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ABSTRACT 

 

An Ecological Analysis of Late Woodland Settlement in the  
Rouge River Watershed, Southern Ontario 

Jamie Davidson 

 This thesis seeks to understand the influences of environmental variables on site 

location selection during the Late Woodland period (ca. A.D. 1000-1650) in south-central 

Ontario, specifically variables considered to be favourable to maize agriculture.  Four 

analyses were undertaken: a geographic information system (GIS) comparative analysis 

of Late Woodland sites compared to random points; population estimates of four sites for 

which settlement pattern data was available; maize consumption estimates for these same 

sites, and; a maize resources catchment analysis of these sites.  The analysis conducted 

did not produce conclusive results to answer questions related to maize-driven site 

selection, however it did show that requirements for maize resources at these sites could 

have been met in catchment areas of a 500 m radius, in one case in 250m.  The results led 

to an important question for future research: if agricultural needs were not driving 

settlement location selection in this area, what was?  

Key words: Ontario Archaeology, Maize Agriculture, Late Woodland, Geographic 
Information Systems, Environmental Modeling, Movement of Communities 
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Chapter 1: Introduction 

In Ontario the majority of archaeological research being conducted, currently and in 

recent decades, has focused on specific sites or portions of artifact assemblages.  

Although examples of regional studies can be found (Beales 2013; Birch 2010; Fox 1976; 

Martin 2009; MacDonald 2002), they are not common and this has resulted in gaps of 

knowledge regarding pre-contact Aboriginal land use in the province.  For the purposes 

of this thesis regions are viewed as geographically distinct watersheds, following 

MacDonald (2002) and Birch (2010). While site- or artifact-specific studies have the 

ability to yield important information including raw tool material procurement, faunal 

exploitation strategies, and intra-site settlement patterns and activities, regional studies by 

their nature can reveal information about the organization and movement of communities 

in time and space, and how regional settlement patterns relate to the broader social and 

ecological setting.  The paucity of regional studies in Ontario is likely related to the fact 

that the tradition of environmental/ecological archaeology in Ontario, particularly the 

Great Lakes area in the south, is not a strong one (Lovis and MacDonald 1999; 

MacDonald 2002).  Many questions can be asked related to the movement of 

communities across a landscape and how changes in resource availability altered 

settlement and resource use strategies; it is my aim to explore some of these questions in 

my research. 

 

1.1: Chronological Focus 

The Late Woodland period in southern Ontario (circa A.D. 1000 – 1600) is marked by 

significant changes from the preceding Early and Middle Woodland periods, and is vastly 
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different from the earlier Archaic period.  It should be noted that some researchers have 

defined the Late Woodland as beginning circa A.D. 900 (Fox 1990; Smith 1990; 

Williamson 1990).  The issue of a “Transitional Woodland” period, ca. A.D. 600-900, its 

cultural manifestations and its approximate end date has been discussed by Williamson 

(1990), Smith (1997), Ferris (1999) and MacDonald (2002).  Table 1 provides a summary 

of the pre-contact Aboriginal chronology of southern Ontario, based on Ellis and Ferris 

(1990). Characteristics noted in Table 1 refer to key attributes of a particular period, and 

is by no means a comprehensive list.  

   

Table 1: Southern Ontario temporal summary (based on Ellis and Ferris 1990) 

Period Common Sub-divisions Temporal Range* Charact eristics 

Early Paleo-Indian 
 

9000 - 8400 B.C. 

Fluted projectile 
points, spruce 
parkland, caribou 
hunters 

Late Paleo-Indian 
 

8400 – 8000 B.C. 
Hi-Lo projectile 
points, smaller but 
more numerous sites 

Early Archaic 
 

8000 - 6000 B.C. 

Kirk and Bifurcate 
Base projectile 
points, slow 
population growth 

Middle Archaic  6000 - 2500 B.C. 

Brewerton-like 
projectile points, 
environment similar 
to present 

Late Archaic 

Narrow Point Horizon 2000 - 1800 B.C. 
Lamoka projectile 
points, increasing site 
size 

Broad Point Horizon 1800 - 1500 B.C. Large chipped lithic 
tools 

Small Point Horizon 1500 – 1100 B.C. 
Introduction of bow 
hunting 

Terminal/Late 
Archaic  

1100 - 950 B.C. 
Hind projectile points, 
emergence of true 
cemeteries 

Early Woodland 
 

950 - 400 B.C. 
Meadowood 
projectile points, 
introduction of pottery 

Middle Woodland 
 

400 B.C. - A.D.500 
Dentate/pseudo-
scallop pottery, 
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*Temporal ranges are approximate and vary depending on researcher (cf. Ellis and Ferris 1990). 
 

The hallmarks of the Late Woodland period, compared to the preceding Middle 

Woodland period, include the widespread practice of maize horticulture (and other 

cultigens), accelerated population growth and, in turn, the appearance of large settlements 

(Ferris 1999; Fox 1990; Warrick 2008).  A comprehensive collection of papers detailing 

differing characteristics and theories of Middle to Late Woodland transitions can be 

found in Ellis and Ferris (1990).  Additional discussion on this transition, particularly 

related to the origin of Late Woodland populations, can be found in Chapter 2.   

My research will focus on the area of south-central Ontario during the Late 

Woodland period.  This geographic area is framed “to capture the majority of Late 

Woodland communities likely to have been part of the evolutionary sequence leading to 

the historic Huron and Petun” (MacDonald 2002:83).  While a specific watershed will be 

used during my research and analysis, south-central Ontario will be referred to 

throughout this thesis; for the purposes of this study south-central Ontario will follow 

MacDonald (2002) and include the area of the province bordered on the south by Lake 

Ontario, on the west by the Niagara Escarpment, on the north by Georgian Bay of Lake 

Huron and the Canadian Shield.  The eastern edge will be defined by diminishing site 

frequencies as reported in MacDonald (2002) and Birch (2010).   

increased sedentism 

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

Late Woodland 

Early Ontario Iroquoian A.D. 1000 - 1300 Emergence of 
agricultural villages 

Middle Ontario Iroquoian A.D. 1300 - 1400 
Long longhouses 
(100m +) 

Late Ontario Iroquoian A.D. 1400 - 1650 
Tribal warfare and 
displacement 

Contact Aboriginal 
 

A.D. 1700 - 1875 
Early written records 
and treaties 
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During the Late Woodland period in south-central Ontario there is evidence of a 

movement of communities away from the north shore of Lake Ontario north towards the 

Oak Ridges Moraine and into Simcoe County; this movement has been documented by a 

number of researchers (Birch 2010; Emerson 1954; MacDonald 2002; Ramsden 1990; 

Warrick 2008).  In addition to this movement of communities, the Late Woodland period 

in this area is also characterized by a substantial increase in population and the eventual 

coalescence (i.e., the merging of two or more communities at one location) of 

communities in the 14th and 15th centuries (Birch 2010).  The movement of the 

communities transected three different physiographic regions: the Iroquois Plain, the 

South Slope and the Oak Ridges Moraine.  These regions have different ecological 

characteristics that would have impacted land use and resource acquisition strategies.  

 

1.2: Research Goals 

Late Woodland settlements required a variety of resources; however arable land to 

support maize agricultural practices is often cited as an important consideration related to 

settlement location selection (Campbell and Campbell 1992; Demeritt 1991; Dodd et al. 

1990; Heidenreich 1971; Jones 2008; MacDonald 2002).  This thesis will test these 

assumptions.  It is my aim to explore the limitations of settlement expansion in the Late 

Woodland from a resource perspective.  The following hypothesis drives the analysis: 

maize resource needs was the main factor that (a) influenced choice settlement 

location and (b) at the regional scale restricted movements to areas where these 

resources could be grown/obtained.  An additional line of inquiry will explore how 
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settlements were positioned in relationship to each other in terms of managing inter-

settlement competition and/or access to arable land.   

This research will not only contribute to the study of regional land use in the Late 

Woodland, but will also provide insight into the northern movement of Late Woodland 

peoples and the eventual coalescence of their communities.  My results will fill in some 

of the gaps that currently exist in the available literature regarding choice settlement 

location relating to environmental variables and how the presence or absence of resources 

restricted movement at a regional scale.  Southern Ontario has been the subject of 

countless archaeological studies in recent decades, both in the context of consulting 

projects ahead of development and through academic research programs.  There is no 

reason to not utilize the available data to elucidate patterns of settlement and land use 

over a large area.   

 

1.3: Terminology and Typology 

In published literature Late Woodland is often used synonymously with the term 

“Iroquois/Iroquoian” in south-central Ontario.  In south-central Ontario and beyond, 

Iroquoian refers to both a culture pattern and a linguistic family.  In south-western 

Ontario it is used synonymously with Western Basin, including all of the sub-phases 

identified in this area (Wolf, Younge, Springwell), as well as Iroquoian.  Northern 

Iroquoian archaeology is generally considered to be the study of communities ancestral to 

seventeenth century peoples located in southern Ontario, south-western Quebec and New 

York State (Birch 2010).  The Late Woodland period is roughly divided into three 

temporal divisions based on changes in material culture, subsistence strategies and 
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settlement size.  By circa A.D. 1650 south-central Ontario was devoid of major 

Aboriginal settlements.  Within the Late Woodland temporal divisions (Early Iroquoian, 

Middle Iroquoian, Late Iroquoian Phase I, Late Iroquoian Phase 2 and Contact) there has 

been an attempt throughout the 20th century to identify more specific cultural groups 

within south-central Ontario and beyond.  The majority of the cultural chronologies used 

by researchers in the latter half of the 20th century were rooted in the works of MacNeish 

(1952) and Wright (1966); the development and use of these chronologies, as well as the 

subsequent movement away from their associated terminologies is discussed further in 

Chapter 2. 

Problems with defining typologies and culture areas have been the subject of 

much discussion in the latter decades of the 20th century (Ferris 1999; MacDonald 2002; 

Smith 1990; Snow 1994).  According to Steward (1955:82), disagreement is inevitable 

when attempting to arrange peoples in diachronic and synchronic typologies or culture 

areas as “there is no objective means for weighing the importance of local differences and 

for deciding which categories of elements shall be ascribed greatest importance.”  In 

reviewing the published literature specific to south-central Ontario I have decided to 

utilize, where possible, the term Late Woodland, (generally considered to be a diachronic 

term with little to no cultural connotations) when discussing the subject matter of this 

thesis; this will allow me to focus on what can be revealed from an ecological analysis of 

settlement areas, rather than be drawn into the always present debate on cultural 

typologies of the Late Woodland. 
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1.4: Scope of Research 

It is proposed that my research expand on the initial ecological archaeology of 

MacDonald (2002), however with a more localized approach that focuses on specific 

resources.  My local geographic boundaries will be one watershed system, the Rouge 

River watershed in south-central Ontario, which runs north-south between the Oak 

Ridges Moraine and Lake Ontario (Figure 1-1).  The ecological focus will establish the 

location and spatial structure of arable land for maize horticulture. 

Maize has been interpreted as the most important food resource during Late 

Woodland times; estimates of the percentage of maize in overall diets from ethnohistoric 

studies range from 50% (Kroeber 1939) to 65% (Heidenreich 1971) to 75% (Popham 

1950).  Stable isotope studies have found that maize accounted for varying percentages of 

overall diet, however it always represents a major component (Schwarcz et al. 1985; cf. 

Bower 2011).  Bower’s (2011) isotope study of skeletal material from a Late Woodland 

settlement just west of the Rouge River watershed confirmed a mixed omnivorous diet, of 

which the primary component was maize.  Isotopic analysis of remains from the 

Moatfield Ossuary, North York, Ontario, revealed maize contributed to 54% of diet for 

individuals who were over aged 50 when they died, but as high as 70% during the growth 

years of 20-29 year olds; this peak in maize growth and consumption was thought to have 

occurred over the course of approximately 10 years, just prior to A.D. 1300 (van der 

Merwe et al. 2003).  A study of plant remains from Late Woodland Huron village sites in 

Simcoe County indicated maize contributed up to 58% of overall diet (Monckton 1994).  

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

common form of plant remains in archaeobotanical samples (Monckton 1992).   
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Figure 1-1: Location of geographic area discussed herein; Rouge River watershed 
outlined in black in bottom right (Natural Resources Canada 2013) 

 

Following MacDonald (2002) my research will use the below temporal divisions 

of the Late Woodland: Early Iroquoian Period (ca. A.D. 1000 – 1300), the Middle 

Iroquoian Period (ca. A.D. 1300 – 1400), the Late Iroquoian Period Phase 1 (ca. A.D. 

1400 – 1500), the Late Iroquoian Period Phase 2 (ca. A.D. 1500 – 1600), and the Contact 

Period (with Europeans) (ca. A.D. 1600 – 1650 A.D.).  This will allow me to study land 

use patterns and settlement trends without a priori assumptions of political, linguistic or 

ethnic traditions. 
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1.5: Thesis Structure 

This thesis comprises six separate chapters, including this introduction.  Chapter 2 

(Literature Review) will include a review of ecological archaeology and Late Woodland 

settlement archaeology literature.  Chapter 3 (Data and Methods) will discuss in detail the 

GIS methods that will be used to map arable land suitable for maize agriculture in the 

Rouge River watershed, as well as the analysis of settlement locations within the 

watershed.  Chapter 4 (Analysis and Results) includes four main sections: a comparative 

analysis concerning the presence of Late Woodland sites compared to random locations 

in relation to environmental variables considered to be ideal for maize agriculture; 

population estimates of the four sites for which settlement pattern data was available; 

maize consumption estimates for these same sites, and; a catchment analysis of these sites 

focusing on land determined to be ideal for maize agriculture. Chapter 5 (Discussion and 

Interpretation) will provide an interpretation of the results and a discussion of how they 

relate to my research questions.  The strength of the generated model will be discussed.  

Chapter 6 (Conclusions) will summarize the results of the analysis in relation to the 

research questions.  Suggestions for further research will also be made.        
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Chapter 2: Literature Review 

The literature review chapter of my thesis follows two lines of discussion: the 

evolution of ecological archaeology in North America and the evolving theories on Late 

Woodland settlement trends in south-central Ontario. The latter discussion includes an 

overview of historic theories for Woodland Period/Iroquoian cultural development in 

southern Ontario.  

 

2. 1: The Evolution of Ecological Archaeology in North America 

The early to mid-20th century in North American archaeology was marked by academic 

restlessness and change. Archaeological excavations and analyses in North and Central 

America was resulting in a wealth of artifacts and cultural chronologies; however a 

number of archaeologists were becoming increasingly frustrated over what they saw as 

the limitations of archaeologies based on artifact descriptions and the continual 

refinement of cultural chronologies. �This frustration gained momentum in the academic 

community in the late 1930s and 1940s, which resulted in multiple calls for studies that 

looked beyond the identification of material culture or chronologies (Clark 1939; Bennett 

1943; Kluckhohn 1940; Hawkes 1954; Steward and Setzler 1938; Tallgren 1937; Taylor 

1948). Kluckhohn explained the changing aims of some researchers in the mid-20th 

century with the analogy “the significance of the forest as a whole can be envisioned a 

little more easily if the student is not preoccupied with a particular set of trees” 

(1940:41). Some sought to take archaeological analysis beyond the classification of 

artifacts, including the use of excavation results to contribute to the intellectual 

understanding of human behaviour through time. Others chose alternative paths, 
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including explaining cultural change though environmental factors or exploring how 

social, economic and religious components of a culture functioned within the society.    

Ecological archaeology developed primarily in the mid-20th century in the United 

States and has for the most part been closely tied with settlement archaeology. Julian 

Steward is often credited with spearheading this movement and coining the term “cultural 

ecology”. Steward’s landmark publication, Theory of Culture Change: the Methodology 

of Multilinear Evolution (1955), is made up of a series of essays representing 20 years of 

study. Steward defined cultural ecology as the study of the processes by which a society 

adapts to its environment (Steward 1955). To him it was both a theory and a method 

which would allow researchers to move away from what he perceived as the continuation 

of theories of unilinear evolution in the works of Leslie White and V. Gordon Childe; 

Steward chastised unilinear evolutionists for ignoring facts related to divergence and 

local variation and continuing to cast generalized statements that cultures could be 

pigeon-holed into (1955:12). Steward encouraged archaeologists to cease focusing on a 

stylistic analysis of individual artifacts and to use their recovered data to study changes in 

subsistence, population size and settlement trends; he believed by studying changes in 

these variables over time archaeologists could “contribute significantly to understanding 

human behaviour and culture change” (Trigger 2006:372). The fundamental goals of 

cultural ecology (referred to as ‘procedures’ by Steward) are: 

·  To analyze the interrelationships of exploitative or productive technology 
and environment; 

·  To analyze the behaviour patterns involved in the exploitation of a 
particular area by means of a particular technology; and 

·  To ascertain the extent to which the behaviour patterns entailed in 
exploiting the environment affect other aspects of culture (1955:40-42). 

 



���
�

�

It is not surprising, given the amount of criticism levelled by Steward at well-

known scholars of the time like Leslie White and V. Gordon Childe, that Steward’s 

theory of cultural ecology was met with mixed reviews. White himself provided a review 

of the work (1957) where he criticized Steward’s “multilinear evolution” and what White 

perceived as Steward endeavouring to have the best of both worlds and being stuck 

between the particular and the general. White discusses the term “multilinear evolution” 

and reviews it against the customary use of the term multilinear: “a process which 

advanced along several lines diverging from a common source” (1957:540). Steward’s 

use of multilinear is considered by White to be fragmented, a point to which I am in 

agreement; Steward’s multilinear evolution can be boiled down to “like causes produce 

like effects” (White 1957:541), whereby specific ecological scenarios exploited in a 

specific way will produce a certain type of social organization. Although Steward strives 

to distance himself from the generalizations of unilinear evolutionists it is easy to see 

how one often cannot help but return to generalizations, a point made in Adams’ (1956) 

review of Steward’s work. 

Trigger (1971) outlines the broad changes in archaeological theory happening at 

that time, concluding that “much of the theorizing in archaeology has been concerned 

with stratagems which, it was hoped, would maximise the output of archaeological data 

and permit archaeology to compete on a more equal footing with the other social 

sciences” (1971:321). Looking at the broad concepts of unilinear evolution, cultural 

diffusion and theories related to adaptation, these “stratagems” were viewed by Trigger 

as having led (and continuing to lead) archaeology awry. In the decades prior to the 

publication of this article Trigger observed in archaeological studies an approach that he 
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characterized as ‘deterministic ecology’, which he explains is a neo-evolutionary theory 

heavily influenced by the cultural materialist approach. Under a deterministic ecological 

approach whole cultures are the product of their technology interacting with the 

environment; variations between cultures are due to different adaptive necessities of 

specific environments. Under this approach, technology and the environment replaced 

index fossils and the economy as a datum line; the underlying notion is that “cultural 

patterns are limited enough in variety that the major outlines of any culture can be 

inferred from knowledge of only one part of it” (1971:326). Trigger lists the work of 

Leslie White, V. Gordon Childe and Julian Steward within the deterministic ecological 

approach, though he does note the latter attempted to account for patterns of variation 

from adaptations to a variety of environments. In the face of the deterministic approach 

Trigger advocates for what he calls open-system ecology; in the open-system approach 

cultures are seen as needing to adapt to a complete environment that includes both natural 

factors and other cultures. This approach assumes a substantial amount of variation 

between cultures (both ethnographic and archaeological); given this, it is not possible to 

model an entire culture system from knowledge of only a small part of it. Every aspect of 

a culture should be reconstructed using data relevant to that aspect. 

