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ABSTRACT

An Ecological Analysis of Late Woodland Settlementhe
Rouge River Watershed, Southern Ontario

Jamie Davidson

This thesis seeks to understand the influencesafonmental variables on site
location selection during the Late Woodland pefical A.D. 1000-1650) in south-central
Ontario, specifically variables considered to beofaable to maize agriculture. Four
analyses were undertaken: a geographic informatietem (GIS) comparative analysis
of Late Woodland sites compared to random poirdpufation estimates of four sites for
which settlement pattern data was available; maansumption estimates for these same
sites, and; a maize resources catchment analytesé sites. The analysis conducted
did not produce conclusive results to answer qaestielated to maize-driven site
selection, however it did show that requirementsriaize resources at these sites could
have been met in catchment areas of a 500 m radiosg case in 250m. The results led
to an important question for future research: @dtural needs were not driving

settlement location selection in this area, what?va

Key words: Ontario Archaeology, Maize Agricultutete Woodland, Geographic
Information Systems, Environmental Modeling, Moveitnef Communities
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Chapter 1: Introduction
In Ontario the majority of archaeological resedseing conducted, currently and in
recent decades, has focused on specific sitesrbop® of artifact assemblages.
Although examples of regional studies can be folBehles 2013; Birch 2010; Fox 1976;
Martin 2009; MacDonald 2002), they are not commiod this has resulted in gaps of
knowledge regarding pre-contact Aboriginal land unséne province. For the purposes
of this thesis regions are viewed as geographichdiynct watersheds, following
MacDonald (2002) and Birch (2010). While site- difact-specific studies have the
ability to yield important information includingwatool material procurement, faunal
exploitation strategies, and intra-site settlenpatterns and activities, regional studies by
their nature can reveal information about the oizgion and movement of communities
in time and space, and how regional settlemenépettrelate to the broader social and
ecological setting. The paucity of regional stgdieOntario is likely related to the fact
that the tradition of environmental/ecological aeblogy in Ontario, particularly the
Great Lakes area in the south, is not a strondlomgs and MacDonald 1999;
MacDonald 2002). Many questions can be askedectkatthe movement of
communities across a landscape and how changesannce availability altered
settlement and resource use strategies; it is myt@explore some of these questions in

my research.

1.1: Chronological Focus

The Late Woodland period in southern Ontadioog A.D. 1000 — 1600) is marked by

significant changes from the preceding Early andd& Woodland periods, and is vastly



different from the earlier Archaic period. It shdibe noted that some researchers have
defined the Late Woodland as beginning circa A@) @ox 1990; Smith 1990;
Williamson 1990). The issue of a “Transitional Vdéand” periodca. A.D. 600-900, its
cultural manifestations and its approximate eneé tias been discussed by Williamson
(1990), Smith (1997), Ferris (1999) and MacDon2l@0@). Table 1 provides a summary
of the pre-contact Aboriginal chronology of south@ntario, based on Ellis and Ferris
(1990). Characteristics noted in Table 1 referdyp #&ttributes of a particular period, and

is by no means a comprehensive list.

Table 1: Southern Ontario temporal summary (basellics and Ferris 1990)

Period Common Sub-divisions Temporal Range* Charact  eristics

Early Paleo-Indian

Late Paleo-Indian

Early Archaic

Middle Archaic

Late Archaic

Terminal/Late
Archaic

Early Woodland

Middle Woodland

Narrow Point Horizon

Broad Point Horizon

Small Point Horizon

9000 - 8400 B.C.

8400 — 8000 B.C.

8000 - 6000 B.C.

6000 - 2500 B.C.

2000 - 1800 B.C.

1800 - 1500 B.C.

1500 - 1100 B.C.

1100 - 950 B.C.

950 - 400 B.C.

400 B.C. - A.D.500

Fluted projectile
points, spruce
parkland, caribou
hunters

Hi-Lo projectile
points, smaller but
more numerous sites
Kirk and Bifurcate
Base projectile
points, slow
population growth
Brewerton-like
projectile points,
environment similar
to present

Lamoka projectile
points, increasing site
size

Large chipped lithic
tools

Introduction of bow
hunting

Hind projectile points,
emergence of true
cemeteries
Meadowood
projectile points,
introduction of pottery
Dentate/pseudo-
scallop pottery,



increased sedentism

Possible Transition Phase  A.D. 600 —900/1000 Introduction of maize
Emergence of

Early Ontario Iroquoian A.D. 1000 - 1300 . !
agricultural villages
Late Woodland Middle Ontario Iroquoian A.D. 1300 - 1400 Long longhouses
(100m +)
Late Ontario Iroquoian A.D. 1400 - 1650 T.”bal warfare and
displacement
Contact Aboriginal A.D. 1700 - 1875 Sl T EEDTE

and treaties

*Temporal ranges are approximate and vary deperatingsearcherct. Ellis and Ferris 1990).

The hallmarks of the Late Woodland period, compéaoetthe preceding Middle
Woodland period, include the widespread practicenaiize horticulture (and other
cultigens), accelerated population growth anduin,tthe appearance of large settlements
(Ferris 1999; Fox 1990; Warrick 2008). A comprediea collection of papers detailing
differing characteristics and theories of Middld_tie Woodland transitions can be
found in Ellis and Ferris (1990). Additional dission on this transition, particularly
related to the origin of Late Woodland populatioresy be found in Chapter 2.

My research will focus on the area of south-cer@adario during the Late
Woodland period. This geographic area is framedcépture the majority of Late
Woodland communities likely to have been part efelvolutionary sequence leading to
the historic Huron and Petun” (MacDonald 2002:88}hile a specific watershed will be
used during my research and analysis, south-cedtr@rio will be referred to
throughout this thesis; for the purposes of thisigtsouth-central Ontario will follow
MacDonald (2002) and include the area of the pr¥imordered on the south by Lake
Ontario, on the west by the Niagara Escarpmenthemorth by Georgian Bay of Lake
Huron and the Canadian Shield. The eastern edgbendefined by diminishing site

frequencies as reported in MacDonald (2002) andrBj2010).



During the Late Woodland period in south-centratadio there is evidence of a
movement of communities away from the north shéiea@e Ontario north towards the
Oak Ridges Moraine and into Simcoe County; this emo@nt has been documented by a
number of researchers (Birch 2010; Emerson 1954Maald 2002; Ramsden 1990;
Warrick 2008). In addition to this movement of coomities, the Late Woodland period
in this area is also characterized by a substantatase in population and the eventual
coalescence (i.e., the merging of two or more comtias at one location) of
communities in the 4and 1% centuries (Birch 2010). The movement of the
communities transected three different physiogm@pégions: the Iroquois Plain, the
South Slope and the Oak Ridges Moraine. Thesensdiave different ecological

characteristics that would have impacted land asker@source acquisition strategies.

1.2: Research Goals

Late Woodland settlements required a variety abueses; however arable land to
support maize agricultural practices is often casdan important consideration related to
settlement location selection (Campbell and Camd®812; Demeritt 1991; Dodett al.
1990; Heidenreich 1971; Jones 2008; MacDonald 2008)s thesis will test these
assumptions. It is my aim to explore the limitasaf settlement expansion in the Late
Woodland from a resource perspectivde following hypothesis drives the analysis:
maize resource needs was the main factor that (ajfluenced choice settlement
location and (b) at the regional scale restricted mvements to areas where these

resources could be grown/obtained An additional line of inquiry will explore how



settlements were positioned in relationship to eabker in terms of managing inter-
settlement competition and/or access to arable land

This research will not only contribute to the studyegional land use in the Late
Woodland, but will also provide insight into thertieern movement of Late Woodland
peoples and the eventual coalescence of their comiggl My results will fill in some
of the gaps that currently exist in the availaiilerdture regarding choice settlement
location relating to environmental variables andtibe presence or absence of resources
restricted movement at a regional scale. SoutBatario has been the subject of
countless archaeological studies in recent decéoés,in the context of consulting
projects ahead of development and through acadesearch programs. There is no
reason to not utilize the available data to elueigetterns of settlement and land use

over a large area.

1.3: Terminology and Typology

In published literature Late Woodland is often usgdonymously with the term
“Iroquois/Iroquoian” in south-central Ontario. $outh-central Ontario and beyond,
Iroquoian refers to both a culture pattern anehguistic family. In south-western
Ontario it is used synonymously with Western Basioluding all of the sub-phases
identified in this area (Wolf, Younge, Springwel well as Iroquoian. Northern
Iroquoian archaeology is generally considered tthkestudy of communities ancestral to
seventeenth century peoples located in southeraronsouth-western Quebec and New
York State (Birch 2010). The Late Woodland perimdoughly divided into three

temporal divisions based on changes in materialig)lsubsistence strategies and



settlement size. Bgirca A.D. 1650 south-central Ontario was devoid of majo
Aboriginal settlements. Within the Late Woodlaedhporal divisions (Early Iroquoian,
Middle Iroquoian, Late Iroquoian Phase |, Late rogn Phase 2 and Contact) there has
been an attempt throughout thé"2@ntury to identify more specific cultural groups
within south-central Ontario and beyond. The majaf the cultural chronologies used
by researchers in the latter half of thd’2@ntury were rooted in the works of MacNeish
(1952) and Wright (1966); the development and didkese chronologies, as well as the
subsequent movement away from their associatedrnelogies is discussed further in
Chapter 2.

Problems with defining typologies and culture areage been the subject of
much discussion in the latter decades of tHe@tury (Ferris 1999; MacDonald 2002;
Smith 1990; Snow 1994). According to Steward (183h disagreement is inevitable
when attempting to arrange peoples in diachronicsgmchronic typologies or culture
areas as “there is no objective means for weigthiegmportance of local differences and
for deciding which categories of elements shalhberibed greatest importance.” In
reviewing the published literature specific to $vaéntral Ontario | have decided to
utilize, where possible, the term Late Woodlanéngyally considered to be a diachronic
term with little to no cultural connotations) wheiscussing the subject matter of this
thesis; this will allow me to focus on what canrbeealed from an ecological analysis of
settlement areas, rather than be drawn into thaya\wresent debate on cultural

typologies of the Late Woodland.



1.4: Scope of Research

It is proposed that my research expand on thalmtiological archaeology of
MacDonald (2002), however with a more localizedrapph that focuses on specific
resources. My local geographic boundaries wilbbe watershed system, the Rouge
River watershed in south-central Ontario, whichsroorth-south between the Oak
Ridges Moraine and Lake Ontario (Figure 1-1). €belogical focus will establish the
location and spatial structure of arable land faiza horticulture.

Maize has been interpreted as the most important fesource during Late
Woodland times; estimates of the percentage ofenaipverall diets from ethnohistoric
studies range from 50% (Kroeber 1939) to 65% (Hwieileh 1971) to 75% (Popham
1950). Stable isotope studies have found thateretzounted for varying percentages of
overall diet, however it always represents a megonponent (Schwarc al. 1985;cf.
Bower 2011). Bower’s (2011) isotope study of sta@lmaterial from a Late Woodland
settlement just west of the Rouge River watersloeditned a mixed omnivorous diet, of
which the primary component was maize. Isotopedysis of remains from the
Moatfield Ossuary, North York, Ontario, revealedireacontributed to 54% of diet for
individuals who were over aged 50 when they died ds high as 70% during the growth
years of 20-29 year olds; this peak in maize groavith consumption was thought to have
occurred over the course of approximately 10 ygass$ prior to A.D. 1300 (van der
Merweet al.2003). A study of plant remains from Late Woodl&furon village sites in
Simcoe County indicated maize contributed up to S8%verall diet (Monckton 1994).

In fact, behind wood and charcoal samples, mairegke and cob fragments are the most

common form of plant remains in archaeobotanicalas (Monckton 1992).
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Figure 1-1: Location of geographic area discusszdih; Rouge River watershed
outlined in black in bottom right (Natural Resows¢ganada 2013)

Following MacDonald (2002) my research will use biebow temporal divisions
of the Late Woodland: Early Iroquoian Periad.(A.D. 1000 — 1300), the Middle
Iroquoian Periodda. A.D. 1300 — 1400), the Late Iroquoian Period RHaga. A.D.

1400 — 1500), the Late Iroquoian Period Phassa2A.D. 1500 — 1600), and the Contact
Period (with Europeansgd A.D. 1600 — 1650 A.D.). This will allow me tousty land
use patterns and settlement trends witlaopitiori assumptions of political, linguistic or

ethnic traditions.



1.5: Thesis Structure

This thesis comprises six separate chapters, imgudis introduction. Chapter 2
(Literature Review) will include a review of ecologl archaeology and Late Woodland
settlement archaeology literature. Chapter 3 (RathMethods) will discuss in detail the
GIS methods that will be used to map arable lantdisie for maize agriculture in the
Rouge River watershed, as well as the analysistdément locations within the
watershed. Chapter 4 (Analysis and Results) iredddur main sections: a comparative
analysis concerning the presence of Late Woodlaas sompared to random locations
in relation to environmental variables consideeté ideal for maize agriculture;
population estimates of the four sites for whictilsment pattern data was available;
maize consumption estimates for these same sitdsaacatchment analysis of these sites
focusing on land determined to be ideal for mamecalture. Chapter 5 (Discussion and
Interpretation) will provide an interpretation dietresults and a discussion of how they
relate to my research questions. The strengtheofenerated model will be discussed.
Chapter 6 (Conclusions) will summarize the resoitthe analysis in relation to the

research questions. Suggestions for further reseitl also be made.



Chapter 2: Literature Review
The literature review chapter of my thesis follow® lines of discussion: the
evolution of ecological archaeology in North Amer&nd the evolving theories on Late
Woodland settlement trends in south-central Ontdii@ latter discussion includes an
overview of historic theories for Woodland Periedduoian cultural development in

southern Ontario.

2. 1: The Evolution of Ecological Archaeology in lloAmerica

The early to mid-20 century in North American archaeology was markgddademic
restlessness and change. Archaeological excavamhanalyses in North and Central
America was resulting in a wealth of artifacts anttural chronologies; however a
number of archaeologists were becoming increasiingbtrated over what they saw as
the limitations of archaeologies based on artif@scriptions and the continual
refinement of cultural chronologie3his frustration gained momentum in the academic
community in the late 1930s and 1940s, which redult multiple calls for studies that
looked beyond the identification of material cuétuwr chronologies (Clark 1939; Bennett
1943; Kluckhohn 1940; Hawkes 1954; Steward andI&et838; Tallgren 1937; Taylor
1948). Kluckhohn explained the changing aims of soesearchers in the mid-20th
century with the analogy “the significance of tloeest as a whole can be envisioned a
little more easily if the student is not preoccupigth a particular set of trees”
(1940:41). Some sought to take archaeological aisabeyond the classification of
artifacts, including the use of excavation restdtsontribute to the intellectual

understanding of human behaviour through time. Bthkose alternative paths,



including explaining cultural change though envimamtal factors or exploring how
social, economic and religious components of aucelftunctioned within the society.
Ecological archaeology developed primarily in thie+#20" century in the United

States and has for the most part been closelyigdsettlement archaeology. Julian
Steward is often credited with spearheading thisemeent and coining the term “cultural
ecology”. Steward’s landmark publicatioFheory of Culture Change: the Methodology
of Multilinear Evolution(1955), is made up of a series of essays repiagezd years of
study. Steward defined cultural ecology as theytfdhe processes by which a society
adapts to its environment (Steward 1955). To himai$ both a theory and a method
which would allow researchers to move away fromtwigaperceived as the continuation
of theories of unilinear evolution in the workslafslie White and V. Gordon Childe;
Steward chastised unilinear evolutionists for igmgfacts related to divergence and
local variation and continuing to cast generaligedements that cultures could be
pigeon-holed into (1955:12). Steward encouragelasalogists to cease focusing on a
stylistic analysis of individual artifacts and teeutheir recovered data to study changes in
subsistence, population size and settlement trédmedbelieved by studying changes in
these variables over time archaeologists couldttdmute significantly to understanding
human behaviour and culture change” (Trigger 2008).3The fundamental goals of
cultural ecology (referred to as ‘procedures’ bgv&ird) are:

To analyze the interrelationships of exploitativgpooductive technology

and environment;

To analyze the behaviour patterns involved in tkagtation of a

particular area by means of a particular technglagg

To ascertain the extent to which the behaviourepastentailed in
exploiting the environment affect other aspectsuifure (1955:40-42).



It is not surprising, given the amount of criticisevelled by Steward at well-
known scholars of the time like Leslie White andGbrdon Childe, that Steward’s
theory of cultural ecology was met with mixed revee White himself provided a review
of the work (1957) where he criticized Steward’suftilinear evolution” and what White
perceived as Steward endeavouring to have theobbsth worlds and being stuck
between the particular and the general. White dsesithe term “multilinear evolution”
and reviews it against the customary use of thra taultilinear: “a process which
advanced along several lines diverging from a comswurce” (1957:540). Steward’s
use of multilinear is considered by White to bgfeented, a point to which | am in
agreement; Steward’s multilinear evolution can bigeld down to “like causes produce
like effects” (White 1957:541), whereby specifiobagical scenarios exploited in a
specific way will produce a certain type of so@ajanization. Although Steward strives
to distance himself from the generalizations ofinear evolutionists it is easy to see
how one often cannot help but return to generatinat a point made in Adams’ (1956)
review of Steward’s work.

Trigger (1971) outlines the broad changes in arcloggcal theory happening at
that time, concluding that “much of the theorizingarchaeology has been concerned
with stratagems which, it was hoped, would maxinteeoutput of archaeological data
and permit archaeology to compete on a more eqo#hfy with the other social
sciences” (1971:321). Looking at the broad conceptsilinear evolution, cultural
diffusion and theories related to adaptation, tiiegatagems” were viewed by Trigger
as having led (and continuing to lead) archaeobnggy. In the decades prior to the

publication of this article Trigger observed inlaeological studies an approach that he



characterized as ‘deterministic ecology’, whicheilxplains is a neo-evolutionary theory
heavily influenced by the cultural materialist apgech. Under a deterministic ecological
approach whole cultures are the product of theintelogy interacting with the
environment; variations between cultures are duwkfterent adaptive necessities of
specific environments. Under this approach, teabmpobnd the environment replaced
index fossils and the economy as a datum lineytiterlying notion is that “cultural
patterns are limited enough in variety that theanajtlines of any culture can be
inferred from knowledge of only one part of it” (AR326). Trigger lists the work of
Leslie White, V. Gordon Childe and Julian Stewaithim the deterministic ecological
approach, though he does note the latter attemptadcount for patterns of variation
from adaptations to a variety of environments hia face of the deterministic approach
Trigger advocates for what he calls open-systenfoggpin the open-system approach
cultures are seen as needing to adapt to a comgriei@nment that includes both natural
factors and other cultures. This approach assumsabstiantial amount of variation
between cultures (both ethnographic and archaes@bggiven this, it is not possible to
model an entire culture system from knowledge dy arsmall part of it. Every aspect of
a culture should be reconstructed using data retdeahat aspect.

Despite some opposition to his theories, Juliaw&teé was, and continues to be,
influential to those researchers studying aspetétad to ecology, environment and
settlement to name a few. Inspired by Steward, GQoMilley produced his landmark
studyPrehistoric Settlement Patterns in the Vira Vallegru(1953). This study was
also seen by Trigger (1971) as the first substhetiart to study settlement patterns

using an open-system ecological approach. Willegisly was the first large scale study



of regional settlement trends aimed at researattiagges in human behaviour over time.
This was a significant departure from pre-World Waegional studies, where the focus
was simply to determine where to select sites xoneation (Trigger 2006). Willey's
interpretation of settlements trends in the Virdi®awere that they “reflect the
environment, the level of technology on which thiders operate, and various
institutions of social interaction and control whithe culture maintained (Willey

1953:1).

