in the middle Trent Valley, the hypothesis that cemetery
site location choices were governed by the access or proximity to particular

environmental features can be better evaluated.
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5.2 Methods of Analysis

5.1.1 Maximum Entropy Modelling of Eco-Cultural Niches

| selected to use a maximum entropy modelling approach (MaxEnt version
3.3.3e, Dudik et al. 2010) to analyse the relationship between the location of cemetery
sites and environmental covariates. | will also perform this analysis on Late Archaic
and Middle Woodland non-mortuary sites (e.g. archaeological sites with no evidence
of a cemetery or other burial behaviours) to establish whether the environmental

settings of cemeteries are distinctive from other sites of human activity..

The software package ‘MaxEnt’ is a machine-learning approach that
simplifies the process of modelling the distributions of archaeological sites by using
specialized correlative algorithms that are similar to logistic equation models. These
algorithms can incorporate multiple parameters, including locations of interest
(typically occurrence locations of species) and environmental characteristics such as
elevation, bodies of water, and soil types, “to provide understanding and/or to predict
species distribution across a landscape” (Elith and Leathwick 2009: 677). Such
analyses are typically termed species’ distribution models (SDMs), and are intended
for use in the fields of conservation planning, ecology, and evolutionary biology

(Elith and Leathwick 2009: 683; Phillips et al. 2006: 232).

MaxEnt has been adapted for use in archaeology through the development of
eco-cultural niche modelling (ECNM). ECNM is derived from the methodological
frameworks driving SDMs, and to a lesser extent from archaeological predictive
modelling approaches (Banks et al. 2006:69). A fundamental assumption of ECNM is

that human adaptive systems are comparable to the adaptive systems of other species
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in that they “operate within a given environmental framework™ (Banks et al. 2011:
359). Following ECNM, locations of interest represent human activity in place of
plant or animal activity; however, the researcher must be cautious of the flexibility
present within human-environment systems due to the dynamics of human culture and

technological advancement (Banks et al. 2011:359; Conolly et al. 2012:1).

In large part ECNM has been applied through the Genetic Algorithm for Rule-
Set Prediction (GARP) software platform (Banks et al. 2006: 70), but MaxEnt has
also gained wide recognition and acceptance as a complementary tool. The program
has been used to model the presence of wild and domestic cattle across early Neolithic
sites in SW Asia and SE Europe (Conolly et al. 2012); to predict the distribution of
ancient terraces in Cyprus (Galletti et al. 2013.); to assess the eco-cultural niches of
Neanderthals compared to anatomically modern humans (Banks et al. 2008); and to
evaluate the ecological contexts of Upper Palaeolithic archaeological sites in France
(Banks et al. 2011). In fact, Pearson et al. (2007:102) have found higher success rates
and greater statistical significance in jackknife prediction tests with small sample
sizes when using MaxEnt compared to GARP, suggesting that the program is the
more suitable choice for archaeological studies (where limited sample sizes are a
common occurrence). A particular benefit of the MaxEnt approach is its simplicity: it
works with both continuous and categorical environmental variables (Philips
2006:234); transformations of the environmental variables happen ‘behind the
scenes’, allowing feature classes to be used interchangeably; and the program outputs
the percentage of contribution for each individual constraint, allowing for easy
interpretation of sample-constraint relationships (Elith and Leathwick 2009; Elith et

al. 2011).
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The MaxEnt program estimates the parameters influencing the distribution of
archaeological sites among the environmental variables “by finding the probability
distribution of maximum entropy” (Philips et al. 2006: 234). In ecological models,
entropy can be described as a measure of dispersedness (e.g. how stretched or
squeezed a probability distribution is across a measurable space), and maximum
entropy can be understood as the maximum dispersedness (Elith et al. 2011: 48;
Philips et al. 2006: 234). In essence, there are an infinite number of probability
distributions possible given the locational data and the constraints imposed by the
environmental covariates. Since entropy is maximized when all probabilities are
equal, a maximum entropy modelling approach recognizes the probability distribution
that is the closest to uniform; the closest to the probability distribution of the
environmental covariates across all locations (regardless of the presence of sites)
within the study area. In the MaxEnt platform, the uniform distribution is represented

by a background sample (discussed below).

MaxEnt is designed to model presence-only datasets; these are datasets
comprised of records that describe sites of species occurrence, but lack information
about known absences (Elith and Leathwick 2009: 688). One commonly cited
example is the use of museum records complied from natural history collections,
which can be used to determine the presence of a species at given sites, but not the
abundance of that species relative to all possible locations across a landscape (Elith
and Leathwick 2009: 689). Archaeological sites, especially those with a confirmed
sampling bias such as the middle Trent Valley — where many sites were discovered
through commercial construction and not by systematic survey (Richardson1968:3) —
are also examples of presence-only data. While some SDM modelling approaches use

only presence data, such as the BIOCLIM envelope-style method or the DOMAIN
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distance-based approach (Elith et al. 2006: 132), MaxEnt — and other approaches such
as GARP, GLM, GAM, and MARS — characterize the background of the sample in
order to provide “pseudo-absence” locations (Elith et al. 2006:134; Elith and
Leathwick 2009:689). This background data acts as a proxy for the uniform
distribution, and MaxEnt minimizes the relative entropy between this background and
the probability distribution produced by the samples. The MaxEnt program has two
options for this: it either selects a background (a random sample of points from the
landscape), or allows the analyst to provide their own background test sample
(Phillips et al. 2006). The former option is chosen for my analysis; locations in the
machine-chosen background sample can be any potential cell on the landscape of
interest, including presence locations, providing a background sample with similar

biases to the presence samples.

The MaxEnt approach is especially tailored to my purposes since over-fitting
(an issue with using presence-only datasets with small sample sizes) can be
compensated for with regularization (Philips 2006: 234); MaxEnt has an inbuilt
regularization method that is considered to be reliable and to perform well (Elith et al.
2011: 50). However, using different combinations of occurrence locations with such
small samples greatly influences which observations are included in the test results
(Pearson et al. 2007:102). It is for this reason that MaxEnt allows replicate runs, with
three resampling (generalization error estimation) options for these runs: cross-
validation, bootstrap, and subsample. Ten replicate runs were chosen for each sample
set, following Phillips et al. (2006) and Briscoe et al (2014), and cross-validation was

chosen as the resampling strategy.
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Cross-validation is the default resampling option in MaxEnt. It partitions the
data into subsets, and for each run one subset is used to test the model, while the rest
of the data is used to fit the model. Philip et al. (2008: 171) note that these default
settings are suited to a broad range of presence-only datasets. Cross-validation is
similar to subsampling, but has the advantage that all samples in the datasets are
eventually incorporated in both testing and fitting the model, which is beneficial for
small sample sizes (two of the three site datasets used in my study have fewer than 25
samples). Cross-validation sacrifices precision for accuracy: the bias of the true error
rate estimator will be small, but the variance of the true error rate estimator will be
large (Kohavi 1995). Bootstrap often results in low variance but extremely large
spatial auto-correlation biases on some datasets (Kohavi 1995), while cross-validation
tends to limit the biases of spatial auto-correlation (Briscoe et al. 2014: 241). In my
case, cross-validation is beneficial as it equally partitions the high number of clustered
sites around Rice Lake with the fewer number of dispersed sites elsewhere in the
study area, allowing these equally partitioned groups to be validated against one
another. Thus, cross-validation seemed the optimal approach for limiting spatial auto-

correlation.

MaxEnt allows for six different function forms to be used to describe the
relationship between the environmental variables and the probabilities of their
occurrence: Linear features, Quadratic features, Hinge features, Product features,
Threshold features, and discrete categorical features. The default in MaxEnt is the
“Auto-feature” option, which uses all six function forms for sample sizes above 80,
Linear; Quadric, and Hinge for sample sizes between 79 and 15; and Linear and
Quadratic for sample sizes below ten. Syfert et al. (2013) recommend limiting small

samples to Linear features (which use simple linear coefficients for each variable) and
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Quadratic features (which use the squared values of the variables), in order to produce
smooth simplistic models with reliable AUC values. For consistency, function forms

are limited to Linear and Quadratic for all three sample sets.

5.1.2 Using ArcMap 10.2

Geographic Information Systems (GIS) have played an important role in the
advancement of SDMs by providing tools for storing and configuring species records
and environmental data (Elith and Leathwick 2009: 679). The GIS program | have
chosen for these purposes is ArcMap 10.2, the main component of the ArcGIS
software suite, created by ESRI (2013). Typical of GIS software, ArcMap 10.2 is
designed to create, manage, analyze, and visually present all types of spatial data. The
ArcMap 10.2 program was used to build an archaeological database, create the site
samples and environmental variable datasets, and for exploratory data analysis of the

distributions of various landscape features in the study area.

5.2: Datasets for Locational Analysis

My analysis incorporates three distinct groups of data: mortuary site data to
define the locations of verified or potential cemeteries, non-mortuary site data to
determine if location choices among Late Archaic and Middle Woodland cemetery
sites are unique to mortuary sites, and environmental data that represent physical or
biological landscape variables that may have influenced site location choices. The
spatial locations of the sites used in these datasets were mapped using ArcMap 10.2.

The XY coordinates of these sites were then converted to comma separated values
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(CSV) formatting for compatibility with the MaxEnt program. The environmental
variables are raster datasets that were also collected and configured using ArcMap
10.2, and were similarly converted to American Standard Code for Information

Interchange (ASCII) text files for MaxEnt compatibility.

5.2.1 Mortuary Sites: Defining Cemeteries

While this study is primarily concerned with cemetery locations, variable
recovery rates of archaeological materials in the middle Trent Valley complicate the
sample selection. Many mortuary sites, such as the Ashby, Brock Street Burials, and
Polly Cow Island sites, were discovered through construction projects (Hakas 1967;
Johnston 1968a; Ritchie 1971). Richardson (1968:3) notes that cottage and resort
development has likely compromised many such sites. Other sites, such as the Preston
Mounds, Percy Boom, and the Katchewana Mound, have limited site records or
missing collections (Boyle 1889; Dibb, personal communication 2015; Richardson
1968). Due to these unfortunate circumstances, less than half of the known potential
cemetery sites can be verified as meeting the cemetery criteria outlined in Chapter 2.
To compensate for this small sample size, two mortuary datasets were chosen for
analysis (Table 1). The Total Mortuary (TM) dataset contains all Late Archaic/Middle
Woodland mortuary sites belonging to the study area that potentially represent
cemeteries. These include all burial mound structures, multiple burial sites, and
single/disturbed burials that include evidence of ritualization, exotic goods, and formal
positioning. The Cemetery (C) dataset is more restricted, containing only the eleven
mortuary sites that meet the criteria for defining cemeteries. If environmental

preferences are shared by the TM and C site samples, the reality of these
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environmental preferences will be reasonably supported, regardless of these sample
biases. For a full description of the TM and C datasets, please see Appendix 1:

Archaeological Data Descriptions and Sources.
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Table 5.2 Total Mortuary Sites and Cemetery Sites Datasets

* Indicates that sample also belongs to C Dataset.

Formal

Site Name Borden Chronology Site Type Order/ Grave Exotic/Valued Items Other Ritual Sources
Number o Goods
Position
Ashb BbGj-2 Middle Single Burial Y Hakas 1967; MTSC 2012
y ! Woodland 9 '
Brock Street : Middle . . Bone discs (human skull?), |  Johnston 1968a; Kenyon et
Burials BoGn-3 Woodland Single Burial Y Y stone adzes al. 1961
, . Marine conch shell; iron pyrites; . . Boyle 1898; Hakas 1973;
*
Cameron S BbGm-1 Middle Mound Group Y Y copper / silver beads, silver-foil Red ochire, limestone PIPE, Johnston 1968a; Kenyon
Point Woodland . stone adzes, cremation
tubing, 5 copper sheets 1986
- . . Red ochre, clay pipe bow,
*
BcGo-17 Auchaic /Middle Mult!ple Burials/ Y Y Sheet of mica dog burial, possible Conolly et al. 2014
Jacob Island Woodland Possible Mound -
cremation
Cantrell BaGo-13 Middle Multiple Burial Y Roberts 1978, MTSC 2012
Woodland
* Middle . . . Johnston 1968a; Roberts
Cow Island BaGn-8 Woodland Multiple Burials Y Marine conch shell 1978
East Grape Middle Johnston 1968a; Richardson
Island BbGm-9 Woodland Mound Group Y 1968
*
. Middle Marine shells, onyx gorget, Boyle 1896; Johnston 1968g;
Eals;{?#gar BoGm-11 Woodland Mound Group Y Y copper beads, copper gorget Richardson 1968
Harris Island Middle O'Brien 1977; Roberts 1978;
(West) BOGM-3 | \wgodland Mound MTSC 2012
Harris Island Middle . )
Mound BbGm-27 Woodland Mound Obrien 1977; MTSC 2012
Katchewana Middle . . Dibb, Personal
Mound NIA Woodland Possible Mound Y Stone pipe Communcation 2015
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*

Dibb, Personal

Kidd Mound BcGn-4 Avrchaic Mound Copper projectile point Stone adzes Communcatlz(z)n1 5015; MTSC
- Worked copper and silver, silver
Middle ore, mica, peforated sharks . Johnston 1968a; Richie 1965;
Lel\\/llgzzznte BoGk-2 Woodland Mound tooth, marine shell, corals, Stone adzes, Cremation Kenyon 1986
whetstones
*
. Middle . . Boyle 1897; Johnston 1968;
Miller BaGn-2 Woodland Mound Group Turtle effigy, cremation MTSC 2012
Mound
(é\goeolri) BbGI-1 Avrchaic Possible mound Several stone adzes Hakas 1967; MTSC 2012
* Middle .
Percy Boom BbGk-4 Woodland Mound Group Richardson 1968
Pollééggw BcGn-5 Avrchaic Possible Mound Adena-like biface Ritchie 1971; MTSC 2012
*
Preston. BbGlI-2 WI\(/)ICI)%?;?] q Mound Group Fine sandstone pendant Cremation Boyle 1889; Kenyon 1986
Mounds
Rainy Point BbGm-4 WI\(/)I(IJ%?;?\ d Mound MTSC 2012
* Possible Archaic/ . . Mussel shell lenses .
Serpent BbGm-2 Middle Mound Group Marine shell, copperisilver (labour-intensive), dog and Johnston 1968b; Kenyon
beads, horn coral . 1986
Mounds Woodland wolf teeth, cremation
Spook Island . Allen 2003; Helmuth 2003;
5 BaGn-112 Avrchaic MTSC 2012
\Webster- Peterborough Review 1911,
Middle Stone adze imbedded in Dibb, Personal
Marshal BcGn-8 Mound . . .
Mound Woodland cranium Communication 2015;
MTSC 2012
*
White's BbGM-7 Archaic Multiple Burials Red ochre, possmle Richardson 1968; Johnston
Island cremation 1968a
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5.2.2 Non-Mortuary Sites

In order to determine if potential relationships between environmental variables
and cemetery site locations are in fact unique to these sites, a set of non-mortuary sites
will also be tested with the MaxEnt program. Sites with evidence for distinct human
activities have been chosen for this dataset, since these are likely more reflective of
strategic location choices compared to surface finds of isolated artifacts. These sites
are listed below in Table 4.3. For further description of the NM dataset, including a
map of site distributions, please see Appendix 1: Archaeological Data Descriptions and

Sources.
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Table 5.3 Non-Mortuary Site Dataset