Despite some opposition to his theories, Julian Steward was, and continues to be, 

influential to those researchers studying aspects related to ecology, environment and 

settlement to name a few. Inspired by Steward, Gordon Willey produced his landmark 

study Prehistoric Settlement Patterns in the Virú Valley, Peru (1953). This study was 

also seen by Trigger (1971) as the first substantial effort to study settlement patterns 

using an open-system ecological approach. Willey’s study was the first large scale study 
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of regional settlement trends aimed at researching changes in human behaviour over time. 

This was a significant departure from pre-World War II regional studies, where the focus 

was simply to determine where to select sites for excavation (Trigger 2006). Willey’s 

interpretation of settlements trends in the Virú Valley were that they “reflect the 

environment, the level of technology on which the builders operate, and various 

institutions of social interaction and control which the culture maintained (Willey 

1953:1).  

The beginnings of ecological archaeology and settlement archaeology contributed 

in part to the rise of processual archaeology in the 1960s. Led by Lewis Binford, 

processual archaeologists vehemently sought to replace cultural-historic approaches with 

studies that were evolutionist, behaviourist, ecological and positivist (Binford 1962, 

1972; Trigger 2006). In the late 1980s, led by archaeologists mainly in Britain, post-

processual archaeology attempted to offer solutions for the perceived short-comings of 

processual archaeology. The post-processual idea that archaeology was subjective and 

influenced by the researchers themselves was welcomed by many students who had tired 

of processual archaeology’s often unrealistic attempts to establish universal cultural laws. 

Equally dogmatic, neither option has succeeded in their respective quests to solve 

archaeology’s problems (Trigger 2006). 

Despite the rise of post-processual archaeology, aspects of processual archaeology 

continued to persist and were re-moulded into new theoretical concepts. This persistence 

of aspects of processual archaeology can be seen in the slow rise in popularity of 

environmental archaeology, which grew out of Julian Steward’s concept of cultural 

ecology. Beginning in the 1970s Karl Butzer became, and continues to be, a leading 
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figure in the development of systematic approaches to investigating the interactions 

between human populations and the environment. The methodology and theoretical 

framework of Butzer’s interpretive approach is detailed in his book Archaeology as 

Human Ecology: Method and theory for a contextual approach (1982). This theory 

involves the multi-disciplinary interpretation of archaeological sites that aims to 

emphasize the dynamic interactions between human groups and their environments. The 

central concept for his framework is the human ecosystem, which differs from biological 

ecosystems in that information, technology, social organization and the capacity for 

purposive behaviour are critical components (1982:32). The methodological emphasis 

revolves around geoarchaeology and spatial analysis, reflecting Butzer’s own training in 

geographical studies (1982:xii). 

Studies in ecological archaeology, along with settlement archaeology, were 

widespread through the 1990s and 2000s, often focusing on human behaviour and 

constraints exerted on behaviour (both internal and external) (cf. MacDonald 2002:54-

56). Both site specific and regional ecological studies have been undertaken. More 

recently, ecological approaches have been strongly influenced by evolutionary and 

human behavioural ecology to further our understanding of prehistoric social and 

ecological landscapes. For example, Grimstead (2011) created models of visible and 

theoretical archaeological patterns predicted from evolutionary ecology, given a set of 

behavioural and environmental conditions. Her case studies included sourcing 

archaeofaunal remains from Pueblo Bonito, Chaco Canyon, New Mexico and shell 

procurement and production in the Southwest.  Munez et al. (2010) have studied the 

long-term relationships between prehistoric peoples in northeastern North America and 
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the environment, particularly related to the human responses to environmental change.  

Morales et al. (2009) conducted case studies of human and environment interactions 

related to the Medieval Climatic Anomoly and Little Ice Age in southern South America.  

As a research subject, how human groups interacted with their environments, at both 

local and regional scales, has become a prominent theme across the Americas, despite 

being previously considered to be a controversial subject (Morales et al. 2009).  

  In 1991 a symposium was held on Great Lakes archaeology and paleoecology 

that resulted in a publication of the same title. This represents the first attempt to present 

research that focused on a variety of paleoecological concepts applied to the Great Lakes 

area, and beyond (cf. MacDonald 1994). With only a few exceptions, the majority of the 

papers focused on site specific studies. It was noted that while the papers at this 

symposium showed solid beginnings in applying paleoecological concepts to 

archaeological investigations, archaeologists were barely scratching the surface of 

potential research possibilities (Trigger 1994). Around the same time as the 1991 

symposium, Bamann et al. (1992) urged Iroquoian archaeologists to pursue mid-range 

approaches for modeling ecological interaction patterns and their material correlates, 

rather than continuing to rely heavily on ethnohistoric literature. According to Bamann et 

al. (1992:443), “the application of over-generalized models of Iroquoian adaptation and 

settlement patterns has prevented full utilization of environmental variables and 

ecological models in the region”. 

Since then, although ecological archaeology continued to influence a number of 

scholars working in Ontario and New York State (e.g., Monckton 1992, 1994; Snow 

1994; MacDonald 2002), the last decade has seen little substantial work. An exception 
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from New York is Jones’ (2008) study that used a settlement ecology approach to analyze 

natural and sociopolitical factors that influenced Haudenosaunee (Late Woodland) 

settlement locations and abandonment in New York State, south and southeast of Lake 

Ontario. Jones mapped 125 known Haudenosaunee settlements, as well as a 

corresponding batch of random points in the area; following this he measured his 

variables using discriminant function analysis to produce a regression coefficient for each 

variable. Compared to the coefficients of the random variables, he determined that 

proximity to well-drained soils were influential in determining the location of 

settlements, as was proximity to overland trails, a factor that Jones found to be surprising 

(2008:197).    

In short, studies in ecological archaeology in the Lower Great Lakes region grew 

in popularity in the early to mid-1990s, as referenced above; however with few 

exceptions (MacDonald 2002 [see below]; Jones 2008), this research focus has not 

persisted, despite the opportunities for micro- and macro level studies.  

 

2.2: Theories on Woodland Period/Iroquoian Cultural Development in the Lower Great 
Lakes 
 

Regional studies of the Late Woodland period have historically been focused on 

determining cultural affinities and chronologies. While the focus of this thesis is not 

cultural affinities or chronologies, it is nonetheless important to briefly review the 

historical theories for the development of the Late Woodland cultures of south-central 

Ontario. Historically the term ‘Iroquoian’ has been used to define the Late Woodland 

cultures of this region, and refers to a larger language family, similar to the Algonkians to 
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west, east and north. Studies in Late Woodland archaeology in southern Ontario have 

been influenced by the theoretical shifts in archaeology in the latter half of the 20th 

century, however as MacDonald (2002:9) points out, “a historic review shows its 

intellectual evolution to have largely been one of gradual change rather than punctuated 

equilibrium”.  

The earliest theory of Iroquoian development sequences has been attributed to 

Nicholas Perrot (b. 1644-1717) who claimed the Iroquois had migrated from the 

Montreal and Three Rivers area; this theory was later echoed by Lewis H. Morgan 

(1851). Further migration theories were put forth in the early 20th century that looked to 

Iroquois origins at the headwaters of the Columbia River (Lloyd 1904) and the mouth of 

the Ohio River (Parker 1916). The increase in archaeological research and excavations 

conducted through the 20th century resulted in a substantial increase in the amount of data 

that was available to test theories or develop new ones. In the mid-20th century 

interpretations of Iroquoian peoples were that historic groups were the terminal branches 

of a dendritic-migrationary model of cultural development with a common ancestral 

culture (Trigger 1970). In 1952 Richard MacNeish utilized a large study of Iroquoian 

ceramics to challenge the dendritic-migrationary model and suggest in situ development 

sequences (MacNeish 1952; MacDonald 2002; Smith 1990). As a student of Dr. James B. 

Griffin’s in 1947, MacNeish was assigned the task of re-investigating Iroquoian cultural 

sequences. MacNeish utilized the direct historical approach to connect historic sites with 

prehistoric sites on the basis of overlapping pottery types and ceramic seriations. 

Although he admitted the data was fragmentary in both spatial and temporal contexts, 

MacNeish felt he had demonstrated a cultural continuity from the Middle Woodland 
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Point Peninsula culture through the historic Iroquois groups on lower Ontario and Upper 

New York State (1952:86-89). In the 1960s J.V. Wright expanded on McNeish’s work 

and published an outline of Iroquoian prehistory that focused on establishing “traditions”, 

which he defined as all the archaeological complexes which can be demonstrated to be 

directly involved in the formation of a group of closely related historic tribes (Wright 

1966).   Figure 2-1 summarizes the Ontario Iroquois Tradition, based on Wright (1966).  

During the Early Ontario Iroquois Tradition two independent groups developed, Glen 

Meyer in southwestern Ontario and Pickering in South-central and eastern Ontario.  

According to Wright, these two groups could not be directly attributed to the historic 

groups: Neutral, Erie and Huron-Petun (1966:16).  The Early Iroquois Tradition ended 

with the conquest of the Glen Meyer group by the Pickering group, leading to what 

Wright described as a “broad, homogenous culture horizon” across southern Ontario, the 

Uren sub-stage of the Middle Ontario Iroquois tradition (1966:53).  The Middleport sub-

stage was thought to have evolved directly out of Uren sub-stage, with the major change 

noted, a substantial increase in the frequency of camp site and village sites during the 

Middleport sub-stage.  Out of the Middleport sub-stage developed the historic tribes of 

the Late Ontario Iroquois tradition (Wright 1966:59).  Between MacNeish (1952) and 

Wright (1966) a framework based on in situ development was firmly embraced in 

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

 

As noted by Trigger (1970), the taxonomy used by Wright continued to be 

weighted in the dendritic-migrationary view of cultural development. Wright does 

provide a concise synthesis of theories of Iroquoian development sequences from the 

initial migration theories of the mid-19th century through McNeish’s work and his own 

theories on in situ development (1966:3-13). 

The pitfalls of the in situ or dendritic models for the origins of the Iroquois 

peoples have been summarized by Snow (1994), who himself acknowledges a former 

belief in the in situ explanation. However Snow points out key examples of discontinuity 

in southern Ontario between Princess Point and Glen Meyer cultures, which he attributes 

to the result of the northward movement of peoples bringing with them Glen Meyer 

cultural aspects (1994:287).  Crawford and Smith do not reject migration outright, but do 

not agree with applying Snow’s model for migration “for explaining Princess Point and 

the origins of food production in southern Ontario” (1996:789).  
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The perceived sudden appearance of matrilocality and maize-based agriculture is 

at the core of Snow’s migration theories for Late Woodland groups in New York State 

and Ontario (1995, 1996).  Hart (2001) does not accept or refute either the in situ or 

migration theories in their entirety, but does challenge Snow’s position on the perceived 

sudden appearance of maize agriculture and matrilocality ca. 900, and presents evidence 

to suggest the coevolution of maize agriculture and matrilocality in southern Ontario took 

place over several centuries.  Martin views the spread of maize through southern Ontario 

in terms of a “mosaic”, whereby knowledge of maize moved within context of face to 

face interactions, most likely between women (2009:310) Martin does not consider the 

spread of maize through the Lower Great Lakes to have occurred in a uniform southwest 

to northeast progress, but rather local groups chose when, how and with what other 

resources they would cultivate maize. 

Hart (2012) recently revisited the debate on the use of pottery decoration as a 

proxy for group interactions, as was the basis for MacNeish’s work (1952) and the 

subsequent Ontario Iroquois Tradition (Wright 1966).  Specifically Hart investigated the 

fixed territories of groups that resulted from grouping pottery decoration likenesses. The 

results of Hart’s social network analysis suggested that “distance is not an important 

predictor of pottery decoration similarity.  Rather it suggests that population movements 

and networks of interaction crosscut historical ethnic territories” (2012:130). 

The debate between migration and in situ origins of Late Woodland peoples on 

Ontario and New York State is ongoing (cf. Martin 2008).  Through the 1980s and 1990s 

archaeologists seemed more concerned with assigning a site to a cultural segment or 

tradition, rather than focusing on what information the artifacts or settlement pattern 
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could yield regarding the site’s relationship to others in a given area (Ferris 1999). As 

stated by MacDonald (2002:12-13): 

Relinquishing an a priori taxonomy not only encourages the discovery of 
actual political connections in the past, but it also facilitates the 
investigation of various other lines of socio-cultural integration. The 
traditional notion that the community represented by each village was a 
sustained, intensive, and relatively discrete class of social unit, readily 
identified archaeologically, is challenged by the accumulating settlement 
data...Site names, geographic regions, and temporal periods can be 
employed as descriptive tools without the need for a nomenclature charged 
with hypothetical political, linguistic, ethnic, or other meanings.  
 

Martin (2008) has in a similar vein encouraged researchers to consider the options 

and choices of past groups within their local context.  As stated in Chapter 1, I will 

utilize, where possible, the term Late Woodland when discussing the subject matter of 

this thesis; this will allow me to focus on what can be revealed from an ecological 

analysis of a local settlement area. 

 

2.3: Regional Studies of Late Woodland Archaeology in South-central Ontario 

Studies in Late Woodland archaeology in Ontario, specifically the region considered to 

be south-central Ontario, have in the past focused on the historic Wendat-Tionnontaté 

(Huron-Petun) peoples of what is now Simcoe County (historically known as Huronia). 

The Wendat-Tionnontaté were active in the French fur trade and were the focus of Jesuit 

and Recollet missionary activities; given this it is generally considered that the Wendat-

Tionnontaté are one of the most well-documented Native groups on Canada (Heidenreich 

1972:ii). Many studies have been undertaken, particularly concerning the time period 

from Samuel de Champlain’s visit to Huronia in 1615 to the destruction and dispersal of 

the Huron Confederacy in 1649 at the hands of the Iroquois Confederacy. These studies 
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have included regional overviews (Heidenreich 1971, 1972; Monckton 1992; Tooker 

1964; Trigger 1990) as well as publications that focus on specific sites, usually villages 

(Hunter 1906; Fox 1979, Knight 1978; Latta 1985, 1988). For extensive bibliographies 

related to Wendat-Tionnontaté archaeological studies cf. Jackson (1976), Trigger (2001) 

and Garrad (2014). 

 Several regional studies that focus on ecological aspects or variables have been 

conducted in southern Ontario and will be briefly discussed below. Conrad Heidenreich 

(1971) produced one of the earliest and most extensive studies of human ecology in 

north-eastern North America with his study of the distribution of Late Woodland Huron 

settlements in the 17th century in Huronia. Heidenreich used the early writings of Samuel 

de Champlain and the Jesuits to map out the distribution of Huron settlements; following 

this he conducted a comparative analysis of these locations in relation to climate, 

hydrography, soils, physiography and vegetation. The result of his study was an 

interpretation of settlement trends based on access to water (for drinking and navigable 

waterways), soil preferences, vegetation preferences and the influence of slope. 

 MacDonald’s 2002 Ph.D. thesis provides an in depth study of Late Woodland 

settlement trends in south-central Ontario through a comparative analysis of ecological 

variables and site locations. His study focused on exploring how ecological adaptation 

contributed to culture change as communities moved north during the Late Woodland 

from the north shore of Lake Ontario into Simcoe County. Ecological variables 

considered included physiographic regions, soils, climate and vegetation. MacDonald 

first considered these variables over the entire region of south-central Ontario, following 

which he considered individual case studies of excavated Late Woodland sites to map 
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trends of settlement related to ecology. MacDonald’s Ph.D. is considered as part of a 

group of theses produced by students of Bruce Trigger at McGill University that 

constitute the majority of research on Ontario Iroquoian settlement patterns and have 

become known as the “McGill School of Iroquoian Archaeology” (Birch 2010:21).  The 

students of Trigger (and their students) continue to explore what can be discerned from 

Late Woodland settlement remains, as new data is uncovered. 

While not explicitly a study of regional ecology, Birch (2010) presents a study of 

the movement and coalescence of Late Woodland communities in south-central Ontario. 

Birch’s study will be beneficial to use in the course of my own research as she presents 

details of settlement distributions and population estimates in this area. 

 

2.3: Summary 

Late Woodland studies in south-central Ontario have traditionally been referred to as 

Iroquoian or Northern Iroquoian studies.  These studies have in the past primarily focused 

on determining cultural affinities and chronologies.  This historic focus is tied to the past 

and ongoing debate on the origins of Late Woodland peoples in Ontario.  However there 

has been movement away from studies of cultural affinities and chronologies in Ontario, 

with researchers questioning what can be elucidated from macro- and micro-level studies, 

including those related to environmental interactions, when questions of cultural affinities 

are removed from the hypothesis (MacDonald 2002; Martin 2008). 
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Chapter 3: Data and Methodology�

My research involves four analyses: a comparative analysis concerning the presence of 

Late Woodland major settlements in the Rouge River watershed compared to random 

locations in relation to environmental variables considered to be ideal for maize 

agriculture; population estimates of the four sites for which settlement pattern data was 

available; maize consumption estimates for these same sites, and; a catchment analysis of 

these sites focusing on land determined to be ideal for maize agriculture.  The data and 

methods used in the analyses are discussed further below.�

 

3.1: Data�

The data for my thesis consists of two components: the physical location of a series of 

Late Woodland villages and GIS map layers that represent various environmental 

covariates. A copy of ArcGIS software (version 10.0) was provided on a one year license 

through Trent University to be able to view and analyze the location of major settlements 

in relation to the covariate layers. The use of this software will be described further in 

Section 3.2 (Methodology). �

 

3.1.1 Settlement Locations in the Rouge River Watershed�

As a relatively early example of the benefits of systematic archaeological survey over a 

large area of land in southern Ontario, Konrad and Ross (1974) undertook a survey 

program in the summer of 1973 over a large portion of land east of the Rouge River; 

unfortunately the size of the area surveyed was not provided in the publication. The 

purpose of the survey was to highlight the importance of identifying cultural resources 

ahead of any form of development, given that an archaeological site is considered to be a 
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non-renewable resource. A total of 76 sites were identified during this survey including 

30 of unknown temporal or cultural affiliation, 15 from the Archaic period, one from the 

Initial Woodland period, 28 dating to the Terminal Woodland period, three historic 

pioneer sites and one site that yielded both Archaic and Terminal Woodland artifacts. 