The beginnings of ecological archaeology and se#ld archaeology contributed
in part to the rise of processual archaeology enit®60s. Led by Lewis Binford,
processual archaeologists vehemently sought tacemultural-historic approaches with
studies that were evolutionist, behaviourist, egaal and positivist (Binford 1962,

1972; Trigger 2006). In the late 1980s, led by aediogists mainly in Britain, post-
processual archaeology attempted to offer solutionthe perceived short-comings of
processual archaeology. The post-processual id¢atbhaeology was subjective and
influenced by the researchers themselves was welddiy many students who had tired
of processual archaeology’s often unrealistic gptsno establish universal cultural laws.
Equally dogmatic, neither option has succeededeir tespective quests to solve
archaeology’s problems (Trigger 2006).

Despite the rise of post-processual archaeologgds of processual archaeology
continued to persist and were re-moulded into n@meretical concepts. This persistence
of aspects of processual archaeology can be sdba stow rise in popularity of
environmental archaeology, which grew out of Julkéeward’s concept of cultural

ecology. Beginning in the 1970s Karl Butzer becaamg, continues to be, a leading



figure in the development of systematic approatb@svestigating the interactions
between human populations and the environmentniétbodology and theoretical
framework of Butzer’s interpretive approach is dethin his bookArchaeology as
Human Ecology: Method and theory for a contextymdraach(1982). This theory
involves the multi-disciplinary interpretation afchaeological sites that aims to
emphasize the dynamic interactions between hunmupgrand their environments. The
central concept for his framework is the human gstesn, which differs from biological
ecosystems in that information, technology, soaighnization and the capacity for
purposive behaviour are critical components (198R:Bhe methodological emphasis
revolves around geoarchaeology and spatial anahgfiscting Butzer’s own training in
geographical studies (1982:xii).

Studies in ecological archaeology, along with eaté#nt archaeology, were
widespread through the 1990s and 2000s, often ifagws human behaviour and
constraints exerted on behaviour (both internalettdrnal) (cf. MacDonald 2002:54-
56). Both site specific and regional ecologicatisgs have been undertaken. More
recently, ecological approaches have been stranfjlyenced by evolutionary and
human behavioural ecology to further our understandf prehistoric social and
ecological landscapes. For example, Grimstead (2@&ated models of visible and
theoretical archaeological patterns predicted femmlutionary ecology, given a set of
behavioural and environmental conditions. Her csdies included sourcing
archaeofaunal remains from Pueblo Bonito, Chaco/@ariNew Mexico and shell
procurement and production in the Southwest. M@tes. (2010) have studied the

long-term relationships between prehistoric peoplesrtheastern North America and



the environment, particularly related to the humesponses to environmental change.
Moraleset al. (2009) conducted case studies of human and emagohinteractions
related to the Medieval Climatic Anomoly and Littte Age in southern South America.
As a research subject, how human groups interaatedheir environments, at both
local and regional scales, has become a promihentda across the Americas, despite
being previously considered to be a controversibjext (Moraleset al. 2009).

In 1991 a symposium was held on Great Lakes aatbgy and paleoecology
that resulted in a publication of the same titleisTrepresents the first attempt to present
research that focused on a variety of paleoecabgmncepts applied to the Great Lakes
area, and beyond (cf. MacDonald 1994). With onigva exceptions, the majority of the
papers focused on site specific studies. It waschtitat while the papers at this
symposium showed solid beginnings in applying patetogical concepts to
archaeological investigations, archaeologists Warely scratching the surface of
potential research possibilities (Trigger 1994)oémd the same time as the 1991
symposium, Bamanet al. (1992) urged Iroquoian archaeologists to pursuenange
approaches for modeling ecological interactiongratt and their material correlates,
rather than continuing to rely heavily on ethnatnist literature. According to Bamarat
al. (1992:443), “the application of over-generalizedd®als of Iroquoian adaptation and
settlement patterns has prevented full utilizabbenvironmental variables and
ecological models in the region”.

Since then, although ecological archaeology coetinto influence a number of
scholars working in Ontario and New York State (evipnckton 1992, 1994; Snow

1994; MacDonald 2002), the last decade has sdfenditbstantial work. An exception



from New York is Jones’ (2008) study that usedtdesaent ecology approach to analyze
natural and sociopolitical factors that influent¢¢sudenosaunee (Late Woodland)
settlement locations and abandonment in New Y ocskeSsouth and southeast of Lake
Ontario. Jones mapped 125 known Haudenosauneensetils, as well as a
corresponding batch of random points in the am@&wing this he measured his
variables using discriminant function analysis toduce a regression coefficient for each
variable. Compared to the coefficients of the rand@riables, he determined that
proximity to well-drained soils were influential determining the location of
settlements, as was proximity to overland trail@aor that Jones found to be surprising
(2008:197).

In short, studies in ecological archaeology inltbever Great Lakes region grew
in popularity in the early to mid-1990s, as refemshabove; however with few
exceptions (MacDonald 2002 [see below]; Jones 2Q8&)research focus has not

persisted, despite the opportunities for micro- axatro level studies.

2.2: Theories on Woodland Period/Iroguoian Cultiralelopment in the Lower Great
Lakes

Regional studies of the Late Woodland period haswtcally been focused on
determining cultural affinities and chronologieshN# the focus of this thesis is not
cultural affinities or chronologies, it is nonetag$ important to briefly review the
historical theories for the development of the DNAfeodland cultures of south-central
Ontario. Historically the term ‘Iroquoian’ has beesed to define the Late Woodland

cultures of this region, and refers to a largeglaage family, similar to the Algonkians to



west, east and north. Studies in Late Woodlandaaalogy in southern Ontario have
been influenced by the theoretical shifts in archagy in the latter half of the 30
century, however as MacDonald (2002:9) points ‘@uhistoric review shows its
intellectual evolution to have largely been ongi@dual change rather than punctuated
equilibrium”.

The earliest theory of Iroquoian development seqegias been attributed to
Nicholas Perrot (b. 1644-1717) who claimed the iag had migrated from the
Montreal and Three Rivers area; this theory was lkathoed by Lewis H. Morgan
(1851). Further migration theories were put forthitie early 28 century that looked to
Iroquois origins at the headwaters of the Colunitiiger (Lloyd 1904) and the mouth of
the Ohio River (Parker 1916). The increase in aological research and excavations
conducted through the $@entury resulted in a substantial increase iratheunt of data
that was available to test theories or develop aees. In the mid-2Dcentury
interpretations of Iroquoian peoples were thatdnistgroups were the terminal branches
of a dendritic-migrationary model of cultural demement with a common ancestral
culture (Trigger 1970). In 1952 Richard MacNeisitiz¢d a large study of lroquoian
ceramics to challenge the dendritic-migrationaryei@nd suggesh situ development
sequences (MacNeish 1952; MacDonald 2002; Smite)12% a student of Dr. James B.
Griffin’s in 1947, MacNeish was assigned the taskeaeinvestigating Iroquoian cultural
sequences. MacNeish utilized the direct histoagpgroach to connect historic sites with
prehistoric sites on the basis of overlapping ppttgpes and ceramic seriations.
Although he admitted the data was fragmentary ih lspatial and temporal contexts,

MacNeish felt he had demonstrated a cultural coitiirfrom the Middle Woodland



Point Peninsula culture through the historic Iragugroups on lower Ontario and Upper
New York State (1952:86-89). In the 1960s J.V. Wrigxpanded on McNeish’s work
and published an outline of Iroquoian prehistot fiocused on establishing “traditions”,
which he defined as all the archaeological com@exeich can be demonstrated to be
directly involved in the formation of a group obskly related historic tribes (Wright
1966). Figure 2-1 summarizes the Ontario Iroqdo&lition, based on Wright (1966).
During the Early Ontario Iroquois Tradition two gyendent groups developed, Glen
Meyer in southwestern Ontario and Pickering in Saxgntral and eastern Ontario.
According to Wright, these two groups could nodiectly attributed to the historic
groups: Neutral, Erie and Huron-Petun (1966:1&)e Early Iroquois Tradition ended
with the conquest of the Glen Meyer group by thek&iing group, leading to what
Wright described as a “broad, homogenous culturztw” across southern Ontario, the
Uren sub-stage of the Middle Ontario Iroquois thiadi (1966:53). The Middleport sub-
stage was thought to have evolved directly out @nisub-stage, with the major change
noted, a substantial increase in the frequencyuwicsite and village sites during the
Middleport sub-stage. Out of the Middleport subgst developed the historic tribes of
the Late Ontario Iroquois tradition (Wright 1966)58Between MacNeish (1952) and
Wright (1966) a framework based onsitudevelopment was firmly embraced in

Ontario Late Woodland archaeology (Snow 1994, 1995)
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Figure 2-1: Summary of Ontario Iroquois Traditioedrawn from Wright (1966)

As noted by Trigger (1970), the taxonomy used bygWrcontinued to be
weighted in the dendritic-migrationary view of autl development. Wright does
provide a concise synthesis of theories of Iroguai@velopment sequences from the
initial migration theories of the mid-1%entury through McNeish’s work and his own
theories onn situdevelopment (1966:3-13).

The pitfalls of then situ or dendritic models for the origins of the Irogsioi
peoples have been summarized by Snow (1994), whsdiii acknowledges a former
belief in thein situ explanation. However Snow points out key exampfediscontinuity
in southern Ontario between Princess Point and @leyer cultures, which he attributes
to the result of the northward movement of peophasging with them Glen Meyer
cultural aspects (1994:287). Crawford and Smitmaloreject migration outright, but do
not agree with applying Snow’s model for migratitor explaining Princess Point and

the origins of food production in southern Ontar{996:789).



The perceived sudden appearance of matrilocaldynaaize-based agriculture is
at the core of Snow’s migration theories for Latedtfland groups in New York State
and Ontario (1995, 1996). Hart (2001) does nogjpicor refute either thia situor
migration theories in their entirety, but does trade Snow’s position on the perceived
sudden appearance of maize agriculture and mathilpca. 900, and presents evidence
to suggest the coevolution of maize agriculture mwadrilocality in southern Ontario took
place over several centuries. Martin views theagrof maize through southern Ontario
in terms of a “mosaic”, whereby knowledge of maizeved within context of face to
face interactions, most likely between women (2800) Martin does not consider the
spread of maize through the Lower Great Lakes & logcurred in a uniform southwest
to northeast progress, but rather local groupsechdeen, how and with what other
resources they would cultivate maize.

Hart (2012) recently revisited the debate on treeafgottery decoration as a
proxy for group interactions, as was the basisgMacNeish’s work (1952) and the
subsequent Ontario Iroquois Tradition (Wright 1968pecifically Hart investigated the
fixed territories of groups that resulted from goog pottery decoration likenesses. The
results of Hart’s social network analysis suggesed “distance is not an important
predictor of pottery decoration similarity. Ratlitesuggests that population movements
and networks of interaction crosscut historicahetherritories” (2012:130).

The debate between migration anditu origins of Late Woodland peoples on
Ontario and New York State is ongoirg.Martin 2008). Through the 1980s and 1990s
archaeologists seemed more concerned with assigrsitg to a cultural segment or

tradition, rather than focusing on what informattbe artifacts or settlement pattern



could yield regarding the site’s relationship tbes in a given area (Ferris 1999). As
stated by MacDonald (2002:12-13):
Relinquishing ara priori taxonomy not only encourages the discovery of
actual political connections in the past, but $sioaflacilitates the
investigation of various other lines of socio-cudtuntegration. The
traditional notion that the community representgaeach village was a
sustained, intensive, and relatively discrete atds®cial unit, readily
identified archaeologically, is challenged by tlcewanulating settlement
data...Site names, geographic regions, and temperialds can be
employed as descriptive tools without the neecafoomenclature charged
with hypothetical political, linguistic, ethnic, other meanings.
Martin (2008) has in a similar vein encouraged aedeers to consider the options
and choices of past groups within their local centéAs stated in Chapter 1, | will
utilize, where possible, the term Late Woodland mvlisscussing the subject matter of

this thesis; this will allow me to focus on whahdze revealed from an ecological

analysis of a local settlement area.

2.3: Regional Studies of Late Woodland Archaeoliog$outh-central Ontario

Studies in Late Woodland archaeology in Ontariecgjrally the region considered to
be south-central Ontario, have in the past focasethe historic Wendat-Tionnontaté
(Huron-Petun) peoples of what is now Simcoe Cogimistorically known as Huronia).
The Wendat-Tionnontaté were active in the Frenclirdde and were the focus of Jesuit
and Recollet missionary activities; given thissigenerally considered that the Wendat-
Tionnontaté are one of the most well-documentedvida@roups on Canada (Heidenreich
1972:ii). Many studies have been undertaken, pdaity concerning the time period
from Samuel de Champlain’s visit to Huronia in 1@@%he destruction and dispersal of

the Huron Confederacy in 1649 at the hands ofribgubis Confederacy. These studies



have included regional overviews (Heidenreich 19R1,2; Monckton 1992; Tooker
1964; Trigger 1990) as well as publications thau®on specific sites, usually villages
(Hunter 1906; Fox 1979, Knight 1978; Latta 198538 For extensive bibliographies
related to Wendat-Tionnontaté archaeological saafielackson (1976), Trigger (2001)
and Garrad (2014).

Several regional studies that focus on ecolo@spkcts or variables have been
conducted in southern Ontario and will be briefiycdissed below. Conrad Heidenreich
(1971) produced one of the earliest and most extessudies of human ecology in
north-eastern North America with his study of th&ribution of Late Woodland Huron
settlements in the $'7century in Huronia. Heidenreich used the earlyings of Samuel
de Champlain and the Jesuits to map out the disioib of Huron settlements; following
this he conducted a comparative analysis of thes#ibns in relation to climate,
hydrography, soils, physiography and vegetatiore fsult of his study was an
interpretation of settlement trends based on adoesster (for drinking and navigable
waterways), soil preferences, vegetation preferenod the influence of slope.

MacDonald’s 2002 Ph.D. thesis provides an in dspildy of Late Woodland
settlement trends in south-central Ontario throcaglomparative analysis of ecological
variables and site locations. His study focuseéxgioring how ecological adaptation
contributed to culture change as communities maoweth during the Late Woodland
from the north shore of Lake Ontario into Simcoai@y. Ecological variables
considered included physiographic regions, solisyate and vegetation. MacDonald
first considered these variables over the entgeoreof south-central Ontario, following

which he considered individual case studies of exieal Late Woodland sites to map



trends of settlement related to ecology. MacDorsalRh.D. is considered as part of a
group of theses produced by students of Bruce &riggMcGill University that
constitute the majority of research on Ontario lrm@n settlement patterns and have
become known as the “McGill School of Iroquoian Baeology” (Birch 2010:21). The
students of Trigger (and their students) contirmuexiplore what can be discerned from
Late Woodland settlement remains, as new datacsvamned.

While not explicitly a study of regional ecologyiréh (2010) presents a study of
the movement and coalescence of Late Woodland caontigsiin south-central Ontario.
Birch’s study will be beneficial to use in the ceerof my own research as she presents

details of settlement distributions and populagstimates in this area.

2.3: Summary

Late Woodland studies in south-central Ontario heagitionally been referred to as
Iroquoian or Northern Iroquoian studies. Theséistihave in the past primarily focused
on determining cultural affinities and chronologi€khis historic focus is tied to the past
and ongoing debate on the origins of Late Wood[aewples in Ontario. However there
has been movement away from studies of culturaliaéls and chronologies in Ontario,
with researchers questioning what can be elucidabed macro- and micro-level studies,
including those related to environmental interattiovhen questions of cultural affinities

are removed from the hypothesis (MacDonald 20023im2008).



Chapter 3: Data and Methodology

My research involves four analyses: a comparatnatyais concerning the presence of
Late Woodland major settlements in the Rouge Riedershed compared to random
locations in relation to environmental variablessidered to be ideal for maize
agriculture; population estimates of the four sfegswvhich settlement pattern data was
available; maize consumption estimates for theseesates, and; a catchment analysis of
these sites focusing on land determined to be fdeahaize agriculture. The data and

methods used in the analyses are discussed finhmwm.

3.1: Data

The data for my thesis consists of two componehgsphysical location of a series of
Late Woodland villages and GIS map layers thatasgmt various environmental
covariates. A copy of ArcGIS software (version J@@s provided on a one year license
through Trent University to be able to view andlgpathe location of major settlements
in relation to the covariate layers. The use of #uftware will be described further in

Section 3.2 (Methodology).

3.1.1 Settlement Locations in the Rouge River \&haéer

As a relatively early example of the benefits adteynatic archaeological survey over a
large area of land in southern Ontario, Konrad Rods (1974) undertook a survey
program in the summer of 1973 over a large pomioland east of the Rouge River;
unfortunately the size of the area surveyed waprmtided in the publication. The
purpose of the survey was to highlight the imparéaof identifying cultural resources

ahead of any form of development, given that ahaegological site is considered to be a



non-renewable resource. A total of 76 sites weeatifled during this survey including
30 of unknown temporal or cultural affiliation, I'dm the Archaic period, one from the
Initial Woodland period, 28 dating to the Termidbodland period, three historic
pioneer sites and one site that yielded both Archad Terminal Woodland artifacts.
Konrad and Ross followed Wright (1996) with the nséemporal terminology including
Initial Woodland ¢a. 1000 B.C. to 1000 A.D.) and Terminal Woodlanrd.(1,000 A.D.

to 1650 A.D.). This study was one of the first bow the widespread use of the Rouge
River watershed by pre-contact Aboriginal people.

In Ontario the most efficient tool for identifyinlje number of archaeological
sites within a geographical area is to submit ayteethe Ontario Ministry of Tourism,
Culture and Sport (MTCS) to search their ArchaeiglalgSites Database (ASDB). This
database was previously maintained by the Natibhesleum of Man. The ASDB
includes information on all registered sites in @itt. Registered sites include those
identified during survey activities and those thave been excavated. The ASDB is
mainly populated by the work of academics and calttesource management (CRM)
professionals. Unfortunately most of the sites idiex before 1974 (when th@ntario
Heritage Actbecame legislation) have not been registeredsanley were re-surveyed
or excavated by a licensed archaeologist after {@7trick 2008). An attempt was
made in the 1970s to registered sites identifiéar po 1974 (Fox 2013). For the purpose
of this thesis a request was submitted to the MItcI8st search the entire extent of the
Rouge River watershed for all previously registeasthaeological sites. It is important
to note that a) it is possible that all previoustypwn archaeological sites have not been

registered with the MTCS; and b) the number ofsteged sites in an area is not



necessarily reflective of both the total numbesités in an area (both known and
unknown), nor the extent of archaeological survey has been conducted in an area. It
is well known that development of the north shdreake Ontario through the f%nd
20" century likely resulted in the destruction of ejanumber of archaeological sites,
particularly in the Greater Toronto Area, priof@&M legislation being enacted in the
last decades of the ®@entury. The ASDB currently includes approximat20y000
registered sites in Ontario and averages 800-1n@0@0sites each year (MTCS 2013).
The majority of the identified sites are locateg@uthern Ontario; however that is a
direct result of the amount of archaeological assesnts that have been completed in
recent decades ahead of development projects, cethfzathe relatively smaller amount
that have been conducted in northern Ontario.