Borden Number Site Name Chronology Features and Artifacts Sources
BaGm-5 McFarland Late Archaic 5 ground stone axes MTSC 2012
BaGn-1 Gore's Landing Late Archaic Campsite, Vinette Il ceramics Boyle 1968; MTSC 2012
BaGn-14 Seidl Middle Woodland 21 lithics including 1 projectile point MTSC 2012
BaGn-5 West Sugar Island Late Archaic Campsite, Vinette Il ceramics Richardson 1968; MTSC 2012
BaGn-6 MacMahon Late Archaic Campsite, 400+ lithic art_lfac_ts (prl_marlly debitage), MTSC 2012

fluted projectile point
BaGn-63 Pengelly Late Archaic Single occupation MTSC 2012
BaGn-65 Halstead Late Archaic Lithic scatter MTSC 2012
BaGn-67 Sugar Stream Cody Late Archaic Otter Creek lithics: se%ri‘t)izzt"e points, scrapers, MTSC 2012
BaGn-69 Barking Dog Ponds | Late Archaic/Middle Woodland lithics, and isolated Woodland point found nearby MTSC 2012
BaGn-7 West Grape Island Middle Woodland Midden Richardson 1968 MTSC 2012
BaGn-70 Blezard 1 Late Archaic/Middle Woodland Lithic scatter and localized surface material: MTSC 2012
projectile points, preforms, tool production.
BaGn-71 Blezard 2 Late Archaic/Middle Woodland Lithic Scatter MTSC 2012
BaGn-72 Buttar Late Archaic 500+ lithics: fluted points, prolecFlle points scarpers, MTSC 2012
cutters, retouched bifaces
BaGn-75 Graham Fisher Late Archaic Lithic scatter MTSC 2012
BaGn-76 Inner City Angels Late Archaic Lithic scatter MTSC 2012
BaGn-77 Jenna Late Archaic Lithic scatter MTSC 2012
BaGn-78 Jibb Late Archaic Lithic scatter MTSC 2012
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BaGn-79 Johnny Lean Late Archaic Lithic scatter MTSC 2012
BaGn-80 Linton Late Archaic/Middle Woodland Late Archaic lithics, Middle Woodland Campsite MTSC 2012
BaGn-84 Schoolbus Pond Middle Woodland Projectile points MTSC 2012
BaGn-86 Swan's Bottom Late Archaic Lithic Scatter MTSC 2012
BaGn-88 Turner Ridge Late Archaic Lithic Scatter MTSC 2012
BaGn-89 Twinkie Late Archaic Lithic Scatter MTSC 2012
BaGn-90 Westington Late Archaic Lithic Scatter MTSC 2012
BaGn-91 Alderton Late Archaic Lithic Scatter MTSC 2012
BaGn-92 Bear Ridge Late Archaic Lithic Scatter MTSC 2012

BaGo-1 Larmer Middle Woodland Campsite with midden Hakas 1967; MTSC 2012
BaGp-20 Swartz Late Archaic Large quantity of variatt)cl)z; hert material, including Roberts 1978; MTSC 2012

Levanna and Madison points, Laurentian Late
BbGj-1 Morrow Late Archaic Agrr‘(’)zz’;]'g Zﬂzaetf“p‘]:ugrg‘rf;f’uﬁjr;ﬁi';gbci‘r’]ee'r";‘:oafﬁg’ Hakas 1967; MTSC 2012
stone artifacts with pottery sherds
Laurentian Late Archaic bifaces, Late Archaic
BbGj-4 McFarlane Late Archaic/Middle Woodland Broadpoint stone artifacts, debitage, Middle Ellis and Foster 1986; MTSC 2012
Woodland artifacts, animal bone fragments.

BbGj-5 McFarlane 2 Late Archaic/Middle Woodland L'thé(;iﬂrs?%%%ti'; géxggﬁi\é\;?gg:;nﬂ ggr:g)fétfetissétone MTSC 2012
BbGk-10 Log Cabin Point Late Archaic/Middle Woodland Campsite MTSC 2012

BbGI-3 Shaw Middle Woodland Shell midden MTSC 2012
BbGm-12 Godfrey Point Middle Woodland Campsite MTSC 2012
BbGm-13 Spillsbury Bay Late Archaic/Middle Woodland Shell mldde;rgllzgtgf)g:]fgr]l;r:%;:;e:zm;z,;lthlcs, bone Richardson 1968; MTSC 2012
BbGm-14 Foley Point Late Archaic/Middle Woodland Described as village Richardson 1968, MTSC 2012
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BbGm-17 Elmhirst Late Archaic Campsite, Laurentian lithics MTSC 2012
i . Campsite: 20 ground stone tools, one gouge, one
BbGm-21 John Late Archaic slate projectile point (Laurentian) MTSC 2012
BbGm-22 Poison lvy Middle Woodland Campsite MTSC 2012
BbGm-34 Prison Island Middle Woodland Large shell midden Richardson 1968; MTSC 2012
Features include hearths, storage & post molds.
BbGm-39 * Late Archaic Various preforms, projectiles, groundstones, and MTSC 2012
ceramics. Pipe bowl fragment.
BbGm-40 * Middle Woodland Lirhics and Vinette Il pottery MTSC 2012
BbGm-43 * Middle Woodland Deer bone, lithics, Vinette Il ceramics MTSC 2012
BbGm-44 * Middle Woodland Vinette Il ceramics MTSC 2012
BbGm-45 * Middle Woodland Vinette Il ceramics MTSC 2012
BbGm-46 * Middle Woodland Vinette Il ceramics, biface, animal bone MTSC 2012
BbGm-47 * Middle Woodland Vinette Il ceramics MTSC 2012
BbGm-48 * Middle Woodland Vinette Il ceramics MTSC 2012; Richardson 1968
. s Multi-component site; pottery and chert materials )

BbGm-6 Loucks Point Late Archaic/Middle Woodland from Laurentian Late Archaic to Late Iroquoian Boyle 1897; Johnston 1968a
BbGm-8 Hickory Island Late Archaic Campsite MTSC 2012; Richardson 1968
BbGn-10 * Late Archaic Projectile points, axes Roberts 1978; MTSC 2012
BbGn-12 Late Archaic 1 copper point MTSC 2012

BbGn-2 Mclntyre Late Archaic/Middle Woodland Groundstone, copper, (i:rl]:f;t):ri stone, features of rock Richardson 1968; Johnston 1968a; 1984
BbGn-24 Bandana Late Archaic 55 lithic artifacts: chebritfsaigg quartz, scrapers and MTSC 2012
BbGn-26 Kawartha Trails Middle Woodland Chipped and pecked lithics MTSC 2012
BbGN-29 - Late Archaic 6200 artifacts: pottery, scrapers, lithic debitage and MTSC 2012

various lithic projectile points
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BcGk-2 Trent Island 2 Middle Woodland Midden Richardson 1968; MTSC 2012
BcGk-3 Trent Island 1 Late Archaic/Middle Woodland Midden and evidence for quarrying Richardson 1968; MTSC 2012
884 artifacts, including ground stone adze and
BcGk-6 Healey Falls Late Archaic projectile point, other lithics, ceramics, fossil beads, MTSC 2012
; 442 bone fragments
BcGn-1 Katchiwano Island 2 Late Archaic Large blade, chert flakes, ma_mmal bones, and late MTSC 2012
woodland ceramic sherds
. . Campsite: ceramic sherds, 2 projectile points, 1
BcGn-2 Katchiwano Island 3 Late Archaic scraper, both quartz and chert lithics. MTSC 2012
Campsite: 373 artifacts: 123 lithic debitage, 121
BcGo-13 Timberlane Late Archaic/Middle Woodland | ceramic sherds, 7 quartz flakes, 2 scrapers, 57 faunal MTSC 2012
remains
BAGM-11 Big Foote Middle Woodland Campsite: lithics, ceramics, groundstone adze, MTSC 2012
g abrading stone
BdGn-12 West Burleigh Bay | Late Archaic/Middle Woodland Late Archaic lithics, M\lehci:gamlcs, Pipe Fragments, Jamieson 2002
BdGo-6 * Middle Woodland MW 75 ceramic sherd, 104 lithics, 61 faunal remains MTSC 2012
BdGp-12 - Middle Woodland 10 lithics of various materl_als/technologles, 5 cut MTSC 2012
sheet mica.

BdGp-13 * Late Archaic Lithic Scatter: 8 artifacts MTSC 2012
BdGp-18 * Middle Woodland 10 ceramic sherds, chunk of quartz MTSC 2012
BdGp-20 * Middle Woodland 11 lithics and 25 ceramic sherds MTSC 2012
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5.2.3 Environmental Variables/Parameters

The environmental variables chosen for this study are represented by spatial
datasets created in ESRI’s ArcMap 10.2, which correspond to features of the
landscape that may have directly or indirectly affected the locations of cemetery sites.
Since MaxEnt is an iterative process, it is possible to isolate environmental variables
from a dataset that have the highest predictive power for the eco-cultural niche
models, leading to final models with limited parameters that better represent the
shared ecological characteristics of site locations. In my application, 15 environmental
variables that may have influenced location decisions for cemetery sites have been

selected based on the expectations presented in Chapter 4.

In regions with environmental variability, theory predicts that hunter-
gatherers will choose to reside in locations with optimal access to surrounding
resources, normally with catchments/foraging radiuses of less than 10 km (Kelly
1998). Based on this logic and the proximity of sites in the study area, environmental
covariates representing the local availability of resources were created, in which the
range of availability of resources in catchment sizes of 4km and 8km were determined
for each raster cell location (such as the square meter sum of wetland areas within
4km or 8km catchments). Other environmental variables have data values that
correlate to particular locations in which a cemetery may or may not be present (e.g. a
soil texture covariate is comprised of soil units of various sizes across the land
surface, while elevation data is given for 10m? raster surface cells), or represent the
distance from each raster surface cell to the closest cell with the environmental
variable of interest present (such as distance to water). Environmental features

representing the same ecological characteristics are reproduced as local availability,
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cell location, and cell distance variables as a conservative measure for the MaxEnt

iterative process.

While several of the potential variables may not have directly influenced site
locations, they may reflect habitats of certain flora and fauna, or landscape features
that affect transportation, site visibility, site construction, or site protection. These
potential environmental variables are outlined in Table 4.4, and descriptions of the
datasets are discussed in the Appendix: Dataset Descriptions and Sources. All GIS data

were retrieved through the Scholars GeoPortal (2015).
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Table 4.4 Environmental Variables/Covariates

* See Appendix 1: Dataset Descriptions and Sources for further details.

Environment

Variable Description Potential Relevance Data Type Source
/Covariate
Terrain elevation: alom cell size May reflect a preferred top_ography (e:g_. glgvated 5|tes_ are protected Ontario Ministry
. g - from flooding and have increased visibility). Elevation can also . of Resources
elevation Digital Elevation Model (DEM) : - : Continuous
- affect vegetation types, due to its effects on drainage, temperature, (2006), Scholars
measured in meters above sea level. .
and erosion. Geoportal (2015)
. ) . — Cemetery sites may be located on level ground for practical Ontario Ministry
Terrain slope: an elevation derivative, P . . .
.o purposes, limiting their location. Steep slopes can also shelter sites, . of Resources
slope the degree of steepest incline for each . oo Continuous
and effect water drainage/availability. Slope steepness also tends to (2006), Scholars
raster cell. . : - .
increase with proximity to water bodies. Geoportal (2015)
Terrain aspect: an elevation Sites may be oriented on slopes in particular nautical directions Ontario Ministry
. derivative, the steepest down-slope tes may b pes In p o - . of Resources
aspect_lin o again indicating shelter from the wind, or visibility from other sites | Continuous
direction for each raster cell. or transportation routes (2006), Scholars
Converted to radians and linearized. P ' Geoportal (2015)
Terrain ruggedness: an elevation Sites may share certain degrees of ruggedness. Ruggedness can Ontario Ministry
Ruggedness derivative. The standard deviation of nay €9 . 99 - Ruggeaness c . of Resources
affect wind shelter, vegetation, soil drainage, and the availability of | Continuous
100 the slope for every 100m razing animals in the winter (2006), Scholars
neighbourhood in the slope raster. 9 g ' Geoportal (2015)
Soil texture: elght_ ordinal categories The texture of a soil may indicate its nutrient availability, pH, and Soil Survey
. of A Horizon soil textures, in soil - X . . . Complex (2009),
soil_texture - ; ability to hold moisture or drain effectively. These factors can affect | Categorical
units composed of different raster cell . . . - Scholars Geoportal
- vegetation, which may also affect the presence of certain animals.
quantities. (2015)
Soil stoniness: six ordinal categories Soil Survey
stoniness of soil stoniness, in soil units Soil stoniness affects the ability of soils to drain, the degree of soil Categorical Complex (2009),
composed of different raster cell erosion, and the ability of seedlings to take root. g Scholars Geoportal
guantities. (2015)
Local availability of fertile soils 0 icand | il ideal soils f ial Soil Survey
_ within a 4 km catchment: the sum of rganic and loamy soils are ideal soils for many types of terrestria _ Complex (2009)
fertile_4km ‘ vegetation, and their presence often leads to habitats with terrestrial | Continuous ’

organic and loamy soils in a 4km
neighbourhood of each raster cell.

vegetation diversity and abundance.

Scholars Geoportal
(2015)

104




Local availability of fertile soils
within an 8 km catchment: the sum of

Soil Survey
Complex (2009),

fertile_8km . - As above. Continuous
organic and loamy soils in an 8km Scholars Geoportal
neighbourhood of each raster cell. (2015)
Local availability of well-drained While some vegetation types can tolerate wet site conditions, others Soil Survey
. soils within a 4km catchment: the sum | cannot. The majority of mast trees require well-drained soil for root . Complex (2009),
welldrained_4km ) . L - . . - Continuous
of well drained soil in a 4km respiration. This category considers soil texture as well as soil depth Scholars Geoportal
neighbourhood of each raster cell. and groundwater. (2015)
Local availability of well-drained .
ASE ) Soil Survey
soils within an 8 km catchment: the
. A . . . Complex (2009),
welldrained_8km | availability (sum) of well drained soil As above. Continuous
. . Scholars Geoportal
in a 8km neighbourhood of each
(2015)
raster cell.
When water is accumulated from precipitation rather than from
flooding, mineral soils are limited. The accumulation of organic
debris can reduce drainage, and a lack of water flow prevents
aeration, leading to oxygen depleted soils that prevent the decay of .
; 7 X - Physiography of
. . - peat. These soils are acidic, low in nutrients, and lack the oxygen .
. Euclidean distance to the surficial - . - . Ontario database
peat_muck_dist - needed for the root respiration required by most types of vegetation. | Continuous
geological category of peat and muck. o . (2007), Scholars
Therefore, areas with significant accumulations of peat and muck
. . - : Geoportal (2015)
(enough to define their surficial geology) are representative of
anaerobic wetlands. Anaerobic wetlands support very little aquatic
life. This variable is used to separate resource-rich wetlands from
resource-depleted wetlands.
Local availability of modern wetlands | Wetlands that are fed by a water source tend to contain mineral soils Source Protection
associated with a water feature, carried by water flow. The relatively high drainage of mineral soils, Area Generalized
wetlands_4km within a 4 km catchment: the sum of and the replenishing of these wetlands by flowing water, leads to Continuous vector dataset
wetlands with flowing water in a 4km aerobic wetland environments. Aerobic wetlands are productive (2008), Scholars
neighbourhood of each raster cell. wetlands in that they support a variety of aquatic life. Geoportal (2015)
Local availability of modern wetlands .
. : Source Protection
associated with a water feature, .
within an 8 km catchment: the sum of . Avrea Generalized
wetlands_8km ) As above. Continuous vector dataset

wetlands with free-flowing water in a
8km neighbourhood of each raster
cell.