Konrad and Ross followed Wright (1996) with the use of temporal terminology including 

Initial Woodland (ca. 1000 B.C. to 1000 A.D.) and Terminal Woodland (ca. 1,000 A.D. 

to 1650 A.D.). This study was one of the first to show the widespread use of the Rouge 

River watershed by pre-contact Aboriginal people.�

In Ontario the most efficient tool for identifying the number of archaeological 

sites within a geographical area is to submit a query to the Ontario Ministry of Tourism, 

Culture and Sport (MTCS) to search their Archaeological Sites Database (ASDB).  This 

database was previously maintained by the National Museum of Man. The ASDB 

includes information on all registered sites in Ontario. Registered sites include those 

identified during survey activities and those that have been excavated. The ASDB is 

mainly populated by the work of academics and cultural resource management (CRM) 

professionals. Unfortunately most of the sites identified before 1974 (when the Ontario 

Heritage Act became legislation) have not been registered, unless they were re-surveyed 

or excavated by a licensed archaeologist after 1974 (Warrick 2008).  An attempt was 

made in the 1970s to registered sites identified prior to 1974 (Fox 2013).  For the purpose 

of this thesis a request was submitted to the MTCS to first search the entire extent of the 

Rouge River watershed for all previously registered archaeological sites. It is important 

to note that a) it is possible that all previously known archaeological sites have not been 

registered with the MTCS; and b) the number of registered sites in an area is not 
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necessarily reflective of both the total number of sites in an area (both known and 

unknown), nor the extent of archaeological survey that has been conducted in an area. It 

is well known that development of the north shore of Lake Ontario through the 19th and 

20th century likely resulted in the destruction of a large number of archaeological sites, 

particularly in the Greater Toronto Area, prior to CRM legislation being enacted in the 

last decades of the 20th century. The ASDB currently includes approximately 20,000 

registered sites in Ontario and averages 800-1,000 new sites each year (MTCS 2013). 

The majority of the identified sites are located in southern Ontario; however that is a 

direct result of the amount of archaeological assessments that have been completed in 

recent decades ahead of development projects, compared to the relatively smaller amount 

that have been conducted in northern Ontario. �

The results of the ASDB search returned basic information regarding each site 

including site name, Borden number, latitude and longitude and a very brief description 

of recovered material and temporal period. Figure 3-1 illustrates an example of data sent 

from the ASDB. Unfortunately the information obtained from the ASDB is often scanty 

regarding settlement pattern details; for the four settlements subject to catchment analysis 

I obtained the full excavation reports from the principal investigators (ASI 2005, 2008, 

2010a, 2010b). In addition, given the differences of how coordinate information was 

originally obtained (e.g., the scale of the map used, or more recently the type and quality 

of GPS sytem) the geographic location cannot be assumed to be more accurate than 

placing the site to within about 100 meters of the site’s true location. However my 

research does not address patterning at scales that exceed the accuracy of the data. As I 

preferentially use buffer zones rather than point calculations, possible errors in site 
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locations have not been formally incorporated into the statistical evaluations; this is not 

considered to be a critical problem.   

�

�

Figure 3-1: Example of ASDB data entry (Government of Ontario 2012)�
�

In archaeological research sampling bias always needs to be considered, given 

that sites are required to be first identified and then excavated. There is always a risk that 

the majority of settlements of a given type (e.g. major settlements) within a chosen 

geographic area have not been identified and therefore those that are known are not a 

representative sample. This problem has been addressed by Warrick (2008), who 

proposes that given the amount of exploration of the area in the 17th and 18th centuries, 
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the relatively large size of major settlements, as well as the amount of CRM work 

undertaken in advance of development, it is likely the majority of major settlements have 

already been identified in southern Ontario. Warrick also suggests that the current rate of 

discovery of major settlements indicates a pattern of diminishing returns, and it is likely a 

high proportion of major settlements from the Late Woodland in southern Ontario have 

already been discovered (Warrick 2008:105-106). This is optimistic given that east of 

Toronto vast areas of land north of the populated areas along Lake Ontario have not yet 

been subject to archaeological survey.�

With the rapid expansion in recent decades of communities in close proximity to 

the Rouge River, including Markham and Pickering, it was expected that a relatively 

large number of sites have been previously identified in the area. A search of the ASDB 

for previously registered sites in the Rouge River watershed (as of June 1, 2012) yielded 

at total of 613 registered sites, spanning from the Paleo-Indian period through the historic 

period (MTCS 2012). Of these 613 sites, a total of 42 were identified as having a Late 

Woodland component. Of these 42 Late Woodland sites, 13 were identified as major 

settlement areas: those sites that were determined to be semi-permanent, year-round 

residential areas (Table 3-1); the remainder of the Late Woodland sites were identified as 

smaller campsites or isolated find spots of artifacts.�

According to Birch (2010), five of the identified sites in the Rouge River 

watershed have been subject to excavation, and have been reported on with either partial 

or full settlement plans. It is not surprising that only five of the 13 identified major 

settlements in the Rouge River watershed have been subject to excavation and settlement 

pattern analysis; Warrick (2008) estimates that over 90% of Late Woodland sites in 
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Ontario are known only through surface finds, and have not been subject to excavation. 

One of these sites, the Watford site (AlGu-5), is thought to be a special purpose 

settlement occupied during the warmer seasons (LMA 1996). Given that the occupants of 

a special purpose site may not be reflective of the population for which the surrounding 

crops are being grown, this site was not subject to population estimates and catchment 

analysis. The remaining four sites were subject to population estimates and catchment 

analysis and are discussed briefly below.  

�

Table 3-1: Late Woodland major settlements in the Rouge River watershed�
�

Borden � Site Name �
Archaeological 
Investigations � Size (Birch 2010) �

Date (Birch 
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�

AlGu-3 �
Murphy-
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�

AlGt-19� Burkholder�
Pedestrian Survey, 
Test Unit Excavation� 0.9 ha� 1400-1450�

AlGu-45� Orion*� Excavated�
3.3 ha (with 
Murphy-Goulding)� 1400-1450�

AlGt-60� Hamlin� Pedestrian Survey� 2.4 ha� 1350-1400�
*Site with full or partial settlement plan available�

�

The New site (AlGt-36) was located within the limits of the Town of Markham, 

on the western bank of a tributary of Little Rouge Creek, which flows into the Rouge 

River (ASI 2010a). This site has been subject to several archaeological investigations, 

beginning with Mima Kapches’ doctoral research in 1977, when she excavated and 
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recorded part of a longhouse. CRM assessments of the site began in 2005 by D.R. 

Poulton and Associates Inc. and concluded with the Stage 4 mitigation of the site in 2006 

by Archaeological Services Inc. (ASI) in advance of the development of a subdivision. 

Excavations at the New site resulted in the identification of six longhouses (including 

Kapches’ from 1977), two midden deposits and two activity areas. The site was not 

palisaded and covered 2.1 hectares. It was noted that none of the houses experienced 

expansion or contraction that is commonly seen on major settlement sites that are 

inhabited for lengthy periods of time. The presence of maize was encountered on the site 

with the recovery of 38 maize kernels and cob fragments; tobacco and sunflower remains 

were also recovered from the New site. Ceramic and lithic analysis determined the New 

site dated to the late 14th century (ASI 2010a), although Birch dates the New site between 

1300 and 1350 (2010).�

The Robb site (AlGt-4) was also located within the limits of the Town of 

Markham, on the south side of the Milliken Branch, a tributary of the Rouge River. 

Archaeological investigations of the Robb site have been conducted from the 1950s 

through the 2000s by the Ontario Archaeological Society, Mima Kapches and ASI (ASI 

2010b:1-2). Final Stage 4 mitigation by excavation was conducted by ASI from 2000-

2003 in advance of a subdivision development. Excavations at the Robb site resulted in 

the identification of nine longhouses, five midden deposits and three activity areas; the 

site was not palisaded and covered 1.8 hectares. A total of 117 maize kernels and cob 

fragments were recovered, as well as evidence of tobacco and sunflower. Ceramic and 

lithic analysis determined the Robb site dated from the early to mid-14th century (ASI 
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2010a), although Birch dates the Robb site between 1350 and 1400 (2010). There is no 

indication the Robb site was occupied over multiple episodes.�

The Burkholder 2 site (AlGt-35), within the limits of the Town of Markham, is 

located between two tributaries of the Rouge River. Archaeological investigations of the 

Burkholder 2 site have been conducted from the 1973 through 2003 by Bill Ross, Mima 

Kapches, Mayer, Pihl, Poulton & Associates Inc. (MPP), A.M. Archaeological 

Associates and ASI (ASI 2005:4-5). Final Stage 4 mitigation by excavation was 

conducted by ASI in 2003 in advance of a subdivision development. Excavations at the 

Burkholder 2 site resulted in the identification of four longhouses and three activity areas; 

the site was not palisaded. The site is approximately 0.6 hectares in size (Birch 2010). 

Soil samples were collected for flotation analysis for the recovery of cultigens; however 

at the time of the report publication the samples had not yet been processed. Ceramic and 

lithic analysis determined the Burkholder 2 site dated from the late 14th to early 15th 

century (ASI 2010a; Birch 2010).�

The Orion site (AlGu-45), within the limits of the Town of Richmond Hill, is 

located in between two steep ravines formed by tributaries of the Rouge River. 

Archaeological investigations of the Orion site were conducted by ASI in 1997 in 

advance of a subdivision development (ASI 2008). Excavations at the Orion site resulted 

in the identification of six longhouses and five activity areas; the site was not palisaded. 

The archaeological investigations by ASI uncovered an area approximately 0.62 hectares 

in size. A total of 373 maize kernels, cob fragments and seeds were recovered, as well as 

evidence of tobacco and sunflower. Ceramic and lithic analysis determined the Orion site 

dated to the first half of the 15th century (ASI 2008; Birch 2010). The Orion site is 
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located approximately 250 metres northeast of the Murphy-Goulding site (AlGu-3); the 

similarities in artifact assemblages and settlement patterns suggest the two sites represent 

the north and south portions of the same site occupation. The 2004 survey and test units 

excavations of the area between the two sites supports this theory, as Northeastern 

Archaeological Associates identified a high concentration of artifacts (NAA 2004). The 

Murphy-Goulding site was first identified in 1929 and rediscovered in 1988; subsequent 

salvage excavations were conducted in 1994 (ASI 2008). These excavations identified 

parts of four longhouses and two middens. Birch (2010) lists the combined area of the 

Orion and Murphy-Goulding sites as 3.3 hectares in size. Given the large size of the 

combined Orion/Murphy-Goulding site, it is thought the site represents an early 

coalescence of smaller occupations, similar to what was observed at the Parsons and 

McKenzie-Woodbridge sites in the Humber River watershed to the west and the Draper 

and Mantle Sites in the Duffins Creek watershed to the east (ASI 1998; Birch 2010). �

It is worth noting that, unfortunately, it has been estimated that a large number of 

sites have been destroyed in Ontario in the wake of development, particularly prior to the 

legislation of the Ontario Heritage Act in 1974. Using a formula of sites identified versus 

total hectares subject to systematic survey versus total hectares developed, it has been 

estimated that over 1,500 significant sites have been completely destroyed between 1951 

and 1971 in the combined regions of Halton, Durham, Peel and York (Coleman and 

Williamson 2004). Each significant site would not necessarily equate to a major 

settlement, but the same study estimated 363 significant sites were destroyed during the 

same time period in the York Region alone, with another estimated 296 significant sites 

destroyed between 1971 and 1991.�
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Given the above, it is unlikely that there are many more additional major 

settlements within the Rouge River watershed that have yet to be identified. In fact, 

Warrick (2008) notes that between 1990 and 2008 only eight new major Late Woodland 

settlements were identified in south-central Ontario. 

�

3.1.2 Covariate Layers�

My study uses a range of GIS-base datasets, including soil types, drainage patterns, 

elevation, slope, landforms/physiographic regions and terrain ruggedness (100 m, 300 m 

and 1000 m scales) alongside archaeological maps of major Late Woodland settlement 

locations. Given the size of the study area, certain variables are omitted from this analysis 

as the data shows minimal to zero change across the watershed. These variables consist 

of precipitation, frost-free days and growing degree days. Due to the size of the study 

area, it is more meaningful to focus on edaphic and elevation variables, as opposed to 

climatic variables. Covariate layers are discussed further and referenced accordingly in 

Chapter 4. A review of the possibility that site location identification with the Rouge 

River watershed is being driven by modern infrastructure development as opposed to 

models based on past environments is discussed in Chapter 5. �

�

3.2: Methods�

It is the aim of this research to expand on the previous Late Woodland regional studies of 

south-central Ontario by MacDonald (2002) and Birch (2010). I use the sequence of 13 

Late Woodland settlements (A.D. 1300–1500) in the Rouge River watershed in south-

central Ontario (within the Region of York) as the basis of my analysis. Five of these 

sites have been excavated with reports produced that contain either partial or full 
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settlement plans (Birch 2010), although all 13 settlements were subject to GIS analysis to 

establish if maize resources (a) influenced choice settlement location; and (b) at the 

regional scale restricted movements to areas where these resources could be 

grown/obtained. While all major settlements in the Rouge River watershed are included 

in the comparative analysis, the four of the five that have available settlement plans are 

subject to a catchment analysis based on a population estimate of the settlement; while it 

is possible to estimate population based on the size of the site, it is much more accurate if 

settlement data related to house number and size is available (Warrick 2008). As 

discussed above, the seasonal special purpose camp the Watford site is not included in 

the population estimates and catchment analysis. This multi-scalar approach was 

similarly applied in Jones’ study of Late Woodland/Haudenosaunee settlements in New 

York State and was considered to provide a well-rounded analysis of a given area:�

 �
Relying on only large-scale analysis blurs the details and variability. 
Working only at a small scale fails to determine the overall pattern or the 
place a site holds in it…A multi-scalar approach allows large-scale 
research to formulate a model of demographic change, while the small 
scale research tests that model.�
      Jones 2008:24�

 �

My method of analysis primarily consists of plotting and analyzing the correlation 

between settlement location and environmental variables deemed to be related to arable 

land for maize agriculture. ArcGIS software was utilized to map these correlations. The 

locations of the 13 Late Woodland sites are plotted in ArcGIS, along with 100 random 

points. Background benchmarks are established related to each variable; this is important 

to be able to compare the frequency of sites related to a particular variable with the 

frequency of that particular variable within the region. My data includes both quantitative 
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data related to settlement size, population and resource needs, and qualitative data related 

to the environmental variables. My direct measurements include distances from 

settlement areas to resource areas within a catchment. My indirect measurements include 

estimates on population, settlement size, food consumption per person and requirements 

for arable land. My data can be considered to be inherited in that I will be relying on 

settlement sizes interpreted by the excavations of others. Both summary statistics and 

spatial statistical analysis are utilized. For categorical data (soils, drainage and landforms) 

Chi-squared tests are applied to determine if a statistically significant difference is 

observed between the Late Woodland sites and 100 random points within the watershed. 

For continuous data (elevation, slope and terrain ruggedness) Mann-Whitney (Wilcoxon) 

tests are applied to determine if a statistically significant difference is observed. The Chi-

squared and Mann-Whitney tests were performed using the statistical program “R” (R 

Core Team 2014).�

�

3.2.1 Determining Major Settlement Areas�

Major settlements are considered to be those that are inhabited year-round, and are 

established as such based on a minimum number of settlement features and total land area 

covered. This allowed me to filter out smaller seasonal habitation areas such as cabin 

sites or hunting camps. Warrick (2008) has amassed the most comprehensive inventory 

of Late Woodland settlement locations in south-central Ontario. His criteria for including 

a site as a major settlement (referred to by Warrick as villages) included total site size 

greater than 0.25 hectares, the presence of pottery and a minimum of two middens (refuse 

deposit areas). These criteria are similar to earlier parameters that included site size of 

0.2-5.0 hectares, and the presence of condensed settlement of contemporary buildings 
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(Noble 1975; Dodd 1984). Warrick’s Late Woodland inventory was utilized by 

MacDonald (2002) in its unpublished Ph.D. form and by Birch (2010) in its final 

published form. Following MacDonald (2002) I will refer to the communities in my 

research as major settlements, as opposed to villages. �

�

3.2.2 Population Estimates During the Late Woodland in South-Central Ontario�

High-low population estimates were calculated using appropriate methods as discussed 

by Jones (2008) and Warrick (2008). Warrick provides a concise overview of the various 

methods that have been employed in past studies (cf. 2008:57-72); of the various methods 

for estimating population using settlement patterns, Warrick used hearth counts for his 

regional population study. Using hearth counts, population is given by:�

Population = HP�

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

The hearth count formula can also be used in poorly preserved contexts as 

seemingly missing hearths can be interpolated using hearth spacing generalizations. For 

instance, it has been observed in the Early Iroquoian period the average space between 

hearths was 1.9 metres, while that average increased to 5.3 in the Middle Iroquoian 

period (Dodd 1984; Warrick 2008). It is widely accepted, based on ethnographic 

evidence, that each hearth was used by two families. The average family size during the 

Early and Middle Iroquoian periods was five people, with that rising to seven by 1635 

(Warrick 2008:145). However given that there are no seventeenth century sites in the 

sample, the average of five people per family will be used for the purposes of this study. 

The application of five people per family was also used by Jones (2008) in his study of 

Iroquois population trends ca. 1500-1700.�
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Population estimates using total site area have also been utilized in Late 

Woodland regional studies (Warrick 2003; Jones 2008). Warrick (2003) has estimated 

that sites were occupied at a density of 500 people per hectare (20 m2 per person) except 

A.D. 1525-1650, when it was 700 people per hectare (14m2 per person). Snow (1995b) 

and Snow and Starna (1989) used the same ratio of 20 m2 per person for their studies of 

Mohawk settlement in New York State. Jones (2008) used a variation of the ratio of area 

per person, and separated sites on parcels of limited level ground (14m2 per person) and 

sites with broad areas of level ground (20 m2 per person). Given the relatively short 

temporal range of the sites considered here, following Warrick (2003), Snow (1995b) and 

Snow and Starna (1989), a ratio of 20 m2 per person is used. 

Population estimates using total site area and hearth counts are generated for the 

four sites that have been subject to full or partial excavation; the strength and weaknesses 

of the estimates will be discussed on a site-by-site basis in Chapter 4.  The estimates 

based on hearth spacing will be considered the minimum population estimate for each 

site, while the estimates based on settlement area are considered the maximum estimate.�

�

3.2.3 Maize Consumption Estimates�

Maize consumption estimates will utilize the above described population estimates to 

provide a minimum and maximum range of yearly consumption. This range will then be 

compared to the catchment analysis. Maize consumption requirements will follow 

Monckton (1992) and are summarized in Table 3-2. In his regional study of Late 

Woodland paleoethnobotany in Simcoe County, Monckton found that 58% of Late 

Woodland diet included maize (1992, 1994); his estimates of kernels, cobs and required 

land for cultivation are based on a 2,500 calorie/day diet. Area required for crops is 
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provided for the first year and after 10 years, as the soil would gradually be depleted over 

time, thereby decreasing the yearly crop yield. It is generally accepted that in southern 

Ontario Late Woodland peoples were cultivating 8-row Northern Flint Maize (also called 

Eastern Complex) (Noble 1975; Crawford et al. 1997).  