The results of the ASDB search returned basic métion regarding each site
including site name, Borden number, latitude amgjitude and a very brief description
of recovered material and temporal period. FigufeilBistrates an example of data sent
from the ASDB. Unfortunately the information obtathfrom the ASDB is often scanty
regarding settlement pattern details; for the &mitlements subject to catchment analysis
| obtained the full excavation reports from thenpipal investigators (ASI 2005, 2008,
2010a, 2010b). In addition, given the differenckEBaw coordinate information was
originally obtained (e.g., the scale of the mapduse more recently the type and quality
of GPS sytem) the geographic location cannot benasd to be more accurate than
placing the site to within about 100 meters ofgle’s true location. However my
research does not address patterning at scalesxitextd the accuracy of the data. As |

preferentially use buffer zones rather than poahtdations, possible errors in site



locations have not been formally incorporated thi statistical evaluations; this is not

considered to be a critical problem.

AlGt-272

Chauncy

Province: ON Elevation 173m Latitude:

County York UTM: UTM17 NAD 27 Longitude:

Township: Markham Northing 4857920 Lot 8
Map Ref Num.: 30 M/14 NAD27 Easting: 639376 Concession: 7E

Term: Research activity: observed

Term: Research activity: recorded

Term: Research activity: surface collected
Term: Research activity: tested

Term: Site Type: village

Term: Culture: Iroquoian, late

Term: Culture: Iroquoian. middle

Term: Culture: Woodland, Late

Location Notes: W of Hwy 48 and N of Hwy 407. Access from Princess Street and Hwy 48. Walk S from intersection 50 m, tum W
and walk 570 m through residential lot

Environment: Flat to gently undulating land. Ploughed field is bounded to N and W by woodlots and S by treeline. Milne Lake
lies 100 to N

Description: Lithic and ceramic scatter in a 55 m E/W x 30 m N/S area. 21 artifacts on surface, 64 artifacts from 1 sq m test unit.
2 rows of post moulds run in N/S direction 25 m apart

Remarks: AD. 1250-1650

Legal Notes:

Researcher Comments: Related to A1Gt-273

Collections:
Date: 200107
85 artifacts (lithic, faunal, ceramic)
Licensed to Robert W. C. Burgar 2001-056
Located at Robert W. C. Burgar

References:

Burgar, RW. 2001. "Archaeological Assessment of TRCA Property in the Town of Markham Camp Chimo Project. Lots 8 & 9. Con.
7E, Town of Markham York Region MD-01-01"

Figure 3-1: Example of ASDB data entry (GovernnuDntario 2012)

In archaeological research sampling bias alwaydseebe considered, given
that sites are required to be first identified #meh excavated. There is always a risk that
the majority of settlements of a given type (e.gjonsettlements) within a chosen
geographic area have not been identified and ther¢fiose that are known are not a
representative sample. This problem has been amttdyy Warrick (2008), who

proposes that given the amount of exploration efatea in the I7and 18' centuries,



the relatively large size of major settlementsyali as the amount of CRM work
undertaken in advance of development, it is likbl majority of major settlements have
already been identified in southern Ontario. Waratso suggests that the current rate of
discovery of major settlements indicates a patbémhiminishing returns, and it is likely a
high proportion of major settlements from the L&feodland in southern Ontario have
already been discovered (Warrick 2008:105-106)s Thoptimistic given that east of
Toronto vast areas of land north of the populatedsaalong Lake Ontario have not yet
been subject to archaeological survey.

With the rapid expansion in recent decades of conities in close proximity to
the Rouge River, including Markham and Pickerimhgvas expected that a relatively
large number of sites have been previously idetiin the area. A search of the ASDB
for previously registered sites in the Rouge Rivatershed (as of June 1, 2012) yielded
at total of 613 registered sites, spanning fromRakeo-Indian period through the historic
period (MTCS 2012). Of these 613 sites, a totaldivere identified as having a Late
Woodland component. Of these 42 Late Woodland,sit&svere identified as major
settlement areas: those sites that were deternoneel semi-permanent, year-round
residential areas (Table 3-1); the remainder oL tite Woodland sites were identified as
smaller campsites or isolated find spots of art§ac

According to Birch (2010), five of the identifiedes in the Rouge River
watershed have been subject to excavation, andbeerereported on with either partial
or full settlement plans. It is not surprising toaty five of the 13 identified major
settlements in the Rouge River watershed have &ig@gect to excavation and settlement

pattern analysis; Warrick (2008) estimates that @286 of Late Woodland sites in



Ontario are known only through surface finds, aadehnot been subject to excavation.
One of these sites, the Watford site (AlGu-5)hmuight to be a special purpose
settlement occupied during the warmer seasons (l86). Given that the occupants of
a special purpose site may not be reflective opthygulation for which the surrounding
crops are being grown, this site was not subjepbfmulation estimates and catchment
analysis. The remaining four sites were subje@ojoulation estimates and catchment

analysis and are discussed briefly below.

Table 3-1: Late Woodland major settlements in tbade River watershed

Archaeological Date (Birch
Borden Site Name Investigations Size (Birch 2010) 2010)
AkGt-41  Milne Limited excavation 1 ha 1350-1400
AlGt-1 Milroy Limited excavation 0.8 ha 1350-1400
AlGt-12  Russel Reesor Unknown 0.8 ha 1400-1450
AlGt-14  Ken Reesor 2 Unknown 1.6 ha 1400-1450
Murphy-
AlGu-3 Goulding* Limited excavation 3.3 ha (with Orion)  1400-1450
AlGu-5 Watford* Unknown 1.8 ha 1450-1500
AlGt-4 Robb* Excavated 2 ha 1350-1400
AlGt-35  Burkholder 2* Excavated 0.6 ha 1350-1400
AlGt-36  New* Excavated 1.2 ha 1300-1350
AlGt-18  Faraday Limited excavation 1.6 ha 1300-1350
Pedestrian Survey,
AlGt-19  Burkholder Test Unit Excavation 0.9 ha 1400-1450
3.3 ha (with
AlGu-45  Orion* Excavated Murphy-Goulding) 1400-1450
AlGt-60  Hamlin Pedestrian Survey 2.4 ha 1350-1400

*Site with full or partial settlement plan availabl

The New site (AlGt-36) was located within the limdf the Town of Markham,
on the western bank of a tributary of Little Ro@yeek, which flows into the Rouge
River (ASI 2010a). This site has been subject W@ archaeological investigations,

beginning with Mima Kapches’ doctoral research %74, when she excavated and



recorded part of a longhouse. CRM assessment® aitdbegan in 2005 by D.R.
Poulton and Associates Inc. and concluded wittStiagie 4 mitigation of the site in 2006
by Archaeological Services Inc. (ASI) in advanceh® development of a subdivision.
Excavations at the New site resulted in the ideatiifon of six longhouses (including
Kapches’ from 1977), two midden deposits and twovéig areas. The site was not
palisaded and covered 2.1 hectares. It was nos&tchtime of the houses experienced
expansion or contraction that is commonly seen ajonsettlement sites that are
inhabited for lengthy periods of time. The preseoiceaize was encountered on the site
with the recovery of 38 maize kernels and cob fragts; tobacco and sunflower remains
were also recovered from the New site. Ceramicliimd analysis determined the New
site dated to the late ¥4entury (ASI 2010a), although Birch dates the Née between
1300 and 1350 (2010).

The Robb site (AIGt-4) was also located within lingts of the Town of
Markham, on the south side of the Milliken Branalributary of the Rouge River.
Archaeological investigations of the Robb site hbgen conducted from the 1950s
through the 2000s by the Ontario Archaeologicali&gcMima Kapches and ASI (ASI
2010b:1-2). Final Stage 4 mitigation by excavatas conducted by ASI from 2000-
2003 in advance of a subdivision development. Eattans at the Robb site resulted in
the identification of nine longhouses, five middiposits and three activity areas; the
site was not palisaded and covered 1.8 hectargstalof 117 maize kernels and cob
fragments were recovered, as well as evidencebaictm and sunflower. Ceramic and

lithic analysis determined the Robb site dated ftbenearly to mid-1%4 century (ASI



2010a), although Birch dates the Robb site betvi&&® and 1400 (2010). There is no
indication the Robb site was occupied over multgpesodes.

The Burkholder 2 site (AIGt-35), within the limitd the Town of Markham, is
located between two tributaries of the Rouge Risechaeological investigations of the
Burkholder 2 site have been conducted from the 18i#81gh 2003 by Bill Ross, Mima
Kapches, Mayer, Pihl, Poulton & Associates Inc. @PA.M. Archaeological
Associates and ASI (ASI 2005:4-5). Final Stage dgaiion by excavation was
conducted by ASI in 2003 in advance of a subdivisievelopment. Excavations at the
Burkholder 2 site resulted in the identificationfofir longhouses and three activity areas;
the site was not palisaded. The site is approximété hectares in size (Birch 2010).

Soil samples were collected for flotation analysrsthe recovery of cultigens; however

at the time of the report publication the sampled hot yet been processed. Ceramic and
lithic analysis determined the Burkholder 2 siteedfrom the late 14to early 18’

century (ASI 2010a; Birch 2010).

The Orion site (AlGu-45), within the limits of tAe@wn of Richmond Hill, is
located in between two steep ravines formed bytaites of the Rouge River.
Archaeological investigations of the Orion site &eonducted by ASI in 1997 in
advance of a subdivision development (ASI 2008kavations at the Orion site resulted
in the identification of six longhouses and fivéiaty areas; the site was not palisaded.
The archaeological investigations by ASI uncovexedrea approximately 0.62 hectares
in size. A total of 373 maize kernels, cob fragmsearid seeds were recovered, as well as
evidence of tobacco and sunflower. Ceramic anetlahalysis determined the Orion site

dated to the first half of the T&entury (ASI 2008; Birch 2010). The Orion site is



located approximately 250 metres northeast of theplly-Goulding site (AlGu-3); the
similarities in artifact assemblages and settlerpatierns suggest the two sites represent
the north and south portions of the same site atoup The 2004 survey and test units
excavations of the area between the two sites stghis theory, as Northeastern
Archaeological Associates identified a high concaian of artifacts (NAA 2004). The
Murphy-Goulding site was first identified in 1928cdarediscovered in 1988; subsequent
salvage excavations were conducted in 1994 (AS8R0hese excavations identified
parts of four longhouses and two middens. BirclL(Q0ists the combined area of the
Orion and Murphy-Goulding sites as 3.3 hectaresza. Given the large size of the
combined Orion/Murphy-Goulding site, it is thoughe site represents an early
coalescence of smaller occupations, similar to wizat observed at the Parsons and
McKenzie-Woodbridge sites in the Humber River wsited to the west and the Draper
and Mantle Sites in the Duffins Creek watershethéoeast (ASI 1998; Birch 2010).

It is worth noting that, unfortunately, it has besstimated that a large number of
sites have been destroyed in Ontario in the walkkeweélopment, particularly prior to the
legislation of theDntario Heritage Actn 1974. Using a formula of sites identified vessu
total hectares subject to systematic survey vamakhectares developed, it has been
estimated that over 1,500 significant sites havanlmmpletely destroyed between 1951
and 1971 in the combined regions of Halton, Durh@eel and York (Coleman and
Williamson 2004). Each significant site would netcessarily equate to a major
settlement, but the same study estimated 363 gigntfsites were destroyed during the
same time period in the York Region alone, withthapestimated 296 significant sites

destroyed between 1971 and 1991.



Given the above, it is unlikely that there are margre additional major
settlements within the Rouge River watershed thaelyet to be identified. In fact,
Warrick (2008) notes that between 1990 and 200§ @ight new major Late Woodland

settlements were identified in south-central Owtari

3.1.2 Covariate Layers

My study uses a range of GIS-base datasets, imgustiil types, drainage patterns,
elevation, slope, landforms/physiographic regioms &@rrain ruggedness (100 m, 300 m
and 1000 m scales) alongside archaeological mapsjuir Late Woodland settlement
locations. Given the size of the study area, aesariables are omitted from this analysis
as the data shows minimal to zero change acrossatezshed. These variables consist
of precipitation, frost-free days and growing degdays. Due to the size of the study
area, it is more meaningful to focus on edaphiceladation variables, as opposed to
climatic variables. Covariate layers are discugadtier and referenced accordingly in
Chapter 4. A review of the possibility that sitedtion identification with the Rouge
River watershed is being driven by modern infragtrice development as opposed to

models based on past environments is discusseldaptér 5.

3.2: Methods

It is the aim of this research to expand on th&iptes Late Woodland regional studies of
south-central Ontario by MacDonald (2002) and Bii2010). | use the sequence of 13
Late Woodland settlements (A.D. 1300-1500) in tbed® River watershed in south-
central Ontario (within the Region of York) as thesis of my analysis. Five of these

sites have been excavated with reports produceadngain either partial or full



settlement plans (Birch 2010), although all 13leeténts were subject to GIS analysis to
establish if maize resources (a) influenced chsatdement location; and (b) at the
regional scale restricted movements to areas whese resources could be
grown/obtained. While all major settlements in Reuge River watershed are included
in the comparative analysis, the four of the fivatthave available settlement plans are
subject to a catchment analysis based on a populastimate of the settlement; while it
is possible to estimate population based on thedithe site, it is much more accurate if
settlement data related to house number and saaikable (Warrick 2008). As
discussed above, the seasonal special purposethariyatford site is not included in
the population estimates and catchment analysis.niblti-scalar approach was
similarly applied in Jones’ study of Late Woodladdlidenosaunee settlements in New
York State and was considered to provide a welkdad analysis of a given area:

Relying on only large-scale analysis blurs the itletand variability.

Working only at a small scale fails to determine tiverall pattern or the

place a site holds in it...A multi-scalar approadbwast large-scale

research to formulate a model of demographic chamlgie the small

scale research tests that model.
Jones 2008:24

My method of analysis primarily consists of plogtiand analyzing the correlation
between settlement location and environmental blssadeemed to be related to arable
land for maize agriculture. ArcGIS software wadized to map these correlations. The
locations of the 13 Late Woodland sites are ploitteircGIS, along with 100 random
points. Background benchmarks are establishececktateach variable; this is important
to be able to compare the frequency of sites &t particular variable with the

frequency of that particular variable within thgien. My data includes both quantitative



data related to settlement size, population anoures needs, and qualitative data related
to the environmental variables. My direct measumaclude distances from
settlement areas to resource areas within a catahivlg indirect measurements include
estimates on population, settlement size, foodwnpsion per person and requirements
for arable land. My data can be considered to berited in that | will be relying on
settlement sizes interpreted by the excavatiomthadrs. Both summary statistics and
spatial statistical analysis are utilized. For gatecal data (soils, drainage and landforms)
Chi-squared tests are applied to determine iftgsstally significant difference is
observed between the Late Woodland sites and Xaidna points within the watershed.
For continuous data (elevation, slope and terraggedness) Mann-Whitney (Wilcoxon)
tests are applied to determine if a statisticatipdicant difference is observed. The Chi-
squared and Mann-Whitney tests were performed ubmgtatistical program “R” (R

Core Team 2014).

3.2.1 Determining Major Settlement Areas

Major settlements are considered to be those tkahhabited year-round, and are
established as such based on a minimum numbettlgnsent features and total land area
covered. This allowed me to filter out smaller sewd habitation areas such as cabin
sites or hunting camps. Warrick (2008) has amattsecthost comprehensive inventory

of Late Woodland settlement locations in south4@r@ntario. His criteria for including

a site as a major settlement (referred to by Waagvillages) included total site size
greater than 0.25 hectares, the presence of pattery minimum of two middens (refuse
deposit areas). These criteria are similar to éapiarameters that included site size of

0.2-5.0 hectares, and the presence of condendéshsait of contemporary buildings



(Noble 1975; Dodd 1984). Warrick’'s Late Woodlandantory was utilized by
MacDonald (2002) in its unpublished Ph.D. form &ydirch (2010) in its final
published form. Following MacDonald (2002) | wiéfer to the communities in my

research as major settlements, as opposed toesllag

3.2.2 Population Estimates During the Late Woodlan8outh-Central Ontario
High-low population estimates were calculated usipgropriate methods as discussed
by Jones (2008) and Warrick (2008). Warrick prosideconcise overview of the various
methods that have been employed in past studie®008:57-72); of the various methods
for estimating population using settlement patte¥darrick used hearth counts for his
regional population study. Using hearth counts,yteion is given by:
Population = HP

with H being the total number of hearths and P dpéiie number of people per hearth.

The hearth count formula can also be used in pgodgerved contexts as
seemingly missing hearths can be interpolated Uséagth spacing generalizations. For
instance, it has been observed in the Early Iraquperiod the average space between
hearths was 1.9 metres, while that average inalease.3 in the Middle Iroquoian
period (Dodd 1984; Warrick 2008). It is widely apted, based on ethnographic
evidence, that each hearth was used by two families average family size during the
Early and Middle Iroquoian periods was five peopléh that rising to seven by 1635
(Warrick 2008:145). However given that there areseeenteenth century sites in the
sample, the average of five people per family ba&lused for the purposes of this study.
The application of five people per family was als®ed by Jones (2008) in his study of

Iroquois population trends ca. 1500-1700.



Population estimates using total site area hawelsen utilized in Late
Woodland regional studies (Warrick 2003; Jones 200&rrick (2003) has estimated
that sites were occupied at a density of 500 peppidectare (20 fiper person) except
A.D. 1525-1650, when it was 700 people per hedtitat per person). Snow (1995b)
and Snow and Starna (1989) used the same ratid wf Per person for their studies of
Mohawk settlement in New York State. Jones (20@8dua variation of the ratio of area
per person, and separated sites on parcels oélirfetel ground (14frper person) and
sites with broad areas of level ground (Zbper person). Given the relatively short
temporal range of the sites considered here, fatigwarrick (2003), Snow (1995b) and
Snow and Starna (1989), a ratio of 20per person is used.

Population estimates using total site area andlheaunts are generated for the
four sites that have been subject to full or pheti@avation; the strength and weaknesses
of the estimates will be discussed on a site-byisdsis in Chapter 4. The estimates
based on hearth spacing will be considered themmim population estimate for each

site, while the estimates based on settlementaamreaonsidered the maximum estimate.

3.2.3 Maize Consumption Estimates

Maize consumption estimates will utilize the abdescribed population estimates to
provide a minimum and maximum range of yearly comstion. This range will then be
compared to the catchment analysis. Maize consompgiquirements will follow
Monckton (1992) and are summarized in Table 3-Aidrregional study of Late
Woodland paleoethnobotany in Simcoe County, Monckoaind that 58% of Late
Woodland diet included maize (1992, 1994); hisnesates of kernels, cobs and required

land for cultivation are based on a 2,500 caloag/diet. Area required for crops is



provided for the first year and after 10 yearghassoil would gradually be depleted over
time, thereby decreasing the yearly crop yielts denerally accepted that in southern
Ontario Late Woodland peoples were cultivating @-idorthern Flint Maize (also called

Eastern Complex) (Noble 1975; Crawfatlal. 1997).

Table 3-2: Maize consumption minimum requiremergary

First Year Land Area

Unit Kernels Cobs Plants Corn Hills Land After 10
Area (ha) Years (ha)
Individual 339,722 2,265 1,132 378 0.06 0.12
o 2,038,334 13,589 6,795 2,265 0.4 0.7
Family (n=5)
188,735 31 61
Settlement 169,861,191 1,132,408 566,204
(n=500)
283,102 46 92
Settlement 254,791,786 1,698,612 849,306
(n=750)
377,469 61 122

Settlement 339,722,382 2,264,816 1,132,408
(n=1000)

*Based on a 2,500 calorie/day diet, with maize dbuting to 58% of diet (Monckton 1992, 1994)

3.2.4 Catchment Estimates

Previous research has proposed that there wasisnffagricultural land within a one-
kilometer radius of most Late Woodland communitigsidenreich 1971; MacDonald
1986, 2002). This estimate is re-visited basedstimates of maize consumption per
person. The hearth counts and settlement valudsrieepopulation estimates, which are
integral for determining appropriate amounts oliegf resources per settlement. For the
four sites subject to the catchment analysis, caértts of land for maize agriculture are
analyzed at 250 m, 500 m and 1000 m radius sdaiesilar areas were used for these
scales, with variations of catchment shapes digeclissChapter 5. The reported GPS

coordinates for each site were used as the cehtine duffers. By this method, the 250



m buffer represents the immediate area arounduimg Ispace, and the 500 m and 1000
m buffers represent larger acquisition zones araheadiving space. Using the formula
for area from known radius ( ), the 250 m buffer covers an area of 19.6 hectares
a 500 m buffer is 78.5 hectares and a 1000 m bisff@t4.2 hectares. The results of
previous Late Woodland catchment studies, in @t&tio the results of the analyses

below, are discussed further in Chapter 5.