(2008), Scholars
Geoportal (2015)
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Source Protection
Area Generalized

Distance to a modern wetland
associated with a water feature;

As above.

vector dataset
(2008), Scholars
Geoportal (2015)

Continuous

wetland_dist Euclidean distance of each cell to an
observed wetland with free-flowing
water.
L Ontario
. . The presence of nearby lakes and perennial rivers or streams has -
Distance to a permanent water source; i, Hydrological
. i : been a favourable condition for hunter-gatherer settlements .
water_dist Euclidean distance to a lake, or . . Continuous | Network (2010),
A throughout prehistory, as they attract prey, provide fishing grounds,
perennial river or stream. : Scholars Geoportal
and act as travelling routes. (2015)
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5.2.4 The Use of Modern Environmental Data

The available datasets describe the modern distributions of landscape features,
which presents complications for understanding the paleo-landscape. For this reason
abiotic rather than biotic variables have been chosen; topographic variables such as
elevation were largely the product of events that precede human occupation of the
study area, while hydrological and edaphic variables can be accounted for by

considering environmental and anthropogenic change in the region.

5.2.4.1 Hydrological Variables. To understand hydrological change in the
study area, the pre-dam water levels of proto-Pigeon Lake were reconstructed from
bathymetric data, and a model of pre-dam Rice Lake was used, as created by Jeffery
Dillane (Dillane 2010; Personal Communication 2015). These reconstructions provide
a comparative measure for the modern hydrological data used to create the covariates
associated with areas of wetland and water in the catchments around sites (Table 4.4).
For a full description of the methods used reconstruct the surface water level of

Pigeon Lake, please see Appendix: Dataset Descriptions and Sources.

5.2.4.2 Edaphic Variables. The two soil quality variables used in my analysis
(soil texture and soil stoniness ) are based on A Horizon soil data from a modern soil
series map of Ontario developed by the Ontario Ministry of Agriculture, Food and
Rural Affairs (2009). An A Horizon is the upper soil tier, often comprised of several
layers of mineral or organic soil that are roughly parallel to the land surface and that
are altered by the five main processes of soil formation: climate, organisms,
topography, parent material, and time (Johnson et al 2005:12). Since soils vary over
time, the use of modern data can present certain complications for understanding

ancient soils; natural depositional events and anthropogenic activities often lead to

107



significant soil property alterations. As examples, modern ploughing can blend
organic topsoils with sub-layers of the A Horizon that exist within a foot of the
modern surface (Stewart 2002: 178), and flooding can both erode and deposit new soil

materials (Dregne 1987).

Several features of the study area justify the use of modern A Horizon soil
data. With the exception of Kidd Mound and Polly Cow Island, all confirmed and
potential cemetery sites used in this study are located within the Peterborough drumlin
field (see Chapter 4, Figure 4.1.3), which is a product of glacial activities that precede
activities at archaeological sites of interest (Adams and Taylor 2009; Crozier 1972,;
Ecclestone and Cogley 2009). In a general sense, this shared surficial geology
supports similar formation processes with regards to flooding and soil weathering, and
soil disturbances caused by severe depositional events are limited due to the
stabilization of floodplains since 1500 BP (Crawford et al. 1998:132-134). Soil
horizons in the study area are clearly marked outside of plough zones; the
development of distinct soil horizons is especially time-transgressive, so that younger
deposited soils have less distinct soil horizons, while in older soils the horizons are
clearly observed (Steward 2002:178). Still, numerous factors do affect soil
composition and it is important to use modern data with caution. To mediate this
uncertainty, soil types were limited to broad categories that are largely the product of
the underlying parent materials and basic geomorphologic factors (i.e. loams, sands,

silts, clays, and organics).
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5.4 The Goldstein/Kelly Hypothesis: Predictions and Correlates

The Goldstein/Kelly hypothesis predicts that the emergence of cemeteries is a
product of competition or cooperation between communities, with cemeteries
functioning to confirm and maintain ancestral ties to critical resources in the seasonal
movement of corporate groups, especially in areas where valued resources are
available in local patches but are otherwise regionally scarce. The locational analysis
outlined in this chapter will enable the correlation between environmental variables
and the locations of cemetery sites; the degree to which the environmental contexts of
confirmed or potential cemetery sites differ from non-mortuary sites; and which
environmental niches were most likely exploited by the corporate groups represented
by these site locations. Since lacustrine, riparian, and wetland resources are prominent
features of subsistence economies during the Late Archaic and Middle Woodland
periods, and since there is evidence for the centrality of cemetery sites along the
Trent-Severn water system (Conolly 2015), | predict that the C and TM datasets will
share strong correlations with perennial water sources and other factors reflecting the

presence of aquatic or semi-aquatic resources, compared to the NM dataset.

While the locational analysis may demonstrate a systematic relationship
between site samples and environmental variables, it is important to note that this
does not confirm that a casual relationship existed. If strong correlations are present
between certain environmental variables and the C/TM datasets that are not shared by
the NM dataset, then the Goldstein/Kelly hypothesis can be further explored: strategic
positioning of cemeteries around particular ecological settings compared to other site
types is unlikely to be coincidental, and may indeed reflect the presence of critical

resources that may have been worth securing through the construction and
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maintenance of corporate group cemeteries. However, if such a correlation does not
exist between certain variables and cemeteries, or if the correlations are stronger
between non-mortuary sites and these variables, then the Goldstein/Kelly hypothesis
will not be supported by the analysis. This may demonstrate that cemeteries were a
product of people frequenting certain areas for longer periods of time, and were

intended for purposes other than ecological interests.

In closing, the evaluation of how environmental characteristics relate to site
locations is valuable, but the results of this analysis must be compared to other lines
of information to further determine the validity of the Goldstein/Kelly hypothesis to
the study area. Chapter 6 will present the results of the ecological modelling and GIS
exploratory analysis, and these results will be interpreted in the context of
archaeological, paleoecological, and ethnographic evidence for the middle Trent

Valley in Chapter 7.
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CHAPTER 6: A LOCATIONAL ANALYSIS OF HUNTER-GATHERER
CEMETERIES IN THE MIDDLE TRENT VALLEY — RESULTS

This chapter presents the results of a locational analysis of Late Archaic and
Middle Woodland cemeteries in the middle Trent Valley of southern Ontario. The
primary means of analysis are eco-cultural niche models created through independent
tests executed in the MaxEnt modelling platform (Version 3.3.3e, Dudik et al. 2010),
which allow for ecological comparisons of the locations of confirmed cemetery sites (C),
all potential and confirmed cemetery sites (TM), and non-mortuary sites (NM). For each
test, summary statistics for 10 replicate runs were used to produce a final model; these
models will be referred to as the C model, TM model, and NM model, based on the
corresponding datasets used as presence samples. These models were supplemented by
GIS exploratory data analysis using ArcMap 10.2 (ESRI 2013). The results demonstrate
strong correlations between cemetery sites and certain environmental characteristics
which are not shared by non-mortuary sites, suggesting that cemetery location decisions

were indeed associated with ecological parameters.

6.1. Refining Environmental Variables for Analysis

Preliminary tests were undertaken in order to isolate environmental
variables from the list presented in Chapter 4 (Table 4.4) that contributed to the models in

a meaningful and significant way. Environmental variables that did not have a significant
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contribution to the models were removed. Of the original 15 environmental variables

configured for analysis, four were chosen to produce the final models (Table 6.1).

Environmental

Variable/ Description Data Type Source
Covariate
Distance to a permanent water source; Ontario Hydrological
water_dist Euclidean distance to a lake, or Continuous | Network (2010), Scholars
perennial river or stream. Geoportal (2015)

. . . Source Protection Area
Distance to a productive wetland; .
Generalized vector dataset

wetland_dist Euclidean Q|stance to an observed Continuous (2008), Scholars Geoportal
wetland with free-flowing water. (2015)

Eight ordinal categories of A Horizon Soil Survey Complex

soil_texture - Categorical | (2009), Scholars Geoportal
soil textures.
(2015)
. . . . Soil Survey Complex
stoniness Six ordinal categories of the stoniness Categorical | (2009), Scholars Geoportal

of the A Horizon soil surface.

(2015)

Table 6.1 Environmental variables used in final MaxEnt models.

Three modeling outputs of MaxEnt program — jackknife tests of regularized training
gain, analyses of variable contributions, and response curves — were used to determine which
environmental variables were the most effective at predicting ecologically suitable locations for
each of the three models. Training gain is essentially a measure of how closely the model is
concentrated around the presence samples; the jackknife test measures the training gain of each
environmental variable when the model is run on that variable in isolation, and compares this result
against the training gain of the model when the same variable omitted. This is a useful test for
identifying which variables contribute the most to the model independently of the other variables,
allowing for dependent relationships between variables to be discerned. Analyses of variable

contributions are essentially estimations of the relative contribution of each variable, provided by
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adding or subtracting the regularized training gain from each iteration within the MaxEnt
modelling process. Response curves were also used as a final measure of each variable’s
significance, in order to discern whether the probability of site presence shares an observable
relationship with each environmental variable as its data values are varied. The final results of the
analyses of variable contributions (Tables 6.2., 6.3, and 6.4.) and jackknife tests (Figures 6.1.1,
6.1.2., and 6.2.3) for the C, TM, and NM models are depicted below, while the final response

curves are discussed independently in Section 5.4 of this chapter.

Variable Percent contribution | Permutation importance
water_dist 72.8 85.5
stoniness2 18.2 8.1
wetland_dist 5.6 3.3
soil_texture 34 3.3

Table 6.2 Analysis of Variable Importance for C model.

Variable Percent contribution | Permutation importance
water_dist 66.8 82.5
stoniness2 21.8 8.7

wetland_dist 6.2 2.1
soil_texture 5.1 6.7

Table 6.3 Analysis of Variable Importance for TM model.

Variable Percent contribution | Permutation importance
stoniness2 31.4 21.9
nmtexture 30.6 39.5
water_dist 19.6 20.3

wetland_dist 18.4 18.3

Table 6.4 Analysis of Variable Importance for NM model.
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Jackknife of regularized training gain for Cemeteries
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Figure 6.1 Jackknife test of C model.
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Figure 6.3 Jackknife test of NM model.
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For the C and TM datasets, water_dist had the greatest contribution to the model,
the highest training gain when used in isolation, and the greatest decrease in training gain
when omitted. In preliminary tests, elevation and slope had contributions similar to
water_dist, but the jackknife tests demonstrated that these three variables contained little
information that was not present within the other variables. Comparisons of raster grid
cell values in ArcMap 10.2 verified that terrain elevation decreases and terrain slope
increases closer to water sources in the study area, and so these correlated variables were
removed to improve model performance. While the wetland_dist variable did not
contribute to the models as significantly as water_dist, soil_texture, or stoniness,
response curves for the C and TM models indicate that this variable is indeed meaningful
for predicting site locations. The remaining variables (aspect_lin, ruggedness_100,
fertile_4km, fertile_8km, welldrained_4km, welldrained_8km, peat_muck_dist,
wetlands_4km, and wetlands_8km) were removed from the final analysis due to their
minimal contributions: the estimated relative contributions of these variables were below
5%, significant independent information was not discernible for each of these variables
through the jackknife tests, and meaningful relationships were not observed in the
response curves. For the results of the preliminary tests, please see Appendix: Dataset

Descriptions and Sources.
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6.2. Model Validation

6.2.1 Receiving Operator Characteristic Curves

Receiving Operator Characteristic (ROC) curves were used to measure the C,
TM, and NM models’ abilities to detect presence locations, averaged over the 10
replicate runs used in each test. The ROC curves contain a sensitivity value on the Y
axis, and a specificity value on the X axis. Sensitivity represents the fraction of cells in
the study area with a site present that each model has correctly identified as positive, as a
value between 0 and 1 with the true positive value being 1. Specificity represents the
fraction of cells without a site present that each model has correctly identified as
negative, again measured as a value between 0 and 1, with the true negative value also
being equal to 1. The averaged ROC curves for each dataset are presented in Figures 6.4,

6.5, and 6.6.
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Figure 6.4 Averaged ROC curve for C dataset.
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Figure 6.5 Averaged ROC curve for TM dataset.
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Figure 6.6 Averaged ROC Curve for NM dataset.

The C dataset model (Figure 6.4) is highly sensitive and modestly specific, while
the TM dataset model (Figure 6.5) is both highly sensitive and specific; these results can
be attributed to the comparatively small sample size of the C dataset, which led to a
smaller number of test points, reducing the estimated certainty of the C model in
predicting the absence of sites. The ROC curve for the NM dataset (Figure 6.6) contains

values of low sensitivity and high specificity, demonstrating that the model was able to
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discriminate whether a site was absent with a high level of certainty, but was less
effective at discriminating whether a site was present. While a large number of test points
were available for validation of the NM model, allowing for a reliable estimate of site
absences, the NM site samples corresponded to the environmental variables in a less
consistent manner compared to the C and TM samples, reducing the model’s certainty in

predicting presence locations.

6.2.2 Area under the ROC Curve

The area under the ROC curve (AUC) is widely recognised as a reliable summary
statistic for measuring a diagnostic test’s accuracy (Chen et al. 2013; Finke et al. 2008;
Faraggi et al. 2002, Kame 1988). AUC values range from 0 to 1, with 1 indicating a
perfect test, and values below 0.5 usually indicating that the model does not have any
discriminative power for detecting site presences (Finke et al. 2008: 2793). Merow et al.
(2013:1067) warn that caution should be used when interpreting AUC values for
presence-only modelling approaches; high AUC values indicate that the model is able to
distinguish between presence and background locations, but this can be misleading since
the randomized background samples may also contain presence locations. Still, the
authors recognize that alternatives to AUC are lacking for presence-only approaches, and
that it remains a potentially useful measure for modelling performance (Merow et al.

2013: 1067).
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For each ROC curve, MaxEnt produced an associated AUC value, again averaged
over the 10 replicate runs used for building the final model. As depicted in Figures 6.2.1.,
6.2.2., and 6.2.3, the mean AUC values are 0.867 for the C model, 0.805 for the TM
model, and 0.691 for the NM model. While all three mean AUC values are considered
significant, it is apparent that the environmental variables were better predictors of C and

TM sites than they were of NM sites.

6.3 Predicted Ecological Suitability across the Study Area

6.3.1 Point-Wise Mean Distribution Models

Images of the final models were outputted by MaxEnt that visually represent the
predicted logistic probability that conditions across the study area are ecologically-
suitable, based on each sample of archaeological sites. ASCII outputs of the point-wise
mean (the average logistic predicted probability over the 10 replicate runs) for each
model were produced in MaxEnt, then exported to ArcMap 10.2 and converted to raster
surfaces. These raster surfaces were then reorganized into 5 equal interval classes to
visually improve these probability representations, with the lowest class representing
raster cells with a logistic probability less than 0.20, and the highest class representing

cells with a logistic probability greater than 0.80.
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As depicted in Figure 6.7, the C and TM models share similar distributions, with
the TM model recognizing a greater proportion of cells as being ecologically suitable
locations for mortuary sites. In both models, the most suitable presence locations for sites
are within the central portion of the study area, from along the northern shores of Pigeon
Lake, Buckhorn Lake, and Stoney Lake, to along the northern shore of Rice Lake. The
NM model contains fewer locations with high predicted suitably, but in general the most
suitable areas for this model are predicted to be north of Buckhorn Lake, and southeast of

Rice Lake.
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Figure 6.7 MaxEnt-derived logistic probability of suitable conditions for C Model
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Figure 6.8 MaxEnt-derived logistic probability of suitable conditions for TM Model
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Figure 6.9 MaxEnt-derived logistic probability of suitable conditions for NM Model
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6.3.2 Binary Distributions of High Predicted Suitability

Binary distributions were also created in ArcMap 10.2 from the point-wise mean
probability raster surfaces for each model. This involved reclassifying each raster surface
into two classes: one for logistic probability values of 0.80 or greater, and one for
probability values below 0.80. This resulted in distributions that better visually represent
the areas of high ecological suitability for C, TM, and NM site locations. Site locations

were added to the binary distributions for reference.