�
Table 3-2: Maize consumption minimum requirements/year*�
�

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

3.2.4 Catchment Estimates�

Previous research has proposed that there was sufficient agricultural land within a one-

kilometer radius of most Late Woodland communities (Heidenreich 1971; MacDonald 

1986, 2002). This estimate is re-visited based on estimates of maize consumption per 

person. The hearth counts and settlement values feed into population estimates, which are 

integral for determining appropriate amounts of required resources per settlement. For the 

four sites subject to the catchment analysis, catchments of land for maize agriculture are 

analyzed at 250 m, 500 m and 1000 m radius scales. Circular areas were used for these 

scales, with variations of catchment shapes discussed in Chapter 5. The reported GPS 

coordinates for each site were used as the centre of the buffers. By this method, the 250 

Unit Kernels  Cobs  Plants Corn Hills 
First Year 

Land 
Area (ha) 

Land Area 
After 10 

Years (ha)  
Individual 339,722 2,265 1,132 378 0.06 0.12 

 
Family (n=5) 

2,038,334 13,589 6,795 
2,265 0.4 0.7 

 
Settlement 
(n=500) 

169,861,191 1,132,408 566,204 
188,735 31 61 

 
Settlement 
(n=750) 

254,791,786 1,698,612 849,306 
283,102 46 92 

 
Settlement 
(n=1000) 

339,722,382 2,264,816 1,132,408 
377,469 61 122 



�
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m buffer represents the immediate area around the living space, and the 500 m and 1000 

m buffers represent larger acquisition zones around the living 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 buffer is 314.2 hectares.  The results of 

previous Late Woodland catchment studies, in relations to the results of the analyses 

below, are discussed further in Chapter 5. 

�

3.3: Summary�

To summarize, the following questions drove the analysis presented in the subsequent 

chapter: can it be established that availability of maize resources (a) influenced 

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

areas where these resources could be grown/obtained? My hypothesis is that access to 

arable land for maize agriculture influenced the location of major settlements and that the 

northern movement of communities away from Lake Ontario was a response to the need 

for greater quantities of arable land as populations increased through the Late Woodland.  

Possible causes for the increase in population pressure during the Late Woodland, and in 

turn the increased requirements for arable land, are discussed in Chapter 5. �
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Chapter 4: Analysis and Results 

This chapter is divided into four main sections: a comparative analysis concerning the 

presence of Late Woodland sites compared to random locations in relation to 

environmental variables considered to be ideal for maize agriculture; population 

estimates of the four sites for which settlement pattern data was available; maize 

consumption estimates for these same sites, and; a catchment analysis of these sites 

focusing on land determined to be ideal for maize agriculture. 

 

4.1: Comparative Analysis 

The comparative analysis was conducted using ArcGIS (Version 10.0). Environmental 

covariate layers (Section 4.1.3) were used to illustrate areas within the Rouge River 

watershed that would have been ideal for maize agriculture. The locations of the 13 major 

Late Woodland settlements were plotted on these layers; an additional 100 random points 

were added. This allowed for a comparative analysis of the settlement locations and the 

random points, to determine if Late Woodland site locations were selected based on 

maize agriculture needs. Figure 4-1 illustrates the extent of the Rouge River watershed, 

the location of the Late Woodland sites and the 100 random points. 

 

4.1.1 Maize  

The archaeology of maize has been the subject of numerous studies across North 

America, and some key regional studies have been undertaken tracking the spread of 

maize across northeastern North America and into Ontario (Beales 2013; Crawford et al. 

2006; Katzenberg 2006; Martin 2009). Regional studies have shown evidence of a 
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general southwest to northeast movement of maize across North America; these studies 

also provide extensive histories on the historical theories on the origins and spread of 

maize out of southwestern North America (Beales 2013; Martin 2009). It was previously 

thought the earliest appearance of maize in Ontario was at the Grand Banks site in 

southwestern Ontario, where maize remains have yielded AMS dates of AD 400-600 

(Crawford et al. 2006; Martin 2009; Smith and Crawford 2002). Recent studies at the 

D’Aubigny Park site, in the same region as the Grand Banks site, have yielded maize 

remains that have been dated to ca. AD 130-380 (ASI 2006; Beales 2013). While new 

discoveries may alter the date of the first entry of maize into Ontario for the foreseeable 

future, it is an undisputed fact that by the beginning of the Late Woodland period, maize 

had become an important subsistence resource for human groups throughout southern 

Ontario. 

Previously undertaken studies on the environmental requirements for successful 

maize horticulture have identified the following variables as important: soil type, 

drainage, slope/relief, number of frost free days and precipitation (Beales 2013; Campbell 

and Campbell 1994; Demeritt 1991; Heidenreich 1971). As south-central Ontario has 

been identified as approaching the northern limit of the range of maize productivity in 

North America, slight changes in these factors can become critically important (Beales 

2013; Sykes 1981). Considerations for artificial irrigation or fertilization are not made 

here. It is interesting to note that, like most perishable materials, maize remains tend to 

only become visible archaeologically due to a unique circumstance, such as a cooking 

error that would render it burnt (Martin 2009). These errors could also include instances 

of accidental or intentional destruction through fire of a house structure or settlement. 



���
�

�

Given the notion of maize becoming visible archaeologically due to an error, it has been 

suggested that perhaps maize was not as scarce in the Great Lakes area for the period 

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

 
Figure 4-1: Rouge River watershed with Late Woodland sites and 100 random points 
 

4.1.2 Covariates 

Table 4-1 lists environmental variables that are generally attributed to successful 

Aboriginal maize agriculture and were used for the comparative analysis. Each covariate 

is discussed further below. 
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Table 4-1: Environmental variables for comparative analysis 
�

Environmental 
Variable 

Description Data  Scale Source 

Soil 
Type of soil within 250 m of 
site’s GPS coordinates 

Vector 1:50,000 

National Soil 
Database 2000; 
based on 
Hoffman and 
Richards 1955 

Drainage 

Drainage characteristics within 
250 m of site’s GPS 
coordinates, from "very poor" 
to "well drained" 

Vector 1:50,000 

 
National Soil 
Database 2000; 
based on 
Hoffman and 
Richards 1995 

Slope 
Slope in degrees of landscape 
within 250 m of site’s GPS 
coordinates 

Raster  
20 m 
cell 

 
National Soil 
Database 2000; 
based on 
Hoffman and 
Richards 1995; 
Olding et al. 1956 

Digital Elevation 
Model (DEM) 

Elevation in metres above sea 
level (asl) within 250 m of 
site’s GPS coordinates 

Raster  
20 m 
cell 

 
Natural 
Resources 
Canada 2000 

Landforms 

Category of 
landform/physiographic 
regions within 250 of site’s 
GPS coordinates 

Vector 1:50,000 

 
Land Information 
Ontario, based 
on Chapman and 
Putnam 1984 

Terrain Ruggedness 

Created from DEM, measured 
change in total elevation within 
a range of scales within 250 m 
of site’s GPS coordinates 

Raster 
100 m, 
300 m, 
1000 m 

Natural 
Resources 
Canada 2000 

 

Given the size of the study area, certain variables were omitted from this analysis as the 

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

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

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

climatic variables. These variables have been used in previous regional studies, where the 

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

tangible (Beales 2013; Jones 2008; MacDonald 2002).  
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 When measuring the environmental variables for the Late Woodland sites and 

random points, a 250-m-radius circular catchment area was used. A measurement of 250 

m was chosen to represent the settlement area and immediate vicinity of the Late 

Woodland sites and random points. For the four sites with available settlement pattern 

data, a multi-scalar catchment analysis was conducted at 250 m, 500 m and 1000 m 

scales (Section 4.4). It should be noted that in some cases the total watershed area varies 

between variables; this is attributed to slight differences in the recording and presentation 

of the data between variables. For instance, Open Water is included in the soil type data 

(Preston Lake), but this area is omitted from other layers as a category of data. 

 For the purposes of the comparative analysis, the Orion/Murphy-Goulding site 

(AlGu-3, AlGu-45) was considered to be two separate sites, as opposed to the northern 

and southern portions that it likely represents, given the approximately 250 m that 

currently separates the clusters.  

 

4.1.2.1 Soil Type  

Soil mapping was obtained from the National Soil Database (2000), using data based on 

Hoffman and Richards’ Soil Survey of York County (1955) and Olding et al.’s Soil Survey 

of Ontario County (1956). The soil data was a vector file that was clipped in ArcGIS to 

be confined only to the boundaries of the Rouge River Watershed (ArcGIS Intersect 

function). Drainage data, correlated to soil type, was obtained from the soil data. While a 

preference for sandy loam or loam soils for Late Woodland maize agriculture (and by 

extension, settlement) is often cited in literature (Campbell and Campbell 1992; Demeritt 

1991; Dodd et al. 1991; Jones 2008), drainage of soils has been considered to be more 



�	�
�

�

important than soil texture (Beales 2013; Campbell and Campbell 1992; Heidenreich 

1971) 

 The Rouge River watershed possesses eight soil types: sandy loam, sandy loam 

over gravel, loam, clay, clay loam, alluvial deposits, muck soils and marsh. Table 4-2 

summarizes the frequency of each soil type within the Rouge River watershed. As 

previously discussed, sandy loam and loam soils are considered to be the most ideal for 

Aboriginal maize agriculture. Fine-textured clay and clay loam soils likely would not 

have been ideal for Late Woodland agriculture, as these presumably would have been 

more difficult soils to cultivate compared to loams and 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 ArcGIS within the Rouge River 

watershed. The same random points were used for each environmental variable. Table 4-

3 details the percentage of soil types encountered within 250 m of the random points. As 

with the total watershed area, loam soils were the most prominently encountered soils, 
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followed by clay soils, which is consistent with the frequency of these soils in the 

watershed area. 

 
Table 4-3: 100 random points with 250 m catchments soil type 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 watershed were plotted on the 

soils data, with 250 m catchment areas (Table 4-4). Within 250 m of Late Woodland 

sites, loam soils were the prominent soil class, representing 67.4% of soils within the 

Late Woodland catchments. This is an increase compared to the presence of loam soils 

within both the total watershed area and within 250 m of the random points. Loam soils 

appear to have been preferentially selected by people choosing locations for major 

settlements during the Late Woodland. Alluvial soil, associated to rivers and streams, was 

the second most prevalent type within 250 m of the sites (12.5% of soils). This is also an 

increase of the proportion of alluvial deposits compared to the watershed area and 

random points, and likely is a reflection of the need for settlements to be located in close 

proximity to potable water sources.  
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Table 4-4: Late Woodland sites with 250 m catchments soil type summary 
�

Soil Type Area (m 2) % 

Loam 1,720,277 67.4 

Alluvial Deposits 320,174 12.5 

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) accounted for 30.9% of the soils within the 

watershed and 28.4% of the soils within 250 m of the random points. For the Late 

Woodland sites, clay soils accounted for only 10.4% of soils within 250 m, suggesting 

clay soils were avoided by Late Woodland peoples. Figure 4-2 illustrates the range of 

soils across the watershed in relation to Late Woodland sites and the 100 random points. 

A Chi-squared test was conducted to determine if there is a statistically significant 

difference between soil types encountered within 250 m of the random points and Late 

Woodland sites. The soil type with the highest occurrence in the catchment area was 

considered for the statistical test. Although summary statistics suggest a preference for 

loam soils during the Late Woodland, statistically there is no difference between the 

location of the random points and the Late Woodland sites, with respect to soil types 

encountered (Chi-squared=1.96, df=4, p-value=0.74). 
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Figure 4-2: Rouge River watershed distribution of soils 
 

4.1.2.2 Drainage  

Drainage was divided into five categories: Good, Imperfect, Poor, Very Poor and 

Variable. Variable drainage was associated with alluvial deposits adjacent to water 

courses. Table 4-5 summarizes the occurrence of these drainage categories within the 

watershed. Imperfectly drained soils account for just over half of the land area in the 

watershed (53.86%). Well-drained soils (‘Good’) included 33.07% of the watershed soils. 

Alluvial deposits with variable drainage account for 8.08% of the watershed soils, 
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followed by poor drainage (4.46%) and very poor (0.47%). Preston Lake was included on 

the soil map, but as it is an open body of water, no soil data is associated with it. 

Well-drained soils have traditionally been considered to be an important prerequisite for 

maize agriculture (Campbell and Campbell 1992; Demeritt 1991; Heidenreich 1971), 

though variations in this model have been noted in York County, with MacDonald (2002) 

identifying a strong correlation in this area of sites to imperfectly drained soils. 

Imperfectly drained soils vary in their drainage level and can be considered moderately 

drained. These soils can support agricultural crops in drier years, due to their ability to 

retain moisture (Hoffman and Richards 1955).  

 

Table 4-5: Rouge River watershed soil drainage summary 
�

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 the random points roughly correlated 

with the frequency of drainage classes within the watershed, with imperfect drainage 

accounting for approximately half of the area, and well-drained areas accounting for 

approximately one-third of the area (Table 4-6). 
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Table 4-6: 100 random points with 250 m catchments soil drainage 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 Woodland sites were approximately 

correlated with the watershed area and the random points (Table 4-7). The most 

noticeable difference was an increase in frequency of variably drained alluvial soils; 

similar to the soil data above, this increase is likely is a reflection of the need for 

settlements to be located in close proximity to potable water sources. 

A Chi-squared test was conducted to determine if there is a statistically significant 

difference between drainage classes encountered within 250 m of the random points and 

Late Woodland sites. The drainage class with the highest occurrence in the catchment 

area was considered for the statistical test. Statistically there is no difference between the 

location of the random points and the Late Woodland sites, with respect to drainage 

patterns encountered (Chi-squared=1.057, df=4, p-value=0.90). 

 

Table 4-7: Late Woodland sites with 250 m catchments soil drainage summary 
�

Drainage Area (m 2) % 

Imperfect 1,300,297 50.9 

Good 860,011 33.7 

Variable (Alluvial) 320,174 12.5 

Poor 72,051 2.8 

Total 250 m Catchment Areas 2,552,533  100.0 
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Figure 4-3 illustrates the range of drainage classes across the watershed in relation 

to Late Woodland sites and the 100 random points. 

 

Figure 4-3: Rouge River watershed distribution of drainage classes 
 

4.1.2.3 Digital Elevation Model 

The digital elevation model (20 m resolution) was created using data obtain online from 

Geobase (Natural Resources Canada 2002). Raster files were obtained equivalent to NTS 

1:50,000 map tiles. These tiles (30 m/14, 31D/3) were combined into one file using the 

ArcGIS Mosaic function. 
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As expected, elevation in the Rouge River watershed increases steadily from 73 m 

above sea level (asl) along the north shore of Lake Ontario, northwest to the northern 

limit of the watershed at the Oak Ridges Moraine. The elevation in the northwest part of 

the watershed peaks at 371 m asl, for a rise in elevation of 298 m across the watershed. 

The 100 random points were evenly distributed between 75-370 m asl, a range that 

represents 99% of the watershed range. The Late Woodland sites were clustered between 

151-279 m asl, representing 43.4% of the random points range. For a moment if one 

considers removing the northernmost sites (AlGu-3/AlGu-45, Orion/Murphy-Goulding 

site), the clustering of sites in the watershed is reduced to 151-210 m asl, a range of 20% 

of the random points range. These values suggest some preferential selection away from 

the north shore of Lake Ontario and south of the Oak Ridges Moraine. Figure 4-4 

illustrates the range of elevation across the watershed in relation to Late Woodland sites 

and the 100 random points. 

A Mann-Whitney test was conducted to determine if there is a statistically 

significant difference between elevation encountered at the random points and Late 

Woodland sites in the watershed. The elevation recorded at each random point and each 

site GPS coordinate was use for the statistical test. Statistically there is no difference 

between the location of the random points and the Late Woodland 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 cells) using the ArcGIS Slope function. 

Within the Rouge River watershed the degree of slope is variable between 0 and 29.7 

degrees, with higher degrees of slope notable along waterways and towards the Oak 

Ridges Moraine in the northwest part of the watershed. The mean slope within the 

watershed is 1.8 degrees, indicating the vast majority of the watershed consists of a slight 

slope across the landscape. A 15 degree slope is considered to be the upper limit for the 
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successful growth of Aboriginal maize (Jones 2008). Given the mean slope of the 

watershed, the preliminary determination was that variation in slope across the watershed 

was not a restricting factor for maize horticulture. 

 While the highest degree of slope in the watershed was measured at 29.7 degrees, 

both the random points catchments and the site catchments did not exceed slope ranges 

over 20 degrees (Table 4-8, 4-9). For all random points and sites, the lowest class of 

measurement, 0-2.0 degrees of slope, was present in all 250 m buffer areas. For the 

random points range over half of the points were in areas with ranges between 0-2.0 

degrees of slope and 0-4.0 degrees. The remaining points were relatively evenly 

distributed amongst the remaining measurement classes, save 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 clustering was identified with relation to the 

slope ranges. Two interesting results to note: no sites are located in areas where there is 

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



�	�
�

�

located where slope ranges extend between 14.0-18.0 degrees. Further to that, only one 

site has a 18.1-20.0 degree slope in part of its catchment area. Taking this into account, 

12 of the 13 sites were situated where catchment areas experienced a 2.1-12.0 degree of 

slope. It can be argued that a slight selective process is at work related to slope, with a 

desire to settle in areas with little to moderate slope. As all Late Woodland catchment 

areas included slope of 0-2.0 degrees, and only one site has a portion of its catchment 

with slope greater than 15.0 degrees, all Late Woodland site catchments contain areas 

where the degree of slope was considered to be sufficient for maize agriculture (Jones 

2008). Figure 4-5 illustrates the range of slope across the 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 

0-4.0 1 

0-6.0 4 

0-8.0 1 

0-10.0 2 

0-12.0 4 

0-14.0 0 

0-16.0 0 

0-18.0 0 

0-20.0 1 
 

A Mann-Whitney test was conducted to determine if there is a statistically 

significant difference between the range of slope encountered at the random points and 

Late Woodland sites. The highest degree of slope in the catchment area was considered 

for the statistical test. Statistically there is a significant difference between the location of 
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the random points and the Late Woodland sites, with respect to slope (Mann-Whitney 

W=405.5, p-value=0.025), however the vast majority of the watershed was found to 

exhibit slope ranges that would have been favourable for maize agriculture. 

 
Figure 4-5: Rouge River watershed slope range 
 

4.1.2.5 Landforms and Physiographic Regions 

Landforms and physiographic regions data was obtained from Land Information Ontario 

(LIO) and is based on data gathered by Chapman and Putnam (1984). Soils play a large 

role in informing the classification of physiographic regions, but this data set also 

includes the location of glacial land formations such as eskers, moraines, drumlins and 

glacial beach ridges. The Rouge River watershed consists of seven categories of 
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landforms: glacial beach ridges, drumlins, bevelled till plains, clay plains, kame 

moraines, sand plains and drumlinized till plains. Till plains, both bevelled and 

drumlinized, account for 77.1% of the watershed area. Table 4-10 illustrates the values of 

seven categories of landforms regions within the watershed. 