3.3: Summary

To summarize, the following questions drove thdyamis presented in the subsequent
chapter:can it be established that availability of maizeesources (a) influenced

choice settlement location; and (b) at the regionacale restricted movements to

areas where these resources could be grown/obtairieMly hypothesis is that access to
arable land for maize agriculture influenced theateoon of major settlements and that the
northern movement of communities away from Lakeaflatwas a response to the need
for greater quantities of arable land as populatiosreased through the Late Woodland.
Possible causes for the increase in populatiorspresiuring the Late Woodland, and in

turn the increased requirements for arable lareldemcussed in Chapter 5.



Chapter 4: Analysis and Results
This chapter is divided into four main sectionspoanparative analysis concerning the
presence of Late Woodland sites compared to raridcations in relation to
environmental variables considered to be ideahfaize agriculture; population
estimates of the four sites for which settlemertgpa data was available; maize
consumption estimates for these same sites, atatrhment analysis of these sites

focusing on land determined to be ideal for magmcalture.

4.1: Comparative Analysis

The comparative analysis was conducted using Arq@éssion 10.0). Environmental
covariate layers (Section 4.1.3) were used totifis areas within the Rouge River
watershed that would have been ideal for maizecalgure. The locations of the 13 major
Late Woodland settlements were plotted on thesrsayn additional 100 random points
were added. This allowed for a comparative analysike settlement locations and the
random points, to determine if Late Woodland satstions were selected based on
maize agriculture needs. Figure 4-1 illustratesetktent of the Rouge River watershed,

the location of the Late Woodland sites and therdd@om points.

4.1.1 Maize

The archaeology of maize has been the subjectrabraus studies across North
America, and some key regional studies have bedartaken tracking the spread of
maize across northeastern North America and intai@n(Beales 2013; Crawfoset al.

2006; Katzenberg 2006; Martin 2009). Regional tsadiave shown evidence of a



general southwest to northeast movement of marmsadNorth America; these studies
also provide extensive histories on the historicabries on the origins and spread of
maize out of southwestern North America (Beales320artin 2009). It was previously
thought the earliest appearance of maize in Onwa®at the Grand Banks site in
southwestern Ontario, where maize remains havdgageAMS dates of AD 400-600
(Crawfordet al.2006; Martin 2009; Smith and Crawford 2002). Réstadies at the
D’Aubigny Park site, in the same region as the @raanks site, have yielded maize
remains that have been dated to ca. AD 130-380 2A886; Beales 2013). While new
discoveries may alter the date of the first enfrgnaize into Ontario for the foreseeable
future, it is an undisputed fact that by the bemigrof the Late Woodland period, maize
had become an important subsistence resource foeamgroups throughout southern
Ontario.

Previously undertaken studies on the environmeatplirements for successful
maize horticulture have identified the followingriadbles as important: soil type,
drainage, slope/relief, number of frost free days precipitation (Beales 2013; Campbell
and Campbell 1994; Demeritt 1991; Heidenreich 19&%)south-central Ontario has
been identified as approaching the northern lirhthe range of maize productivity in
North America, slight changes in these factorslwazome critically important (Beales
2013; Sykes 1981). Considerations for artificialg@tion or fertilization are not made
here. It is interesting to note that, like mostgieable materials, maize remains tend to
only become visible archaeologically due to a uaigucumstance, such as a cooking
error that would render it burnt (Martin 2009). $keerrors could also include instances

of accidental or intentional destruction througie fof a house structure or settlement.



Given the notion of maize becoming visible archagmlally due to an error, it has been
suggested that perhaps maize was not as scafve @Gréat Lakes area for the period

prior to AD 1000, as the archaeological record entty suggests (Martin 2009: 57).

N
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Figure 4-1: Rouge River watershed with Late Woodlaites and 100 random points

4.1.2 Covariates
Table 4-1 lists environmental variables that aneegally attributed to successful

Aboriginal maize agriculture and were used forc¢bmparative analysis. Each covariate

is discussed further below.



Table 4-1: Environmental variables for comparativalysis

Environmental

. Description Data Scale Source
Variable
National Soil
N Database 2000;
Soil T_yp’e of soil W'th'.n 250 m of Vector 1:50,000 based on
site’s GPS coordinates
Hoffman and
Richards 1955
Drainage characteristics within National Soil
Drainage 250 m of site’s GPS ) Vector  1:50.000 Database 2000;
coordinates, from "very poor based on
to "well drained" Hoffman and
Richards 1995
National Soil
Slope in degrees of landscape 20 m Database 2000;
Slope within 250 m of site’s GPS Raster based on
. cell
coordinates Hoffman and
Richards 1995;
Olding et al. 1956
. . Elevation in metres above sea
Digital Elevation level (asl) within 250 m of Raster 20 m Natural
Model (DEM) site’s GPS coordinates cell Resources
Canada 2000
Ic'jl(’rjlltje]%(r)r?// Or]: siographic Land Information
Landforms : physiographic , Vector 1:50,000 Ontario, based
regions within 250 of site's
GPS coordinates on Chapman and
Putnam 1984
Created from DEM, measured
. . o 100 m, Natural
. change in total elevation within
Terrain Ruggedness a range of scales within 250 m Raster 300 m, Resources
9 1000 m  Canada 2000

of site’s GPS coordinates

Given the size of the study area, certain variai@® omitted from this analysis as the

data showed minimal to zero change across the sveteér These variables consist of

precipitation, frost-free days and growing degragsd Due to the size of the study area,

it was more meaningful to focus on edaphic andatlem variables, as opposed to

climatic variables. These variables have been usptkvious regional studies, where the

study area was substantially larger, thereby imibes from climatic variables were

tangible (Beales 2013; Jones 2008; MacDonald 2002).



When measuring the environmental variables folLite Woodland sites and
random points, a 250-m-radius circular catchmesd avas used. A measurement of 250
m was chosen to represent the settlement arearanddiate vicinity of the Late
Woodland sites and random points. For the foussitéh available settlement pattern
data, a multi-scalar catchment analysis was coeduat 250 m, 500 m and 1000 m
scales (Section 4.4). It should be noted that mesoases the total watershed area varies
between variables; this is attributed to slighteténces in the recording and presentation
of the data between variables. For instance, Opateis included in the solil type data
(Preston Lake), but this area is omitted from othgers as a category of data.

For the purposes of the comparative analysisQtten/Murphy-Goulding site
(AIGu-3, AlGu-45) was considered to be two sepas#ts, as opposed to the northern
and southern portions that it likely representgegithe approximately 250 m that

currently separates the clusters.

4.1.2.1 Soil Type

Soil mapping was obtained from the National Soitdbase (2000), using data based on
Hoffman and RichardsSoil Survey of York Coun{$955) and Olding et al.'Soil Survey
of Ontario County(1956). The soil data was a vector file that wgspad in ArcGIS to

be confined only to the boundaries of the RougeeRWatershed (ArcGIS Intersect
function). Drainage data, correlated to soil tywas obtained from the soil data. While a
preference for sandy loam or loam soils for Lateodland maize agriculture (and by
extension, settlement) is often cited in literat{@ampbell and Campbell 1992; Demeritt

1991; Dodcet al. 1991; Jones 2008), drainage of soils has beendayes to be more



important than soil texture (Beales 2013; Campéedl Campbell 1992; Heidenreich
1971)

The Rouge River watershed possesses eight ses:tgandy loam, sandy loam
over gravel, loam, clay, clay loam, alluvial depssmuck soils and marsh. Table 4-2
summarizes the frequency of each soil type withemRouge River watershed. As
previously discussed, sandy loam and loam soils@msidered to be the most ideal for
Aboriginal maize agriculture. Fine-textured claydaray loam soils likely would not
have been ideal for Late Woodland agriculture hase presumably would have been
more difficult soils to cultivate compared to loaarsd sandy loams, particularly if they

are poorly-drained.

Table 4-2: Rouge River soil type summary

Soil Type Area (m 2) %
Loam 191,234,518 49.3
Clay 93,547,340 24.1
Sandy Loam 43,347,142 11.2
Alluvial Deposits 31,216,464 8.0
Clay Loam 26,465,436 6.8
Muck 1,068,749 0.3
Marsh 749,876 0.2
Open Water 229,258 0.1
Total Watershed Area 387,858,783 100.0

One hundred random points were plotted by ArcGlthiwithe Rouge River
watershed. The same random points were used foresagronmental variable. Table 4-
3 details the percentage of soil types encounterddn 250 m of the random points. As

with the total watershed area, loam soils werentbst prominently encountered soils,



followed by clay soils, which is consistent witletfrequency of these soils in the

watershed area.

Table 4-3: 100 random points with 250 m catchmeailstype summary

Soil Type Area (m 2) %
Loam 10,594,071 55.5
Clay 3,720,860 19.5
Clay Loam 1,701,140 8.9
Alluvial Deposits 1,677,336 8.8
Sandy Loam 1,283,030 6.7
Marsh 124,166 0.7
Total 250 m Catchment Areas 19,100,603 100.0

The 13 Late Woodland sites in the Rouge River gt were plotted on the
soils data, with 250 m catchment areas (Table ¥thin 250 m of Late Woodland
sites, loam soils were the prominent soil clagsiagenting 67.4% of soils within the
Late Woodland catchments. This is an increase cosdia the presence of loam soils
within both the total watershed area and within 866f the random points. Loam soils
appear to have been preferentially selected bylpatywosing locations for major
settlements during the Late Woodland. Alluvial sagsociated to rivers and streams, was
the second most prevalent type within 250 m ofsikes (12.5% of soils). This is also an
increase of the proportion of alluvial deposits paned to the watershed area and
random points, and likely is a reflection of theeddor settlements to be located in close

proximity to potable water sources.



Table 4-4: Late Woodland sites with 250 m catchmentl type summary

Soil Type Area (m 2) %
Loam 1,720,277 67.4
Alluvial Deposits 320,174 125
Sandy Loam 246,321 9.7
Clay 157,400 6.2
Clay Loam 108,362 4.2
Total 250 m Catchment Areas 2,552,534 100.0

Clay soils (both clay and clay loam) accounted3@:9% of the soils within the
watershed and 28.4% of the soils within 250 m efrdmdom points. For the Late
Woodland sites, clay soils accounted for only 10af%oils within 250 m, suggesting
clay soils were avoided by Late Woodland peopleguré 4-2 illustrates the range of
soils across the watershed in relation to Late ilowtisites and the 100 random points.

A Chi-squared test was conducted to determineeifetis a statistically significant
difference between soil types encountered withid @50f the random points and Late
Woodland sites. The soil type with the highest omnce in the catchment area was
considered for the statistical test. Although sumyns#atistics suggest a preference for
loam soils during the Late Woodland, statistictiigre is no difference between the
location of the random points and the Late Woodlsitek, with respect to soil types

encountered (Chi-squared=1.96, df=4, p-value=0.74).
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4.1.2.2 Drainage

Drainage was divided into five categories: Goodpénfiect, Poor, Very Poor and
Variable. Variable drainage was associated withvadl deposits adjacent to water
courses. Table 4-5 summarizes the occurrence sé tti@inage categories within the
watershed. Imperfectly drained soils account fet pver half of the land area in the
watershed (53.86%). Well-drained soils (‘Good’)luted 33.07% of the watershed soils.

Alluvial deposits with variable drainage account8w08% of the watershed soils,



followed by poor drainage (4.46%) and very poo#{@0). Preston Lake was included on
the soil map, but as it is an open body of watersail data is associated with it.
Well-drained soils have traditionally been consadketo be an important prerequisite for
maize agriculture (Campbell and Campbell 1992; DétrE991; Heidenreich 1971),
though variations in this model have been notedark County, with MacDonald (2002)
identifying a strong correlation in this area désito imperfectly drained soils.
Imperfectly drained soils vary in their drainagedeand can be considered moderately
drained. These soils can support agricultural cnoglier years, due to their ability to

retain moisture (Hoffman and Richards 1955).

Table 4-5: Rouge River watershed soil drainage sarym

Drainage Area (m 2) %
Imperfect 208,986,340 53.9
Good 128,297,796 33.1
Variable (Alluvial) 31,216,464 8.0
Poor 17,310,300 4.5
Very Poor 1,818,625 0.5
N/A (Preston Lake) 229,258 0.1
Total Watershed Area 387,858,783 100.0

The drainage patterns found within 250 m of thelcan points roughly correlated
with the frequency of drainage classes within tla¢enshed, with imperfect drainage
accounting for approximately half of the area, amdl-drained areas accounting for

approximately one-third of the area (Table 4-6).



Table 4-6: 100 random points with 250 m catchmeatilsdrainage summary

Drainage Area (m 2) %
Imperfect 10,380,226 54.3
Good 6212,668 32.5
Variable 1,677,336 8.8
Poor 706,227 3.7
Very Poor 124,166 0.7
Total 250 m Catchment Areas 19,100,623 100.0

Drainage classes within 250 m of the Late Woodkites were approximately
correlated with the watershed area and the randmmgp(Table 4-7). The most
noticeable difference was an increase in frequehaariably drained alluvial soils;
similar to the soil data above, this increasekislyi is a reflection of the need for
settlements to be located in close proximity tcaptg water sources.

A Chi-squared test was conducted to determineeifetis a statistically significant
difference between drainage classes encounterbthvidb0 m of the random points and
Late Woodland sites. The drainage class with tgaédst occurrence in the catchment
area was considered for the statistical test. Siezdily there is no difference between the
location of the random points and the Late Woodlsites, with respect to drainage

patterns encountered (Chi-squared=1.057, df=4 Jyev8.90).

Table 4-7: Late Woodland sites with 250 m catchmentl drainage summary

Drainage Area (m 2) %
Imperfect 1,300,297 50.9
Good 860,011 33.7
Variable (Alluvial) 320,174 125
Poor 72,051 2.8

Total 250 m Catchment Areas 2,552,533 100.0



Figure 4-3 illustrates the range of drainage cks®eoss the watershed in relation

to Late Woodland sites and the 100 random points.
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Figure 4-3: Rouge River watershed distribution i@ichge classes

4.1.2.3 Digital Elevation Model

The digital elevation model (20 m resolution) wasated using data obtain online from
Geobase (Natural Resources Canada 2002). Rastemre obtained equivalent to NTS
1:50,000 map tiles. These tiles (30 m/14, 31D/3evwsmmbined into one file using the

ArcGIS Mosaic function.



As expected, elevation in the Rouge River watersheeases steadily from 73 m
above sea level (asl) along the north shore of I@k&ario, northwest to the northern
limit of the watershed at the Oak Ridges Morainge €levation in the northwest part of
the watershed peaks at 371 m asl, for a rise wagte of 298 m across the watershed.
The 100 random points were evenly distributed betw&s-370 m asl, a range that
represents 99% of the watershed range. The Lateditod sites were clustered between
151-279 m asl, representing 43.4% of the randomtpoange. For a moment if one
considers removing the northernmost sites (AIGUlG(lA45, Orion/Murphy-Goulding
site), the clustering of sites in the watershediiced to 151-210 m asl, a range of 20%
of the random points range. These values suggest peeferential selection away from
the north shore of Lake Ontario and south of thk Riges Moraine. Figure 4-4
illustrates the range of elevation across the wheat in relation to Late Woodland sites
and the 100 random points.

A Mann-Whitney test was conducted to determinbefe¢ is a statistically
significant difference between elevation encourdextthe random points and Late
Woodland sites in the watershed. The elevationrdszbat each random point and each
site GPS coordinate was use for the statistical &atistically there is no difference
between the location of the random points and tite MWoodland sites, with respect to

elevation (Mann-Whitney W=821, p-value=0.12).
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Figure 4-4: Rouge River watershed elevation range

4.1.2.4 Slope

Slope data was obtained from the DEM (20 m celg)aithe ArcGIS Slope function.
Within the Rouge River watershed the degree ofeslsvariable between 0 and 29.7
degrees, with higher degrees of slope notable alatgrways and towards the Oak
Ridges Moraine in the northwest part of the watedsifhe mean slope within the
watershed is 1.8 degrees, indicating the vast miyajofrthe watershed consists of a slight

slope across the landscape. A 15 degree slopassdaved to be the upper limit for the



successful growth of Aboriginal maize (Jones 20@Yyen the mean slope of the
watershed, the preliminary determination was tlaaiation in slope across the watershed
was not a restricting factor for maize horticulture

While the highest degree of slope in the watersis@sl measured at 29.7 degrees,
both the random points catchments and the sitéceots did not exceed slope ranges
over 20 degrees (Table 4-8, 4-9). For all randomtpa@and sites, the lowest class of
measurement, 0-2.0 degrees of slope, was presaltaB0 m buffer areas. For the
random points range over half of the points werargas with ranges between 0-2.0
degrees of slope and 0-4.0 degrees. The remainingspvere relatively evenly
distributed amongst the remaining measurementedasave for the two highest classes,

where one random point was identified in each.

Table 4-8: 100 random points slope summary

Slope Degree Range Freq. of Random Points
0-2.0 7
0-4.0 33
0-6.0 23
0-8.0 11

0-10.0 7
0-12.0 9
0-14.0 4
0-16.0 4
0-18.0 1
0-20.0 1

For the Late Woodland sites, no clear clusteriag wientified with relation to the
slope ranges. Two interesting results to noteites sre located in areas where there is

only a 0-2.0 degree slope within 250 m catchmeartd,there is a clear gap in sites being



located where slope ranges extend between 14.0deg1@es. Further to that, only one
site has a 18.1-20.0 degree slope in part of ttshoaent area. Taking this into account,
12 of the 13 sites were situated where catchmewatsagxperienced a 2.1-12.0 degree of
slope. It can be argued that a slight selectivegss is at work related to slope, with a
desire to settle in areas with little to moderddpas. As all Late Woodland catchment
areas included slope of 0-2.0 degrees, and onlibadas a portion of its catchment
with slope greater than 15.0 degrees, all Late Waoalbisite catchments contain areas
where the degree of slope was considered to beiguif for maize agriculture (Jones
2008). Figure 4-5 illustrates the range of slop@ssthe watershed in relation to Late

Woodland sites and the 100 random points.