While known cemetery (C model) sites are distributed throughout the central
portion of the study area, areas with high predicted suitability for cemetery sites are
concentrated along the northern shores of Pigeon Lake, Buckhorn Lake, Stony Lake, and
Rice Lake (Figure 6.8). The Le Vesconte Mound and the Percy Boom mounds are the
only cemetery sites that are not located close to areas with high predicted suitability. It is
interesting, however, that these particular sites are located at a transportation corridor for
the study area. The confirmed and potential cemetery (TM model) sites are located very
close to areas with high predicted suitability, with both known sites and predicted
locations concentrated primarily along the northern shore of Rice Lake (Figure 6.9);
however, similar to the C model, Le Vesconte Mound and the Percy Boom mounds are
located away from areas with high predicted suitability, as is the nearby Ashby site.
Compared to the C and TM models, the NM model was less able to determine
ecologically-suitable areas for non-mortuary site locations (Figure 6.10). This may be due
to a greater variability in the desirable landscape features driving location decisions for

non-mortuary sites.
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6.3.3 Mann-Whitney U-Test of Mean Euclidean Distances

As an additional measure of the ecological suitability for burial sites compared to
non-burial sites, the average Euclidean distances of the C, TM and NM samples to areas
with high (>.80) predicted suitability were calculated in ArcMap 10.2, and tested using
the Mann-Whitney u-test. The Euclidean distances of the C, TM, and NM samples
correspond to the TM binary model since — of the two models measuring the ecological
suitably of burial sites — this model has a higher level of uncertainty and is therefore the

more conservative measure for comparing burial versus non-burial sites.

First, | created a Euclidean distance raster surface for the TM binary model
(Spatial Analyst toolbox/Euclidean distance), and used the “extract by point” function
(Spatial Analyst toolbox/Extraction) to calculate the distance for each sample location.
Averages were then calculated using the “summary statistics” feature in the attribute
tables for the new C, TM and NM feature classes. The mean Euclidean distances for the
C and TM samples were 2019 meters and 2281 meters, respectively, while the average
Euclidean distance for the NM sample was 3705 meters. This suggests that known burial
sites are measurably closer, on average, to areas of predicted ecological suitably for this

site type than non-burial sites.

| then tested whether the distance differences between known burial and non-
burial sites were statistically significant using the Mann-Whitney u-test. Two non-
direction u-tests were run: Test 1 compared the NM and C samples, and Test 2 compared
the NM and TM samples. Rather than comparing the mean distance values, these tests
compare the mean ranks for the samples. In the context of my data, a higher mean rank
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reflects a greater distance between sample locations and areas of high predicted
suitability. As an additional calculation, P) measures the probability that the differences
between two samples are meaningful and significant (i.e. the probability that the
Euclidean distance differences between the samples is due to chance). A P() value lower

than 0.05 indicates that the differences between the samples are significant.

The results of these tests are presented in Figures 6.11 and 6.12. In both tests, the
NM sample presented a higher mean rank, again suggesting that non-burial sites are
farther away from areas with high predicted ecological suitably than burial sites. These
differences in mean rank are considered significant for both tests (P = 0.466 for Test 1,
P =0.366 for Test 2). The results of these tests indicate that the probability
distributions of the ecological models reflect real differences in the ecological settings of
known Late Archaic and Middle Woodland archaeological sites, with burial sites being
measurably closer to areas with high predicted ecological suitably for this site type than

other archaeological sites.
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Figure 6.14 Non-Direction U-Test for NM (Sample A) and C (Sample B) samples.
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6.4 Response Curves of Final Model

While pictures of the models allow for interpretations of where suitable ecological
areas are present within the study area, response curves allow for interpretations of the
specific characteristics that define these ecologically-suitable areas. Each response curve
depicts the relationship between the model’s logistic prediction and the data values of
each environmental variable, keeping all other environmental variables at their average
value for the models. As an example, the response curve for the water_dist variable
demonstrates how logistic prediction changes as the distance (in meters) from a
permanent water source increases: for each model, the red bars represent the average
response over the 10 replicate runs used, the dark blue bars represent one positive
standard deviation from this average, and the light blue bars represent one negative
standard deviation from this average. Observations of the response curves for the C, TM,
and NM models are discussed below; for descriptions of the values represented along the
horizontal axis of each response curve, please see Appendix: Dataset Descriptions and

Sources.

6.4.1 Cemetery (C) Model Response Curves

The C model response curve for the soil_texture variable (Figure 6.13)
demonstrates that cemetery sites have a high logistic probability (0.75) of being located
on sandy loam soils, while all other soil textures have relatively low probabilities of site

presence (close to 0.5). Cemetery sites also tend to be located on moderately stony and
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very stony soils (Figure 6.14). Strong negative correlations are present for water_dist
(Figure 6.15) and wetland_dist (Figure 6.16): as the distance of these variables from each
point increases, the probability of a site being present decreases. Thus, the overall picture
demonstrated by the response curves for the C model is one of preferred cemetery
locations containing sandy loam soils and stony surfaces, with relatively close proximity
to productive wetlands (less than 5000 meters), and dramatically close proximity to

permanent water sources (less than 200 meters).
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Total Mortuary (TM) Model Response Curves

Presence locations for the TM model have the highest probabilities of being
located on loam soils (0.78) and sandy loam soils (0.70), relative to other soil textures
(Figure 6.17), and also tend to located be on moderately stony to very stony soils (Figure
6.18). Similar to the C model, the TM model demonstrates strong negative correlations to
water_dist (Figure 6.19), with logistic probability dropping below the 0.5 threshold when
distance to a permanent water source is above 200 meters. The wetland_dist variable
(Figure 6.20) also shares a negative relationship with probability of presence, with
probability dropping below 0.5 when the distance to a productive wetland is 4000 meters
or greater — however probabilities for the wetland_dist response curve are generally lower
for the TM model compared to the C model (the highest probability values are 0.65

versus 0.75, respectively).
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5.4.2 Non-Mortuary (NM) Model Response Curves

The response curves for the NM model demonstrate weaker correlations between
the environmental variables and probability of presence. As depicted in Figures 6.21 and
6.22, NM sites have the highest probability of being located on organic soils (0.77), but
sandy loam and silt clay soils are also significant predictors of NM site locations (greater
than 0.60). NM sites have the highest probabilities of being located on non-stony (0.62)
and very stony (0.70) soil surfaces, but all other categories, with the exception of
exceedingly stony, are significant predictors (above 0.5). The water_dist variable (Figure
6.23) shares a negative relationship with probability of presence in the NM model, with
logistic probability dropping below 0.5 when distance to a permanent water source is
greater than 500 meters. The wetland_dist variable (Figure 6.24) lacks a discernible
relationship with probability of presence for the NM model, with probability gradually
increasing until 5000 meters, and similarly decreasing below 0.5 at less than 11, 000
meters. Indeed, the environmental variables share distinct relationships with probability
of presence in the C and TM models which are not shared by the NM model,
demonstrating that confirmed and potential cemetery site locations share key ecological

features that are not shared by other site types.
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6.5 Water Level Reconstructions for Pigeon Lake and Rice Lake

ArcMap 10.2 was used to reconstruct the surface water level of proto-Pigeon Lake.
This reconstruction was compared to an existing reconstruction of Rice Lake, created by
Jeffery Dillane (2010), to provide an understanding of the extent of these lakes prior to
modern anthropogenic influences. The Pigeon Lake and Rice Lake reconstructions offer
visual representations for the possible surface water levels of these lakes during the Late
Archaic and Middle Woodland periods, and are especially useful in determining whether
sites were located along shorelines, near waterlogged wetlands, or near dry land areas.
Interpreting these reconstructions is especially helpful for calibrating the results of the
water_dist and wetland_dist environmental variables from the MaxEnt models, since these

variables are based on modern hydrological data.

While the modern water surface level of Pigeon Lake is 245 masl (meters above
sea level), the reconstructed lake has a surface water level of 242 masl based on the
maximum estimated increase of water levels caused by a dam built at Buckhorn during the
19" century (Conolly et al. 2014:38). An additional reclassification was made between
242 masl and 244 masl as an estimation of the waterlogged wetlands that often surround
such lakes (Figure 6.25). For a description of the process of creating the proto-Pigeon

Lake reconstruction, please see Appendix: Dataset Descriptions and Sources.

Yu and McAndrews (1994) have combined evidence from sediment, phytolith, and
pollen cores with radiocarbon dates in order to categorize the variability of water levels at
Rice Lake during prehistory. Major hydrological events include a rising of lake levels
between 10,000 and 6000 BP, a reduction in lake levels due to climatic factors between
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6000 and 3000 BP, and another gradual increase in lake levels between 3000 and 120 BP;
the highest and most stable levels of the lake have since been established due to the
building of a dam at Hastings in 112 BP, which raised the lake by 1.8 masl (Yu and
McAndrews 1994: 141-142). The modern surface water level for Rice Lake is now 187
masl. This data was used by Jeffery Dillaine (2010) in his Middle Woodland
reconstruction of Rice Lake; lake levels were reduced to 185.2 masl and an additional
category of swamp (wetland) was calculated for surface cells between 185.2 and 186 masl
(Dillane 2010: 74-75). With permission from Jeffery Dillane (personal communication
2015), this data was reproduced in ArcMap 10.2 to create maps of the modern and

prehistoric extents of Rice Lake (Figure 6.26).

Figures 6.25 and 6.26 demonstrate that the Pigeon Lake and Rice Lake surface
water levels were lower prior to the construction of the modern dams, with shorelines
reduced by a few meters to a few kilometers in all directions. It is also apparent that the
modern shorelines were most likely water-logged wetland areas during the Late Archaic
and Middle Woodland periods. This greatly affects the interpretations of the MaxEnt
results for water_dist and wetland_dist. Some of the predictive power of water_dist likely
corresponds to the proximity of presence locations to wetlands, rather than to permanent
water sources, while the contributions of wetland_dist to the C and TM models (observed
through the analyses of variable contributions and jackknife tests described above in
Section 5.1) were reduced as a product of the modern landscape data. This may explain
why Le Vesconte Mound, the Percy Boom mounds, and the Ashby site were not located in
highly suitable areas within the C and TM binary models (Figure 5.3.2 and 5.3.3). Further

exploration in ArcMap 10.2 demonstrates that Le VVesctone Mound and the Percy Boom
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Mound are indeed located on loam soils that are moderately stony to very stony, while the
Ashby site is located on sandy loam soil; the variable model results are likely influenced
by the modern distribution of productive wetlands and permanent water sources, which

these lake reconstructions suggest are not fully-realized representations of past conditions.
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Figure 6.27 Modern surface water level (left) and reconstructed surface water level (right) for proto-Pigeon Lake.
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Figure 6.28 Modern surface water level (left) and reconstructed prehistoric surface water level (right) for Rice Lake.
Note: Data from Jeffery Dillane (Personal Communication 2015).
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6.6: Summary of Results

The locational analysis results demonstrate that the ecological settings of
cemetery sites are unique from non-mortuary site locations. Suitable conditions for
cemetery sites are areas close to permanent water sources and their adjacent wetlands,
with sandy loam or loam soils that are relatively stony. The exceptions are the sites in the
southeast portion of the study area (Le Vesconte Mound, Percy Boom, and Ashby) which
were not predicted to be located in highly suitable areas. However, these sites do share
similar soil properties to other known cemetery sites, and their inconsistency may be the

result of using modern hydrological data.

The association between cemetery sites and permanent water features is not
surprising given the results of Conolly’s (2015) networking analysis of the Trent-Severn
waterway, which demonstrates transportation centrality among mortuary sites. The ease
of access to these locations through this transportation network may have had a double-
edged effect for the relevance of the Goldstein/Kelly hypothesis, by permitting intra-
group/macroband coalescence while also increasing competition by allowing for many
groups from throughout the region and beyond to access these locations. If the distinct
characteristics of cemetery locations do reflect the presence of valued, spatially-restricted
resources, than these network associations will provide strong merit for the

Goldstein/Kelly hypothesis.

The next chapter will explore these considerations in relation to archaeological,
paleoecological, and ethnographic evidence for the study area in order to provide an

understanding of how the Goldstein/Kelly hypothesis relates to the emergence of
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cemeteries in the middle Trent Valley. By exploring the potential relationship between
these phenomena, interpretations can be made as to what valuable resources may have
been abundant in these ecological settings, and why securing these resources may have

been worth the labour costs of constructing and maintaining cemeteries.
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CHAPTER 7: CEMETERIES, RESOURCE AVAILABILITY, AND THE
GOLDSTEIN/KELLY HYPOTHESIS- DISCUSSION OF RESULTS

The locational analysis results demonstrate that cemetery site locations in the
middle Trent Valley are correlated with a set of environmental characteristics that
differ from non-mortuary site locations. This chapter compares these findings with
archaeological, ecological, and ethnographic evidence in order to define the
paleoecological contexts of known Late Archaic and Middle Woodland cemetery
locations. | then focus discussion on which resources were potentially of value within
these contexts, and suggest why securing these resources might have been worth the
time and labour costs of constructing and maintaining cemeteries. If cemetery location
decisions were driven by the availability or abundance of certain resources, one would
expect the resources relating to the ecological contexts of these sites to be affluent
during the Late Archaic and Middle Woodland periods when mortuary activities
occurred, and depleted during the Early Woodland period when these activities
temporarily ceased. Following this logic, | propose that Late Archaic and Middle
Woodland cemeteries in the middle Trent Valley were strategically located near
seasonal riparian wetlands, primarily to secure wild rice and the variety of fauna it
attracts. These considerations will be explored in order to demonstrate how the
availability of seasonal riparian wetland resources during the Late Archaic and

Middle Woodland periods relates to the Goldstein/Kelly hypothesis.
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7.1 The Paleoecological Contexts of Cemeteries in the Middle Trent Valley

The modelling results indicate that proximity to permanent water sources is
the highest predictor of cemetery site locations. However, the proto-Pigeon Lake
(Figure 6.27) and early Rice Lake (Figure 6.28) reconstructions reveal that these lakes
were smaller in size prior to the construction of modern dams, and were likely
surrounded by extensive seasonal wetland complexes. Wetlands are terrains that are
saturated with water long enough to promote aquatic processes, which affect soil
formation, vegetation, and other types of biological activity that are adapted to these
environments (Warner and Rubec 1997:1). Wetlands vary in their biological
productivity due to the dynamics of local geomorphic, climatic, and biotic factors
(Warner and Rubec 1997:1). This section explores the relationship between wetlands,
geomorphology, hydrology, and soil properties to define the ecological contexts of

cemetery sites during the Late Archaic and Middle Woodland periods.

7.1.1 Cemeteries, Soils, and Wetlands

Since known cemetery sites in the middle Trent Valley are located close to
lakes and rivers, the soils of these locations provide a baseline for understanding
depositional events caused by groundwater fluctuation, floodplain stability, flood
cycles, and relative flood intensity (Lovis et al. 2001; Speth 1972). These depositional
events are primarily representative of the Middle Woodland environment; floodplains

in the area were stabilized around 1500 BP (Crawford et al. 1998:132-134), and

147



modern seasonal flooding has been greatly reduced due to anthropogenic influences

(Conolly et al. 2014; Yu and McAndrews 1994).

The dominance of mineral-based soils among cemetery sites is a distinct
feature of the soil texture response curves for the C and TM models. Sandy loam and
loam soils were the primary soil types, and while organic soil was the highest
predictor for the NM model, this soil type was a low predictor for the C and TM
models. Available soil descriptions from site reports for the cemeteries were also
referenced in order to compare modern soil data with observations from
archaeological strata. Several cemetery sites have modern surface soils and
archaeological soils with similar properties; at the Ashby site, for example, the
modern surface soil is comprised of a thick red sandy loam, while the soil layer
associated with artifact deposits is a pale brown, medium coarse sandy loam (MTSC
2012:168). Other sites associated with loams also contain archaeological layers of
sandy clay, such as the Jacob Island cemetery (MTSC 2012:120) and Le Vesconte
Mound sites (MTSC 2012:173). Regardless of slight variations, the modern soil data
seem to reflect long-term soil formation processes on cemetery sites, where mineral

soils are a prominent feature.