 

Table 4-10: Rouge River watershed landform regions summary 
�
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 1.5 

Beaches 1,571,866 0.4 

Total 250 m Catchment Areas 387,840,204  100.0 

 

As expected, the landform regions found within 250 m of the 100 random points 

roughly correlated with the frequency of the categories within the watershed (Table 4-

11), with drumlinized till plains accounting for 45.7% of the catchment areas, and 

bevelled till plains accounting for 31.1%. Some slight variation in percentages between 

total watershed area and random points catchments areas was identified for clay plains, 

kame moraines and sand plains, while drumlins and glacial beach ridges in both cases 

represented the least encountered categories. 

 

Table 4-11: 100 random points with 250 m catchments landform regions summary 
�
Landforms Area (m2)  % 

Drumlinized Till Plains 8,982,031 45.7 

Bevelled Till Plains 6,110,176 31.1 

Clay Plains 1,308,883 6.7 
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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 random points catchments, drumlinized 

till plains were the most encountered category in the Late Woodland catchment areas, 

however a sharp increase in area was noted. Whereas drumlinized till plains accounted 

for under half of the watershed area and random points catchments, this category 

accounted for 73.5% of the Late Woodland catchments (Table 4-12). Additionally 

bevelled till plains accounted for 35% and 31.1% of the watershed area and random 

points catchments, respectively, whereas the Late Woodland catchments yielded a 

significant drop in this category, down to only 7.7% of the total catchment area. An 

increase in area for kame moraines and drumlins was also identified in the Late 

Woodland catchments. This data suggests a process where drumlinized till plains were 

selected, along with kame moraines and potentially drumlins, and bevelled till plains 

were selected against. Sand plains, clay plains and beach ridges were not identified at all 

in the Late Woodland catchment areas. Figure 4-6 and 4-7 illustrates the range of 

landforms and physiographic regions across the watershed in relation to Late Woodland 

sites and the 100 random points.  The autocorrelation between the landform 

classifications (driven by soil types) and the physiographic regions is evident in these 

figures.  Figure 4-6 also suggests site clustering was occurring on the South Slope 

physiographic region.   

A Chi-squared test was conducted to determine if there is a statistically significant 

difference between landforms/physiographic regions encountered within 250 m of the 
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random points and Late Woodland sites. Statistically there is no difference between the 

location of the random points and the Late Woodland sites, with respect to landform 

areas encountered (Chi-squared=2.17, df=1, p-value=0.14). 

 

Table 4-12: Late Woodland sites with 250 m catchments landform 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 

 

 
Figure 4-6: Rouge River watershed physiographic regions 
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Figure 4-7: Rouge River watershed landforms 

 

4.1.2.6 Terrain Ruggedness 

The terrain ruggedness model was generated from the DEM (20 m resolution). The 

terrain ruggedness model (raster) measured the change in elevation at various scales. For 

instance, a terrain ruggedness model at a 100 m scale measures how much elevation 

changed from 0 m to 100 m. If elevation increased or decreased slightly over the 100 m, 

the area is considered to have a low degree of ruggedness. If a relatively high change was 
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observed, the area is considered to have a high degree of ruggedness. Scales used in this 

analysis were 100 m, 300 m and 1000 m. 

 Table 4-13 summarizes the results of plotting the catchment areas for the random 

points and Late Woodland sites on the three scales of analysis. For the Rouge River 

watershed terrain ruggedness ranged from 0-36 m (100 m scale), 0-45 m (300 m scale) 

and 0-74 m (1000 m scale). The range increases as the scale increases, as the 

measurements within each cell are independent of the overall range in elevation. For 

instance, at the 100 m scale one cell may show a ruggedness change of 0-10 m across 100 

m, while neighbouring cells would show a range of 0-7 m and 0-8 m. But if elevation was 

steadily increasing in a particular direction, as it does in the Rouge River watershed, at a 

scale of 300 m these cells may now show a ruggedness range of 0-25 m. 

 When comparing the ruggedness ranges of the random points catchment areas to 

the Late Woodland catchment areas, the Late Woodland areas consistently appear to 

select for areas of less terrain ruggedness compared to the random points. This is most 

evident at the 300 m scale, where the range of terrain ruggedness identified for Late 

Woodland areas (0-21 m) accounted for 72.4% of the range of the random points areas, 

and only 46.7% of the range of ruggedness available throughout the watershed (Figure 4-

8). 

A Mann-Whitney test was conducted to determine if there is a statistically 

significant difference between the terrain ruggedness encountered at the random points 

and Late Woodland sites. The highest measurement of ruggedness in the catchment area 

was considered for the statistical test. Statistically there is a significant difference 

between the location of the random points and the Late Woodland sites with respect to 
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terrain ruggedness at the 100 m scale (Mann-Whitney W=416, p-value=0.034). 

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

Woodland sites at the 300 m scale (Mann-Whitney W=456, p-value=0.081). There is also 

no difference between the location of the random points and the Late Woodland sites at 

the 1000 m scale (Mann-Whitney W=642.5, p-value=0.95).  

 
 
Table 4-13: Terrain ruggedness summary 
�
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Figure 4-8: Rouge River watershed terrain ruggedness (300 m scale) 
 

4.1.3 Comparative Analysis Results 

From the above analysis several comments can be made. First, with respect to some 

variables, the vast majority of the watershed is considered to exhibit attributes favourable 

to maize agriculture. These include drainage, slope and terrain ruggedness. Some 

selective process appears to have been considered during the Late Woodland period 

concerning elevation, however it is unlikely higher or lower elevations within the 

watershed would have had an impact on the ability to grow maize, as it was previously 

determined that climatic variation within the watershed area was minimal. 
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 Within the variables considered here, summary statistics suggested certain types 

of soil and landform regions appear to have been selected to a greater degree. Figures 4-9 

and 4-10 illustrate the soil mapping and landform regions mapping, with areas that would 

have been ideal for maize agriculture highlighted. For the soil map this consists of sandy 

loam and loam soils. For the landforms/physiographic regions mapping this is the 

drumlinized till plains. These drumlinized till plains within the Rouge River Watershed 

are also known as the South Slope physiographic region; this physiographic region was 

noted to have excellent soils for agricultural production through historic times (Chapman 

and Putnam 1984). 

 Although summary statistics suggest soil types and landforms regions appear to 

have been selected to a greater degree, statistically significant differences between the 

random points and Late Woodland sites were identified for slope and terrain ruggedness 

at the 100 m scale. The results of the summary statistics, 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 random points (red) with sandy loam and 
loam soils highlighted (yellow) 
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Figure 4-10: Late Woodland sites (aqua) and random points (red) with drumlinized till 
plains highlighted (yellow) 
 

4.2: Population Estimates  
 

Population estimates of the four sites with available settlement pattern data were used to 

determine if maize requirements could be met within various catchment scales. There are 

a large number of ways in which population estimates can be obtained from 

archaeological data, none of which are without their critics. A comprehensive review by 

Warrick (2008) of these approaches suggests that settlement features are the most 

effective means for estimating population sizes (Jones 2008; Warrick 2008). The analysis 

comprises population estimates based on identified and inferred interior hearths 
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(following Dodd 1984; Warrick 2008) and a comparative estimate based on total 

settlement size (Jones 2008; Snow 1995b; Snow and Starna 1989; Warrick 2003).  

 

4.2.1 Identified/Inferred Hearths 

A review of the settlement plans for each of the four sites listed below revealed that the 

identification of hearths during archaeological excavations is not a guaranteed 

occurrence; this is due to the tendency of hearths to be relatively shallow features that are 

easily eradicated by decades of modern agricultural ploughing. Interior hearths are 

generally found to be 15 cm in depth or less; compare this to the average ploughzone 

depth of 30 cm across southern Ontario and it is not surprising that settlement areas can 

contain few intact hearths (ASI 2005, 2008; Warrick 2008). There are multiple instances 

where no hearths were identified in house structures. When no hearths were identified, or 

only a small number, average hearth space intervals based on time period were used to 

extrapolate likely hearth locations (Dodd 1984; Warrick 2008); hearth space intervals 

based on time period will be discussed further below in relation to each site. In several 

instances inferred hearths line up with the presence of post-mould clusters that would 

have supported cooking apparatuses (ASI 2008, 2010a; Ramsden 1990). It also has been 

suggested that these clusters could represent small interior sweat lodges (McDonald and 

Williamson 2001).  Where circular clusters of post moulds are encountered within one to 

two metres of the projected hearth location, the inferred hearth is moved to correspond to 

the cluster. This introduces a slight subjective element to the inference of hearth 

locations.  
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Dodd (1984) in her extensive study of Ontario Iroquois Tradition longhouses has 

demonstrated a sharp increase in the average interior spacing of hearths between the 

period of AD 700-1300 and 1300-1450, followed by a relatively steady decrease from 

1450-1650 (Table 4-14). The sites subject to catchment analysis here date to 1300-1450; 

Dodd found that ca. 1300-1450 interior hearth spacing ranged from 1.2 to 9.9 m, with the 

average being 5.3 m. The distance from the north end of a house to the first hearth ranged 

from 2.0 to 7.9 m, with the average being 5.5 m. The distance from the south end of a 

house to the first hearth ranged from 2.5 to 8.5 m, with the average being 5.8 m. The 

instances where inferred hearths were found to be located in close proximity to post 

mould clusters demonstrates the strength of Dodd’s body of work, despite the additional 

Iroquoian sites (and data) that have been identified since 1984.  

Warrick (2008) utilized Dodd’s spacing averages to interpolate hearths in his 

population study of south-central Ontario ca. AD 500-1650. Using skeletal data from 

known Iroquoian ossuaries and estimates of pre-epidemic family sizes Warrick presents a 

relatively constant family size over time. Following Warrick, Table 4-15 presents the 

number of people per hearth ca. AD 1000-1650. It is widely accepted that in the Late 

Woodland period each hearth in a house was shared by two families (Dodd 1984; 

Heidenreich 1971; Jones 2008; MacDonald 1986; Warrick 2008). Although Table 4-15 

illustrates a slight variation in family size from 1000-1639, five persons has elsewhere 

been considered the average size of a Late Woodland (Iroquoian) family (Jones 2008; 

Jamieson 1986; Snow and Starna 1989; Warrick 2008). Dodd’s hearth spacing averages 

(1984) and Warrick’s family size estimates (2008) were used to estimate the populations 

of the four sites described below.  
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Table 4-14: Iroquoian hearth spacing (following Dodd 1984) 
�

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 1.2-8.5 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 analysis 

 
Table 4-15: Late Woodland people per hearth estimates (following 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 plans for each of the four sites. 

 

4.2.1.1 The New Site (AlGt-36) Population Estimate 

A total of six houses were identified at the New site including the partial house excavated 

in 1977; no palisade was present at this site. The site was fully excavated and the total 

site area was found to be 2.1 hectares. The New site dates to ca. 1350 (ASI 2010a; Birch 

2010). Only three interior hearths were identified in the houses, one in House 4 and two 

in House 5. Based on house lengths, a total of 41 hearths were extrapolated for the site, 

for a total of 44 interior hearths at the New site (Table 4-16). Using the average of 11 

people per interior hearth for the time period of 1300-1420, the resulting population 

estimate for the New site is 484 people. Appendix B, Figures 1-6 illustrate the settlement 

patterns for the New site house structures, including inferred hearths.  
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Table 4-16: New site (AlGt-36) identified and inferred hearths 
�

House # Length Width 
Interior Hearths 

Identified 
Interior Hearths 

Inferred 
Total 

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 was present. The site was fully excavated and 

the total site area was found to be 2.0 hectares. Occupation of the Robb site has been 

reported to date to both ca. 1300-1350 (ASI 2010b) and ca. 1350-1400 (Birch 2010), 

though there is no indication portions of the site represent different occupation episodes. 

Eleven interior hearths were identified in five of the houses (Houses 4, 5, 7, 8 and 9). 

Based on house lengths a total of 52 hearths were extrapolated for the site, for a total of 

63 interior hearths at the Robb site (Table 4-17). Using the average of 11 people per 

interior hearth for the time period of 1300-1420, the resulting population estimate for the 

Robb site is 693 people. Appendix B, Figures 7-15 illustrate the settlement patterns for 

the Robb site house structures, including inferred hearths. 

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

House # Length Width 
Interior Hearths 

Identified  
Interior Hearths 

Inferred 
Total 

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 
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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 (AlGt-35) Population Estimate 

A total of four houses were documented at the Burkholder 2 site. No palisade was 

present. The site was fully excavated and the total site area was found to be 0.6 hectares. 

Occupation of the Burkholder 2 site dates to ca. 1350-1400 (ASI 2005; Birch 2010). At 

least one hearth was identified in each house, with a high total of four identified in House 

3. Based on house lengths a total of 15 hearths were extrapolated for the site, for a total of 

24 interior hearths at the Burkholder 2 site (Table 4-18). Using the average of 11 people 

per interior hearth for the time period of 1300-1420, the resulting population estimate for 

the Burkholder 2 site is 242 people. Appendix B, Figures 16-19 illustrate the settlement 

patterns for the Burkholder 2 site house structures, including inferred hearths. 

 

Table 4-18: Burkholder 2 site (AlGt-35) identified and inferred hearths 
�

House # Length Width  
Interior Hearths 

Identified  
Interior Hearths 

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 
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4.2.1.4 The Orion Site (AlGu-45)/Murphy-Goulding Site (AlGu-3) Population Estimate 

The Orion/Murphy-Goulding site consisted of ten houses and no palisade was present. 

The settlement pattern shows six houses in the north part of the site (Orion) and four 

houses in the south part of the site (Murphy-Goulding). Both north and south parts of the 

site have been partially excavated, with an approximate 250-metre-wide unexcavated 

portion in between. The excavated Orion portion measures 0.62 hectares (ASI 2008); the 

excavated Murphy-Goulding part is 0.39 hectares (ASI 1998:Figure 3). Including the 

unexcavated part, the Orion/Murphy-Goulding site has been projected to measure 3.3 

hectares (Birch 2010). The similarities in artifact assemblages and settlement patterns 

suggest the two parts represent the northern and southern ends of the same occupation 

(ASI 2008). Given the dramatic increase in settlement area compared to other excavated 

sites in the Rouge River watershed, it is possible the Orion/Murphy-Goulding site was a 

coalescent community, similar to the Parsons and McKenzie-Woodbride (Humber River 

watershed), Draper (West Duffins Creek) and Mantle (Stouffville Creek) sites (ASI 2008; 

Birch 2010). Occupation of the Orion/Murphy-Goulding site has been reported to date to 

ca. 1400-1450, possibly confined to the first decades of the 15th century (ASI 1998). 

Sixteen interior hearths were identified in nine of the houses. Based on house lengths a 

total of 44 hearths were extrapolated for the site, for a total of 60 interior hearths within 

the excavated settlement pattern at the Orion/Murphy-Goulding site (Table 4-19). Using 

the average of 11 people per interior hearth for the time period of 1300-1420, the 

resulting population estimate for the Orion/Murphy-Goulding site is 660 people; this 

estimate can be considered as a minimum population, given the large unexcavated central 
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part of the site. Appendix B, Figures 20-19 illustrate the settlement patterns for the 

Orion/Murphy-Goulding site house structures, including inferred hearths.  

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

House # Length  Width  

Interior 
Hearths 

Identified  

Interior 
Hearths 
Inferred 

Total 
Hearths 

Orion House 1 ������ � 
��� � � � �� ��
Orion House 2 �	��� � 
��� � � � �� ��
Orion House 3 	���� � ���� � � � 	� ��
Orion House 4 �
��� � 
��� � � � �� ��
Orion House 5 ����� � ��
�� � 
 � 	� 	�
Orion House 6 ����� � 
��� � � � �� 	�
�������������������� ��� � �����! � �� � � � �� 
�
�������������������� ��� 	����! � �� � � � 
� ��
�������������������� ��� ������ � �� � � � �� ��
�������������������� ��� ����� � ���� � � � 	� ��
Totals 16 44 60 

*House settlement pattern incomplete 
~Inferred house length 
 

4.2.2 Population Estimates Based on Total Settlement Size 

As a comparison to the above population estimates based on hearth counts, the population 

of the four sites was estimated using the total settlement size area estimate (Jones 2008; 

Snow and Starna 1989; Snow 1995b; Warrick 2003). Warrick (2003) has estimated that 

sites were occupied at a density of 500 people per hectare (20 m2 per person) except A.D. 

1525-1650, when it was 700 people per hectare (14 m2 per person). Snow (1995b) and 

Snow and Starna (1989) used the same ratio of 20 m2 per person for their studies of 

Mohawk settlement in New York State. Jones (2008) used a variation of the ratio of area 

per person, and separated sites on parcels of limited level ground (14 m2 per person) and 

sites with broad areas of level ground (20 m2 per person). 
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 Given the relatively short temporal range of the sites considered here, following 

Warrick (2003), Snow (1995b) and Snow and Starna (1989), a ratio of 20 m2 per person 

is used. Table 4-20 provides the results of this application. It has been stated elsewhere, 

pertaining to Haudenosaunee settlements in New York State, that settlement population 

could be discerned from measured site areas with 90% accuracy (Jones 2008; Snow and 

Starna 1989), though unless an area is constrained by a palisade or natural feature, 

settlement area size is open to interpretation. 

 

Table 4-20: Population estimates based on total settlement size 
�

Site Date Area 
Population (500 
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 north and south parts 
 

4.2.3 Population Estimates Summary 

A comparison of the results of the population estimates is provided in Table 4-21. The 

estimates based on hearth counts were consistently lower than those based on settlement 

area. While there are several arguments for these discrepancies, including hearth 

estimates consistently under-estimating populations and settlement area estimates over-

estimating populations, each site and reasons for the discrepancies are considered briefly 

below. 
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Table 4-21: Population estimates summary 
�

Site Date 
Population Based 
on Hearth Counts 

Population Based on 
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 accounted for only 40% of the 

settlement area estimate. When reviewing the settlement plan for the New site (Appendix 

B) it is immediately clear that the house excavated in 1977 by Mima Kapches was not 

completely excavated. If the 1977 house was in the same length range as the five other 

identified complete houses, approximately one-third of the house was identified. It is 

possible one or even two houses were in the open central area of the site, but given the 

relatively good soil preservation allowing for the identification of features at other parts 

of the site, this is unlikely. The only viable reason for the discrepancy is the partially 

excavated 1977 house, and this in no way can account for the entire difference. 