Table 4-9: Late Woodland sites slope summary

Slope Degree Range Freq. of Late Woodland Sites
0-2.0
0-4.0
0-6.0
0-8.0

0-10.0
0-12.0
0-14.0
0-16.0
0-18.0
0-20.0

P OO O PM~DMNPEP MPEFL O

A Mann-Whitney test was conducted to determinbefe¢ is a statistically
significant difference between the range of slopgoentered at the random points and
Late Woodland sites. The highest degree of slopledrtatchment area was considered

for the statistical test. Statistically there isignificant difference between the location of



the random points and the Late Woodland sites, regpect to slope (Mann-Whitney
W=405.5, p-value=0.025), however the vast majaftthe watershed was found to

exhibit slope ranges that would have been favoaerfdsimaize agriculture.
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Figure 4-5: Rouge River watershed slope range

4.1.2.5 Landforms and Physiographic Regions

Landforms and physiographic regions data was obdairom Land Information Ontario
(LIO) and is based on data gathered by Chapmaratrtam (1984). Soils play a large
role in informing the classification of physiograpinegions, but this data set also
includes the location of glacial land formationslsas eskers, moraines, drumlins and

glacial beach ridges. The Rouge River watershedistsnof seven categories of



landforms: glacial beach ridges, drumlins, bevetikglains, clay plains, kame
moraines, sand plains and drumlinized till plaifd.plains, both bevelled and
drumlinized, account for 77.1% of the watershedaf@able 4-10 illustrates the values of

seven categories of landforms regions within theevshed.

Table 4-10: Rouge River watershed landform reggummary

Landforms Area (m 2) %
Drumlinized Till Plains 163,279,759 42.1
Bevelled Till Plains 135,762,743 35.0
Sand Plains 39,426,730 10.2
Kame Moraines 23,326,453 6.0
Clay Plains 18,624,131 4.8
Drumlins 5,848,522 15
Beaches 1,571,866 0.4
Total 250 m Catchment Areas 387,840,204 100.0

As expected, the landform regions found within 250f the 100 random points
roughly correlated with the frequency of the categgpowithin the watershed (Table 4-
11), with drumlinized till plains accounting for #36 of the catchment areas, and
bevelled till plains accounting for 31.1%. Somelstivariation in percentages between
total watershed area and random points catchmesds avas identified for clay plains,
kame moraines and sand plains, while drumlins daciaj beach ridges in both cases

represented the least encountered categories.

Table 4-11: 100 random points with 250 m catchmkamdform regions summary

Landforms Area (m2) %
Drumlinized Till Plains 8,982,031 457
Bevelled Till Plains 6,110,176 31.1

Clay Plains 1,308,883 6.7



Kame Moraines 1,443,687 7.3

Sand Plains 1,349,866 6.9
Drumlins 345,916 1.8
Beach Ridges 94,379 0.5
Total 250 m Catchment Areas 19,634,938 100.0

As with the total watershed area and the randomtpaatchments, drumlinized
till plains were the most encountered categorheltate Woodland catchment areas,
however a sharp increase in area was noted. Whereasinized till plains accounted
for under half of the watershed area and randomtpaiatchments, this category
accounted for 73.5% of the Late Woodland catchm@rable 4-12). Additionally
bevelled till plains accounted for 35% and 31.1%hefwatershed area and random
points catchments, respectively, whereas the Latedldnd catchments yielded a
significant drop in this category, down to only % of the total catchment area. An
increase in area for kame moraines and drumlinsalgasidentified in the Late
Woodland catchments. This data suggests a prodes®wrumlinized till plains were
selected, along with kame moraines and potentikliynlins, and bevelled till plains
were selected against. Sand plains, clay plaindoaadh ridges were not identified at all
in the Late Woodland catchment areas. Figure 4d&arn illustrates the range of
landforms and physiographic regions across therglae in relation to Late Woodland
sites and the 100 random points. The autocorogldtétween the landform
classifications (driven by soil types) and the pbgsaphic regions is evident in these
figures. Figure 4-6 also suggests site clustesiag occurring on the South Slope
physiographic region.

A Chi-squared test was conducted to determineeifetis a statistically significant

difference between landforms/physiographic regemsountered within 250 m of the



random points and Late Woodland sites. Statistichre is no difference between the
location of the random points and the Late Woodlsitess, with respect to landform

areas encountered (Chi-squared=2.17, df=1, p-valady.

Table 4-12: Late Woodland sites with 250 m catchisw&andform regions summary

Landforms Area (m2) %
Drumlinized Till Plains 1,876,406 73.5
Kame Moraines 349,198 13.7
Bevelled Till Plains 196,350 7.7
Drumlins 130,585 5.1
Total 250 m Catchment Areas 2,552,539 100.0
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Figure 4-6: Rouge River watershed physiographioreg
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Figure 4-7: Rouge River watershed landforms

4.1.2.6 Terrain Ruggedness

The terrain ruggedness model was generated frodEM (20 m resolution). The
terrain ruggedness model (raster) measured thegeharelevation at various scales. For
instance, a terrain ruggedness model at a 100 ia se@sures how much elevation
changed from 0 m to 100 m. If elevation increasedexreased slightly over the 100 m,

the area is considered to have a low degree oedrggss. If a relatively high change was



observed, the area is considered to have a higleeled ruggedness. Scales used in this
analysis were 100 m, 300 m and 1000 m.

Table 4-13 summarizes the results of plottingddéehment areas for the random
points and Late Woodland sites on the three scdlasalysis. For the Rouge River
watershed terrain ruggedness ranged from 0-36 Brfl8cale), 0-45 m (300 m scale)
and 0-74 m (1000 m scale). The range increasdweasctle increases, as the
measurements within each cell are independenteobvlrall range in elevation. For
instance, at the 100 m scale one cell may showgedness change of 0-10 m across 100
m, while neighbouring cells would show a range-f & and 0-8 m. But if elevation was
steadily increasing in a particular direction, tadaes in the Rouge River watershed, at a
scale of 300 m these cells may now show a ruggsdaege of 0-25 m.

When comparing the ruggedness ranges of the rapdarts catchment areas to
the Late Woodland catchment areas, the Late Woddlegas consistently appear to
select for areas of less terrain ruggedness comparthe random points. This is most
evident at the 300 m scale, where the range diteruggedness identified for Late
Woodland areas (0-21 m) accounted for 72.4% ofdhge of the random points areas,
and only 46.7% of the range of ruggedness avaikhbteighout the watershed (Figure 4-
8).

A Mann-Whitney test was conducted to determinbefe¢ is a statistically
significant difference between the terrain ruggedrencountered at the random points
and Late Woodland sites. The highest measuremeanggedness in the catchment area
was considered for the statistical test. Statilyichere is a significant difference

between the location of the random points and tite MWWoodland sites with respect to



terrain ruggedness at the 100 m scale (Mann-Whitie$16, p-value=0.034).
Statistically there is no difference between theatmn of the random points and the Late
Woodland sites at the 300 m scale (Mann-Whitney 8654-value=0.081). There is also
no difference between the location of the randomtpand the Late Woodland sites at

the 1000 m scale (Mann-Whitney W=642.5, p-value5D.9

Table 4-13: Terrain ruggedness summary
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Figure 4-8: Rouge River watershed terrain ruggesi(@30 m scale)

4.1.3 Comparative Analysis Results

From the above analysis several comments can be.rkadt, with respect to some
variables, the vast majority of the watershed issaered to exhibit attributes favourable
to maize agriculture. These include drainage, skbopkterrain ruggedness. Some
selective process appears to have been considered the Late Woodland period
concerning elevation, however it is unlikely higloedower elevations within the
watershed would have had an impact on the abdityrow maize, as it was previously

determined that climatic variation within the wateed area was minimal.



Within the variables considered here, summaryssiizd suggested certain types
of soil and landform regions appear to have betattssl to a greater degree. Figures 4-9
and 4-10 illustrate the soil mapping and landfoegions mapping, with areas that would
have been ideal for maize agriculture highlighteat. the soil map this consists of sandy
loam and loam soils. For the landforms/physiograpbdgions mapping this is the
drumlinized till plains. These drumlinized till e within the Rouge River Watershed
are also known as the South Slope physiographionethis physiographic region was
noted to have excellent soils for agricultural proiibn through historic times (Chapman
and Putnam 1984).

Although summary statistics suggest soil typeslandforms regions appear to
have been selected to a greater degree, stalissogthificant differences between the
random points and Late Woodland sites were idewtifor slope and terrain ruggedness
at the 100 m scale. The results of the summaristtst Chi-squared and Mann-Whitney

tests will be considered further in Chapter 5.
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Figure 4-9: Late Woodland sites (aqua) and randomtg (red) with sandy loam and
loam soils highlighted (yellow)
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Figure 4-10: Late Woodland sites (aqua) and randoimts (red) with drumlinized till
plains highlighted (yellow)

4.2: Population Estimates

Population estimates of the four sites with avadaettlement pattern data were used to
determine if maize requirements could be met witksinous catchment scales. There are
a large number of ways in which population estima&i@n be obtained from
archaeological data, none of which are withoutrtbeiics. A comprehensive review by
Warrick (2008) of these approaches suggests tkidrsent features are the most
effective means for estimating population sizes€3a2008; Warrick 2008). The analysis

comprises population estimates based on identfinetinferred interior hearths



(following Dodd 1984; Warrick 2008) and a comparatestimate based on total

settlement size (Jones 2008; Snow 1995b; Snow &mde51989; Warrick 2003).

4.2.1 Identified/Inferred Hearths

A review of the settlement plans for each of thér faites listed below revealed that the
identification of hearths during archaeological axations is not a guaranteed
occurrence; this is due to the tendency of heaatlhe relatively shallow features that are
easily eradicated by decades of modern agriculploaighing. Interior hearths are
generally found to be 15 cm in depth or less; campias to the average ploughzone
depth of 30 cm across southern Ontario and it isarprising that settlement areas can
contain few intact hearths (ASI 2005, 2008; War2€K8). There are multiple instances
where no hearths were identified in house strustuihen no hearths were identified, or
only a small number, average hearth space intebzssd on time period were used to
extrapolate likely hearth locations (Dodd 1984; W&r2008); hearth space intervals
based on time period will be discussed further\wetorelation to each site. In several
instances inferred hearths line up with the presefi@ost-mould clusters that would
have supported cooking apparatuses (ASI 2008, 2R&asden 1990). It also has been
suggested that these clusters could represent srialbr sweat lodges (McDonald and
Williamson 2001). Where circular clusters of posiulds are encountered within one to
two metres of the projected hearth location, tiierred hearth is moved to correspond to
the cluster. This introduces a slight subjectiveednt to the inference of hearth

locations.



Dodd (1984) in her extensive study of Ontario Ireigul radition longhouses has
demonstrated a sharp increase in the averageonggacing of hearths between the
period of AD 700-1300 and 1300-1450, followed krgkatively steady decrease from
1450-1650 (Table 4-14). The sites subject to cag&sttranalysis here date to 1300-1450;
Dodd found that ca. 1300-1450 interior hearth sgacanged from 1.2 to 9.9 m, with the
average being 5.3 m. The distance from the norhoém house to the first hearth ranged
from 2.0 to 7.9 m, with the average being 5.5 ne dilstance from the south end of a
house to the first hearth ranged from 2.5 to 8.5vith the average being 5.8 m. The
instances where inferred hearths were found t@otetéd in close proximity to post
mould clusters demonstrates the strength of Ddolokly of work, despite the additional
Iroquoian sites (and data) that have been idedtdiece 1984.

Warrick (2008) utilized Dodd’s spacing averagesiterpolate hearths in his
population study of south-central Ontario ca. ADA®B50. Using skeletal data from
known Iroquoian ossuaries and estimates of preeapicfamily sizes Warrick presents a
relatively constant family size over time. Followidvarrick, Table 4-15 presents the
number of people per hearth ca. AD 1000-1650. Widely accepted that in the Late
Woodland period each hearth in a house was shgregdofamilies (Dodd 1984;
Heidenreich 1971; Jones 2008; MacDonald 1986; \6la@008). Although Table 4-15
illustrates a slight variation in family size frab®00-1639, five persons has elsewhere
been considered the average size of a Late Woodlatioian) family (Jones 2008;
Jamieson 1986; Snow and Starna 1989; Warrick 2@&)d’s hearth spacing averages
(1984) and Warrick’s family size estimates (200&yevused to estimate the populations

of the four sites described below.



Table 4-14: Iroquoian hearth spacing (following Dd®84)

Date North End Spacing South End Spacing Interior S pacing
Range Average Range Average Range Average

700-1300 0.6-9.9 4.6 0.3-6.7 3.1 0.5-5.5 1.9
1300-1450 2.0-7.9 5.5 2.5-8.5 5.8 1.2-9.9 5.3
1450-1609 1.4-8.9 4.9 0.4-7.3 4.9 1.2-85 3.6
1610-1650 1.2-9.9 4.2 1.2-9.6 4.7 1.1-8.8 2.9

Temporal range of sites subject to catchment aisalys

Table 4-15: Late Woodland people per hearth esasdollowing Warrick 2008)

Date People per Hearth
1000-1300 10.0
1300-1420 11.0
1420-1450 10.5
1450-1639 10.0
1639-1650 6.0

Appendix A provides overall settlement pattern pléor each of the four sites.

4.2.1.1 The New Site (AIGt-36) Population Estimate

A total of six houses were identified at the Nete ancluding the partial house excavated
in 1977; no palisade was present at this site.slteewas fully excavated and the total
site area was found to be 2.1 hectares. The Nevdates to ca. 1350 (ASI 2010a; Birch
2010). Only three interior hearths were identifiedhe houses, one in House 4 and two
in House 5. Based on house lengths, a total ofedtths were extrapolated for the site,
for a total of 44 interior hearths at the New ¢iftable 4-16). Using the average of 11
people per interior hearth for the time period 80Q-1420, the resulting population
estimate for the New site is 484 people. AppendikiBures 1-6 illustrate the settlement

patterns for the New site house structures, inolgithferred hearths.



Table 4-16: New site (AlGt-36) identified and infed hearths

Interior Hearths Interior Hearths Total
House # Length Width Identified Inferred Hearths
House 1 55.7m 7.75m 0 9 9
House 2 54.2m 7.7m 0 9 9
House 3 46.5m 7.5m 0 7 7
House 4 51.3m 7.75m 1 7 8
House 5 45.5m 7.5m 2 5 7
House 6 25.5m 7.5m 0 4 4
Totals 3 41 44

4.2.1.2 The Robb Site (AlGt-4) Population Estimate

The Robb site had nine houses; no palisade wasrniréhe site was fully excavated and
the total site area was found to be 2.0 hectaresugation of the Robb site has been
reported to date to both ca. 1300-1350 (ASI 20H0id) ca. 1350-1400 (Birch 2010),
though there is no indication portions of the s#gresent different occupation episodes.
Eleven interior hearths were identified in fivetbé houses (Houses 4, 5, 7, 8 and 9).
Based on house lengths a total of 52 hearths werapelated for the site, for a total of
63 interior hearths at the Robb site (Table 4-W8&)ng the average of 11 people per
interior hearth for the time period of 1300-142€ tesulting population estimate for the
Robb site is 693 people. Appendix B, Figures 7Histrate the settlement patterns for

the Robb site house structures, including infehearths.

Table 4-17: Robb site (AlGt-4) identified and infedt hearths

Interior Hearths  Interior Hearths Total
House # Length Width Identified Inferred Hearths
House 1 55.7m 7.75m 0 9 9
House 2 54.2m 7.7m 0 9 9
House 3 46.5m 7.5m 0 7 7
House 4 51.3m 7.75m 1 7 8



House 5 45.5m 7.5m 2 5 7
House 6
House 7
House 8
House 9

Totals 11 52 63
*House settlement pattern incomplete

4.2.1.3 The Burkholder 2 Site (AIGt-35) Populatitstimate

A total of four houses were documented at the Bolddr 2 site. No palisade was
present. The site was fully excavated and the sitmlarea was found to be 0.6 hectares.
Occupation of the Burkholder 2 site dates to c&018400 (ASI 2005; Birch 2010). At
least one hearth was identified in each house, avitlgh total of four identified in House
3. Based on house lengths a total of 15 hearthe wsdrapolated for the site, for a total of
24 interior hearths at the Burkholder 2 site (Tab{E8). Using the average of 11 people
per interior hearth for the time period of 1300-Q4the resulting population estimate for
the Burkholder 2 site is 242 people. Appendix Byures 16-19 illustrate the settlement

patterns for the Burkholder 2 site house structunesuding inferred hearths.

Table 4-18: Burkholder 2 site (AlGt-35) identifiadd inferred hearths

Interior Hearths Interior Hearths
House# Length  Width Identified Inferred Total Hearths
House 1 2 5 7
House 2 1 3 4
House 3 4 3 7
House 4 2 4 6
Totals 9 15 24



4.2.1.4 The Orion Site (AlGu-45)/Murphy-Gouldinte§AIGu-3) Population Estimate
The Orion/Murphy-Goulding site consisted of ten $esiand no palisade was present.
The settlement pattern shows six houses in thé paurt of the site (Orion) and four
houses in the south part of the site (Murphy-GawgiliBoth north and south parts of the
site have been partially excavated, with an appnaie 250-metre-wide unexcavated
portion in between. The excavated Orion portionsuess 0.62 hectares (ASI 2008); the
excavated Murphy-Goulding part is 0.39 hectaresl (®98:Figure 3). Including the
unexcavated part, the Orion/Murphy-Goulding site been projected to measure 3.3
hectares (Birch 2010). The similarities in artifassemblages and settlement patterns
suggest the two parts represent the northern antiesm ends of the same occupation
(ASI 2008). Given the dramatic increase in settleinaeea compared to other excavated
sites in the Rouge River watershed, it is posshmeOrion/Murphy-Goulding site was a
coalescent community, similar to the Parsons anlévizie-Woodbride (Humber River
watershed), Draper (West Duffins Creek) and Maf8teuffville Creek) sites (ASI 2008;
Birch 2010). Occupation of the Orion/Murphy-Goulglisite has been reported to date to
ca. 1400-1450, possibly confined to the first desaof the 18 century (ASI 1998).
Sixteen interior hearths were identified in nindled houses. Based on house lengths a
total of 44 hearths were extrapolated for the $itea total of 60 interior hearths within
the excavated settlement pattern at the Orion/Muftpbulding site (Table 4-19). Using
the average of 11 people per interior hearth fertitme period of 1300-1420, the
resulting population estimate for the Orion/MurpBgulding site is 660 people; this

estimate can be considered as a minimum populajieen the large unexcavated central



part of the site. Appendix B, Figures 20-19 illasérthe settlement patterns for the

Orion/Murphy-Goulding site house structures, inahgdnferred hearths.

Table 4-19: Orion site (AIGu-45)/Murphy-Gouldindes{AlGu-3) identified and inferred
hearths

Interior Interior

Hearths Hearths Total
House # Length Width Identified Inferred Hearths
Orion House 1
Orion House 2
Orion House 3
Orion House 4
Orion House 5
Orion House 6

I
I

Totals 16 44 60

*House settlement pattern incomplete
~Inferred house length

4.2.2 Population Estimates Based on Total SettléBize

As a comparison to the above population estimaassedon hearth counts, the population
of the four sites was estimated using the totdleseént size area estimate (Jones 2008;
Snow and Starna 1989; Snow 1995b; Warrick 2003)ridka(2003) has estimated that
sites were occupied at a density of 500 peopldeetare (20 mper person) except A.D.
1525-1650, when it was 700 people per hectare flgemperson). Snow (1995b) and
Snow and Starna (1989) used the same ratio of’a@emperson for their studies of
Mohawk settlement in New York State. Jones (20@&dwa variation of the ratio of area
per person, and separated sites on parcels oétirfetel ground (14 fper person) and

sites with broad areas of level ground (2bper person).



Given the relatively short temporal range of titessconsidered here, following
Warrick (2003), Snow (1995b) and Snow and Star889), a ratio of 20 fper person
is used. Table 4-20 provides the results of thiegtion. It has been stated elsewhere,
pertaining to Haudenosaunee settlements in New $tate, that settlement population
could be discerned from measured site areas with &Xxuracy (Jones 2008; Snow and
Starna 1989), though unless an area is constrayeadalisade or natural feature,

settlement area size is open to interpretation.

