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ABSTRACT 

 

From Foraging to Farming: Changing Diet-Breadth and the Middle to Late Woodland Transition 

in Southcentral Ontario (ca. 1450–650 B.P.) 

 

Daniel Worby 

 

 

This study examines foraging strategies during the Middle Woodland Period’s Sandbanks 

Phase (A.D. 700–1000) on Boyd Island, Pigeon Lake, Ontario. The faunal remains analyzed in 

this study were recovered from a site associated with the procurement of aquatic and terrestrial 

taxa. Detailed taphonomic analyses have revealed that the Boyd Island faunal remains were 

affected by weathering and human transport decisions. White-tailed deer was the most frequently 

acquired prey at Boyd Island, followed by black bear. Using the central place forager prey choice 

model as a framework, the analysis of diet breadth and carcass transport patterns suggests that 

most animal resources were acquired from both aquatic and terrestrial habitats, at moderate 

distances from the site. Incomplete carcasses of large game appear to have been transported 

away from the site, where they were subsequently processed for provisioning or consumption. 

Comparisons with other Sandbanks faunal assemblages and those dating to later periods indicate 

significant differences in terms of taxonomic composition, while continuing to emphasize the use 

of fish. It is suggested that the Middle Woodland foragers adopted subsistence strategies 

focusing on the exploitation of local habitats in which productivity may have been enhanced 

through niche construction associated with the low-level food production activities. 

 

Keywords: Archaeozoology, subsistence, foraging theory, niche construction theory, animal 

resource exploitation, taphonomy, Middle Woodland, Late Woodland, southcentral Ontario. 
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CHAPTER 1: INTRODUCTION 

 

 For many years, archaeological research in Ontario has focused on documenting the way 

of life of the precontact indigenous groups since their arrival between 11,000 and 10,500 years ago 

(Ellis 2013:38). These efforts have formed the basis of what archaeologists know about past 

Ontario Native peoples, particularly in southwestern Ontario. However, less is known regarding 

the past lifeways of Native peoples in southcentral Ontario. Indeed, many differences between the 

two regions exist in terms of climate, physiography, and their respective archaeological records. 

One area of archaeological research that has been the focus of a wide range of studies spanning 

both regions is the adoption of agriculture (see Crawford et al. 1998; Murphy 2006; Hart and Lovis 

2013; Crawford 2014). This is largely because the establishment of sedentary villages and 

intensive agriculture has been viewed as a distinguishing trait of the Late Woodland cultural period 

(800 to 1700 C.E.), from the earlier Middle Woodland (400 to 800 C.E.) (Williamson 2013:48, 

57). However, the adoption of these traits did not occur uniformly across all regions of Ontario, 

with maize agriculture becoming established later in southcentral Ontario than more westerly areas 

(Crawford 2014:155). 

 Unfortunately, the extant literature on early agriculture in Ontario rarely incorporates 

detailed faunal analyses to assess the impact that sustained agriculture may have had on animal 

resource exploitation strategies, especially in southcentral Ontario. As a result, the relationship 

between the breadth of animal resources procured and intensifying agriculture is poorly understood 

for the Middle to Late Woodland transition. Studies investigating the transition to agriculture in 

Ontario that do incorporate detailed floral and faunal analyses are mostly limited to sites in the 

southwest of the province (e.g., Foreman 2011).  
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1.1 Research objectives 

 

 The goal of this study is to contribute to our understanding of foraging behaviour in the 

study area during the gradual transition to agriculture by examining the animal resource 

exploitation strategies adopted by Native groups in southcentral Ontario. This issue is investigated 

using faunal remains recovered from Boyd Island, a multicomponent site located at the north end 

of Pigeon Lake, in Peterborough County, Ontario. The objectives of this research are as follows: 

1) To complete a taphonomic analysis of the faunal remains and evaluate the impact of 

natural and anthropogenic agents on the Middle Woodland assemblage at the site: 

2) To characterize the foraging strategies of past Indigenous groups at Boyd Island during 

the Middle Woodland period through an investigation of diet breadth, transport 

decisions, and skeletal part processing: 

3) To compare strategies of animal resource exploitation at Boyd Island with those at other 

Middle and Late Woodland assemblages from the same general region: 

4) To demonstrate that niche construction theory and foraging theory are not antithetical 

frameworks, and that these approaches can be applied simultaneously to investigate 

changes in subsistence. 