The hearth estimates for the Robb site account for account for 69.3% of the 

settlement area estimate. Although this is a significant improvement over the New site 

discrepancy, it remains a noticeable difference. When reviewing the settlement plan for 

the Robb site it is clear that the entire extents of House 3, House 6, House 7 and House 8 

were not identified; therefore those unidentified portions were not included in the hearth 

count estimates (Appendix B). The settlement plan for House 6 reveals an area of 

previous disturbance was encountered at the southeast end of the house (ASI 2010b: 

Figure 3). The post moulds delineating the northeast portions of House 3, House 7 and 

House 8 were not identified during excavations (ASI 2010b:7). It is possible the four 
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incomplete houses at the Robb site account for the discrepancy between the hearth 

estimate and the settlement area estimate. 

The hearth estimates for the Burkholder 2 site account for 80.7% of the settlement 

area estimates. Out of the sites subject to population estimates, Burkholder 2 represents 

the closest percentage difference between hearth and settlement area estimates. It is no 

coincidence the four identified houses at Burkholder 2 have complete settlement plans, 

allowing for all possible hearth spacing inferences to be made. 

The hearth estimates for the Orion/Murphy-Goulding site account for 40% of the 

settlement area estimate. As stated above, this significant discrepancy is largely due to 

the central portion of the site being unexcavated. An approximately 250 metre 

unexcavated area separates the Orion portion from the Murphy-Goulding portion. In fact, 

the unexcavated portion is larger than the north and south portions that have been 

excavated (Appendix B) (ASI 2008:Figure 9). 

Given the above variation between the population estimates, the estimates based 

on hearth spacing will be considered the minimum population estimate for each site, 

while the estimates based on settlement area will be considered the maximum estimate. 

 

4.3: Maize Consumption Estimates 

Maize consumption estimates will utilize the above described population estimates to 

provide an estimate of yearly consumption and by extension, number of hectares required 

to produce estimated consumption yields. Maize consumption requirements will follow 

Monckton (1992, 1994) and are summarized in Table 3-2. �

 




��
�

�

4.3.1 The New Site (AlGt-36) Maize Consumption Estimates 

The population estimates presented above provided a minimum estimate of 484 and a 

maximum estimate of 1,050 individuals at the New site. When these estimates are applied 

to Monckton’s (1992, 1994) figures for maize consumption it was determined that the 

New site inhabitants would have required 29.04-63.0 hectares for growing maize crops 

for the first planting year, increasing to 58.08-126.0 hectares after 10 years (Table 4-22).  

 

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

Unit Kernels  Cobs Plants Corn Hills  

First 
Year 
Land 
Area 
(ha) 

Land Area 
After 10 

Years (ha)  

Individual 339,722 2,265 1,132 378 0.06 0.12 
 
New Site 
Population 
Based on 
Hearth 
Counts 
(n=484) 

164,425,448 1,096,260 547,888 182,952 29.0 58.1 

 
New Site 
Population 
Based on 
Site Area 
(n=1,050) 

356,708,100 2,378,250 1,188,600 396,900 63.0 126.0 

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

4.3.2 The Robb Site (AlGt-4) Maize Consumption Estimates 

The population estimate presented above provided a minimum estimate of 693 and a 

maximum estimate of 1,000 individuals at the Robb site. When these estimates are 

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

that the Robb site inhabitants would have required 41.58-60.0 hectares for growing maize 
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crops for the first planting year, increasing to 83.16-120.0 hectares after 10 years (Table 

4-23).  

 
 
Table 4-23: Maize consumption estimate for the Robb site (AlGt-4)* 
 

Unit Kernels  Cobs  Plants  Corn Hills  
First Year 

Land 
Area (ha)  

Land Area 
After 10 

Years (ha) 

Individual 339,722 2,265 1,132 378 0.06 0.12 
 
Robb Site 
Population 
Based on 
Hearth 
Counts 
(n=693) 

235,427,346 1,569,645 784,476 261,954 41.6 83.2 

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

339,722,000 2,265,000 1,132,000 378,000 60.0 120.0 

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

4.3.3 The Burkholder 2 Site (AlGt-35) Maize Consumption Estimates 

The population estimate presented above provided a minimum estimate of 242 and a 

maximum estimate of 300 individuals at the Burkholder 2 site. When these estimates are 

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

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

growing maize crops for the first planting year, increasing to 29.04-36.0 hectares after 10 

years (Table 4-24).  
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Table 4-24: Maize consumption estimate for the Burkholder 2 site (AlGt-35)* 
 

Unit Kernels  Cobs Plants  
Corn 
Hills  

First Year 
Land Area 

(ha) 

Land Area 
After 10 

Years (ha)  

Individual 339,722 2,265 1,132 378 0.06 0.12 
 
Burkholder 2 
Site Population 
Based on 
Hearth Counts 
(n=242) 

82,212,724 548,130 273,944 91,476 14.5 29.0 

 
Burkholder 2 
Site Population 
Based on Site 
Area (n=300) 

101,916,600 679,500 339,600 113,400 18.0 36.0 

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

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

The population estimate presented above provided a minimum population estimate of 660 

and a maximum estimate of 1,650 individuals at the Orion/Murphy-Goulding site. When 

these estimates are applied to Monckton’s (1992, 1994) figures for maize consumption it 

was determined that the Orion/Murphy-Goulding site inhabitants would have required at 

a minimum 39.6 -99.0 hectares for growing maize crops in the first growing year, 

increasing to 79.2-198.0 hectares after 10 years (Table 4-25).  
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Table 4-25: Maize consumption estimate for the Orion site (AlGu-45)/Murphy-Goulding 
site (AlGu-3)* 
 

Unit Kernels  Cobs  Plants  Corn Hills  
First Year 
Land Area 

(ha) 

Land Area 
After 10 

Years (ha)  

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

Orion/Murphy-
Goulding Site 
Population Based 
on Hearth Counts 
(n=660) 

224,216,520 1,494,900 747,120 249,480 39.6 79.2 

Orion/Murphy-
Goulding Site 
Population Based 
on Site Area 
(n=1,650) 

560,541,300 3,737,250 1,867,800 623,700 99.0 198.0 

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

4.4: Catchment Analysis 

Catchment areas represent resource acquisition zones around archaeological sites that 

were utilized on a regular basis for the acquisition of basic resources such as food, fire 

wood and building materials (Fecteau et al. 1994; Hunt 1992; Jamieson 1984; 

MacDonald 1986). For Late Woodland catchments, predominant consideration is given to 

areas considered suitable for maize agriculture, though hunting areas for deer are also 

considered. Previous research indicates most Late Woodland communities required a one 

kilometre catchment radius for sufficient agricultural land (Heidenreich 1971; 

MacDonald 1986, 2002), while catchments up to two kilometres have also been 

considered as representative of an acceptable walking distance with a weighted load of 

resources (Fecteau et al. 1994; Jamieson 1986; Jones 2008). Catchments have previously 

been considered in various shapes including circular (Hunt 1992; MacDonald 1986), oval 
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(Jamieson 1986; MacDonald 2002) and semi-circular (Fecteau et al. 1994). For the four 

sites subject to the catchment analysis, catchments of land for maize agriculture will be 

analyzed at 250 m, 500 m and 1000 m radius scales. Circular areas were used for these 

scales, with variations of catchment shapes discussed in Chapter 5. The reported GPS 

coordinates for each site were used as the centre of the buffers. By this method, the 250 

m buffer represents the immediate area around the living space, and the 500 m and 1000 

m buffers represent larger acquisition zones around the living space. Using the formula 

for area from known radius (� � �� � ), the 250 m buffers covers an area of 19.6 hectares, 

a 500 m buffer is 78.5 hectares and a 1000 m buffers is 314.2 hectares. 

 The environmental variables considered for the above comparative analysis were 

reviewed within the three catchment scales. As reviewed above, the vast majority of the 

watershed is considered to exhibit attributes favourable to maize agriculture. These are 

good drainage, low slope and low terrain ruggedness. Some selective process appears to 

have been considered during the Late Woodland period concerning elevation, however it 

is unlikely higher or lower elevations within the watershed would have had an impact on 

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

the watershed area was minimal. 

 Within the variables considered here, soil and landforms/physiographic regions 

appear to have been selected to a greater degree. It is interesting to note that while low 

slope and low terrain ruggedness is observed across the watershed, both these variables 

were found to show a statistically significant difference 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 flat terrace along the western bank of a 

tributary of Little Rouge Creek (ASI 2010a). Images included in the excavation report 

illustrate relatively flat to gently rolling terrain.  

 Table 4-26 presents the results of the catchment analysis at three scales for the 

New site. Across the three scales, the New site appears to have been well-situated for 

maize agriculture. Well-drained loam soil is predominate across all three scales, with 

only a small area of poorly drained soil encountered along the eastern edge of the 1000 m 

buffer. The slope of the area is 0-6 degrees up to 500 m, with only 2.3% of the 1000 m 

buffer increasing to 8-14 degrees; these values are well below the slope limit of 15 

degrees or less previously considered suitable for maize agriculture (Jones 2008). 

The original (or former) population of the New site is estimated as 484-1,050 

individuals, with a subsequent need for 29.04-63.0 hectares for growing maize crops for 

the first planting year, increasing to 58.08-126.0 hectares after 10 years. The New site 

inhabitants would have been able to meet their projected maize requirements within the 

500 m catchment area, with a likely need to expand beyond 500 m as the 10th planting 

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, 
Imperfect 

 
Good, Imperfect, 
Variable, Poor 

DEM (m asl) 161-190 161-190  
131-190 

Slope (0 to) 2 degrees (77.5%), 4 2 degrees (81.6%), 4  
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degrees (20.5%), 6 
degrees (2%) 

degrees (16.3%), 6 
degrees (2.1%) 

2 degree (78.9%), 4 
degrees (15.5%), 6 
degrees (3.4%), 8-14 
degrees (2.3%) 

Landforms/  
Physiographic 
Regions 

Drumlinized Till Plain Drumlinized Till Plain Drumlinized Till Plain 

 
Terrain 
Ruggedness 
(300 m) 

11 m change 11 m change 18 m change 

 

 Based on the catchment analysis presented in Table 4-26, the New site inhabitants 

would have been able to access needed maize resources in all directions of the settlement 

area. The location of the New Site along the western bank of a creek increases the 

likelihood the New site catchment area was oval or semi-circular, though the possibility 

of exploiting areas on the other side of the creek is not negated. Additionally, to the north 

there is significant overlap between the 1000 m buffer for the New site, and the 1000 m 

buffer for the Burkholder 2 site, both of which have been 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 topography on the south side of Milliken 

Branch, a tributary of the Rouge River (ASI 2010b).  

 Table 4-27 presents the results of the catchment analysis at three scales for the 

Robb site. Across the three scales, the Robb site appears to have been well-situated for 

maize agriculture. Loam soil is predominate across all three scales, with small areas of 

alluvial soils encountered along the edges of waterways. The slope of the area is mostly 

0-4 degrees, with small portions of the catchments increasing to 16 degrees. 
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The former population of the Robb site is estimated as 693-1,000 individuals, 

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

planting year, increasing to 83.16-120.0 hectares after 10 years. The Robb site inhabitants 

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

catchment area, with a likely need to expand beyond 500 m as the 10th planting 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, 
Variable 

 
Imperfect, Good, 
Variable, Poor 

DEM (m asl) 161-190 161-190 
 
131-190 

Slope (0 to) 

2 degrees (40.3%), 4 
degrees (43.3%), 6 
degrees (10.3%), 8-12 
degrees (6.1%) 

2 degrees (55.8%), 4 
degrees (28.4%), 6 
degrees (10.4%), 8-16 
degrees (5.6%) 

 
2 degrees (69.6%), 4 
degrees (22.2%), 6 
degrees (5.6%), 8-16 
degrees (2.6%) 

Landforms/  
Physiographic 
Regions 

Drumlinized Till Plain Drumlinized Till Plain Drumlinized Till Plain 

 
Terrain 
Ruggedness 
(300 m) 

16 m change 16 m change 20 m change 

 

Based on the catchment analysis presented in Table 4-27, the Robb site inhabitants would 

have been able to access needed maize resources in all directions of the settlement area. 

The location of the Robb site along the southern bank of Milliken Branch makes it likely 

resources acquisition was focused along the western, southern and eastern ranges of the 

catchment areas. 
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4.4.3 The Burkholder 2 Site (AlGt-35) Catchment Analysis 

The Burkholder 2 site is located between two tributaries of the Rouge River (ASI 2005). 

Images included in the excavation report illustrate relatively flat to gently rolling terrain.  

 Table 4-28 presents the results of the catchment analysis at three scales for the 

Burkholder 2 site. Across the three scales, the Burkholder 2 site appears to have been 

well-situated for maize agriculture. Although classified in this area as imperfectly 

drained, loam soil is predominate across all three scales, with only a small area of alluvial 

soils encountered within the 1000 m buffer. The slope of the area is predominately 0-4 

degrees, with small portions of the catchments increasing to 14 degrees. 

The former population of the Burkholder 2 site is estimated as 242-300 

individuals, with a subsequent need for 14.52-18.0 hectares for growing maize crops for 

the first planting year, increasing to 29.04-36.0 hectares after 10 years. The Burkholder 2 

site inhabitants would have been able to meet their projected maize requirements within 

the 250 m catchment area, with a likely need to expand beyond 250 m as the 10th planting 

year approached.  

 

Table 4-28: Burkholder 2 site catchment analysis summary 
 
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 

Slope (0 to) 
2 degrees (55.8%), 4 
degrees (43.3%), 6 
degrees (0.9%) 

2 degrees (74.3%), 4 
degrees (23.6%), 6 
degrees (1.2%), 8-14 
degrees (0.9%) 

 
2 degrees (76.4%), 4 
degrees (20.3%), 6 
degrees (2.0%), 8-14 
degrees (1.3%) 

Landforms/  
Physiographic Drumlinized Till Plain Drumlinized Till Plain Drumlinized Till Plain 
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Regions  

 
Terrain 
Ruggedness 
(300 m) 

10 m change 10 m change 18m change 

 

Based on the catchment analysis presented in Table 4-28, the Burkholder 2 site 

inhabitants would have been able to access needed maize resources in all directions of the 

settlement area.  

 

4.4.4 The Orion Site (AlGu-45)/Murphy-Goulding Site (AlGu-3) Catchment Analysis 

The Orion/Murphy-Goulding site is located on the east bank of a watershed tributary on 

the southern flank of the Maple spur of the Oak Ridges Moraine; the topography of the 

area was noted to be level, while drainage is variable, with seasonal inundation (ASI 

2008). The Orion and Murphy-Goulding portions represented the two northernmost Late 

Woodland sites in the above comparative analysis. Given they together likely represent 

the north and south portions of a large site, they are considered as one site here. 

 Table 4-29 presents the results of the catchment analysis at three scales for the 

Orion/Murphy-Goulding site. Due to the distance noted between the two excavated 

portions, the resulting catchment buffers are ovoid. Sandy loam and loam soils are 

predominate in the north half of the catchment areas, with clay loam soils covering the 

south catchments. Although the excavation noted the area experiences seasonal 

inundation regarding drainage patterns, Hoffman and Richards (1995) considered the area 

to be reasonably well-drained, with small portions of the 1000 m buffer considered to be 

imperfectly drained. The slope of the area is predominately 0-4 degrees, with small 

portions of the catchments increasing to 16 degrees. Of the four sites considered here, the 
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Orion/Murphy-Goulding site catchments experienced the most variation when it came to 

terrain ruggedness, with an average 20 m change noted across 300 m; however this value 

is still far less than the highest ruggedness value within the watershed at a 300 m scale 

(45m), and reflects the positioning of the site in relation to the Oak Ridges Moraine. 

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

1,650 individuals, with a subsequent need for 39.6 -99.0 hectares for growing maize 

crops for the first planting year, increasing to 79.2-198.0 hectares after 10 years. As 

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

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

 
 
Table 4-29: Orion/Murphy-Goulding site catchment analysis summary 
 
Catchment 
Scale 250 m (19.6 hectares) 500 m (78.5 hectares) 1 000 m (314 hectares) 

Soil Sandy Loam, Clay Loam, 
Loam, Alluvial 

Sandy Loam, Clay 
Loam, Loam, Alluvial 

Sandy Loam, Clay 
Loam, Loam, Alluvial 

Drainage Good, Variable Good, Variable 
 
Good, Variable, 
Imperfect 

DEM (m asl) 251-310 251-310 
 
249-310 

Slope (0 to) 

2 degrees (42.2%), 4 
degrees (28.7%), 6 
degrees (17.7%), 8-12 
degrees (11.5%) 

2 degrees (35.1%), 4 
degrees (34.4%), 6 
degrees (17.6%), 8-16 
degrees (12.9%) 

 
2 degrees (38.8%), 4 
degrees (36.3%), 6 
degrees (15%), 8-16 
degrees (9.9%) 

Landforms/  
Physiographic 
Regions 

Kame Moraine, 
Drumlinized Till Plain 

Kame Moraine, 
Drumlinized Till Plain 

Kame Moraine, 
Drumlinized Till Plain 

 
Terrain 
Ruggedness 
(300 m) 

20 m change 20 m change 20 m change 

 

Based on the catchment analysis presented in Table 4-29, the Orion/Murphy-Goulding 

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

catchment area, where sandy loam and loam soils are present. It is possible the clay loam 
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soils in the south part of the catchment areas could have supported maize agriculture, but 

comparatively the soils in the northern part of the catchment would have been easier to 

work with hand implements. The majority of maize resource requirements could have 

been met within 1000 m to the west, north and east of the site; if necessary, the 

inhabitants would have had the choice to try their hand at tilling the heavier clay soils, or 

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

 

4.5 Summary 

Based on population estimates for the four Late Woodland sites with available settlement 

patterns, three of the sites would have been able to meet yearly maize requirements 

within a 500 m catchment of settlements, with the Burkholder 2 site likely able to 

accomplish this within 250 m. The Orion/Murphy-Goulding site would have required the 

largest catchment area. Further discussion related to the comparative analysis and 

catchment analysis is provided in Chapter 5. 
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Chapter 5: Discussion and Interpretation 

Proposed determinants of Late Woodland site selection include defense, communication 

with other settlements, proximity to navigable waterways, proximity to overland trails 

and the need to meet agricultural requirements (Campbell and Campbell 1992; 

Engelbrecht 2009; Heidenreich 1971; Jones 2006, 2008; Ramsden 1990).  Here I consider 

the environmental factors related to maize agriculture as a driving force behind settlement 

location preferences. 