The properties of mineral-based soils are critical to ecological prosperity in
water-saturated areas: water drainage encourages soil aeration, moderate pH levels
and nutrient availability, which are all needed to support aquatic life (Table 6.1). The
dominance of mineral soils among confirmed and potential cemetery sites implies that
the lacustrine wetlands surrounding proto-Pigeon Lake and early Rice Lake contained
aerobic, fertile soils. A relationship between cemetery locations and aerobic wetlands

is further supported by the modelling results for the productive wetland-related
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variables, which are based on modern wetlands that are primarily fed by surface water
discharge from lakes or perennial streams and rivers. C and TM response curves for
the distance to wetland variable contain strong negative correlations with probability
of presence, and while the amount of local productive wetlands within 8km was not
retained as a covariate for the final models, C and TM preliminary response curves for
this variable support that probability of presence increases as productive wetland
availability increases (see Appendix: Figures A.3.3 and A.3.6). Hydrological
relationships to water features allow productive wetlands to replenish their oxygen

supply, and these waters often deposit mineral soils into the wetland substrate.

The minimal contributions of the distance to peat and muck variable to the
distribution models are also noteworthy. Peat and muck soils are composed of
partially-decayed organic matter, and occur in water-saturated areas without
significant inflow or outflow, where water is retained by small particle soils with low
permeability. These conditions prevent the access of oxygen, which impedes the
decay of organic materials and results in their accumulation (Dachnowski-Stokes
1929:193). Because of these affects, this variable is representative of water-saturated
locations with oxygen-depleted soils, low nutrient availability, and low pH values due
to the release of organic acids (Table 6.1). Such anaerobic wetlands are common

throughout the Lower Great Lakes region (Dachnowski-Stokes 1929:194).

In preliminary tests for the C and TM models, peat and muck contributed less
than 1%, had 0 training gain for jackknife tests, and little to no correlation with
probability of presence for each model’s associated response curve. Anaerobic
wetlands are not able to support the flora and fauna that aerobic wetlands can support,

and could not have provided significant subsistence resources for past peoples.
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Consequently, it appears that aerobic wetlands are key predictors of cemetery sites
while anaerobic wetlands are not, and this is significant because it suggests that

cemeteries are correlated with wetland resources, rather than wetlands themselves.

Organic
Properties Mineral Soils Soils
(Peat/Muck)
Percentage of Organic Content <20% > 20%
pH level >6.0 <6.0
Water Drainage High Low
Nutrient Availability Generally high Often low

Table 7.1. The properties of organic and mineral hydric soils
Note: Data from Mitsch and Gosselink (1986).

7.1.2 Aerobic Wetland Diversity in the Middle Trent Valley

In temperate climates, small lakes, rivers, and streams undergo seasonal
changes in water levels and discharge due to snowmelt, precipitation, and both
regional and local fluctuations in groundwater. Variability in seasonal changes can
greatly affect aerobic wetlands, which can range from generally dry and seasonally
flooded to submerged, purely aquatic systems (Hudon 1997:2853). Similar to
lacustrine wetlands, riparian wetlands are greatly affected by modern anthropogenic
activity; draining and filling can reduce the surface area of emergent wetlands, while
dams and flow regulators curb extreme water levels and alter floodplains (Hudson
1997:2854). These factors influence seasonal wetland abundance, distribution, and
type, and their known occurrence along the waterways of the study area suggest that
the landscape of the middle Trent Valley may have been dramatically different during

the Late Archaic and Middle Woodland periods, even though winter precipitation and
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summer temperatures were similar to modern day (Calcote 2003:218-221). In fact,
approximately 72 percent of all wetlands in southern Ontario have been lost since the

beginning of European settlement in the region (Hemessen 2012:2).

The topography of the Peterborough Drumlin Field supports both seasonal and
submerged wetlands. Interdrumlin wetlands are sustained by groundwater, consist of
poorly-drained clays and silty loams that remain saturated for the majority of the year,
while seasonal wetlands are dependent on surface water and typically consist of well-
drained coarse soils (Todd et al. 2006:18-20). Along the Otonabee River, hydric soils
are largely found within sandy deposits on the drumlin slopes (Todd et al. 2006:23),
similar to the sandy loam and moderately coarse loams associated with Late Archaic

and Middle Woodland cemetery sites.

Sandy loams and moderately coarse loam soils are essentially coarse-particle
horizons, and their presence may be attributed to the tendency of heavier particles
from flood water to fall out of suspension first, followed by progressively smaller-
sized material as the energy of a flooding event is depleted (Stewart 2002:188). Given
that it takes less energy to transport silt and clay-sized particles compared to sand
particles, the soil texture of a floodplain deposit will become finer as distance from a
river bank increases, although minor floods can result in the deposition of fine
particles near the water channel (Stewart 2002:188). However, since flood energy
and sediment transport can vary with topography, deposition may not occur equally
among sections of a floodplain (Stewart 2002:188). The prevalence of sandy soils at
known cemetery sites suggests that these sites were located near riparian floodplain

deposition areas — an idea supported by the clustered locations of the Rice Lake
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cemetery sites at the mouths of the Otonabee and Indian Rivers (See Chapter 4:

Figure 4.4).

Riparian wetlands are largely dependent on surface water discharge, rather
than groundwater. River and stream discharge along the Peterborough drumlin field is
dominated by snowmelt and rain-on-snow, which currently begins around early
March, and decreases around mid-April (Todd et al. 2006:23). The drumlins upon
which many of the cemeteries rest consist of highly calcareous glacial till with a silt-
clay matrix that commonly support well-drained Otonabee loams (Todd et al.
2006:18). Since clay particles have low water-permeability, clay horizons beneath
these well-drained soils maintain a shallow perched water table, allowing for these
areas to retain considerable moisture within the rooting zone throughout the dry
season after the spring floods, except in years of drought (Warner and Rubec
1997:45). These conditions may also explain the high elevations chosen for cemetery
locations and heightened visibility of the burial mounds in the Rice Lake area
(Dillaine 2010), as flood energy would likely deplete before reaching the sites,
allowing for cemeteries to be safely located in close proximity to seasonal riparian

wetlands.

7.1.3 Resource Variability among Seasonal Riparian Wetlands

In seasonal wetland habitats, average annual water levels determine the
distribution of plant species, while seasonal water level variability contributes to
species diversity (Keddy and Reznicek 1986; Hudon 1997). In southern Ontario,

modern riparian wetlands with geomorphic and soil-related properties similar to those
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observed among middle Trent Valley cemetery locations are described as marsh
wetlands (Warner and Rubec 1997:45). In these marsh wetlands, cycles of high and
low water support emergent vegetation, such as graminoids (i.e. reeds, tall grasses,
and sedges), broad-leaved emergents, floating-leaved plants and submergent species
(Warner and Rubec 1997:45). Periods of high water levels limit the invasion of
woody forest species, while periods of relatively dry substrate reduce the dominance
of aggressive moisture-requiring plants, such as cattails, that deplete soil nutrients and

prevent sunlight access to other emergent or floating-leaved plants (IJC 2012).

The Late Archaic and Middle Woodland periods witnessed high precipitation
averages in the winter, and relatively dry summers (Munoz et al. 2010:22009). This
would have resulted in seasonal riparian wetlands that, similar to their modern
counterparts, contained high water levels in early spring and low water levels in the
summer, supporting emergent vegetation diversity. However, cooler summer
temperatures and increased precipitation during the Early Woodland (Kidder
2006:215) would have reduced the summer draining of such wetlands, encouraging
the growth of aggressive moisture-requiring emergent plant species. Because of the
suitability of Late Archaic and Middle Woodland cemetery locations for emergent
plants, graminoid species may have been an important aspect of local wetland

foraging.

Wild rice is a particular graminoid that is an excellent nutritional resource and
that would have been highly suitable to these environments (Aiken et al. 1988; Dore

1969; Duvel 1905b; Jenks 1901; Rajnovich 1984; Stickney 1896; Vennum 1988; Zhai
2001). As an annual emergent plant, water depth is an important factor to the habitat

of wild rice. Of greatest importance is the early season when seedlings are starting to
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grow; the seedling plants are completely aquatic and require free water deep enough
for development, as they do not have the structural tissues needed to grow erect or to
withstand drying in the air (Dore 1969:48-49). Periods with minimal spring flooding,
such as the Paleoindian and Early Archaic periods (Calcote 2003:218; Karrow and

Warner 1990:29), would have prevented the growth of wild rice seedlings.

Wild rice grows in water up to 1.2 m deep in rivers and some lakes
(Hitchcock 1951:540-542), growing best in flowing or agitated shallow water that is
an average of 0.5m in depth (Yu and McAndrews 1994:149-150). In deeper water, the
plants either do not grow or tend to be very slender, single-stemmed, later-flowering,
and less productive (Dore 1969:48). It has been suggested that increases in water level
also affect light penetration, which then directly influences the plants capability to
reach the surface and photosynthesize as an emergent plant (Meeker 1996:96). In fact,
according to historical reports, high water levels in Minnesota frequently deprived the
Ojibwa of this food supply and affected their ability to trade (Vennum 1988:21). This
evidence supports that the stability of water levels especially after the aerial stems
have been formed is important, and that long periods of high groundwater and surface
runoff, like those suspected to have occurred during the Early Woodland periods,
would not have been suitable for the plant’s development. However, wild rice is well
adjusted to gradual water level declines during the summer, which would have been
the case for the riparian wetland environments surrounding cemeteries during the Late

Archaic and Middle Woodland periods (Dore 1969:49).

Wild rice is found both along lake shorelines and the banks of rivers, as well
as within shallow rivers and streams. In particular, rivers that forcefully flood in

spring and retreat to normal flow in the early summer seem to provide an ideal habitat
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(Dore 1960:49). The lack of plant competition in strong currents also encourages the
abundance of wild rice; its seeds possess a unique ability to hold their position on the
stream bottom against the force of strong currents (Dore 1969:50), encouraging wild
rice prosperity in times with dryer summers and precipitation-prone winters. In slower
moving waters where wild rice must grow in close quarters with other types of
vegetation, it seems that submerged species have been its major competitors. Nuphar
variagata, for example, sets its fully expanded leaves on the water's surface 7 to 10
days prior to floating-leaf stage of wild rice, suggesting a significant interspecific
competition for light (Lee 1986a: 1782; Lee 1986b:1434-1436). The mouths of
streams or rivers entering lakes where fresh alluvium is annually deposited would

provide similar habitat conditions.

7.3 Cemeteries, Wetlands, and the Goldstein/Kelly Hypothesis

The Goldstein/Kelly hypothesis predicts that the emergence of cemeteries is a
product of increased resource competition; cemeteries function to confirm and
maintain ancestral ties to critical resources, especially in areas where valued resources
are available in local patches but are otherwise regionally scarce (Goldstein 1976;
1981; Kelly 200; Kelly 2007). During the Late Archaic and Middle Woodland
periods, wild rice was limited to certain riverbank and shoreline-adjacent locations
that contained specific geomorphic, hydrologic, and edaphic properties; however the

availability of this resource was predictable within these settings.

Wild rice is a highly nutritious resource capable of supporting prolonged

seasonal occupations of certain areas; patches of the resource were available for
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harvest from the late summer to the mid-fall, and premature milk rice could have been
consumed in the early summer before the main harvest (Vennum 1988:87). These
habitats would have also been excellent food sources for a variety of animals that
seem to have supplemented the diets of local corporate groups, such as spawning fish
in the spring, migrating birds and waterfowl in the fall, and grazing animals in the late
fall (Aiken et al. 1988; Dore 1969; Martin et al. 1951; Vennum 1988). Faunal
remains, bone harpoons, and various projectiles recovered from the Mclintyre site —
and in smaller numbers from other Late Archaic and Middle Woodland sites — support
the exploitation of these animals (Boyle 1897; Conolly et al. 2014; Hakas 1967,
Johnston 1968a; Johnston 1984; Kenyon 1986; Kenyon et al. 1961; Richardson 1968).
Documented oral records of the importance of wild rice for attracting waterfowl
(Vennum 1988:62-64; Jenks 1901:1904) also maintain that local groups were aware
of the value of wild rice in supporting a diverse resource-base. The hafted beaver
incisor tools that have been found in ritualistic contexts within the Brock Street
Burials (Johnston 1968a; Kenyon et al. 1961), Jacob Island (Conolly et al. 2014), and
Le Vesctone Mound (Johnston 1968a; Kenyon 1986) sites are also noteworthy.
Beavers are known to find shelter among wild rice stalks and are in fact often
responsible for turning open aquatic systems into the bounded marshes that support

the abundance of this resource (Dods 1998:351).

Seasonal riparian wetlands could have supported large corporate groups for
extended durations of time, and so the strategic exploitation of these habitats may
have led to increased sedentary behaviour among local populations. The presence of
elaborate mortuary populations in the area has in fact been interpreted as reflecting
semi-sedentary behaviour (Spence et al. 1984; Spence et al. 1990). The capability of

these particular environments in supporting increased sedentism relates back to the
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costs and benefits of moving people to resources rather than moving resources to
people (Kelly 2001: 6-7), and the perceived connection between reduced mobility and
the emergence of cemeteries (Charles and Buikstra 1983). Reduced residential
mobility is a particular benefit that may have outweighed the costs of securing these

resource areas through cemetery construction.

Ethnographic accounts of harvesting practices demonstrate that a well-
coordinated effort is required to collect wild rice effectively, especially since it ripens
rapidly (Barrett and Markowitz 2004:808;VVennum 1988:90-97). The fact that the
growing season of wild rice may have been shorter during portions of the Late
Archaic and Middle Woodland periods than in modern times (Meeker 1993:104;
Shuman and Donnelly 2006:51), paired with the predicted growth of population levels
during the Late Archaic (Anderson 2001:161; Munoz et al.2010: 22010), may have
led to increased competition between corporate groups. Adjusting to such increased
competition would have required advanced social cooperation and organization to
secure this resource and optimize its harvest. Reinforcing the macroband through
cemetery practices would have not only helped secure seasonal riparian wetlands
from competing groups, but would have confirmed corporate group affiliation and

encouraged social cooperation.

Ethnographic accounts from the Great Lakes region suggest that territorial
and ceremonial behaviours often centred on the harvest of wild rice (Barrett and
Markowitz 2004:808; Jenks 1901:1091-1092), while rituals and myth support the
connection of this resource with the mortuary domain (Earl 1994:74; Jenks 1901,
Vennum 1988:58). Wild rice fed both the living and the dead, with the dead having

powerful ancestral connections to the living. If this spiritual ontology was prevalent in
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the ancient past, then establishing cemeteries near wild rice nodes would have been a

particularly effective way to secure seasonal riparian wetland resources.

Conolly’s (2015) recent network analyses of Late Archaic and Middle
Woodland archaeological sites in the Trent Valley suggests that cemetery locations
were not only correlated with valued resource areas, but were placed in relation to
local and regional community movement patterns along the waterways.
Transportation along the waterways would have ensured past peoples constant contact
with wild rice, and probably led to an early knowledge of its food value (Johnston

1984:185;Rajnovich 1984:204). The prominence of cemetery sites along the

waterways is significant; these areas would have provided easy access to
transportation routes and the Hopewellian trade network. This further reinforces the
prediction of Kelly (2001) regarding the regional restriction of valuable resource
nodes — which, in this case, seems to include the availability of certain resources as

well as transportation and trade network accessibility.