Table 4-20: Population estimates based on totdésent size

Population (500

Site Date Area people/hectare)
New ca. 1350 2.1 hectares* 1,050
Robb ca. 1300-1400 2.0 hectares* 1,000
Burkholder 2 ca. 1350-1400 0.60 hectares* 300
Orion/Murphy-Goulding ~ ca. 1400-1450 3.3 hectares~ 1,650

*Site excavation considered complete
~Inferred site size based on excavation of northsuth parts

4.2.3 Population Estimates Summary

A comparison of the results of the population eatas is provided in Table 4-21. The
estimates based on hearth counts were consistemdy than those based on settlement
area. While there are several arguments for thisseegpancies, including hearth
estimates consistently under-estimating populatamtssettlement area estimates over-
estimating populations, each site and reason$édiscrepancies are considered briefly

below.



Table 4-21: Population estimates summary

Population Based Population Based on

Site Date on Hearth Counts Settlement Area
New ca. 1350 484 1,050
Robb ca. 1300-1400 693 1,000
Burkholder 2 ca. 1350-1400 242 300
Orion/Murphy-Goulding* ca. 1400-1450 660 1,650

*Central part of site unexcavated

The hearth count estimates for the New site aceabiar only 40% of the
settlement area estimate. When reviewing the sstthe plan for the New site (Appendix
B) it is immediately clear that the house excavatet®77 by Mima Kapches was not
completely excavated. If the 1977 house was irs#ime length range as the five other
identified complete houses, approximately one-thirthe house was identified. It is
possible one or even two houses were in the openat@rea of the site, but given the
relatively good soil preservation allowing for tidentification of features at other parts
of the site, this is unlikely. The only viable reador the discrepancy is the partially
excavated 1977 house, and this in no way can atéouthe entire difference.

The hearth estimates for the Robb site accourdadoount for 69.3% of the
settlement area estimate. Although this is a diganit improvement over the New site
discrepancy, it remains a noticeable differenceelMifeviewing the settlement plan for
the Robb site it is clear that the entire extefitdause 3, House 6, House 7 and House 8
were not identified; therefore those unidentifiedtns were not included in the hearth
count estimates (Appendix B). The settlement ptairHiouse 6 reveals an area of
previous disturbance was encountered at the saitbed of the house (ASI 2010b:
Figure 3). The post moulds delineating the northpadions of House 3, House 7 and

House 8 were not identified during excavations (2810b:7). It is possible the four



incomplete houses at the Robb site account fodigeepancy between the hearth
estimate and the settlement area estimate.

The hearth estimates for the Burkholder 2 site aettor 80.7% of the settlement
area estimates. Out of the sites subject to papualastimates, Burkholder 2 represents
the closest percentage difference between headtsettiement area estimates. It is no
coincidence the four identified houses at BurkhoRlbave complete settlement plans,
allowing for all possible hearth spacing inferenttebe made.

The hearth estimates for the Orion/Murphy-Gouldsitg account for 40% of the
settlement area estimate. As stated above, tm#isent discrepancy is largely due to
the central portion of the site being unexcavatadapproximately 250 metre
unexcavated area separates the Orion portion fnenMurphy-Goulding portion. In fact,
the unexcavated portion is larger than the northsmuth portions that have been
excavated (Appendix B) (ASI 2008:Figure 9).

Given the above variation between the populatidimasges, the estimates based
on hearth spacing will be considered the minimurpupation estimate for each site,

while the estimates based on settlement area &/itldmsidered the maximum estimate.

4.3: Maize Consumption Estimates

Maize consumption estimates will utilize the abadescribed population estimates to
provide an estimate of yearly consumption and lgresion, number of hectares required
to produce estimated consumption yields. Maize wandion requirements will follow

Monckton (1992, 1994) and are summarized in Take 3



4.3.1 The New Site (AlGt-36) Maize Consumptiomizdes

The population estimates presented above providemianum estimate of 484 and a
maximum estimate of 1,050 individuals at the Netw.3iVhen these estimates are applied
to Monckton’s (1992, 1994) figures for maize congtion it was determined that the
New site inhabitants would have required 29.04-6@¢€tares for growing maize crops

for the first planting year, increasing to 58.0&12hectares after 10 years (Table 4-22).

Table 4-22: Maize consumption estimate for the Née (AlGt-36)*

First
Year Land Area
Unit Kernels Cobs Plants Corn Hills Land After 10
Area Years (ha)
(ha)
Individual 339,722 2,265 1,132 378 0.06 0.12
New Site
Population 16/ 455448  1,006.260 547,888 182,952 29.0 58.1
Based on
Hearth
Counts
(n=484)
New Site
Population 356,708,100 2,378,250 1,188,600 396,900 63.0 126.0
Based on
Site Area
(n=1,050)

*Based on a 2,500 calorie/day diet, with maize dbating to 58% of diet (Monckton 1992, 1994)

4.3.2 The Robb Site (AlGt-4) Maize ConsumptiomizdBs

The population estimate presented above providathemum estimate of 693 and a
maximum estimate of 1,000 individuals at the Ralbd $Vhen these estimates are
applied to Monckton’s (1992, 1994) figures for neaconsumption it was determined

that the Robb site inhabitants would have require&8-60.0 hectares for growing maize



crops for the first planting year, increasing tol83120.0 hectares after 10 years (Table

4-23).

Table 4-23: Maize consumption estimate for the Raibdb(AIGt-4)*

Unit Kernels

Land Area
After 10
Years (ha)

Individual 339,722

Robb Site

Population

Based on 235,427,346
Hearth

Counts

(n=693)

Robb Site
Population
Based on
Site Area
(n=1,000)

339,722,000

0.12

83.2

120.0

*Based on a 2,500 calorie/day diet, with maize dbating to 58% of diet (Monckton 1992, 1994)

4.3.3 The Burkholder 2 Site (AlGt-35) Maize CondimngEstimates

The population estimate presented above providathemum estimate of 242 and a

maximum estimate of 300 individuals at the Burkleold site. When these estimates are

applied to Monckton’s (1992, 1994) figures for neaconsumption it was determined

that the Burkholder 2 site inhabitants would haaguired 14.52-18.0 hectares for

growing maize crops for the first planting yearaasing to 29.04-36.0 hectares after 10

years (Table 4-24).



Table 4-24: Maize consumption estimate for the Boltter 2 site (AlIGt-35)*

First Year Land Area

Unit Kernels Cobs Plants CI:-l?IIQ Land Area After 10
(ha) Years (ha)
Individual 339,722 2,265 1,132 378 0.06 0.12
Burkholder 2
Site Population g5 515 754 548130 273,944 91,476 145 29.0
Based on
Hearth Counts
(n=242)

Burkholder 2
Site Population 101,916,600 679,500 339,600 113,400 18.0 36.0
Based on Site
Area (n=300)
*Based on a 2,500 calorie/day diet, with maize dbating to 58% of diet (Monckton 1992, 1994)

4.3.4 The Orion Site (AIGu-45)/Murphy-Goulding SA4Gu-3) Maize Consumption
Estimates

The population estimate presented above providathemum population estimate of 660
and a maximum estimate of 1,650 individuals at@nen/Murphy-Goulding site. When
these estimates are applied to Monckton’s (19924 )1figures for maize consumption it
was determined that the Orion/Murphy-Goulding siteabitants would have required at
a minimum 39.6 -99.0 hectares for growing maizesria the first growing year,

increasing to 79.2-198.0 hectares after 10 yeaabl€T4-25).



Table 4-25: Maize consumption estimate for the @se (AlGu-45)/Murphy-Goulding
site (AIGu-3)*

First Year Land Area
Unit Kernels Cobs Plants Corn Hills Land Area After 10
(ha) Years (ha)

Individual 339,722 2,265 1,132 378 0.06 0.12

Orion/Murphy-

Goulding Site

Population Based 224,216,520 1,494,900 747,120 249,480 39.6 79.2
on Hearth Counts

(n=660)

Orion/Murphy-

Goulding Site

Population Based 560,541,300 3,737,250 1,867,800 623,700 99.0 198.0
on Site Area

(n=1,650)

*Based on a 2,500 calorie/day diet, with maizetdbuating to 58% of diet (Monckton 1992, 1994)

4.4: Catchment Analysis

Catchment areas represent resource acquisitiors zsnand archaeological sites that
were utilized on a regular basis for the acquisitid basic resources such as food, fire
wood and building materials (Fecteaiual. 1994; Hunt 1992; Jamieson 1984;
MacDonald 1986). For Late Woodland catchments,@redant consideration is given to
areas considered suitable for maize agricultuydgh hunting areas for deer are also
considered. Previous research indicates most LaedN&nd communities required a one
kilometre catchment radius for sufficient agricudtand (Heidenreich 1971;
MacDonald 1986, 2002), while catchments up to tia@nketres have also been
considered as representative of an acceptablengathstance with a weighted load of
resources (Fecteat al. 1994; Jamieson 1986; Jones 2008). Catchmentspnaveusly

been considered in various shapes including cir¢ilant 1992; MacDonald 1986), oval



(Jamieson 1986; MacDonald 2002) and semi-circiacteatet al 1994). For the four
sites subject to the catchment analysis, catchnoéhésd for maize agriculture will be
analyzed at 250 m, 500 m and 1000 m radius sdaiesilar areas were used for these
scales, with variations of catchment shapes digclissChapter 5. The reported GPS
coordinates for each site were used as the cehtihe duffers. By this method, the 250
m buffer represents the immediate area arounduimg Ispace, and the 500 m and 1000
m buffers represent larger acquisition zones araheadiving space. Using the formula
for area from known radius ( ), the 250 m buffers covers an area of 19.6 hegtare
a 500 m buffer is 78.5 hectares and a 1000 m lsuige314.2 hectares.

The environmental variables considered for thevalmmmparative analysis were
reviewed within the three catchment scales. Asenged above, the vast majority of the
watershed is considered to exhibit attributes faable to maize agriculture. These are
good drainage, low slope and low terrain ruggedr®ssie selective process appears to
have been considered during the Late Woodland ¢gpenacerning elevation, however it
is unlikely higher or lower elevations within thetgrshed would have had an impact on
the ability to grow maize, as it was previouslyatatined that climatic variation within
the watershed area was minimal.

Within the variables considered here, soil andfearms/physiographic regions
appear to have been selected to a greater degie@teresting to note that while low
slope and low terrain ruggedness is observed atinessatershed, both these variables
were found to show a statistically significant diince between the random points and

location of Late Woodland sites.



4.4.1 The New Site (AlGt-36) Catchment Analysis

The New site is located on a large, relatively féatace along the western bank of a
tributary of Little Rouge Creek (ASI 2010a). Imagesluded in the excavation report
illustrate relatively flat to gently rolling ternai

Table 4-26 presents the results of the catchnralysis at three scales for the
New site. Across the three scales, the New siteagpo have been well-situated for
maize agriculture. Well-drained loam soll is predoate across all three scales, with
only a small area of poorly drained soil encourdeai®ng the eastern edge of the 1000 m
buffer. The slope of the area is 0-6 degrees &H@mM, with only 2.3% of the 1000 m
buffer increasing to 8-14 degrees; these valuewsalldbelow the slope limit of 15
degrees or less previously considered suitablenfoze agriculture (Jones 2008).

The original (or former) population of the New sgeestimated as 484-1,050
individuals, with a subsequent need for 29.04-6@¢€tares for growing maize crops for
the first planting year, increasing to 58.08-12te@tares after 10 years. The New site
inhabitants would have been able to meet theireptef maize requirements within the
500 m catchment area, with a likely need to expgzeybnd 500 m as the “I(@lanting

year approached.

Table 4-26: New Site catchment analysis summary

Catchment
Scale 250 m (19.6 hectares) 500 m (78.5 hectares) 1 000 m (314 hectares)
Soil Loam, Alluvial Loam, Alluvial Loam, Alluvial, Sandy
Loam
Drainage Good, Variable Good, Variable, Good, Imperfect,
Imperfect X
Variable, Poor
DEM (m asl) 161-190 161-190

131-190
Slope (0 to) 2 degrees (77.5%), 4 2 degrees (81.6%), 4



degrees (20.5%), 6 degrees (16.3%), 6 2 degree (78.9%), 4
degrees (2%) degrees (2.1%) degrees (15.5%), 6
degrees (3.4%), 8-14
degrees (2.3%)
Landforms/
Physiographic Drumlinized Till Plain Drumlinized Till Plain Drumlinized Till Plain
Regions

Terrain
Ruggedness
(300 m)

11 m change 11 m change 18 m change

Based on the catchment analysis presented in Aabbe the New site inhabitants
would have been able to access needed maize resaarall directions of the settlement
area. The location of the New Site along the wadbank of a creek increases the
likelihood the New site catchment area was ovaemni-circular, though the possibility
of exploiting areas on the other side of the ciisalot negated. Additionally, to the north
there is significant overlap between the 1000 nidoidbr the New site, and the 1000 m
buffer for the Burkholder 2 site, both of which leaveen identified as being occupied ca.

AD 1350.

4.4.2 The Robb Site (AlGt-4) Catchment Analysis
The Robb site is located on gently rolling topodwapn the south side of Milliken
Branch, a tributary of the Rouge River (ASI 2010b).

Table 4-27 presents the results of the catchnralysis at three scales for the
Robb site. Across the three scales, the Robb gjieas to have been well-situated for
maize agriculture. Loam soil is predominate acedsthree scales, with small areas of
alluvial soils encountered along the edges of wags. The slope of the area is mostly

0-4 degrees, with small portions of the catchmardeasing to 16 degrees.



The former population of the Robb site is estimate®93-1,000 individuals,

with a subsequent need for 41.58-60.0 hectaregrfaving maize crops for the first

planting year, increasing to 83.16-120.0 hectaftes 240 years. The Robb site inhabitants

would have been able to meet their projected mageirements within the 500 m

catchment area, with a likely need to expand beim as the 1dplanting year

approached.

Table 4-27: Robb site catchment analysis summary

Catchment
Scale 250 m (19.6 hectares) 500 m (78.5 hectares) 1 000 m (314 hectares)
Soil Loam Loam, Alluvial Loam, Alluvial
Drainage Imperfect, Good Imperfect, Good, Imperfect, Good,
Variable .
Variable, Poor
DEM (m asl) 161-190 161-190 131-190
2 degrees (40.3%), 4 2 degrees (55.8%), 4 o
degrees (43.3%), 6 degrees (28.4%), 6 2 degrees (69.6%), 4
Slope (0 to) degrees (22.2%), 6
degrees (10.3%), 8-12 degrees (10.4%), 8-16
degrees (6.1%) degrees (5.6%) degrees (5.6%), 8-16
' ' degrees (2.6%)
Landforms/
Physiographic Drumlinized Till Plain Drumlinized Till Plain Drumlinized Till Plain
Regions
Terrain
Ruggedness 16 m change 16 m change 20 m change
(300 m)

Based on the catchment analysis presented in Rlabfe the Robb site inhabitants would
have been able to access needed maize resoui@eédinections of the settlement area.
The location of the Robb site along the southenklzd Milliken Branch makes it likely

resources acquisition was focused along the westetthern and eastern ranges of the

catchment areas.



4.4.3 The Burkholder 2 Site (AlGt-35) Catchmentlysia
The Burkholder 2 site is located between two taigs of the Rouge River (ASI 2005).
Images included in the excavation report illustratatively flat to gently rolling terrain.

Table 4-28 presents the results of the catchnralysis at three scales for the
Burkholder 2 site. Across the three scales, thé&iBalder 2 site appears to have been
well-situated for maize agriculture. Although clidissl in this area as imperfectly
drained, loam soil is predominate across all tisicades, with only a small area of alluvial
soils encountered within the 1000 m buffer. Theslof the area is predominately 0-4
degrees, with small portions of the catchmentsiasing to 14 degrees.

The former population of the Burkholder 2 sitessirmated as 242-300
individuals, with a subsequent need for 14.52-h#@€tares for growing maize crops for
the first planting year, increasing to 29.04-36e@tares after 10 years. The Burkholder 2
site inhabitants would have been able to meet firejected maize requirements within
the 250 m catchment area, with a likely need taegmbeyond 250 m as the™planting

year approached.

Table 4-28: Burkholder 2 site catchment analysmrsary

Catchment
Scale 250 m (19.6 hectares) 500 m (78.5 hectares) 1 000 m (314 hectares)
Soil Loam Loam Loam, Alluvial
Drainage Imperfect Imperfect Imperfect, Good, Poor,
Variable
DEM (m asl) 161-190 161-190 161-220
2 degrees (55.8%), 4 2 degrees (74.3%), 4 2 degrees (76.4%), 4
degrees (23.6%), 6
Slope (0 to) degrees (43.3%), 6 degrees (20.3%), 6
degrees (1.2%), 8-14
degrees (0.9%) degrees (0.9%) degrees (2.0%), 8-14
9 70 degrees (1.3%)
Landforms/

Physiographic

Drumlinized Till Plain

Drumlinized Till Plain

Drumlinized Till Plain



Regions

Terrain
Ruggedness
(300 m)

10 m change 10 m change 18m change

Based on the catchment analysis presented in #ab8 the Burkholder 2 site
inhabitants would have been able to access needie@ mesources in all directions of the

settlement area.

4.4.4 The Orion Site (AIGu-45)/Murphy-Goulding A4Gu-3) Catchment Analysis
The Orion/Murphy-Goulding site is located on thetdzank of a watershed tributary on
the southern flank of the Maple spur of the OakgeglMoraine; the topography of the
area was noted to be level, while drainage is tégjavith seasonal inundation (ASI
2008). The Orion and Murphy-Goulding portions reqgr@ed the two northernmost Late
Woodland sites in the above comparative analysieri@hey together likely represent
the north and south portions of a large site, #reyconsidered as one site here.

Table 4-29 presents the results of the catchnralysis at three scales for the
Orion/Murphy-Goulding site. Due to the distanceaabbetween the two excavated
portions, the resulting catchment buffers are ovBahdy loam and loam soils are
predominate in the north half of the catchmentsredth clay loam soils covering the
south catchments. Although the excavation noteciba experiences seasonal
inundation regarding drainage patterns, HoffmanRiathards (1995) considered the area
to be reasonably well-drained, with small portiohshe 1000 m buffer considered to be
imperfectly drained. The slope of the area is pneidately 0-4 degrees, with small

portions of the catchments increasing to 16 deg@tthe four sites considered here, the



Orion/Murphy-Goulding site catchments experiendezrhost variation when it came to

terrain ruggedness, with an average 20 m changelmaross 300 m; however this value

is still far less than the highest ruggedness vaiiti@n the watershed at a 300 m scale

(45m), and reflects the positioning of the sitealation to the Oak Ridges Moraine.

The former population of the Orion/Murphy-Gouldisite is estimated as 660-

1,650 individuals, with a subsequent need for 39%0 hectares for growing maize

crops for the first planting year, increasing to27298.0 hectares after 10 years. As

previously discussed, the wide range of estimatesuntered for the Orion/Murphy-

Goulding site is due to the approximately 250 mxgagated central portion of the site.