Two key observations were identified in the preceding chapter: 1) no selective 

processes could be discerned related to maize-driven Late Woodland location strategies 

in the Rouge River watershed, as the vast majority of the watershed was found to have 

been favourable for maize agriculture; and 2) maize requirements were easily able to be 

met within one-km catchment areas for four sites studied in detail, and in one case within 

a catchment as small as 250 m.  These key points will be more fully explored below, 

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

 

5.1: Comparative Analysis 

The comparative analysis of environmental variables and Late Woodland sites identified 

that, within the Rouge River watershed, several of the variables reviewed exhibit 

attributes favourable to maize agriculture across the expanse of the watershed.  These 

include drainage, slope and terrain ruggedness.  Some selective process appears to have 

been considered during the Late Woodland period concerning elevation, however it is 

unlikely higher or lower elevations within the watershed would have had an impact on 

the ability to grow maize, as it was previously determined that climatic variation within 
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the watershed area was minimal.  Statistically significant differences between the random 

points and Late Woodland sites were only identified for slope and terrain ruggedness at 

the 100-m scale, though both variables exhibited attributes favourable to maize 

agriculture across the majority of watershed.  In fact, the vast majority of the watershed is 

considered to exhibit attributes favourable to maize agriculture. This does present an 

interesting question though: if maize could be grown throughout the watershed, what 

exactly was driving site location selection?  

  Well-drained soils have traditionally been considered to be an important 

prerequisite for maize agriculture (Campbell and Campbell 1992; Demeritt 1991; 

Heidenreich 1971), though variations in this model have been noted in York County, with 

MacDonald (2002) identifying a strong correlation in this area of sites to imperfectly 

drained soils.  The results presented herein support that correlation. The distribution of 

soil classes was found to be correlated with drainage classes across the watershed.  The 

only marked difference between the correlation of Late Woodland site catchments (250 

m) to watershed drainage classes was related to the presence of variable drained soils in 

close proximity to Late Woodland sites (watershed 8%, Late Woodland sites 12.5%).  

This is considered to be the result of locating sites in close proximity to waterways for 

potable water and travel, or additional, in close proximity to cedar swamps for building 

materials.   

Overall the vast majority of the watershed exhibits drainage patterns that would 

have been favourable to maize agriculture, making it difficult to identify drainage 

patterns as a variable that was selected for during settlement location selection. 

Statistically there is no difference between the location of the random points and the Late 
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Woodland sites, with respect to drainage patterns encountered (Chi-squared=0, df=1, 

p>0.05). Ethnographic analogies have shown Late Woodland peoples utilized the mound 

system for maize (and squash and bean) agriculture (cf. Heidenreich 1971:175-177), 

which would have allowed for the growing of maize in imperfectly drained soils as well 

as well drained soils.  The process of planting maize seeds in small hills would have kept 

young seeds in a better-drained micro-environment, and out of standing water that is 

prevalent in fields in the springtime (Mt. Pleasant 2006). 

A 15 degree slope is considered to be the upper limit for the successful growth of 

Aboriginal maize (Jones 2008).  Within the Rouge River watershed a range in slope 

degrees of 0-29.7 was identified.  Over 75% of the watershed exhibits a degree of slope 

between 0 and 2.0 degrees.  Small areas with a greater degree of slope are located along 

the Oak Ridges Moraine, and in the southern part of the watershed, associated with deep 

river channels.  This area in the south was void of Late Woodland sites, though it is 

possible this is a factor of sites being destroyed by nineteenth and twentieth century 

development along the lakeshore.  The exception is the Bead Hill site, circa A.D. 1680, at 

the mouth of the Rouge River, settled after European contact. The Orion/Murphy-

Goulding site is the only site located within the Oak Ridges Moraine, and was subject to 

the catchment analysis.   

 When the 100 random points and Late Woodland sites were plotted on the slope 

model it was noted that neither the random points nor sites included areas within their 

250 m catchments where slope values exceeded 20 degrees.  This demonstrates that while 

slope values within the watershed extended up to 29.7 degrees, very few areas within the 

watershed exhibit areas of slope greater than 20 degrees.  This is also clear in Figure 4-5.  
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Looking at only Late Woodland sites, just one site included an area within its catchment 

where slope extended up to 20 degrees (Ken Reesor 2, AlGt-14, ca. 1400-1450).  This 

area of slope is associated with a deep cut bank down to a water course.  Aside from Ken 

Reesor 2, the catchment areas of the remaining Late Woodland sites did not exceed slope 

values of 12 degrees.  In most cases, the vast majority of slope values within the Late 

Woodland catchments ranged from 0–4 degrees.   

At first glance it appears the vast majority of the watershed exhibits slope ranges 

that would have been favourable to maize agriculture; however a statistically significant 

difference was identified between the location of the random points and the Late 

Woodland sites, with sites clustering within 2.0 and 12.0 degree of slope (Mann-Whitney 

W=405.5, p-value=0.0247). 

Terrain ruggedness was sampled at three scales: 100 m, 300 m and 1000 m.  

Maximum variation in elevation for the sampled cells across the watershed was 36 m 

(100 m cells), 45 m (300 m cells) and 74 m (1000 m cells).  Catchment areas for the 100 

random points included ruggedness differences of 23 m (100 m cells), 29 m (300 m cells) 

and 50 m (1000 m cells).  It was clear in the GIS models for the three scales, as well as in 

the results of the random points, that only a small proportion of the watershed included 

areas where the ruggedness values were at their highest.  Figure 4-8, illustrating the 

ruggedness of the watershed at the 300 m scale, shows this. 

 The range of ruggedness encountered within the Late Woodland catchment areas 

demonstrates a slight selective process for less rugged terrain that is most noticeable at 

the 300 m scale (Table 4-13).  At the 300 m cell scale Late Woodland catchments 

accounted for 72.4% of the random points range, and 46.7% of the watershed range.  
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Statistically there is a significant difference between the location of the random points 

and the Late Woodland sites with respect to terrain ruggedness at the 100 m scale (Mann-

Whitney W=416, p-value=0.035), with sites found to be clustered in less rugged terrain.  

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

Woodland sites at the 300 m scale and 1000 m scale (Mann-Whitney W=456, p-

value=0.081; Mann-Whitney W=642.5, p-value=0.95).   

The digital elevation model (20 m scale) illustrates that elevation in the Rouge 

River watershed increases steadily from 73 m asl along the north shore of Lake Ontario, 

northwest to the northern limit of the watershed at the Oak Ridges Moraine.  The 

elevation in the northwest part of the watershed peaks at 371 m asl, for a rise in elevation 

of 298 m across the watershed.  The plotting of the random points and Late Woodland 

sites demonstrated a selection preference for settlement away from the north shore of 

Lake Ontario and south of the Oak Ridges Moraine.  For a moment removing the 

northernmost sites in the watershed (AlGu-3/AlGu-45, Orion/Murphy-Goulding site, up 

to 279 m asl), the clustering of remaining sites was found to be between 151-210 m asl, a 

range of 20% of the random points/watershed range.  This elevation range corresponds 

with the gently rolling South Slope till plains. As detailed in the sections below, it is 

likely the preference for loam soils widely encountered within the South Slope is what 

was preferred for site location selection, with the elevation ranges discussed above being 

auto-correlated to these areas.  Statistically there is no difference between the location of 

the random points and the Late Woodland sites, with respect to elevation (Mann-Whitney 

W=821, p>0.05).   
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The Rouge River watershed includes four physiographic regions (Chapman and 

Putnam 1984) and seven “landform” areas, some of which are correlated with the 

physiographic regions (Figures 4-6, 4-7).  The GIS model with the random points and 

Late Woodland sites suggests a selection process where drumlinized till plains were 

selected for, along with kame moraines and potentially drumlins, and bevelled till plains 

were selected against.  Sand plains, clay plains and beach ridges are not identified at all in 

the Late Woodland catchment areas.  These drumlinized till plains are known as the 

South Slope physiographic region, and a selective preference for this physiographic 

region during the Late Woodland period has been suggested elsewhere (MacDonald 

2002).  As illustrated in Figure 4-6, despite the Peel Plain physiographic region covering 

approximately one-third of the watershed area, only one major Late Woodland settlement 

has been identified in this region.  Physiographic regions are grouped based on 

differences in glacial deposits (Chapman and Putnam 1984), which often correlates to 

groupings of similar landforms and soil types. Statistically there is no difference between 

the location of the random points and the Late Woodland sites, with respect to landform 

areas encountered, and by extension, physiographic regions (Chi-squared=2.17, df=1, p-

value=0.14). 

A preference for sandy loam or loam soils to support Aboriginal maize agriculture 

is well documented (Campbell and Campbell 1992; Demeritt 1991; Dodd et al. 1990; 

Heidenreich 1971; Jones 2008; MacDonald 2002; Williamson 1990). Within the Late 

Woodland catchment areas loam soils are the prominent soil class, representing 67.4% of 

soils within the Late Woodland catchments.  This is an increase compared to the presence 

of loam soils within both the total watershed area and within the random points 
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catchment areas (Tables 4-2, 4-3, 4-4).  Loam soils appear to have been preferentially 

selected for major settlements during the Late Woodland.  Alluvial deposits, associated to 

rivers and streams, are the second most prevalent soil type within Late Woodland 

catchments (12.5% of soils).  This is also an increase of the frequency of alluvial deposits 

compared to the watershed area and random points, and likely is a reflection of the need 

for settlements to be located in close proximity to potable water sources.  Clay soils (both 

clay and clay loam) accounted for 30.9% of the soils within the watershed and 28.4% of 

the soils within the random points catchments.  For the Late Woodland sites, clay soils 

accounted for only 10.4% of soils within 250m, suggesting clay soils were selected 

against by Late Woodland peoples.   

 The results of the soil analysis are consistent with observed soil preferences for 

Aboriginal maize agriculture (Campbell and Campbell 1992; Demeritt 1991; Dodd et al. 

1990; Heidenreich 1971; Jones 2008; MacDonald 2002; Williamson 1990).  However, 

statistically there is no difference between the location of the random points and the Late 

Woodland sites, with respect to soil types encountered (Chi-squared=1.96, df=4, p>0.05). 

 While summary statistics suggest soils and landforms/physiographic regions were 

the two variables that drove settlement location decisions, slope and terrain ruggedness at 

a 100 m scale (with a preference for less rugged terrain) showed a statistically significant 

difference between the location of the Late Woodland sites in the watershed and the 100 

random points, though both variables exhibited attributes favourable to maize agriculture 

across the majority of watershed. Given that the comparative analysis shows the vast 

majority of the Rouge River watershed exhibits conditions favourable to maize 

agriculture, the tests establishing whether settlements were selected specifically for maize 
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agriculture are considered inconclusive.  Additionally, the results of questioning 

settlement restrictions at a regional scale to areas favourable for maize agriculture are 

considered inconclusive, given that environmental conditions favourable to maize 

agriculture are widespread throughout the watershed.  Replicating this test in a watershed 

with Late Woodland sites that have yielded maize remains, and where the watershed 

exhibits greater environmental variation could yield more conclusive results to these 

questions. Along the north shore of Lake Ontario, south of the Oak Ridges Moraine, I 

would not expect to find a suitable watershed, though some of the more northern 

watersheds in central Ontario may yield tangible results. At the very least several 

contributions can be discerned from the comparative analysis.  First, the location of the 

Late Woodland sites were found to be consistent with what has previously been 

considered to be environmental variables required for Aboriginal maize agriculture.  The 

exception that was noted was the apparent preference in what is now York County for 

imperfectly drained soils, results that match what was previously reported on by 

MacDonald (2002).  Secondly, a method was used here that can be easily applied to other 

watershed systems.  This method used a data set to establish whether a selection of 

environmental variables that have been considered preferable for maize agriculture can 

be shown to have been selected for rather than simply assumed to have been important.   

 Given that much of the archaeological research conducted in the Rouge River 

watershed has been through the course of CRM, it must be considered that what we 

currently know about Late Woodland site location selection does not reflect selection 

practices, but rather is biased based on areas that have been targeted for modern 

infrastructure development.  Additional archaeological survey, particularly in the 
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northern part of the watershed, may result in the identification of additional 

archaeological sites that could adjust the results presented herein. 

 An important result of the comparative analysis was the identification that the vast 

majority of the Rouge River watershed was found to have been ideal for maize 

agriculture.  Which leads to an important question for future research: if agricultural 

needs were not driving settlement location selection in this area, what was?  

 

5.2: Population Estimates and Catchment Analysis 

Previous studies have used a range of methods for population estimates from both 

ethnographic and archaeological sources, including site size, midden number, hearth 

counts and roofed floor area (cf. Warrick 2008:64-72).  For this analysis total site area 

and hearth counts (identified and inferred) were used to estimate the population of four of 

the sites.  The site area estimates were consistently higher than the hearth count estimates, 

and were therefore used as the maximum population estimate while the hearth counts 

were used as the minimum, creating an estimate range for each site.  Various reasons to 

account for the wide range of estimates encountered were discussed in Chapter 4, 

including unexcavated areas of sites, and houses that were not completely identified.  

 Population estimates using settlement pattern remains from pre-contact sites in 

southern Ontario are not widely reported on, though several examples do exist (Birch and 

Williamson 2013; Creese 2011; Jamieson 1986; MacDonald 1986; Warrick 2008).  

Previous studies have focused on estimating the population of regions, and how those 

estimates increased or declined over time (Heidenreich 1971; Warrick 2008).  Warrick 

(2008) has summarized the pitfalls of various methods of estimating pre-contact 
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populations and states that settlement remains offer the best leads.  Whereas Warrick 

used Dodd’s hearth spacing averages (1984) to estimate total hearths across a region, the 

analysis here used identified and inferred hearths, as well as settlement area, on a site by 

site basis.  When no hearths were identified, or only a small number, average hearth 

space intervals based on time period were used to extrapolate likely hearth locations 

(Dodd 1984; Warrick 2008).  Each of the four sites was excavated after Dodd’s study of 

Iroquoian longhouse configuration.  In several instances inferred hearths line up with the 

presence of post-mould clusters that would have supported cooking apparatuses (ASI 

2008, 2010a; Ramsden 1990). It also has been suggested that these clusters could 

represent small interior sweat lodges (McDonald and Williamson 2001).  The instances 

where inferred hearths were found to be located in close proximity to post mould clusters 

demonstrates the strength of Dodd’s body of work, despite the additional Iroquoian sites 

(and data) that have been identified since 1984.  Considering the consistency of Dodd’s 

hearth spacing averages and the general acceptance of two families per hearth with an 

average of five people per family (Dodd 1984; Heidenreich 1971; Jones 2008; 

MacDonald 1986; Jamieson 1986; Snow and Starna 1989; Timmins 2009; Warrick 

2008), the inferred hearth method for estimating population on a site by site basis is 

considered to be relatively robust.  However, for this method to be most effective, entire 

site areas need to be excavated.  The discrepancies that can result from partially 

excavated sites was evident in the population estimate for the Orion/Murphy-Goulding 

site based on hearth count (n=660) and settlement area (n=1,650). 

I undertook a site-based catchment analysis using population estimates to 

determine the range within which maize resources could be obtained.  Previous research 
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indicates most Late Woodland communities required a one kilometre catchment radius 

for sufficient agricultural land (Heidenreich 1971; MacDonald 1986, 2002), while 

catchments up to two kilometres have also been considered as representative of an 

acceptable walking distance with a weighted load of resources (Fecteau et al. 1994; 

Jamieson 1986; Jones 2008). Catchments have previously been considered in various 

shapes including circular (Hunt 1992; MacDonald 1986), oval (Jamieson 1986; 

MacDonald 2002) and semi-circular (Fecteau et al. 1994). 

 Based on population estimates for the four Late Woodland sites with available 

settlement pattern data, three of the sites would have been able to meet yearly maize 

requirements within a 500 m circular catchment of settlements, with the Burkholder 2 site 

likely able to accomplish this within 250 m. As the largest site within the watershed, the 

Orion/Murphy-Goulding site would have required the largest catchment area.  It is 

possible the Orion/Murphy-Goulding represents an early coalescence of smaller 

occupations, similar to what was observed at the Parsons and McKenzie-Woodbridge 

sites in the Humber River watershed to the west and the Draper and Mantle Sites in the 

Duffins Creek watershed to the east (ASI 1998; Birch 2010, 2012).  The catchment areas 

identified here as being able to meet maize requirements over the course of 10 years are 

far smaller than the one to two kilometre catchments that are often considered, though 

these figures do not take into account attempts to harvest and store surpluses for lean crop 

years (Heidenreich 1971).  They are also far smaller than previously reported on potential 

maize catchment limits at the Draper site (between 1.8 and 3.3 km) (Birch and 

Williamson 2013; Bowman 1974) and Mantle (between 1.6 and 3.3 km) (Birch and 

Williamson 2013), though as each of these sites occupied areas of 4.2 hectares, it is also 
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expected the catchment areas of maize would be larger.  In the case of all four sites, the 

site catchments could have been reshaped into ovals or semi-circles with relative ease.  

Particularly, the slope and terrain ruggedness models did not indicate any physical 

features in close proximity to these sites that would have prevented a circular catchment 

from being used.  The exception may have been the New site (AlGt-36).  The New site 

was located on the western bank of a tributary of Little Rouge Creek, though its position 

at the headwaters of this tributary and the relatively low slope of the immediate area 

suggests this watercourse was not deep cut or wide.   

A recent study by Birch and Williamson (2013) suggests a site with a population 

of 200 individuals would require a catchment of 578 m from site, a population of 400 

individuals would require a catchment of 819 m from site and a population of 1523 

individuals (the Mantle site) would require a catchment of 1,601 m from site.  Although 

these catchment estimates are substantially larger than what the results of my analyses 

suggest, there are several key differences.  My study looked at minimum maize 

requirements over a span of 10 years and did not consider maize surplus for storage and 

trade.  Birch and Williamson considered field use around a site for 15-25 years, including 

abandoned fields, and considered an additional two years of crop growth for surplus 

2013:97-100).  Both my analysis and the analysis by Birch and Williamson used 

Monckton’s values for maize consumption (1992, 1994), so while the methods for each 

study were variable, the catchment estimates for each may become closer in size if my 

study were to consider maize surplus needs or a larger time span (greater than 10 years). 
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5.3: Late Woodland Settlement Trends in the Rouge River Watershed and Beyond 

5.3.1: Late Woodland Origins 

The origins of Late Woodland peoples in south-central Ontario, whether through in situ 

development or migration, have been subject to numerous studies, including an Ontario 

Archaeological Society symposium devoted to the subject (Bekerman and Warrick 1995).  

Both theories explain components of the archaeological record and there is a growing 

chorus that suggests the origins of Late Woodland peoples was likely through a 

combination of the two processes (ASI 2009: Birch 2010; Engelbrecht 2003; Smith and 

Crawford 1997; Williamson 1990, 2012).  In the past, origins theories have been based 

predominately on the identification of cultural affinities or continuations based on artifact 

similarities.  This is no longer the case, with more and more studies determining that 

artifact similarity is not akin to cultural affinity, and that the overlapping territories, the 

high degree of social mobility and the apparent widespread acceptance of movement 

between social groups through adoption can account for similarities in artifacts across 

geographic distances (ASI 2009, Hart 2012; Knapp 2009). 