Many Anishinaabe myths also encourage respect for the water itself, which
Brehm (1996: 686) notes as a “necessary attitude of people who travelled on
dangerous lakes in birch canoes”. Several myths tell of courageous heroes facing the
dangers of the water. In one, the protagonist Mamabozho’s brother is killed by an evil
water spirit and becomes the ruler of the land of the dead (Thompson 1922:134).
Mythical creatures such as water serpents are also present in the myths (Brehm
1996:678; Thompson 1922:135). While the precise age of such oral traditions are
unknown, the fact that one of the most elaborate cemetery sites in the study area is
shaped like a great water serpent (the Serpent Mounds site) suggests that such

spiritual concepts were circulating among local groups by at least the Middle
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Woodland period. These beliefs tie concepts of the water with feared spirits and the
afterlife, and so may have deterred trespassers at the resting places of a corporate
group’s ancestors, securing the claim of resources surrounding these water adjacent

cemeteries for said group.

The ease of access to valued resource locations may have increased the need
for symbolic signalling and cooperative land tenure among groups along this
communal transport system. These findings correspond with Brose’s (1978:8)
proposal that the Hopewellian exchange network may have functioned as a form of
subsistence reassurance. A similar concept is proposed by Spence et al. (1978:220-
221), who add that seasonal food failures were likely pronounced enough during the
Middle Woodland period to make exchange relationships between groups mutually
advantageous. Indeed, Late Archaic and Middle Woodland cemeteries in southern
Ontario seem to correspond with complex trade networks, and share location
characteristics that suggest strategic placement among valuable resources in central

transportation areas.

While these results are promising, it remains unclear whether or not the
suspected land tenure systems of local corporate groups during the Late Archaic and
Middle Woodland periods were competitive or cooperative. If these peoples depended
on seasonal riparian wetlands for a considerable portion of the year, it may be said
that Late Archaic and Middle Woodland corporate groups were equally reliant on the
same resources and their seasonal availability. Kelly (2007: 202) explains that, in such
a context, there is little to be gained from the sharing of use rights, and so one would
expect the tenure of resources among these groups to have been competitive, rather

than cooperative. At the same time, the presence of a complex trading network has
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been interpreted as a cooperative exercise in subsistence reassurance (Brose 1978:8;
Spence et al. 1978:220-221). While local populations may have been equally reliant
on seasonal riparian wetland resources, the sharing of use rights to resources, or the
trading of resources, on a regional level may have been mutually beneficial. Thus,
while it seems that behaviours reflecting the tenure of particular resources did occur,

the dynamics of this tenure remain unknown.

The interpretations presented in this chapter support the Goldstein/Kelly
hypothesis. Cemeteries in the study area emerge at times when seasonal riparian
wetlands were a common feature of the landscape. Cemetery activity is absent during
the Early Woodland period, a time when increased precipitation and flooding would
have distorted the seasonal cycle of these wetlands, further supporting the connection
between cemetery practices and seasonal riparian wetland resources. My findings
support that the construction and maintenance of cemeteries during the Late Archaic
and Middle Woodland periods may have established ancestral ties to the landscape,
enforcing the tenure of valued wetland resources, especially wild rice, for the
corporate group. These practices may have also reinforced the macroband and enabled

the social cooperation needed to harvest and process seasonal yields of wild rice.
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CHAPTER 8: CONCLUSION

8.1 Summary of Research

The principle aim of my research has been to explore the applicability of the
Goldstein/Kelly hypothesis through a case study of Late Archaic and Middle
Woodland cemetery sites in the middle Trent Valley of southern Ontario. This
hypothesis proposes that hunter-gatherer cemeteries function as territorial markers,
and emerge as a product of increased competition among groups in areas where
valued resources are available in local patches, but are otherwise regionally scarce;
cemeteries act to confirm and maintain macroband affiliation and ancestral ties to
valuable resource locations (Goldstein 1976; 1981; Kelly 2001).

Cemeteries are features of the cultural landscape, emerging in diverse forms
among various societies across time and space. In all cases they may be defined by
their shared qualities, being that they are communal, consciously constructed places
that specialize in the ritual disposal of the dead. While often found in association with
agricultural societies, these practices are also found in association with hunter-
gatherers — peoples who subsist by foraging or collecting food rather than cultivating
food, which requires movement across the landscape in relation to the availability of
recognized resources. The Goldstein/Kelly hypothesis is one possible explanation for
why cemetery practices have emerged among hunter-gatherer societies.

The middle Trent Valley is home to one of the earliest known cemeteries in
southern Ontario (the Late Archaic cemetery on Jacob Island) and to a well-studied

Middle Woodland burial mound tradition. Cemetery sites in the middle Trent Valley
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were absent during the Early Woodland, isolating cemetery activity to the Late
Archaic and Middle Woodland periods, which curiously shared similar climates and
likely supported similar distributions of resources.

In southern Ontario, the Late Archaic period is believed to have had cooler
summers with increased precipitation and higher ground water than preceding
periods. Archaeological evidence indicates reduced seasonal mobility, and a general
settlement pattern of small winter groups that come together during the warmer
months to form macrobands. This evidence is coupled with signs of denser
populations, interregional trade, and increased social complexity. Increased
precipitation and flooding, and a regional decrease in mortuary complexity
correspond with the Early Woodland period. The climate stabilized during the Middle
Woodland period, returning the environment to a state similar to the Late Archaic.
This coincided with the more common appearance of cemetery sites. In both the Late
Archaic and Middle Woodland periods, evidence for the use of aquatic resources and

increased sedentism are noted throughout southern Ontario.

A locational analysis was undertaken to establish the present environmental
contexts of cemetery sites and non-mortuary sites in the middle Trent Valley, in order
to determine if the locations of cemeteries share environmental characteristics that
reflect the presence of certain resources that are not present among non-mortuary
sites. This involved the creation of eco-cultural niche models using a maximum
entropy modelling approach (MaxEnt version 3.3.3e, Dudik et al. 2010) coupled with
exploratory GIS analysis (ArcMap 10.2, ESRI 2013). The results of this study
confirm that cemetery sites in the middle Trent Valley share environmental
characteristics that are unique from non-mortuary sites, including sandy loam and

loam soils that are moderately stony, which are located close to permanent water
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sources and wetlands fed by seasonal surface run-off from these water sources.
Comparing the locational analysis results with archaeological, paleoecological, and
ethnographic evidence for the study area and its vicinity revealed that locations with
these environmental features likely reflect the presence of past seasonal riparian
wetlands, which are expected to have contained large amounts wild rice and to have

supported a wide range of animals.

Indeed, known cemetery sites in the middle Trent Valley appear to be active at
times when environmental conditions would have supported the abundance of wild
rice at these locations, and are inactive at times when environmental fluctuations
would have limited the availability of this resource. Ethnographic evidence suggests
that communal religious practices may have promoted ancestral affiliation with the
locations of wild rice, while reinforcing corporate group membership. Since wild rice
is highly nutritious, supports the seasonal availability of a wide array of other
subsistence resources, and is historically tied to mortuary practices in the region, the
applicability of the Goldstein/Kelly hypothesis for explaining the emergence of
cemeteries in the middle Trent Valley is supported. Reinforcing the macroband would
have maintained the social cooperation and organization required to harvest and
process large yields of wild rice while securing these locations from other corporate
groups. Dependence on wild rice areas during the Late Archaic and Middle Woodland
would explain the observed regional increases in sedentism and aquatic resource use.

This study has provided one avenue for understanding hunter-gatherer land
use in the middle Trent Valley, especially regarding location decisions for cemeteries.
The results demonstrate how ancient hunter-gatherers may have identified with places
on the landscape, as well as how the economic decisions of hunter-gatherers can be

intermingled with the social and spiritual dimensions of life. The methodology used in
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this analysis also stands as an example of how geospatial technologies can bridge the
gap between theory and method in archaeology, by offering means for testing the
inherent assumptions that often follow traditional approaches, such as the often
disputed environmental determinism apparent in hunter-gatherer archaeology (Carr

1995: 115;Morris 1991: 147-149).

8.2. Limitations and Future Research Directions

One major setback throughout this research process has been the lack of
adequate data, namely the deficiency of paleoenvironmental datasets and the limited
number of confirmed cemetery sites in the study area. The use of limited modern data
has led to broad observations and indeterminate interpretations, while the
archaeological site samples have been compromised by variable recovery rates of
archaeological materials, and cultural destruction caused by farming and modern
construction projects. In both cases, the restrictions set by the available data
complicate sample selection and introduce spatial bias.

Another essential limitation in this study is attributed to the bias nature of the
MaxEnt modelling platform. MaxEnt can be considered an inductive approach to
predictive modelling; the models are data-driven, and ecologically deterministic.
Finke et al. (2008:2786) note that a major theoretical weakness of inductive methods
is their dependency on data configuration. Indeed, my results are dependent on the
covariates chosen for modelling, which themselves are dependent on the original
selection of potential covariates that were assessed in preliminary models, as well as

the inherent biases of personal judgement and data availability.
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The distinct relationship between the ecological contexts of known Late
Archaic and Middle Woodland cemeteries compared to other site types in the study
area does seem to indicate a real association between cemetery site settings, but
perhaps one that remains poorly understood. In the future, an analysis of the
availability of hydric soils, especially among site locations, could help further discern
the distribution of past wetlands. Phytolith analyses of wild rice, as well as of
symbiotic plants that ameliorate wetlands to the benefit of wild rice, such as Robbin’s
Pondweed (Meeker 1993: 96-97), may provide insight into the abundance of wild rice
throughout local prehistory.

The cemetery sites’ datasets used in my analysis are dominated by Middle
Woodland sites, and the similarities and differences between Late Archaic and Middle
Woodland cemetery site locations remain poorly understood. It would be interesting
to extend this locational analysis to include cemetery sites throughout the larger
region of the Great Lakes, especially sites associated with the Glacial Kame complex.
Glacial Kame sites share many observable similarities with the Jacob Island Late and
Terminal Archaic components (such as copper and marine shell grave goods, and the
presence of red ochre among the burials), and like cemetery locations in the middle
Trent Valley are typically located along waterways. A regional analysis could provide
a better understanding of how spatial, environmental, and temporal variation relate to
mortuary practices, seasonal mobility, and economic defence.

A larger study area would also allow for a refined set of confirmed cemetery
sites to be sampled, while keeping datasets at a reasonable size to appropriately
validate the eco-cultural niche models. Additionally, it would be beneficial to
compare cemetery sites to contemporary camp sites with evidence for prolonged

occupation. This would help to more clearly determine if cemetery sites share
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stronger spatial relationships with prehistoric wetlands compared to other well-
established sites, or if other factors are also defining location choices (such as trade

route access or centrality among a network of sites with resource claims).

The final issue encountered with this study is that, while the results may be
promising, an isolated case study provides a very limited understanding of the
emergence of hunter-gatherer cemetery practices, even for this restricted study area.
As previously stated, correlation does not equate with causation, and support for the
Goldstein/Kelly hypothesis does not confirm that these predictions were realized in
the middle Trent Valley. Other potential explanations for the emergence of these
cemeteries must be explored and tested,; this will allow for the strength of the

Goldstein/Kelly hypothesis to stand in relation to other potential hypotheses.

Only further local and regional studies can appropriately distinguish between
the variability in mortuary structures, social behaviour, demography, and the
environmental conditions that surround the emergence of cemetery practices among
hunter-gatherer groups. Exploring other possible explanations for the emergence of
these dynamic sites, in southern Ontario as well as within other regions, would
provide a more detailed understanding of hunter-gatherer land use strategies, and
allow archaeologists to more fully comprehend how ancient hunter-gatherers

understood their environments and identified with particular places on the landscape.
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Appendix: DATASET DESCRIPTIONS AND SOURCES

A.1l: Archaeological Site Locations

Spatial data for the locations of mortuary and non-mortuary sites used as MaxEnt
samples come primarily from the Ontario Ministry of Tourism, Culture, and Sport’s
(MTSC) Ontario Archaeological Sites database (2013). However, this provided only
rough locations, and so these locations were adjusted based on prior knowledge and
descriptions from a variety of archaeological reports and publications, including the
MTSC Trent-Severn Archaeological Site Records (2012). These spatial datasets were
manipulated using ESRI’s ArcGIS 10.2 software, and then converted to Comma

Separated Values (CSV) format for the MaxEnt modelling process.

A.1.1 Cemetery Site Datasets

Two cemetery site datasets were used in the locational analysis; the TM dataset
and the C dataset. An outline of all data considered in the selection of the TM and C
datasets is included in Table Al.1. Data for these sites was extracted from the brief
descriptions listed in the MTSC Trent-Severn Site records (2012), and was supplement
by the other sources listed in Table Al.1. The mortuary sites used in these datasets are

shown in Figure Al.1
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A.1.1.1 Total Mortuary Site (TM) dataset. The TM dataset contains all known
Late Archaic/Middle Woodland mortuary sites belonging to the study area that are
confirmed or potential cemeteries. These include mound structures where ritual artifacts
were found but human remains were not discovered, as well as single burials that include
evidence of ritualization, exotic goods, and formal positioning, which are characteristic
features of cemeteries. The purpose of this dataset is to provide a larger site sample for
comparing the probability distributions of mortuary sites in the middle Trent Valley to
the non-mortuary and random datasets used as background data in the MaxEnt modelling

process.

A.1.1.2 Cemetery Sites (C) dataset. The C dataset is more restricted, containing
only those mortuary sites that meet the criteria for defining cemeteries, as outlined in
Chapter 2 of this thesis. These are mortuary sites that are spatially bounded, either by
their inclusion in burial mounds or the by density and formal ordering of burials at the
site, which include multiple burials and evidence of formalized ritual behaviour. Human
remains were recovered at all sites; sites either contain multiple burials, or some mortuary
evidence in conjunction with formal positioning, exotic goods, and conscious ritual
behaviour. Whether or not sites lacking multiple distinct burials were included depended
on the observation of these characteristics in conjunction with the perceived provenience
or recovery rate of materials, which influence the likelihood that sites otherwise meeting
the cemetery criteria were, in fact, cemeteries. The purpose of this dataset is to provide a
discrete analysis of confirmed cemetery sites in the middle Trent Valley, the results of

which can be compared to the TMS dataset.
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Figure Al.1 Geographic distribution of mortuary sites of middle Trent Valley

(Numbers correspond to Map Number values in Table A1.1)
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Table Al1.1 Archaic and Middle Woodland Period Mortuary Sites of the Middle Trent Valley Study Area

* indicates that site belongs both to C and TM datasets

Site Name Map Borden | Chronolog | Burial Mortuary Residues Features and Artifacts Provenience/ Sources
Number | Number | y Type Recovery Rate
Low: exposed by
Artifacts were found just west of burial, in g?d(it:]oecv(;llt‘tn;ee Hakas
Ashb 6 BbGi-2 Middle Sinale Single burial, sub-adult similar strata, and include a middle fo%% degion Bgurial 1967,
Y J Woodland g male woodland pottery sherd, quartzite, and chert ' MTSC
. 6 ft. deep, area
chips. 2012
around not
excavated.
. . Grave goods include 2 antler percussion
Brock . S_lngle Internmen?,_hlghly tools, hafted beaver incisor, 4 barbed Low to Moderate: JohnstF)n
Middle . ritual. Flexed position. Two . - 1968a;
Street 19 BbGn-3 Woodland Single bone discs mav be made harpoons, ground stone adze and 2 pendants, | discovered during Kenvon et
Burials y 7 chipped stone cache blades/blanks, 7 well- | construction 4
from another human skull. . - al. 1961
crafted side-hotched points.
Mound Groun. 3 mounds: A: Red ochre on burial, conch shell piece at
. " | edge, 16 shell pieces, and 5 projectile points
A, B, C. 1adult male I
i . . from fill. B: perforate stone tablet and lump
primary burial and a child S
. of wood. C: Burial N; adze, antler fragments, _— Boyle
burial at edge of mound A. - . High: several )
. . L a lump of iron pyrites, 6 bone awls, carved X 1897;
10 intrusive burials in at L . excavations,
* antler handle. Burial Q; 5 shell disc beads. . Hakas
. east end of Mound B. . earliest not well )
\ Middle Mound . necklace of 26 copper and 53 silver beads, 1967;
Cameron's 11 BbGm-1 Mound C contained ; . documented, but
. Woodland | Group . marine conch pendant necklace with Johnston
Point charred remains of one [ . X . mounds are )
; . addition 200 shell disc beads, silver-foil 1968z;
body and two intrusive bi i latf . q excavated and
burials, and three additional tubing. VV; limestone platform pipe. Moun materials curated Kenyon
’ Cfill also had stone adze, 3 projectile points, ' 1986

burials (N, Q, and V) each
with grave goods found in
later excavation.