Table 4-29: Orion/Murphy-Goulding site catchmendlgsis summary

Catchment
Scale 250 m (19.6 hectares) 500 m (78.5 hectares) 1 000 m (314 hectares)
Soil Sandy Loam, Clay Loam, Sandy Loam, Clay Sandy Loam, Clay
Loam, Alluvial Loam, Loam, Alluvial Loam, Loam, Alluvial
Drainage Good, Variable Good, Variable Good, Variable,
Imperfect
DEM (m asl) 251-310 251-310 249-310
2 degrees (42.2%), 4 2 degrees (35.1%), 4 o
degrees (28.7%), 6 degrees (34.4%), 6 2 degrees (38.8%), 4
Slope (0 to) degrees (36.3%), 6
degrees (17.7%), 8-12 degrees (17.6%), 8-16
degrees (11.5%) degrees (12.9%) degrees (15%), 8-16
' ' degrees (9.9%)
IﬁingrngaS/hic Kame Moraine, Kame Moraine, Kame Moraine,
ysiograp Drumlinized Till Plain Drumlinized Till Plain Drumlinized Till Plain
Regions
Terrain
Ruggedness 20 m change 20 m change 20 m change
(300 m)

Based on the catchment analysis presented in Bab® the Orion/Murphy-Goulding

site inhabitants likely focused their maize agtigrd on the northern half of the

catchment area, where sandy loam and loam soilgrasent. It is possible the clay loam



soils in the south part of the catchment areasdchaVe supported maize agriculture, but
comparatively the soils in the northern part of taechment would have been easier to
work with hand implements. The majority of maizeaerce requirements could have
been met within 1000 m to the west, north and eft$te site; if necessary, the
inhabitants would have had the choice to try thaimd at tilling the heavier clay soils, or

moving beyond the 1000 m limit and continuing tarkvthe sandy loam and loam soils.

4.5 Summary

Based on population estimates for the four Late tlaoad sites with available settlement
patterns, three of the sites would have been aliecet yearly maize requirements
within a 500 m catchment of settlements, with thelkBolder 2 site likely able to
accomplish this within 250 m. The Orion/Murphy-Gainlg site would have required the
largest catchment area. Further discussion retatdte comparative analysis and

catchment analysis is provided in Chapter 5.



Chapter 5: Discussion and Interpretation

Proposed determinants of Late Woodland site seleaticlude defense, communication
with other settlements, proximity to navigable wafays, proximity to overland trails
and the need to meet agricultural requirements (athand Campbell 1992;
Engelbrecht 2009; Heidenreich 1971; Jones 20068;2R@msden 1990). Here | consider
the environmental factors related to maize agnicales a driving force behind settlement
location preferences.

Two key observations were identified in the prengdihapter: 1) no selective
processes could be discerned related to maizerdtiate Woodland location strategies
in the Rouge River watershed, as the vast majofitiie watershed was found to have
been favourable for maize agriculture; and 2) magzgiirements were easily able to be
met within one-km catchment areas for four sitaslisd in detail, and in one case within
a catchment as small as 250 m. These key poititeevmore fully explored below,

along with an analysis of the strength of the papah estimates undertaken.

5.1: Comparative Analysis

The comparative analysis of environmental variables Late Woodland sites identified
that, within the Rouge River watershed, severahefvariables reviewed exhibit
attributes favourable to maize agriculture acrbgseixpanse of the watershed. These
include drainage, slope and terrain ruggednesse&elective process appears to have
been considered during the Late Woodland periodeming elevation, however it is
unlikely higher or lower elevations within the wesieed would have had an impact on

the ability to grow maize, as it was previouslyatatined that climatic variation within



the watershed area was minimal. Statisticallyifigant differences between the random
points and Late Woodland sites were only identifeadslope and terrain ruggedness at
the 100-m scale, though both variables exhibitatbates favourable to maize
agriculture across the majority of watershed. alet,fthe vast majority of the watershed is
considered to exhibit attributes favourable to reagriculture. This does present an
interesting question though: if maize could be grdalroughout the watershed, what
exactly was driving site location selection?

Well-drained soils have traditionally been coesatl to be an important
prerequisite for maize agriculture (Campbell andn@bell 1992; Demeritt 1991;
Heidenreich 1971), though variations in this mdudele been noted in York County, with
MacDonald (2002) identifying a strong correlatiorthis area of sites to imperfectly
drained soils. The results presented herein stipipatr correlation. The distribution of
soil classes was found to be correlated with dgerdasses across the watershed. The
only marked difference between the correlation atiel\WWoodland site catchments (250
m) to watershed drainage classes was related forésence of variable drained soils in
close proximity to Late Woodland sites (watershég 8ate Woodland sites 12.5%).
This is considered to be the result of locatingssih close proximity to waterways for
potable water and travel, or additional, in closexpmity to cedar swamps for building
materials.

Overall the vast majority of the watershed exhilli@inage patterns that would
have been favourable to maize agriculture, makidgficult to identify drainage
patterns as a variable that was selected for dgetitement location selection.

Statistically there is no difference between theatmn of the random points and the Late



Woodland sites, with respect to drainage pattencsuntered (Chi-squared=0, df=1,
p>0.05). Ethnographic analogies have shown Latedioal peoples utilized the mound
system for maize (and squash and bean) agricyttirdeidenreich 1971:175-177),
which would have allowed for the growing of mairemperfectly drained soils as well
as well drained soils. The process of plantingzeaeeds in small hills would have kept
young seeds in a better-drained micro-environmeend,out of standing water that is
prevalent in fields in the springtime (Mt. Pleasaf06).

A 15 degree slope is considered to be the uppdrfiomthe successful growth of
Aboriginal maize (Jones 2008). Within the RougeeRiwatershed a range in slope
degrees of 0-29.7 was identified. Over 75% ofvilagershed exhibits a degree of slope
between 0 and 2.0 degrees. Small areas with gegrdegree of slope are located along
the Oak Ridges Moraine, and in the southern patiefvatershed, associated with deep
river channels. This area in the south was voidaté Woodland sites, though it is
possible this is a factor of sites being destrdygdineteenth and twentieth century
development along the lakeshore. The exceptitimeei8ead Hill site, circa A.D. 1680, at
the mouth of the Rouge River, settled after Eurapmmtact. The Orion/Murphy-
Goulding site is the only site located within thakdRidges Moraine, and was subject to
the catchment analysis.

When the 100 random points and Late Woodland siegs plotted on the slope
model it was noted that neither the random poiotssites included areas within their
250 m catchments where slope values exceeded 28ededgThis demonstrates that while
slope values within the watershed extended up {6 @8grees, very few areas within the

watershed exhibit areas of slope greater than gfeds. This is also clear in Figure 4-5.



Looking at only Late Woodland sites, just one sitduded an area within its catchment
where slope extended up to 20 degrees (Ken ReesdG214,ca. 1400-1450). This
area of slope is associated with a deep cut bawk do a water course. Aside from Ken
Reesor 2, the catchment areas of the remainingWatedland sites did not exceed slope
values of 12 degrees. In most cases, the vastityapd slope values within the Late
Woodland catchments ranged from 0—4 degrees.

At first glance it appears the vast majority of tix@ershed exhibits slope ranges
that would have been favourable to maize agriceljtbowever a statistically significant
difference was identified between the locationhaf tandom points and the Late
Woodland sites, with sites clustering within 2.@ dr2.0 degree of slope (Mann-Whitney
W=405.5, p-value=0.0247).

Terrain ruggedness was sampled at three scalesn1800 m and 1000 m.
Maximum variation in elevation for the sampled seltross the watershed was 36 m
(200 m cells), 45 m (300 m cells) and 74 m (1006€efks). Catchment areas for the 100
random points included ruggedness differences ahZ300 m cells), 29 m (300 m cells)
and 50 m (1000 m cells). It was clear in the GI&leis for the three scales, as well as in
the results of the random points, that only a spralportion of the watershed included
areas where the ruggedness values were at thastigFigure 4-8, illustrating the
ruggedness of the watershed at the 300 m scale/ssthes.

The range of ruggedness encountered within the Wadodland catchment areas
demonstrates a slight selective process for leggediterrain that is most noticeable at
the 300 m scale (Table 4-13). At the 300 m cdlestate Woodland catchments

accounted for 72.4% of the random points range 4ént% of the watershed range.



Statistically there is a significant differenceweén the location of the random points
and the Late Woodland sites with respect to temaggedness at the 100 m scale (Mann-
Whitney W=416, p-value=0.035), with sites found®clustered in less rugged terrain.
Statistically there is no difference between theatmn of the random points and the Late
Woodland sites at the 300 m scale and 1000 m gelden-Whitney W=456, p-
value=0.081; Mann-Whitney W=642.5, p-value=0.95).

The digital elevation model (20 m scale) illustsatieat elevation in the Rouge
River watershed increases steadily from 73 m aslgathe north shore of Lake Ontario,
northwest to the northern limit of the watershethatOak Ridges Moraine. The
elevation in the northwest part of the watersheakpeat 371 m asl, for a rise in elevation
of 298 m across the watershed. The plotting ofdéinelom points and Late Woodland
sites demonstrated a selection preference foesadtit away from the north shore of
Lake Ontario and south of the Oak Ridges Moraifer a moment removing the
northernmost sites in the watershed (AlIGu-3/AlGy-@&on/Murphy-Goulding site, up
to 279 m asl), the clustering of remaining sites Wand to be between 151-210 m asl, a
range of 20% of the random points/watershed rafides elevation range corresponds
with the gently rolling South Slope till plains. Agtailed in the sections below, it is
likely the preference for loam soils widely encaered within the South Slope is what
was preferred for site location selection, with éhevation ranges discussed above being
auto-correlated to these areas. Statisticallyetieeno difference between the location of
the random points and the Late Woodland sites, regpect to elevation (Mann-Whitney

W=821, p>0.05).



The Rouge River watershed includes four physiogcafggions (Chapman and
Putnam 1984) and seven “landform” areas, some aftwdre correlated with the
physiographic regions (Figures 4-6, 4-7). The @i&lel with the random points and
Late Woodland sites suggests a selection proceseevadnumlinized till plains were
selected for, along with kame moraines and potiytdaumlins, and bevelled till plains
were selected against. Sand plains, clay plaid$aach ridges are not identified at all in
the Late Woodland catchment areas. These druretirif plains are known as the
South Slope physiographic region, and a selectiggepence for this physiographic
region during the Late Woodland period has beegestgd elsewhere (MacDonald
2002). As illustrated in Figure 4-6, despite tleelFPlain physiographic region covering
approximately one-third of the watershed area, onky major Late Woodland settlement
has been identified in this region. Physiograpbgions are grouped based on
differences in glacial deposits (Chapman and Puth®®4), which often correlates to
groupings of similar landforms and soil types. Stadally there is no difference between
the location of the random points and the Late Waudisites, with respect to landform
areas encountered, and by extension, physiograpgicns (Chi-squared=2.17, df=1, p-
value=0.14).

A preference for sandy loam or loam soils to suppboriginal maize agriculture
is well documented (Campbell and Campbell 1992; &@&tl1991; Dodcet al. 1990;
Heidenreich 1971; Jones 2008; MacDonald 2002; siBon 1990). Within the Late
Woodland catchment areas loam soils are the prorhg®l class, representing 67.4% of
soils within the Late Woodland catchments. Thiansncrease compared to the presence

of loam soils within both the total watershed aaed within the random points



catchment areas (Tables 4-2, 4-3, 4-4). Loam apiear to have been preferentially
selected for major settlements during the Late Viaoatl Alluvial deposits, associated to
rivers and streams, are the second most prevaényse within Late Woodland
catchments (12.5% of soils). This is also an iaseeof the frequency of alluvial deposits
compared to the watershed area and random ponadikaly is a reflection of the need
for settlements to be located in close proximitptbable water sources. Clay soils (both
clay and clay loam) accounted for 30.9% of thessaithin the watershed and 28.4% of
the soils within the random points catchments. tRerLate Woodland sites, clay soils
accounted for only 10.4% of soils within 250m, sesfgng clay soils were selected
against by Late Woodland peoples.

The results of the soil analysis are consistettt wibserved soil preferences for
Aboriginal maize agriculture (Campbell and Camphé®2; Demeritt 1991; Dodet al.
1990; Heidenreich 1971; Jones 2008; MacDonald 200Ramson 1990). However,
statistically there is no difference between theatmn of the random points and the Late
Woodland sites, with respect to soil types encaedtéChi-squared=1.96, df=4, p>0.05).

While summary statistics suggest soils and lamd$fphysiographic regions were
the two variables that drove settlement locatiocisiens, slope and terrain ruggedness at
a 100 m scale (with a preference for less ruggeditg showed a statistically significant
difference between the location of the Late Woodlsites in the watershed and the 100
random points, though both variables exhibitedaites favourable to maize agriculture
across the majority of watershed. Given that themgarative analysis shows the vast
majority of the Rouge River watershed exhibits ¢bods favourable to maize

agriculture, the tests establishing whether setl@swere selected specifically for maize



agriculture are considered inconclusive. Additibnahe results of questioning
settlement restrictions at a regional scale tosaf@eourable for maize agriculture are
considered inconclusive, given that environmentalditions favourable to maize
agriculture are widespread throughout the waterskplicating this test in a watershed
with Late Woodland sites that have yielded maizeai@s, and where the watershed
exhibits greater environmental variation could giglore conclusive results to these
guestions. Along the north shore of Lake Ontaraitls of the Oak Ridges Moraine, |
would not expect to find a suitable watershed, gfiosome of the more northern
watersheds in central Ontario may yield tangibsilts. At the very least several
contributions can be discerned from the comparathadysis. First, the location of the
Late Woodland sites were found to be consisterit what has previously been
considered to be environmental variables requioed\boriginal maize agriculture. The
exception that was noted was the apparent prefelienghat is now York County for
imperfectly drained soils, results that match whias previously reported on by
MacDonald (2002). Secondly, a method was usedthatecan be easily applied to other
watershed systems. This method used a data sstablish whether a selection of
environmental variables that have been consideref@nable for maize agriculture can
be shown to have been selected for rather thanysmspumed to have been important.
Given that much of the archaeological researcldgoted in the Rouge River
watershed has been through the course of CRM, st briconsidered that what we
currently know about Late Woodland site locatiolesion does not reflect selection
practices, but rather is biased based on areakdliatbeen targeted for modern

infrastructure development. Additional archaeatagisurvey, particularly in the



northern part of the watershed, may result in deaiification of additional
archaeological sites that could adjust the reguttsented herein.

An important result of the comparative analysis we identification that the vast
majority of the Rouge River watershed was fountaee been ideal for maize
agriculture. Which leads to an important questmrfuture research: if agricultural

needs were not driving settlement location seleaticthis area, what was?

5.2: Population Estimates and Catchment Analysis

Previous studies have used a range of methodofardation estimates from both
ethnographic and archaeological sources, inclusiitegsize, midden number, hearth
counts and roofed floor area (cf. Warrick 2008:@3-7For this analysis total site area
and hearth counts (identified and inferred) weredus estimate the population of four of
the sites. The site area estimates were condistegher than the hearth count estimates,
and were therefore used as the maximum populastbmate while the hearth counts
were used as the minimum, creating an estimateerfoigeach site. Various reasons to
account for the wide range of estimates encounteezd discussed in Chapter 4,
including unexcavated areas of sites, and hous¢sviére not completely identified.
Population estimates using settlement patterniresrieom pre-contact sites in
southern Ontario are not widely reported on, thosgyeral examples do exist (Birch and
Williamson 2013; Creese 2011; Jamieson 1986; Mael2bi986; Warrick 2008).
Previous studies have focused on estimating thalpbpn of regions, and how those
estimates increased or declined over time (Heidem71; Warrick 2008). Warrick

(2008) has summarized the pitfalls of various meéshaf estimating pre-contact



populations and states that settlement remains thiéebest leads. Whereas Warrick
used Dodd’s hearth spacing averages (1984) to &titatal hearths across a region, the
analysis here used identified and inferred heada$syell as settlement area, on a site by
site basis. When no hearths were identified, ¢y arsmall number, average hearth
space intervals based on time period were usexttapslate likely hearth locations
(Dodd 1984; Warrick 2008). Each of the four sitess excavated after Dodd’s study of
Iroquoian longhouse configuration. In severalanses inferred hearths line up with the
presence of post-mould clusters that would haveatied cooking apparatuses (ASI
2008, 2010a; Ramsden 1990). It also has been deggést these clusters could
represent small interior sweat lodges (McDonald \&allamson 2001). The instances
where inferred hearths were found to be locatezldse proximity to post mould clusters
demonstrates the strength of Dodd’s body of woespite the additional Iroquoian sites
(and data) that have been identified since 1984ns@ering the consistency of Dodd’s
hearth spacing averages and the general accephtvee families per hearth with an
average of five people per family (Dodd 1984; Hardéch 1971; Jones 2008;
MacDonald 1986; Jamieson 1986; Snow and Starna; T98@nins 2009; Warrick
2008), the inferred hearth method for estimatingybation on a site by site basis is
considered to be relatively robust. However, Fos method to be most effective, entire
site areas need to be excavated. The discrepahatesan result from partially
excavated sites was evident in the population esérfor the Orion/Murphy-Goulding
site based on hearth count (n=660) and settlemmeat(a=1,650).

| undertook a site-based catchment analysis usipglption estimates to

determine the range within which maize resourcesdcloe obtained. Previous research



indicates most Late Woodland communities requiredakilometre catchment radius
for sufficient agricultural land (Heidenreich 19MacDonald 1986, 2002), while
catchments up to two kilometres have also beenideresl as representative of an
acceptable walking distance with a weighted loarkeburces (Fecteat al. 1994;
Jamieson 1986; Jones 2008). Catchments have psiyioeen considered in various
shapes including circular (Hunt 1992; MacDonald@)98val (Jamieson 1986;
MacDonald 2002) and semi-circular (Fecteaal 1994).

Based on population estimates for the four Lateotiland sites with available
settlement pattern data, three of the sites woane lbeen able to meet yearly maize
requirements within a 500 m circular catchmentetflements, with the Burkholder 2 site
likely able to accomplish this within 250 m. As tlaegest site within the watershed, the
Orion/Murphy-Goulding site would have required tamest catchment area. Itis
possible the Orion/Murphy-Goulding represents atya&malescence of smaller
occupations, similar to what was observed at thied?a and McKenzie-Woodbridge
sites in the Humber River watershed to the westthadraper and Mantle Sites in the
Duffins Creek watershed to the east (ASI 1998;BR0610, 2012). The catchment areas
identified here as being able to meet maize remerds over the course of 10 years are
far smaller than the one to two kilometre catchra¢inat are often considered, though
these figures do not take into account attemplgteest and store surpluses for lean crop
years (Heidenreich 1971). They are also far smtikn previously reported on potential
maize catchment limits at the Draper site (betwk8rand 3.3 km) (Birch and
Williamson 2013; Bowman 1974) and Mantle (betwedhahd 3.3 km) (Birch and

Williamson 2013), though as each of these sitesmed areas of 4.2 hectares, it is also



expected the catchment areas of maize would berlatg the case of all four sites, the
site catchments could have been reshaped into owvakmi-circles with relative ease.
Particularly, the slope and terrain ruggedness tsatld not indicate any physical
features in close proximity to these sites thatlddiave prevented a circular catchment
from being used. The exception may have been dve dite (AlGt-36). The New site
was located on the western bank of a tributaryittlel Rouge Creek, though its position
at the headwaters of this tributary and the reddyilow slope of the immediate area
suggests this watercourse was not deep cut or wide.

A recent study by Birch and Williamson (2013) sugigea site with a population
of 200 individuals would require a catchment of 57&om site, a population of 400
individuals would require a catchment of 819 m freibe and a population of 1523
individuals (the Mantle site) would require a caant of 1,601 m from site. Although
these catchment estimates are substantially léngarwhat the results of my analyses
suggest, there are several key differences. Myydtaoked at minimum maize
requirements over a span of 10 years and did m#ider maize surplus for storage and
trade. Birch and Williamson considered field ussuad a site for 15-25 years, including
abandoned fields, and considered an additionalyteos of crop growth for surplus
2013:97-100). Both my analysis and the analysiBibsh and Williamson used
Monckton’s values for maize consumption (1992, 1994 while the methods for each
study were variable, the catchment estimates fcin esay become closer in size if my

study were to consider maize surplus needs oigaraime span (greater than 10 years).