The perceived sudden appearance of matrilocality and maize-based agriculture is 

at the core of Snow’s migration theories for Late Woodland groups in New York State 

and Ontario (1995a, 1996a).  Hart does not accept or refute either the in situ or migration 

theories in their entirety, but does challenge Snow’s position on the perceived sudden 

appearance of maize agriculture and matrilocality ca. 900, and presents evidence to 

suggest the coevolution of maize agriculture and matrilocality in southern Ontario took 

place over several centuries (Hart 2001).  The gradual acceptance of maize in southern 

Ontario, as opposed to the sudden arrival of the subsistence technology, is very much 
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supported (ASI 2009; Martin 2009; Warrick 2008; Williamson 1990; Williamson and 

Pfeiffer 2003).  Maize production intensified ca. AD 1000 and by AD 1000 to 1200 had 

become abundant on archaeological sites; the transition to food production in southern 

Ontario at first only included maize, with sunflower, squash and beans added over time 

(Crawford et al. 2006; Smith and Crawford 2002; Warrick 2008).  Martin views the 

spread of maize through southern Ontario in terms of a “mosaic”, whereby knowledge of 

maize moved within context of face to face interactions, most likely between women 

(2009:310). Martin does not consider the spread of maize through the Lower Great Lakes 

to have occurred in a uniform southwest to northeast progress, but rather local groups 

chose when, how and with what other resources they would cultivate maize.   

As opposed to “one or the other”, it is considered far more likely a small number 

of Iroquoian speakers migrated north and introduced maize and Iroquoian language to 

resident Algonquian-speaking groups, following which the language and agriculture 

practice became widespread (ASI 2013).  Smith and Crawford (2002) have suggested the 

Princess Point Complex, between the western edge of Lake Ontario and the north shore 

of Lake Erie, was the region and group of people that maize was introduced through, ca. 

AD 500 to 600, though the origins of Princess Point remain unknown (Smith and 

Crawford 2002). As opposed to attempting to uncover an origin of agriculture for the 

Lower Great Lakes area, researchers are starting to consider what can be elucidated from 

the study of local patterns of maize adoption and spread (Martin 2009; Crawford and 

Smith 2002; Smith and Crawford 2002).    

 It is becoming increasingly accepted that the origins of maize and matrilocality, as 

a proxy for “Late Woodland peoples”, was through a combined process of in situ 
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development, diffusion, migration and even assimilation (ASI 2009: Birch 2010; 

Engelbrecht 2003; Smith and Crawford 1997; Williamson 1990, 2012), a process to 

which I agree with.  By accepting this and focusing on local study areas the nuances of 

that area concerning social, environmental and technological aspects, can be better 

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

 

5.3.2: Movement of Communities 

5.3.2.1: Increased Late Woodland Population Pressure 

During the fourteenth century a population explosion occurred in south-central Ontario.  

Within the span of a century the Late Woodland population is hypothesized to have 

increased from 10,000 to 24,000 persons (Birch and Williamson 2013; Warrick 2008).  

Warrick (2008:171-172) attributes this sharp increase in population to increased fertility 

and decreased infant and juvenile mortality, due to the stable food source that maize 

agriculture provided.  It has also been suggested that the onset of maize agriculture 

promoted larger families, due to the labour benefits (Warrick 2008). 

 This sharp increase in population has been cited as a reason for the north and 

western expansion of Late Woodland peoples into Simcoe County, what was in the 

seventeenth century known as Huronia to European explorers.  Earlier than that, the 

population increase is thought to have been the reason why groups moved off the sand 

plains along the north shore of Lake Ontario, and on to more drought resistant loam soils 

(Birch and Williamson 2013; Dodd et al. 1990; MacDonald 2002).   

 The movement of large settlements through the Late Woodland is attributed to a 

variety of factors including exhausting area soils of nutrients due to yearly maize crops, 
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exhaustion of area wood resources for building materials and fuel, and exhaustion of 

collecting and hunting resource acquisition areas.  Once a maize field was used and 

abandoned, it could have taken up to 100 to 150 years for the soil nutrients to return to 

pre-agricultural levels (Delcourt and Delcourt 2004).  Given the general northward 

movement of communities over time away from Lake Ontario, it is entirely possible that 

once a field was used and abandoned it was not used again by another group for growing 

maize, but may have become a prime hunting area. 

 Previous studies have concluded that when Late Woodland communities in south-

central Ontario were forced to relocate, they did so at intervals of approximately 2-3 km 

between the old location and the new location (Fecteau et al. 1994; Trigger 1990; 

Warrick 2008), or even upwards of 5 km (Heidenreich 1971).  It is likely this distance 

was moved to acquire everything the former location had lost: soils rich in nutrients for 

maize agriculture, wood for building materials and fuel, and collecting and hunting 

resource acquisition areas.  Though as discussed below, during the mid-fifteenth century 

movement of settlements to a coalesced area likely was precipitated by increasing 

violence and warfare in the area (Birch 2010, 2012). 

 The distance between each Late Woodland site to every other Late Woodland site 

in the watershed was measured using the ArcGIS point distance function.  Between the 

Late Woodland sites subject to the comparative analysis the minimum distance between 

sites is 290 m between the Orion site and the Murphy-Goulding site, though these two 

sites were determined to represent one larger site (ASI 2008).  The next shortest distance 

between sites is 315 metres, between the Faraday site (ca. 1300-1350) and the Robb site 

(ca. 1350-1400).  This is a relatively short distance and may have required the Robb site 
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to use an oval or semi-circle catchment area to avoid the nutrient leached corn fields from 

the earlier Faraday site.  There is currently no indication that these two sites represent a 

habitation sequence by the same community, however it is possible. The maximum 

distance between sites is 21.8 km, while the average distance between sites is 9 km.  This 

average is possibly inflated due to the gap between the southern cluster of sites and the 

Watford and Orion/Murphy-Goulding sites to the north.  

The northern movement over time of Late Woodland peoples away from the north 

shore of Lake Ontario and into what is now Simcoe County has been well-documented 

(Birch 2010; Creese 2011; MacDonald 2002; Ramsden 1990; Warrick 2008; Williamson 

2013).  However a strict south to northern movement of communities away from the lake 

was not identified in the Rouge River watershed.  The New site (ca. 1300-1350), one of 

the earliest Late Woodland sites in the watershed is located north of four other sites, 

including Russel Ressor, located approximately 1.7 km south of the New site and dating 

approximately 100 years later.  The latest site in the watershed, the Watford site (ca. 

1450-1500), is located approximately 4.6 km south of the Orion/Murphy-Goulding site, 

the northernmost site in the watershed (ca. 1400-1450).  Although the northern 

movement of communities over time is not clearly illustrated in the Rouge River 

watershed, it is thought that the majority of the watershed’s fourteenth century population 

likely moved into the coalescent communities in the adjacent Duffins Creek watershed in 

the fifteenth century (Birch 2010).  In this way, the communities in the Rouge River 

watershed would have contributed to the general northern movement into Simcoe 

County. 
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 During the mid-fifteenth century smaller communities within the watershed 

drainages in south-central Ontario started to coalesce into larger communities fortified by 

palisades (Birch 2010, 2012; Birch and Williamson 2013; Ramsden 1990; Williamson 

and Pfeiffer 2003).  Birch also suggests that the growth of these settlements was not 

premeditated, and movement by other groups to the sites occurred sometime after their 

initial settlement.  Given the dramatic increase in settlement area compared to other 

excavated sites in the Rouge River watershed, it is possible the Orion/Murphy-Goulding 

site was a coalescent community, similar to Parsons and McKenzie-Woodbride (Humber 

River watershed), Draper (West Duffins Creek) and Mantle (Stouffville Creek) (ASI 

2008; Birch 2010, 2012).  There is evidence to suggest violence and conflict precipitated 

this coalescence, including the increased occurrence of settlements with multi-row 

palisades, the presence of human remains in middens and osteological evidence of deaths 

due to violent contact (Birch 2010; Ramsden 1990; Warrick 2008; Williamson and 

Pfeiffer 2003).  The causes of this increased hostility are unknown, though it has been 

suggested that infringements on resource acquisition territories, disputes over the 

formation of alliances, young men attempting to prove themselves and/or escalating 

blood feuds attributed to the growing hostilities (Birch 2010; Trigger 1990; Warrick 

2008).  Data suggests the increasing hostilities starting in the fifteenth century were 

largely between local communities, as opposed to between larger political alliances 

(Birch 2010; Williamson and Pfeiffer 2003). 

The eventual northern movement of communities away from Lake Ontario 

resulted in the area between the north shore of the lake and Oak Ridges Moraine being 

void of Late Woodland sites after ca. 1615 (Birch 2010, 2012; Creese 2011; MacDonald 
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2002; Ramsden 1990; Warrick 2008; Williamson 2013).  It is generally assumed these 

groups migrated north and joined the Huron (Wendat) Confederacy, and contributed to 

the social and geopolitical landscape that European explorers and Jesuit missionaries 

encountered in the early seventeenth century.  It is likely the Orion/Murphy-Goulding site 

represents a fifteenth century coalescent community, with no shortage of earlier sites in 

the south part of the watershed that could have been part of a sequence of settlement 

movements.  Such sequences have been identified in the nearby Duffins Creek and 

Humber River watersheds (Birch 2010; Birch and Williamson 2013; Williamson et al. 

2003). 

  



�
��
�

�

Chapter 6: Conclusions 

This thesis has examined Late Woodland site selection processes in the Rouge River 

watershed along with a discussion on the movement of communities during the Late 

Woodland period. My analysis established that most of the environmental variables 

examined exhibit characteristics that are favourable to maize agriculture across the Rouge 

River watershed. Although summary statistics suggest that a few soil types and 

landforms/physiographic regions appear to have been selected for at inter-watershed 

scales, statistically significant differences within the watershed were only identified for 

slope and terrain ruggedness, at the 100 m scale.  

 Based on population estimates for the four Late Woodland sites with available 

settlement pattern data, three of the sites would have been able to meet yearly maize 

requirements within a 500 m circular catchment of settlements, with the Burkholder 2 site 

likely able to accomplish this within 250 m. As the largest site within the watershed, the 

Orion/Murphy-Goulding site would have required the largest catchment area. It is 

possible the Orion/Murphy-Goulding represents an early coalescence of smaller 

occupations, similar to what was observed at the Parsons and McKenzie-Woodbridge 

sites in the Humber River watershed to the west and the Draper and Mantle Sites in the 

Duffins Creek watershed to the east (ASI 1998; Birch 2010, 2012).  

Although a direct northern movement of communities over time is not clearly 

illustrated in the Rouge River watershed, it is thought that the majority of the watershed’s 

fourteenth-century population likely moved into the coalescent communities in the 

adjacent Duffins Creek watershed in the fifteenth century (Birch 2010). In this way, the 
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communities in the Rouge River watershed would have contributed to the general 

northern movement into Simcoe County. 

  

6.1: Directions for Further Research 
 
 The growing use of GIS in archaeological research is enabling researchers to explore 

multiple questions at both micro- and macro-scales, with the ability to producing 

increasingly complex models. During the course of this research several additional 

avenues for further research were considered, although pursuing them were beyond the 

scope of this study.   

Replicating the method used here in a watershed with Late Woodland sites that 

have yielded maize remains, and where the watershed exhibits greater environmental 

variation, could yield more tangible results to questions of site location selection. 

Comparative studies could be undertaken as a temporal comparison, within the Early or 

Middle Woodland periods, or spatially, between various watersheds or regions. Future 

research could also turn the questions asked here around, and consider if the same factors 

that were thought to be responsible for choice settlement location also impacted 

abandonment decisions; this direction of research has been considered elsewhere (Jones 

2008).  

Regarding the study of the extent of maize cultivation in southern Ontario, 

previous studies have been undertaken that discuss the correlation between even-age pine 

stands that were encountered during the European settlement of the area and harvested 

for ship building, and abandoned maize fields (Bowman 1974). The use of eighteenth 
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century surveyors’ journals could lead to mapping possible abandoned maize fields that 

have been reclaimed across regions. 

Aside from the need to meet maize dietary requirements, the need for wood 

resources for building materials and fuel is often cited as a site location requirement, as 

well as an issue related to the abandonment of sites (Creese 2011; Day 1953; Dodd 1984; 

Fecteau et al. 1994; Heidenreich 1971; Munoz 2011; Trigger 1990; Warrick 2008; 

Wright 1966). Similar to the use of surveyors’ journals to track even age pine stands, the 

journals have been used to create historic vegetation models in south-central Ontario. The 

modern geo-political boundaries of the Regional Municipality of York have been used to 

create a GIS model that maps historic vegetation (Puric-Mladenovic 2003). As the 

current municipal boundaries are used, the model currently only includes the northern 

part of several watersheds, including the Rouge River. Work is currently being 

undertaken to expand the model (Puric-Mladenovic, personal communication); it will be 

possible in the future to use this model to infer with greater accuracy the forest 

distribution of south-central Ontario during the Late Woodland period, which will allow 

for GIS studies that explore the relationship between settlement locations and wood 

resources. 

 

6.2: Summary 

The range of sites within the Rouge River watershed do not include any early Late 

Woodland sites that could be used to test theories of Late Woodland origins. It is possible 

that future archaeological survey could identify early Late Woodland sites, with an 

expectation that they would be located closer to the north shore of Lake Ontario, though 

it is also possible that if these sites were located there, and that nineteenth and twentieth 
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century development of the north shore eradicated any archaeological evidence of their 

existence. It is becoming increasingly accepted that the origins of maize and 

matrilocality, as a proxy for “Late Woodland peoples”, was through a combined process 

of in situ development, diffusion, migration and even assimilation (ASI 2009: Birch 

2010; Engelbrecht 2003; Smith and Crawford 1997; Williamson 1990, 2012), a process 

with which I agree. By accepting this and focusing on local study areas the nuances of 

that area concerning social, environmental and technological aspects, can be better 

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

The multi-scalar analysis conducted here adds to a small but growing body of 

literature that seeks to bridge the divide between site specific and regional analyses 

(Birch 2010, 2012; Knapp 2009; MacDonald 2002). The aim of this thesis was to identify 

patterns of site selection processes across the Rouge River watershed, and compare that 

with the required catchment areas of four sites to meet yearly maize requirements. 

The analysis conducted did not produce conclusive results to answer questions related to 

site location selection in the Rouge River watershed, however it did show that 

requirements for maize resources at three fifteenth century Rouge River watershed sites 

could have been met in catchment areas of 500 m or less, in one case in 250 m or less. 

Additionally, a method for testing the importance of environmental variables was used 

that can be easily replicated for other regions and or time periods. This method used a 

data set to critically analyze and confirm environmental variables that have been 

considered preferable for maize agriculture, preventing them from becoming assumptions 

without formal verification. The results presented herein, as well as the directions for 
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future research, add to the growing body of regional studies that explore the relationships 

between human groups and their environments. 
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Appendix A: Site Settlement Plans 
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Figure B-1: The New Site (AlGt-36) Settlement Pattern (ASI 2010a:Figure 5). 
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Figure B-2: The Robb Site (AlGt-4) Settlement Pattern (ASI 2010b:Figure3). 
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Figure B-3: The Burkholder 2 Site (AlGt-35) Settlement Pattern (ASI 2005:Figure 4). 
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Figure B-4: The Orion Site (AlGu-45) Settlement Pattern (ASI 2008: Figure 2). 
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Figure B-5: The Murphy-Goulding Site (AlGu-3) Settlement Pattern (ASI 1998:Figure 
3).
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Figure B-6: The Orion/Murphy-Goulding Site (AlGu-3, AlGu-45) Settlement Pattern (ASI 2008: 
Figure 9)
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Appendix B: House Settlement Plans 
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Figure B-1: New Site (AlGt-36) House 1 Settlement Pattern (Source: ASI 2010a).�
 

 

 

Figure B-2: New Site (AlGt-36) House 2 Settlement Pattern (Source: ASI 2010a).�
 

 

 

Figure B-3: New Site (AlGt-36) House 3 Settlement Pattern (Source: ASI 2010a).�
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Figure B-4: New Site (AlGt-36) House 4 Settlement Pattern (Source: ASI 2010a). 
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Figure B-5: New Site (AlGt-36) House 5 Settlement Pattern (Source: ASI 2010a). 
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Figure B-6: New Site (AlGt-36) House 6 Settlement Pattern (Source: ASI 2010a). 
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Figure B-7: Robb Site (AlGt-4) House 1 Settlement Pattern (Source: ASI 2010b). 
 

 

 
Figure B-8: Robb Site (AlGt-4) House 2 Settlement Pattern (Source: ASI 2010b). 
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Figure B-9: Robb Site (AlGt-4) House 3 Settlement Pattern (Source: ASI 2010b). 
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Figure B-10: Robb Site (AlGt-4) House 4 Settlement Pattern (Source: ASI 2010b). 
 
 
 

 
 
Figure B-11: Robb Site (AlGt-4) House 5 Settlement Pattern (Source: ASI 2010b). 
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Figure B-12: Robb Site (AlGt-4) House 6 Settlement Pattern (Source: ASI 2010b). 
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Figure B-13: Robb Site (AlGt-4) House 7 Settlement Pattern (Source: ASI 2010b). 
 



����
�

�

�

Figure B-14: Robb Site (AlGt-4) House 8 Settlement Pattern (Source: ASI 2010b). 
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Figure B-15: Robb Site (AlGt-4) House 9 Settlement Pattern (Source: ASI 2010b). 
 
 
 

 

Figure B-16: Burkholder 2 Site (AlGt-35) House 1 Settlement Pattern (Source: ASI 2005). 
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Figure B-17: Burkholder 2 Site (AlGt-35) House 2 Settlement Pattern (Source: ASI 2005). 
 
 

 
Figure B-18: Burkholder 2 Site (AlGt-35) House 3 Settlement Pattern (Source: ASI 2005). 
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Figure B-19: Burkholder 2 Site (AlGt-35) House 4 Settlement Pattern (Source: ASI 2005). 
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Figure B-20: Orion Site (AlGu-45) House 1 Settlement Pattern (Source: ASI 2008). 
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Figure B-21: Orion Site (AlGu-45) House 2 Settlement Pattern (Source: ASI 2008). 
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Figure B-22: Orion Site (AlGu-45) House 3 Settlement Pattern (Source: ASI 2008). 
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Figure B-23: Orion Site (AlGu-45) House 4 Settlement Pattern (Source: ASI 2008). 
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Figure B-24: Orion Site (AlGu-45) House 5 Settlement Pattern (Source: ASI 2008). 
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Figure B-25: Orion Site (AlGu-45) House 6 Settlement Pattern (Source: ASI 2008). 
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Figure B-26: Murphy-Goulding Site (AlGu-3) House 1 Settlement Pattern (Source: ASI 
1998). 
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Figure B-27: Murphy-Goulding Site (AlGu-3) House 2 Settlement Pattern (Source: ASI 
1998). 
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Figure B-28: Murphy-Goulding Site (AlGu-3) House 3 Settlement Pattern (Source: ASI 
1998). 
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Figure B-29: Murphy-Goulding Site (AlGu-3) House 4 Settlement Pattern (Source: ASI 
1998). 
 
 