3 point peninsula rocker stamped sherds, 2
Vinette sherds, notched slate pebble, 5 thin
sheets of copper, and 60 more shell disc
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beads. Close by shell midden contains stone
artifacts, collection of Point Peninsula
Rocker Stamped, small number of Rice
Lake Banded, St. Lawrence Pseudo Scallop
Shell sherds.

Archaic: 4 discrete burial
groups ( B,C,D,E), wide
shallow void pits, both
primary and secondary
burials, both flexed and
extended. Possible
cremation. B contains over
24 individuals, Burial
Group D contains at least
27 individuals, 14 from

(B) Red Ochre in pockets around crania and
pelvises. Worked deer and dog long bones,
bone fish hook, chunks of hematite, piece of

. . sheet mica. Dog burial. (D) includes ochre, Moderate:
disturbed layer above in L o .
. . green-stone schistic adze. 2 beaver incisors, | excavation
* Late situ burials. (E) at least 4 ; - . . !
. . N 75 various animal bones including dog. Middle | subsequent to some
Avrchaic Multiple | individuals (2 in situe and 2 ) : . Conolly et
Jacob 23 BcGo-17 . . Woodland: from around/ above burials F bulldozing, but
and Middle | /Mound | disturbed). (C) 9 . . . al. 2014
Island S \ and G were 21 stone tools including 1 documentation
Woodland individuals in small - - .
- o projectile point, core fragments, hide scraper, | suggests good
despoit, 3 are in situ as . ;
. 2 edges, 1 knife or spear point, and 61 other | recovery.
bundles, 6 disturbed. . . A .
- o stone artfiacts which are primarily debitage.
Middle Woodland: Burial .
.. | 1 potsherd, 4 animal bone fragments, 1 clay
Group F and G are deep pit ine bowl
features with bone PP '
fragments, presumably
flexed or as bundles. Site
previously
bulldozed...Middle
Woodland features
possibly mounds.
Low, due to
reenan e | ot
Cantrell 5 BaGo-13 Multiple | third from skull found at Middle Woodland ceramic fragments X . y
Woodland ' offsite associated MTSC
findspot close by. ! .
find, and ceramic 2012

material scattered
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in field

Low: observed

Burial site: skeletal material Burials accompanied by cut and perforated from early Johnston
* 4 BaGn-8 Middle Multiole | erodin ou,t of hiah bank conch shell pieces. Later test pitting yielded | informal reports, 1968z;
Cow Island Woodland P sand I\%Iul tiole grsons portion of side-notched point and one observation and Roberts
' piep ' Vinette I sherd. later collection 1978
effected by erosion.
o Johnston
East Grape 18 BbGM-9 Middle Mound m:uggsistt)rilljii;ucr)f‘sbi:?a%:ﬁ Three middle woodland ceramic sherds, It; Omﬁgfnafﬁfted 1968a;
slan oodlan roup arge amount of deer bone ichardson
Island Woodland | G p | f deer b y UIding Richard
(TVAS 1968 11) cottage 1968
mgﬂggsqlg??n%et::?\/loun d Princess Mound: only grave goods Moderate: notes by
and Prin.ce Mound associated with half-seated burial -- a Boyle (1986), as
Princess: 7 intrusi\;e burials necklace of copper, shell disc beads, and mentioned by Boyle
*East and 1 "h;al f-seated” burial small ocean shells,a biconcave gorget of Johnston 1968, 1896;
Sucar 12 BbGm- | Middle Mound deen in centre of mound obsidian, large copper adze. Prince Mound: | suggest site was Johnston
Islgn q 11 Woodland | Group Prinpce Mound: 2 intrusi\}e small stone adze, broken gorget. Around only partly 1968z;
burials. and an.inclusive "half-seated" burial, bracelets of copper examined. Richardson
“hal f-si ting®” burial near beads on wrists. Also a nearby shell midden, | Although other 1968
eastern endg (maybe sub- with mussel shell fragments and artifacts documentation
mound pit) which were mostly Vinette Il sherds. seems thorough.
Harris Notes of Charlie Burrison from 1920
Island mention the midden found here was a O'Brien
o | Middle . mound (according to government Trent- 1977,
t\(\/oloeﬂ;)rfris 15 BbGm-3 Woodland Mound No mortuary material Severn site records). Note of various midden Low Raoberts
Islands) materials. Middle Woodland village site 1978
nearby.
. Likely mound. Perhaps - Obrien
::?arrzg 14 BbGm- | Middle Mound shovel disturbed by Small Middle Woodland campsite nearby rLe(():\év\./:rt;Ieonly 1977,
Mound 21 Woodland ﬁ?;?;gfr' No mortuary suggestive records ggg c
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Low: known
through donation

Katchewan of stone pipe to Dibb,
a Golf 1 N/A Middle Mound Human remains observed Middle Woodland Stone Pipe Royal Ontario Personal
Course Woodland Museum, mound Communca
Mound found and tion 2015
described by Mr.
Lampan Archibald
Low: In early
1930s
the Peterborough
Stone axes, chisels, projectile points. There Historical Society | Dibb,
- is no mention of ceramics being found. closed and any Personal
. Late Human remains reportedly | Nearby on former Kidd property, opposite artifacts that they Communca
Kidd 20 BeGn-4 Avrchaic Mound recovered (west) side of road were found a mid-late may have tion 2015;
Mound ! o A .
archaic copper projectile point (in possession | possessed were MTSC
of Robert Kidd) either returned to 2012
their original
owners or maybe

even discarded.
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8 clusters of grave goods associated with the
burials: a Quartz projectile point or blade
was found. Metals included 3 Copper pins, 1
copper pan pipe cover, a copper gorget, 2
copper beads, 10 pieces of silver ore 10, a
silver pan pipe cover, 1 sheet of silver, and 2
sheets of mica. Exotic faunal items included
a perforated sharks tooth, 2 horn corals, 13
unio shells, 12 balanus shell beads, 6 clam
shells. Worked items included w14 pointed
bones, 9 bone daggers, 1 bone chisel,5
worked bone fragments, 5 drilled moose

toes,3 hafted beaver tooth chisels, 19 pieces Johnston

* 30 burials, which were of worked antler, an antler bead, 2 shaped High: excavation 196843;

Le BbGk2 Middle Mound primary, secondary and stone objects, and 3 adze blades. Also found methb dological Richie

Vesctone Woodland cremated in mound filland | were 66 mammal bones or bone fragments, 1965;

) ; and well recorded.

Mound in sub-mound graves/ a bear canine, a red fox muzzle, 21 beaver Kenyon
incisors, 10 beaver incisor fragments, a dog 1986
jaw, 4 ground-hog incisors, 4 muskrat
mandibles, a porcupine incisor, 2 loon
bones, 9 whetstones, and 2 chert flakes.

From the mound fill was 1 marine shell, 2

flint projectile points, 1 basalt projectile

point, 1 quartzite spear point and one

quartzite blade, 1 canid atlas, a deer

mandible fragment, 19 potsherds, 9 turtle

bones. 1 bone harpoon fragment, one

modified antler tine, a fragment of worked

bone, 1 chert drill, 6 chert flakes, and 1

fragment of silver.
Three mounds known, 4 Moderate: 1
additional mounds thought | Mound 1: 2 small celts, 2 antler-made mound excavated Boyle

* Middle Mound to exist, destroyed by land | points, 1 bone projectile point; Mound 2: thoroughly, 1 1897

Miller BaGn-2 Woodland | Grou cultivation. Two mounds turtle effigy found with burial, 2 small celts, | excavated after Johnéton

Mounds oodla P excavated; Mound 1: 3 3 bone harpoons, charcoal with "calcareous | being disturbed,

; ) : . . 1968
burials, Mound 2: 2 or 3 material (possible cremation) one not excavated
burials said to be found and 4
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prior to excaction by owner
of land, 1 burial found in
excavation by Boyle
(1897).

destroyed/undiscov
ered

Hakas
Moore Late Possible 1967;
(BbG1-1) 9 BbGI-1 Archaic mound Several adzes found Low MTSC
2012
Middle 2 broken projectile points, one broken adze
- Woodland bi .
it, one thick chert scraper, one fragment of .
(and Mound 4 mounds. One human Lo Richardson
Percy 8 BbGk-4 ossible Grou maxillary incisor found bone harpoon point, bird claw, fragments of | Low 1968
Boom Eate P Y ' mammal bone. 6 dentate stamped ceramics
Archaic) and three grass malleated body sherds.
. s Ritchie
Polly Cow 21 BcGN5 Late Possible | Burial mound possibly i\ggﬁﬁskgrgg zggﬁﬁeoig Ic()atigfgr'eznke Low 1971,
Island Avrchaic Mound | eroded into Trent Cancal - . MTSC
projectile point 2012
3 Mounds. Largest mound
(mound 1): inclusive
human skeleton, flexed.
Remains of ‘numerous Low: No full
skel_e_tons In various Presence of charcoal layers of Mound 1 and excavathn, o Boylt?
- positions 2 feet below . S - trenches in larger 1889;
surface, additional skeleton 2. Mound 1 yielded 1 projectile pomf[, a mound, 1 trenchin | Kenyon
Preston . ; ! . fragment of pottery, and a ‘pendant-like ; .
Middle Mound in possible sub-mound pit ; - . . one of 2 smaller 1986;
Mounds/ 10 BbGI-2 object of fine sandstone with perfortation. In . .

. Woodland | Group (36). In small mound . . mounds, and third | Dibb,
Hastings (Mound 2), few traces of 2013 processing the fill from the relocated mound not Personal
Mounds ! mound by North-Eastern Archaeological .

human bones and more Services yielded a small quantity of artifacts mentioned. Info Communca
evidence of cremation, y g " | from records tion 2015
much deeper were the inconsistent.

remains of at least 17
additional persons with no
apparent arrangement.
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Third mound not
mentioned in any detail.
One of the originally
opened mounds may have
been relocated 3 years ago
during the raising of a
cottage. In the fill from this
mound was processed by
North-Eastern
Archaeological services,
and over a dozen
individuals were found.

Rainy
Point

16

BbGm-4

Middle
Woodland

Mound

Possible mound structure

Single sherd, Middle Woodland

Low: disturbed by
construction

OASD
2013

*

Serpent
Mounds

13

BbGm-2

Middle
Woodland

Mound
Group

9 mounds total, including
large serpent shaped
mound which is thought to
actually be three elongated
burial mounds. Mounds A,
B, and D reported to have
contained a few intrusive
burials. Mound C: at least
30 individuals, both
primary and secondary
interments within the
mound structure. Mound E:
primary and secondary
burials, partial cremations,
subfloor burial pits, over 60
burials. Mound F: 6 burials.
Mound G: approx. 18
individuals, both primary
and secondary. Mound I: at
least 29 individuals, both
primary and secondary,
including the only fully
identified cremation.

Mussel shell, mussel shell lenses, point
peninsula pottery, side notched points, dog
and wolf teeth, charcoal, several of Vinette 11
pottery. A midden close by also yielded
mussel shells and Vinette |1 pottery. Village
site also present close by.

High: this site has
been examined
many times.

Johnston
1968b;
Kenyon
1986
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Low: information

Spook 2 BaGn- Late One Skull (only item 2 Groundstone tools, 1 schist, 16 preform, 1 inconsistent OASD
Island 2 112 Archaic verified), human remains celt preform b 2013
etween sources,
Peterborou
gh Evening
i . Examiner
Low: remains 1911
Webster- Middle possibly associated Dibb'
Marshal 22 BcGn-8 Mound | 4 crania were found Celt or adze imbedded in one crania with 1600's '
Woodland . Personal
Mound Mohwak-Ojibwa
skirmishes Communca
tion 2015;
OASD
2013
. Richardson
* .
. Late . Two adults and one child, Red ochre and shell beads. Charcoal Low: Not 1968;
White's 17 BbGm-7 . Burials two flexed and one . . collected, recorded
Archaic (possible cremation) rd Johnston
Island extended by 3™ party 1968a
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A.1.2 Non-Mortuary Sites (NMS) Dataset

In order to determine if potential relationships between environmental variables
and cemetery site locations are unique to mortuary sites in the study area, a set of non-
mortuary sites have also been chosen for testing. The Non-Mortuary Sites (NMS) dataset
includes sites with evidence for occupation, since these are likely more reflective of
strategic location choices compared to locations of isolated surface finds or very limited
anthropogenic activity. This includes sites with evidence of storage, hearths, middens,
multiple artifact sequences, lithic production, or sites with considerable numbers of
ceramics, faunal remains, or lithic artifacts. Recovery rates and taphonomic factors were
taken into consideration for Late Archaic-age sites, where materials other than lithics are
a rare occurrence. A list of the NM dataset sites is included in Chapter 4, Table 4.3 and

Table Al.2, and are mapped below in Figure A.1.2.
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Figure A.1.2 Geographic distribution of non-mortuary sites of middle Trent Valley

** Numbers correspond to Map Number values in Table A.1.
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Table A1.2 Non-Mortuary Sites

Map Site . Graham
Numbe Borden Nam 16 BaGn-75 Ficher
Number
r e Inner
1 BaGM5 McFarla 17 BaGn-76 City
nd Angels
2 BaGn-1 ijr?(;?rf 18 | BaGn-77 | Jenna
9 11" 19 | BaGn78 | Jibb
3 BaGn-14 Seidl Tohny
20 BaGn-79

4 | BaGn-16 Dg;g’;ﬁ” Lean
West 21 BaGn-80 | Linton
5 BaGn5 | Sugar 2 | Bagnga | Schoolb
Island us Pond
Swan's
6 BaGn-54 MCLntyr 23 | BaGn86 | . >
Turner
7 BaGN-6 Mﬁglr\]/la 24 | BaGNB8 | iy
BaGn-63 | Pengelly 25 BaGn-89 | Twinkie
BaGn-65 | Halstead 26 BaGo-1 Larmer
Sugar 26 | BaGn-90 | Vestingt
10 | BaGn-67 | Stream on
Cody 27 BaGn-91 | Alderton
Barking Bear
11 | BaGn-69 | Dog 28 | BaGn-92 Ridge
Ponds 30 | BaGo20 | Hard

West
12 BaGn-7 | Grape 81 | BaGp-20 | Swarz
Island 32 BbGj-1 | Morrow
13| Bagn70 | B || 33 | pngja | MeFa
14 | Bagn71 | Pl 5 | pogjs | McFAla
2 ne 2
15 BaGn-72 Buttar 35 BbGk-10 LOg
Cabin

Point BbGm- - BdGm- Big
53 48 72 11 Foote
36 BbGI-3 Shaw -
- 54 BbGM6 Lou_cks 73 BdGm- Little
37 Bblczm Ggg;‘rr]t;.‘y Point 12 Foote
- Hickory West
38 BblG3m— Sp'ng“r 55 | BOGMB | g 74 | BdGn-12 | Burleigh
ye&y 56 | BOGn-10 | * Bay
39 BbGm- Foley Fallen
14 Point 57 BbGn-12 * 75 BdGn-24 Birch
BbGm- . 58 BbGn-14 *
40 17 | Eimhirst 76 | BdGo2 | S
Mcintyr Island
BbGm- 59 BbGn-2
41 ”n John € 77 BdGo-6 *
P BoGm | Poison 60 BbGn-24 iandarr:s 78 BdGp-12 *
2 vy 61 | BbGn-26 a"’.‘r"‘r’;ls 79 | Bdep13| -
BbGm- .
43 24 Scriver 62 BbGn-29 * 80 Bde-18 -
- 81 BdGp-19 -
a BbZ%m Waldie 63 BbGn5 | Manley P
. 64 BbGn-6 | Bensfort 82 | BdGp-20 -
BbGm- | Prison —
45 3 Island 65 | BbGNn-7 | Finnie
BbGm- Trent
46 %9 * 66 BcGk-2 Island 2
BbGm- Trent
M 40 * 67 | BCKk3 | igland1
BbGm- Healey
48 13 * 68 BcGk-6 Falls
49 BbGm- % Katchiw
44 69 BcGn-1 ano
50 BbGm- * Island_ 2
45 Katchiw
- 7 BcGn-2
51 BbGm: . 0 cGn ano
46 Island 3
52 | BOOM | 71 | BeGoas | mbert
47 ane
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A.2: Environmental Variables

Environmental Variables were collected through GIS databases and
manipulated into specific spatial datasets using ESRI’s ArcMap 10.2 software. These
datasets originally had different spatial extents and different projections, however the
MaxEnt program requires that all datasets are homogenous. For this reason all
datasets were given a raster cell size of 10m, transformed to the North American
Datum 1983 (NAD83) in the Universe Transverse Mercator (UTM) Zone 17
projection, and clipped to the spatial extent for the study area polygon, which is made
from nine combined Quaternary subdivisions of the Trent River Watershed (See
Figure 4.1, Chapter 4), from the Ontario Hydrological Network database (2010).
These refined spatial datasets were then converted to American Standard Code for
Information Interchange (ASCII) text files for compatibility with the MaxEnt
program. All GIS data was retrieved through the Scholars GeoPortal (2015:

http://geol.scholarsportal.info/Ontario Council of University Libraries.).