5.3: Late Woodland Settlement Trends in the RougerRVatershed and Beyond

5.3.1: Late Woodland Origins
The origins of Late Woodland peoples in south-ar@ntario, whether through situ
development or migration, have been subject to mousestudies, including an Ontario
Archaeological Society symposium devoted to thgestl{Bekerman and Warrick 1995).
Both theories explain components of the archaecébgecord and there is a growing
chorus that suggests the origins of Late Woodlauaples was likely through a
combination of the two processes (ASI 2009: Biroth@ Engelbrecht 2003; Smith and
Crawford 1997; Williamson 1990, 2012). In the pasigins theories have been based
predominately on the identification of culturaliaffies or continuations based on artifact
similarities. This is no longer the case, with mand more studies determining that
artifact similarity is not akin to cultural affiit and that the overlapping territories, the
high degree of social mobility and the apparentespiead acceptance of movement
between social groups through adoption can acdousimilarities in artifacts across
geographic distances (ASI 2009, Hart 2012; Knapp920

The perceived sudden appearance of matrilocaldynaaize-based agriculture is
at the core of Snow’s migration theories for Latedtfland groups in New York State
and Ontario (1995a, 1996a). Hart does not acaemtfote either thén situ or migration
theories in their entirety, but does challenge Sagasition on the perceived sudden
appearance of maize agriculture and matrilocakty900, and presents evidence to
suggest the coevolution of maize agriculture anttitneality in southern Ontario took
place over several centuries (Hart 2001). Thewabacceptance of maize in southern

Ontario, as opposed to the sudden arrival of thsistence technology, is very much



supported (ASI 2009; Martin 2009; Warrick 2008; Wedihson 1990; Williamson and
Pfeiffer 2003). Maize production intensified. AD 1000 and by AD 1000 to 1200 had
become abundant on archaeological sites; the trams$d food production in southern
Ontario at first only included maize, with sunflaywsquash and beans added over time
(Crawfordet al.2006; Smith and Crawford 2002; Warrick 2008). Maviews the

spread of maize through southern Ontario in terh@s“mosaic”, whereby knowledge of
maize moved within context of face to face inte@aw, most likely between women
(2009:310). Martin does not consider the spreadate through the Lower Great Lakes
to have occurred in a uniform southwest to northpasgress, but rather local groups
chose when, how and with what other resources\loeyd cultivate maize.

As opposed to “one or the other”, it is considdiadmore likely a small number
of Iroquoian speakers migrated north and introdunadze and Iroquoian language to
resident Algonquian-speaking groups, following whibe language and agriculture
practice became widespread (ASI 2013). Smith anasvford (2002) have suggested the
Princess Point Complex, between the western edgeksf Ontario and the north shore
of Lake Erie, was the region and group of peopdt thaize was introduced througta,
AD 500 to 600, though the origins of Princess Poenmtain unknown (Smith and
Crawford 2002). As opposed to attempting to uncaweorigin of agriculture for the
Lower Great Lakes area, researchers are startiognsider what can be elucidated from
the study of local patterns of maize adoption géad (Martin 2009; Crawford and
Smith 2002; Smith and Crawford 2002).

It is becoming increasingly accepted that theinsi@f maize and matrilocality, as

a proxy for “Late Woodland peoples”, was througtoenbined process af situ



development, diffusion, migration and even assitioita(ASI 2009: Birch 2010;
Engelbrecht 2003; Smith and Crawford 1997; William4.990, 2012), a process to
which | agree with. By accepting this and focusamglocal study areas the nuances of
that area concerning social, environmental andnteldlgical aspects, can be better

understood (Birch 2010; Martin 2009; Smith and Goad/ 2002).

5.3.2: Movement of Communities

5.3.2.1: Increased Late Woodland Population Pressur

During the fourteenth century a population explossecurred in south-central Ontario.
Within the span of a century the Late Woodland pafoon is hypothesized to have
increased from 10,000 to 24,000 persons (Birch\@iliamson 2013; Warrick 2008).
Warrick (2008:171-172) attributes this sharp inseen population to increased fertility
and decreased infant and juvenile mortality, dudaéostable food source that maize
agriculture provided. It has also been suggestatthe onset of maize agriculture
promoted larger families, due to the labour beadlivarrick 2008).

This sharp increase in population has been cigexraason for the north and
western expansion of Late Woodland peoples intac8eCounty, what was in the
seventeenth century known as Huronia to Europeploests. Earlier than that, the
population increase is thought to have been theoreahy groups moved off the sand
plains along the north shore of Lake Ontario, amdcomore drought resistant loam soils
(Birch and Williamson 2013; Dodet al. 1990; MacDonald 2002).

The movement of large settlements through the YWadedland is attributed to a

variety of factors including exhausting area soflsutrients due to yearly maize crops,



exhaustion of area wood resources for building neteand fuel, and exhaustion of
collecting and hunting resource acquisition ar€aace a maize field was used and
abandoned, it could have taken up to 100 to 156s\yfeathe soil nutrients to return to
pre-agricultural levels (Delcourt and Delcourt 2R0&iven the general northward
movement of communities over time away from Lakeddn, it is entirely possible that
once a field was used and abandoned it was notagagd by another group for growing
maize, but may have become a prime hunting area.

Previous studies have concluded that when Latedfdad communities in south-
central Ontario were forced to relocate, they digsintervals of approximately 2-3 km
between the old location and the new location @aaett al. 1994; Trigger 1990;
Warrick 2008), or even upwards of 5 km (Heidenrdiéfil). It is likely this distance
was moved to acquire everything the former locahiad lost: soils rich in nutrients for
maize agriculture, wood for building materials dael, and collecting and hunting
resource acquisition areas. Though as discusded bduring the mid-fifteenth century
movement of settlements to a coalesced area h«a$/precipitated by increasing
violence and warfare in the area (Birch 2010, 2012)

The distance between each Late Woodland sitedryether Late Woodland site
in the watershed was measured using the ArcGIS g@tance function. Between the
Late Woodland sites subject to the comparativeyarsathe minimum distance between
sites is 290 m between the Orion site and the Mubulding site, though these two
sites were determined to represent one large(A8€2008). The next shortest distance
between sites is 315 metres, between the Faratagai1300-1350) and the Robb site

(ca. 1350-1400). This is a relatively short distanod may have required the Robb site



to use an oval or semi-circle catchment area tadathe nutrient leached corn fields from
the earlier Faraday site. There is currently mcation that these two sites represent a
habitation sequence by the same community, howeigepossible. The maximum
distance between sites is 21.8 km, while the awedigfance between sites is 9 km. This
average is possibly inflated due to the gap betweesouthern cluster of sites and the
Watford and Orion/Murphy-Goulding sites to the hort

The northern movement over time of Late Woodlamapfes away from the north
shore of Lake Ontario and into what is now Simcoery has been well-documented
(Birch 2010; Creese 2011; MacDonald 2002; Rams@39;1Warrick 2008; Williamson
2013). However a strict south to northern movensécbmmunities away from the lake
was not identified in the Rouge River watershetle Wew siteca. 1300-1350), one of
the earliest Late Woodland sites in the watershédcated north of four other sites,
including Russel Ressor, located approximatelyjkinsouth of the New site and dating
approximately 100 years later. The latest sitthewatershed, the Watford sitea(
1450-1500), is located approximately 4.6 km sodttihe Orion/Murphy-Goulding site,
the northernmost site in the watersheal (400-1450). Although the northern
movement of communities over time is not cleallysirated in the Rouge River
watershed, it is thought that the majority of thetevshed’s fourteenth century population
likely moved into the coalescent communities indakdgacent Duffins Creek watershed in
the fifteenth century (Birch 2010). In this walyetcommunities in the Rouge River
watershed would have contributed to the generdhear movement into Simcoe

County.



During the mid-fifteenth century smaller commuestiwithin the watershed
drainages in south-central Ontario started to coalénto larger communities fortified by
palisades (Birch 2010, 2012; Birch and Williams@&12; Ramsden 1990; Williamson
and Pfeiffer 2003). Birch also suggests that ttosvth of these settlements was not
premeditated, and movement by other groups toitbe gccurred sometime after their
initial settlement. Given the dramatic increassattlement area compared to other
excavated sites in the Rouge River watershedpivssible the Orion/Murphy-Goulding
site was a coalescent community, similar to ParsodsMcKenzie-Woodbride (Humber
River watershed), Draper (West Duffins Creek) arehie (Stouffville Creek) (ASI
2008; Birch 2010, 2012). There is evidence to ssggiolence and conflict precipitated
this coalescence, including the increased occuerehsettlements with multi-row
palisades, the presence of human remains in midatahesteological evidence of deaths
due to violent contact (Birch 2010; Ramsden 199@rik 2008; Williamson and
Pfeiffer 2003). The causes of this increased lityséire unknown, though it has been
suggested that infringements on resource acqugiioitories, disputes over the
formation of alliances, young men attempting toverthemselves and/or escalating
blood feuds attributed to the growing hostiliti&r¢h 2010; Trigger 1990; Warrick
2008). Data suggests the increasing hostilitizdisg in the fifteenth century were
largely between local communities, as opposed twden larger political alliances
(Birch 2010; Williamson and Pfeiffer 2003).

The eventual northern movement of communities afn@ay Lake Ontario
resulted in the area between the north shore dakeeand Oak Ridges Moraine being

void of Late Woodland sites aftea. 1615 (Birch 2010, 2012; Creese 2011; MacDonald



2002; Ramsden 1990; Warrick 2008; Williamson 2018)s generally assumed these
groups migrated north and joined the Huron (Wen@at)federacy, and contributed to
the social and geopolitical landscape that Euroa@iorers and Jesuit missionaries
encountered in the early seventeenth centurys likkely the Orion/Murphy-Goulding site
represents a fifteenth century coalescent commumitia no shortage of earlier sites in
the south part of the watershed that could hava pad of a sequence of settlement
movements. Such sequences have been identifibe mearby Duffins Creek and
Humber River watersheds (Birch 2010; Birch and Mflison 2013; Williamsoet al.

2003).



Chapter 6: Conclusions
This thesis has examined Late Woodland site selegtiocesses in the Rouge River
watershed along with a discussion on the movemecdramunities during the Late
Woodland period. My analysis established that mbghe environmental variables
examined exhibit characteristics that are favowablmaize agriculture across the Rouge
River watershed. Although summary statistics suigidpes a few soil types and
landforms/physiographic regions appear to have bekatted for at inter-watershed
scales, statistically significant differences withine watershed were only identified for
slope and terrain ruggedness, at the 100 m scale.

Based on population estimates for the four Lateotiland sites with available
settlement pattern data, three of the sites woane lbeen able to meet yearly maize
requirements within a 500 m circular catchmentetflements, with the Burkholder 2 site
likely able to accomplish this within 250 m. As tlaegest site within the watershed, the
Orion/Murphy-Goulding site would have required thegest catchment area. It is
possible the Orion/Murphy-Goulding represents atyamalescence of smaller
occupations, similar to what was observed at thied?a and McKenzie-Woodbridge
sites in the Humber River watershed to the westthadraper and Mantle Sites in the
Duffins Creek watershed to the east (ASI 1998;1BR610, 2012).

Although a direct northern movement of communitesr time is not clearly
illustrated in the Rouge River watershed, it isutlplat that the majority of the watershed’s
fourteenth-century population likely moved into tealescent communities in the

adjacent Duffins Creek watershed in the fifteerghtary (Birch 2010). In this way, the



communities in the Rouge River watershed would lergributed to the general

northern movement into Simcoe County.

6.1: Directions for Further Research

The growing use of GIS in archaeological resea@&nabling researchers to explore
multiple questions at both micro- and macro-scalét the ability to producing
increasingly complex models. During the coursehd tesearch several additional
avenues for further research were considered, athpursuing them were beyond the
scope of this study.

Replicating the method used here in a watershdd lveite Woodland sites that
have yielded maize remains, and where the waterski@dits greater environmental
variation, could yield more tangible results to spiens of site location selection.
Comparative studies could be undertaken as a tehpamparison, within the Early or
Middle Woodland periods, or spatially, between @asi watersheds or regions. Future
research could also turn the questions asked heuad, and consider if the same factors
that were thought to be responsible for choicdesatint location also impacted
abandonment decisions; this direction of reseaashibdeen considered elsewhere (Jones
2008).

Regarding the study of the extent of maize cultbrain southern Ontario,
previous studies have been undertaken that disicasrrelation between even-age pine
stands that were encountered during the Europadensent of the area and harvested

for ship building, and abandoned maize fields (B@m974). The use of eighteenth



century surveyors’ journals could lead to mappinggible abandoned maize fields that
have been reclaimed across regions.

Aside from the need to meet maize dietary requirdse¢he need for wood
resources for building materials and fuel is oftéad as a site location requirement, as
well as an issue related to the abandonment of €ireese 2011; Day 1953; Dodd 1984;
Fecteatet al. 1994; Heidenreich 1971; Munoz 2011; Trigger 198@yrick 2008;

Wright 1966). Similar to the use of surveyors’ joals to track even age pine stands, the
journals have been used to create historic vegetatiodels in south-central Ontario. The
modern geo-political boundaries of the Regional Mipality of York have been used to
create a GIS model that maps historic vegetationi¢giMladenovic 2003). As the

current municipal boundaries are used, the modetwtly only includes the northern

part of several watersheds, including the RougeRMork is currently being
undertaken to expand the model (Puric-Mladenowecs@nal communication); it will be
possible in the future to use this model to infehwgreater accuracy the forest
distribution of south-central Ontario during theté.&Voodland period, which will allow
for GIS studies that explore the relationship betwsettlement locations and wood

resources.

6.2: Summary

The range of sites within the Rouge River waterstwdot include any early Late
Woodland sites that could be used to test theofieate Woodland origins. It is possible
that future archaeological survey could identifylgaate Woodland sites, with an
expectation that they would be located closer ¢éontbrth shore of Lake Ontario, though

it is also possible that if these sites were |latdbere, and that nineteenth and twentieth



century development of the north shore eradicatg¢chachaeological evidence of their
existence. It is becoming increasingly acceptetttie@origins of maize and
matrilocality, as a proxy for “Late Woodland peagilevas through a combined process
of in situ development, diffusion, migration and even assitioh (ASI 2009: Birch

2010; Engelbrecht 2003; Smith and Crawford 1997|iavtison 1990, 2012), a process
with which | agree. By accepting this and focusamglocal study areas the nuances of
that area concerning social, environmental andnteldlgical aspects, can be better
understood (Birch 2010; Martin 2009; Smith and Goad/ 2002).

The multi-scalar analysis conducted here addsstoall but growing body of
literature that seeks to bridge the divide betwanspecific and regional analyses
(Birch 2010, 2012; Knapp 2009; MacDonald 2002). @hme of this thesis was to identify
patterns of site selection processes across thgeRRiver watershed, and compare that
with the required catchment areas of four sitaméet yearly maize requirements.

The analysis conducted did not produce conclussalts to answer questions related to
site location selection in the Rouge River watedsih@wever it did show that
requirements for maize resources at three fifteeatitury Rouge River watershed sites
could have been met in catchment areas of 500lessyin one case in 250 m or less.
Additionally, a method for testing the importandesnvironmental variables was used
that can be easily replicated for other regions@mitime periods. This method used a
data set to critically analyze and confirm envir@mtal variables that have been
considered preferable for maize agriculture, préagrthem from becoming assumptions

without formal verification. The results presentemtein, as well as the directions for



future research, add to the growing body of redishalies that explore the relationships

between human groups and their environments.
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Figure B-1: The New Site (AIGt-36) Settlement Patt@ S| 2010a:Figure 5).



Figure B-2: The Robb Site (AlGt-4) Settlement Pati@&S| 2010b:Figure3).



Figure B-3: The Burkholder 2 Site (AIGt-35) Settiemt Pattern (ASI 2005:Figure 4).



Figure B-4: The Orion Site (AIGu-45) SettlementtBat (ASI 2008: Figure 2).



Figure B-5: The Murphy-Goulding Site (AlGu-3) Settient Pattern (ASI 1998:Figure
3).



Figure B-6: The Orion/Murphy-Goulding Site (AIGuB8lGu-45) Settlement Pattern (ASI 2008:
Figure 9)



Appendix B: House Settlement Plans



Figure B-1: New Site (AlGt-36) House 1 Settlemeattérn (Source: ASI 2010a).

Figure B-2: New Site (AIGt-36) House 2 Settlemeatt&n (Source: ASI 2010a).

Figure B-3: New Site (AlGt-36) House 3 Settlemeattérn (Source: ASI 2010a).



Figure B-4: New Site (AlGt-36) House 4 Settlemeattérn (Source: ASI 2010a).

Figure B-5: New Site (AlGt-36) House 5 Settlemeattérn (Source: ASI 2010a).



Figure B-6: New Site (AlGt-36) House 6 Settlemeattérn (Source: ASI 2010a).



Figure B-7: Robb Site (AlGt-4) House 1 Settlemeatt&n (Source: ASI 2010Db).

Figure B-8: Robb Site (AlGt-4) House 2 Settlemeatt&n (Source: ASI 2010b).



Figure B-9: Robb Site (AlGt-4) House 3 Settlemeatt&n (Source: ASI 2010b).



Figure B-10: Robb Site (AlGt-4) House 4 Settlemieattern (Source: ASI 2010Db).

Figure B-11: Robb Site (AlGt-4) House 5 Settlemieattern (Source: ASI 2010Db).



Figure B-12: Robb Site (AlGt-4) House 6 Settlemieattern (Source: ASI 2010Db).



Figure B-13: Robb Site (AlGt-4) House 7 Settlemieattern (Source: ASI 2010b).



Figure B-14: Robb Site (AlGt-4) House 8 Settlemieattern (Source: ASI 2010Db).



Figure B-15: Robb Site (AlGt-4) House 9 Settlemieattern (Source: ASI 2010b).

Figure B-16: Burkholder 2 Site (AlGt-35) House Itfeenent Pattern (Source: ASI 2005).



Figure B-17: Burkholder 2 Site (AlGt-35) House Ztfeenent Pattern (Source: ASI 2005).

Figure B-18: Burkholder 2 Site (AlGt-35) House 3tfeenent Pattern (Source: ASI 2005).



Figure B-19: Burkholder 2 Site (AlGt-35) House 4tfenent Pattern (Source: ASI 2005).



Figure B-20: Orion Site (AIGu-45) House 1 Settlemattern (Source: ASI 2008).



Figure B-21: Orion Site (AIGu-45) House 2 Settlemattern (Source: ASI 2008).

Figure B-22: Orion Site (AIGu-45) House 3 Settlemattern (Source: ASI 2008).



Figure B-23: Orion Site (AIGu-45) House 4 Settlemattern (Source: ASI 2008).



Figure B-24: Orion Site (AIGu-45) House 5 Settlemattern (Source: ASI 2008).

Figure B-25: Orion Site (AIGu-45) House 6 Settlemattern (Source: ASI 2008).



Figure B-26: Murphy-Goulding Site (AIGu-3) Hous&gttlement Pattern (Source: ASI
1998).

Figure B-27: Murphy-Goulding Site (AIGu-3) Hous&2ttlement Pattern (Source: ASI
1998).



Figure B-28: Murphy-Goulding Site (AIGu-3) Housé&attlement Pattern (Source: ASI
1998).

Figure B-29: Murphy-Goulding Site (AIGu-3) Hous&aéttlement Pattern (Source: ASI
1998).