A.2.1 Topographic Variables

The primary data source for the variable of elevation and its derivatives comes
from a 10 meter resolution Digital Elevation Model (DEM) dataset created by the
Ontario Ministry of Resources (2006). The dataset uses the Universal Transverse
Mercator projection (UTM) coordinate system, and is in a tile format divided by UTM
zones. The middle Trent Valley study area defined for my research includes tiles 92,

93, 94, 99, 100, 101, 105, and 106 from UTM Zone 17 of this dataset.
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A.2.1.1 Elevation. An elevation raster was created using the “Mosaic to New
Raster” function in ArcGIS 10.2 (Data Management toolbox), which joined the 8
separate raster tiles into a single raster grid. Elevation is measured in meters above sea

level.

A.2.1.2 Slope. A slope raster was created using the “Slope” function in
ArcMap 10.2 (Spatial Analyst toolbox/Surface), which calculated the degree of
steepest incline for each cell of the elevation raster, based on the cell and the eight

neighbour cells surrounding it.

A.2.1.3 Aspect. An aspect raster was created using the “Aspect” function in
ArcMap 10.2 (Spatial Analyst toolbox/Surface), which calculated the steepest
downslope direction of a plane for each cell of the elevation raster, based on this cell
and the eight neighbour cells surrounding it. This produced a raster with degree values
that represent compass directions, which was converted to radians and then linearized
using the “Raster Calculator” feature in ArcMap 10.2. A value of 1 represents the
nautical direction of North, -1 represents South, and 0 represents either East or West

facing slopes.

A.2.1.4 Ruggedness. A ruggedness raster was created using the “Focal
Statistics” function in ArcMap 10.2 (Spatial Analyst toolbox/Neighbourhood) to
calculate the standard deviation of the slope for every 100m neighbourhood in the
slope raster. This provides an understanding of the variability in elevation, or the

roughness of the terrain.
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A.2.2 Edaphic Variables

Edaphic variables are based on a digital soil series map of Ontario, the Soil
Survey Complex (2009), developed by the Ontario Ministry of Agriculture, Food and
Rural Affairs. An exception is the Distance to Peat and Muck variable, which is
derived from the Physiographic Region dataset in the Physiography of Ontario
database (2007), generated by the Ontario Geological Survey. All maps were
converted into raster surfaces using the “Feature to Raster” feature in ArcMap 10.2

(Conversion toolbox).

A.2.2.1 Soil Texture. A soil texture map was created using the
“ATEXTURELI” category from the Soil Survey Complex (2009). This category
divides soil texture into eight ordinal categories based on grain particle size and
composition of the A Horizon in the soil profile. In cm? per gram, sand particles are
defined between 23 and 230 cm?, silt particles are 450 cm?, clay particles are around
8,000,000 cm?, and organic matter or humus are also around 8,000,000 cm?.
Originally ordered by name, these classes were assigned numerical values for

consistency:

1 = Sandy Loam (moderately coarse sandy loam)

2 = Absent/Unknown

3 = Sand (coarse sand and loamy sand)

4= Organic

5 = Silt Loam
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6 = Loam (medium to moderately fine loam)

7 =Clay
8 = Clay Loam
9=Silt Clay

A.2.2.2 Soil Stoniness. A map of stoniness was created using the
“STONINESS” category from the Soil Survey Complex (2009). This category divides
the surface stoniness of the landscape into seven ordinal categories based on the
percentage of the soil surfaces’ stones. Stones are defined as between 15cm - 60 cm in

diameter, and boulders as > 60 in diameter.

1= Non-stony (<0.01 % surface area.)

2 = Slightly stony (0.01-0.1% surface area, stones occurring more than 20m apart.)

3 = Moderately stony (<3% surface area, stones occurring 1-20m apart.

4 = Very stony (3-15% surface area, stones occurring 0.5-1m apart.)

5= Exceedingly stony (15- 50% surface area, stones and boulders both present.)

6 = Excessively stony (>50% surface area, stones and many boulders present.)

7 = Absent

A.2.2.3 Local Availability of Fertile Soils (4km and 8km). Two variables of the
local availability of fertile soils (4km and 8km) were created by extracting the spatial

units defined by the “Organic” or “Loamy” classes in the “ATEXTURE]1” category of
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the Soil Survey Complex (2009). This category divides soil texture into eight ordinal
categories based on grain particle size and composition of the A Horizon in the soil
profile. The availability (sum) of the “Organic” and “Loamy” soil types for a 4km
radius around each cell in the raster was calculated using the “Focal Statistic” tool in
ArcMap 10.2 (Spatial Analyst toolbox/Neighbourhood). The process was repeated
using an 8km radius. This created two separate rasters that demonstrate 4km and 8m

catchments of the local availability of fertile soil for each cell in the raster.

A.2.2.4 Local Availability of Well-Drained Soil (4km and 8km). Two local
availability variables of well-drained soil (4km and 8km) were created by extracting
the spatial units defined by the “well drained” class in the “DRAINAGE” category of
the Soil Survey Complex (2009). This category indicates how well the soil drains, and
comprises seven ordinal categories: very poorly drained; poorly drained; imperfectly
drained; moderately well drained; well drained; rapidly drained; and very rapidly
drained. The availability (sum) of well drained soil for a 4km radius around each cell
in the raster surface was calculated using the “Focal Statistic” tool in ArcMap 10.2
(Spatial Analyst toolbox/Neighbourhood). The process was repeated using an 8km
radius. This created two separate variables that demonstrate 4km and 8km catchments

of the local availability of fertile soils for each cell in the raster.

A.2.2.5 Distance to Peat and Muck. Since modern wetland locations likely
vary from those of the Late Archaic and Middle Woodland landscape, a surficial
geology variable reflective of wetland location is also included. This is the Peat and
Muck category, extracted from the Physiography of Ontario database (2007). The
Peat and Muck dataset was converted into a Euclidean distance surface using the

“Euclidean Distance” tool in ArcMap 10.2 (Spatial Analyst toolbox/Distance), which
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calculated the Euclidean distance to the closest peat and/or muck source for each cell

in the surface raster.

A.2.3 Hydrological Variables

Hydrological data was retrieved from the Ontario Hydrological Network
database (2010) and from the Source Protection Area Generalized vector dataset

(2008), both produced by the Ontario Ministry of Natural Resources.

A.2.3.1 Local Availability of Productive Wetland (4km and 8km). Two local
availability variables of wetlands (4km and 8km) were created from the Wetlands
feature in the Source Protection Area Generalized vector dataset (2008). Wetlands
isolated from free flowing water (also called bogs), are precipitation dependent and
tend to have low primary productivity since they do not receive nutrients or organic
matter from surface water transportation. Since these particular wetlands are not likely
to have a high resource productivity, they were removed from the dataset. The
availability (sum) of these remaining productive wetlands for a 4km radius around
each cell in the raster surface was calculated using the Focal Statistic tool in
ArcMap10.2 (Spatial Analyst toolbox/Neighbourhood). The process was repeated
using an 8km radius. This created two separate variables that demonstrate 4km and

8km catchments of the local availability of fertile soil for each cell in the rasters.

A.2.3.2 Distance to Productive Wetland. In addition to understanding the
availability of local wetlands around site locations, it is beneficial to know the

distance of the closest wetland area from a given location. The extracted ‘productive’
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wetlands from the Wetland feature in the Source Protection Area Generalized vector
dataset (2008) were converted into a Euclidean Distance surface using the “Euclidean
Distance” tool in ArcMap 10.2 (Spatial Analyst toolbox/Distance), which calculated

the Euclidean distance to the closest wetland source for each cell in the surface raster.

A.2.3.3 Distance to Permanent Water Source. This dataset includes data from
the Water Course (line feature) and Waterbody (polygon feature) from the Ontario
Hydrological Network database (2010) that are described as perennial rather than
intermittent water features. The logic is that perennial water sources (the product of
the drainage of lakes formed by geological events that precede human occupation of
the area) reflect the locations of likely water sources during the drier Archaic and
Middle Woodland periods. These features were originally converted into a separate
raster, and then joined using the ‘Raster Calculator” feature in ArcMap 10.2, with the

following Map Algebra expression:

Con(IsNull("Waterbody™),0,"Waterbody") +
Con(IsNull(*"WaterCourse™),0,"WaterCourse") Con(""'majorwaterzero™ 1=

0,1,"majorwaterzero")

This expression changes the null values in each dataset to 0, allowing the program to
calculate the presence or absence of values properly: each cell contains a value of 1 if

a water feature is present and a value of 0 if absent.
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A.3: MaxEnt Preliminary Results

Prior to the production of the final models used in the MaxEnt analysis,
preliminary test runs were undertaken on each of the site sample datasets (C, TM, and
NM) in order to isolate the environmental variables that contributed to the models in a
significant way. Removing variables that were not good predictors for the models
greatly improved the models’ performance, leading to more accurate/precise models
with results that could be clearly interpreted. Several stages of tests were run during
this process as certain variables were carefully removed. The analyses of variable
contributions, jackknife tests, and response curves for the initial preliminary tests are
depicted below, in order to provide the reader with an understanding of how each
variable originally contributed to the models. It should be noted, however, that the

contributions of each variable changed during the reduction process.

A.3.1 C Model Preliminary Results

Variable Percent contribution | Permutation importance
water_dist 43 59.7
soil_texture 18.2 24.9
elevation 10.7 2.3

slope 8.9 1.2

stoniness 6.8 7.8
aspectlin 55 0.7
wetland_dist 3 0.5
wetland_8km 2.2 1.6
peatmuck_dist 0.9 0.1
welldrained_8km 0.6 0.4
fertilesoil_4km 0.2 0.8
ruggedness 0.1 0.1
welldrained_4km 0 0
fertilesoil_8km 0 0
wetland4km 0 0
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Figure A.3.1: Analysis of variable contributions for C Model
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Figure A.3.2 Jackknife test of variable importance for C Model
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Figure A.3.3 Response curves for C Model
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A.3.2 TM Model Preliminary Results

Variable Percent contribution | Permutation importance
water_dist 30.6 31.8
elevation 23.2 27.8

slope 16.1 9.2

aspectlin 7.2 5
stoniness 7.2 7.1
wetland_8km 5 3.9
wetland_dist 4.5 5.2
soil_texture 2.7 3
fertilesoil_8km 11 0.4
ruggedness 0.8 1.9
welldrained_4km 0.6 0.4
peatmuck_dist 0.4 3.1
welldrained_8km 0.2 0
wetland4km 0.1 1.3
fertilesoil_4km 0.1 0

Figure A.3.4: Analysis of variable contributions for TM Model
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Figure A.3.6 Response curves for TM Model.
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A.3.3 NM Model Preliminary Results

Variable Percent contribution | Permutation importance
peatmuck_dist 25 345
fertilesoil_8km 17.8 59
fertilesoil_4km 13.4 4.3
soil_texture 8.5 7.2
water_dist 7.8 6.4
aspectlin 7.1 4.2
wetland_8km 6.5 18.8
welldrained_8km 6.2 8.8
elevation 6 5.8
ruggedness 0.8 0.7
stoniness 0.4 1.3

slope 0.2 0.8
wetland_dist 0.2 0.6
wetland4km 0.1 0.4
welldrained_4km 0.1 0.3

Figure A.3.7: Analysis of variable contributions for NM Model
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Figure A.3.8 Jackknife test of variable importance for NM Model
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Figure A.3.9 Jackknife test of variable importance for C Model
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A.4: Pigeon Lake Reconstruction

A reconstruction of the prehistoric surface water level of Pigeon Lake was
created in ArcMap 10.2 (Chapter 5: Figure 5.5.1). This was achieved by first creating a
Bare Earth DEM, which involved digitizing the bathymetry values of Pigeon Lake
from the 2023 and 2024 Canadian Hydrographic Service Charts (2007), created by the
Ministry of Fisheries and Oceans. These values were coded in a spatial dataset, the
“PLBATH” shapefile. Next, tiles 99 and 100 from the 10m DEM dataset created by
the Ontario Ministry of Natural Resources (2006) was mosaicked, and the DEM values
were converted to point features in an additional shapefile. A bounding polygon was
manually created from the modern extent of the lake, and all DEM point values within
this polygon were removed. A baseline elevation of the lake was established from the
DEM raster surface; the current lake level has a mean of 245 meters above sea level
(masl), which similar to Rice Lake was the product of a dam, built at Buckhorn
around 120 BP (Conolly et al. 2014:38). Next, absolute elevation values based on the
DEM were added to the PLBATH shapefile in a column titled “GRID_CODE”. The
PLBATH and DEM points were combined using the “Merge” tool in ArcMap10.2
(Data management toolbox/General). The output file created by this process was then
converted to a DEM from its “GRID_CODE?” attribute values using the “Inverse

Distance Weighting” tool in ArcMap 10.2 (Spatial Analyst toolbox/Interpolation).

The next step involved flooding the Bare Earth DEM to create a visual
representation of the prehistoric lake levels. The lake was “filled” by subtracting a
conservative value of 3m — the maximum estimated increase of the water level caused
by the dam at Buckhorn (Conolly et al. 2014:38) — from the known modern surface

level of the lake (245 masl). The maximum value of the estimated reduction of the lake
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based on the dam’s effect was chosen to help account for the drier climate of the Late
Archaic and Middle Woodland, which would have also had a significant effect on the
lake’s water levels, due to drainage affects on the landscape. All cell values under 242
masl were reclassified to represent the estimated level of the pre-dam lake. An
additional reclassification was made between 242 masl and 244 masl, to represent an

estimation of the waterlogged wetlands that often surround lakes in the area.
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