This thesis examines the relationship between indigenous populations and animal resources 

in southcentral Ontario during the Middle to Late Woodland transition. Additionally, this research 

will enhance our understanding of how the aboriginal foragers of southcentral Ontario influenced 

and responded to changes in their environments. Given that faunal remains are used to examine 

this interaction, it is important to note that cultural beliefs about animals are an important factor 

that can influence resource exploitation choices, though this aspect is not investigated in the 

present study. Importantly, the data presented here focuses exclusively on southcentral Ontario.  
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1.2 Thesis overview 

This thesis is organized into eight chapters covering different aspects of the present 

research. Chapter 2 describes the geographic and ecological context of the study area and 

introduces the Boyd Island, Lakeshore Lodge, Spillsbury Bay, Richardson, Kirche, and the Le 

Caron sites. It concludes with a general overview of precontact subsistence practices during the 

Middle and Late Woodland periods. Chapter 3 reviews niche construction theory and foraging 

theory along with the foraging model used to interpret the faunal remains from Boyd Island. The 

methods used to quantify the faunal assemblage and assess the integrity of the sample are presented 

in Chapter 4, whereas Chapter 5 describes the taxonomic composition and taphonomic history of 

the faunal assemblage. Chapter 6 presents the results of this study and discusses their implications 

for understanding animal resource exploitation at Boyd Island during the Late Middle Woodland 

Period. Chapter 7 compares how the faunal data fit with results from other analyses conducted in 

the study area. Lastly, Chapter 8 considers these results from the viewpoint of foraging theory and 

niche construction theory. It concludes with a discussion of the limitations that have influenced 

this research and offers broad suggestions for future research in southcentral Ontario. 
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CHAPTER 2: BOYD ISLAND AND SOUTHCENTRAL ONTARIO’S PRECONTACT 

SUBSISTENCE VARIABILITY 

 

 

2.1 Geographic and physiographic setting 

The study area falls within a subdivided expanse of southern Ontario generally referred to 

as southcentral Ontario is bordered by the geologic formation known as the Canadian Shield 

delineated by the Frontenac Axis1, and the Niagara Escarpment (Warrick 2008:12–13). The 

modern physiography of southcentral Ontario is largely the product of a series of glacial retreats 

and expansions during the Wisconsinian glaciation, with the events of the Late Wisconsinian (ca. 

25,000 to 10,000 BP) leaving the greatest imprint upon the region (Chapman and Putnam 

1984:26; Karrow and Warner 1990:5). Withdrawal of the ice sheets during the Late 

Wisconsinian, created an array of geomorphic features (see Appendix, B Figure B.1) (Ritter 

1986:386; Karrow and Warner 1990:5). Among these features, outwash plains are particularly 

important, as they are responsible for providing some of the region’s “parent material for soil 

formation” (Getis et al. 2008:76). 

According to Warrick (2000), the Frontenac Axis marks the northern limit of precontact 

Iroquoian occupation in the western and central portions of southern Ontario. However, in the 

east, on the north shore of the St. Lawrence River to just south of modern-day Ottawa, 

indigenous settlements were sometimes situated on the Paleozoic limestone plains above the axis 

(Warrick 2000:417). Glacial and lacustrine sediment deposits permitted the development of 

fertile soils here and to the south of the Frontenac Axis (Karrow and Warner 1990:19–20). As 

                                                            
1 The feature known as the Frontenac Axis is where the Precambrian shield extends southward into a more moderate 

climactic zone. The boundary between these two units is delineated by changes in the frequency of exposed bedrock 

in relation to the surrounding clay plains (Crins et al. 2009:42). 
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such, these deposits provided fertile soil for maize agriculture (Warrick 2000:417). Warrick 

(2000) suggests that the absence of productive soil, explains the lack of Iroquoian “villages” on 

the Canadian Shield2. 

 

2.2 Ecology and climate 

 An ecological land classification system that incorporates flora, fauna, climate, geologic, 

and topographic factors has been recently developed by the Ontario Ministry of Natural 

Resources (MNR). This system divides Ontario into three main ecozones3: the Hudson Bay 

Lowlands, the Ontario Shield, and the Mixedwood Plains (Crins et al. 2009:61). Boyd Island on 

Pigeon Lake, falls within the MNR’s Mixedwood Plains ecozone (see Appendix A, Figure A.1) 

(Crins et al. 2009:48). At a finer level the study area is situated within the MNR’s Lake Simcoe-

Rideau ecoregion4.  

The Lake Simcoe-Rideau ecoregion, in which the study area is situated, is comprised of 

similar bedrock material as the Mixedwood Plains though it is restricted to materials of 

Ordovician and Silurian age (Crins et al. 2009:47). Because the study area is closer to the 

Frontenac Axis, the bedrock in this northern portion of the ecoregion shows a mix of granite, 

gneiss, limestone, and sandstone. Annual temperatures range between 5 to 8°C, and mean annual 

precipitation ranges between 760 to 1,090 mm (Crins et al. 2009:47). Most of the land surface is 

characterized as “gently undulating, with well-developed glacial till,” which deeply covers 

                                                            
2 Early Iroquoian ceramic vessels or “Blackduck ware” have sometimes been identified at Algonquian sites north of 

the Georgian Bay. However, they likely reflect travel for the purposes of trade with Algonquians of the Canadian 

Shield, as opposed to settlement by Iroquoian populations (Fox and Garrad 2004:123). 

3 Ecozones, as defined by the MNR, are environmental characteristics on a continental scale (Crins et al. 2009:61). 

4 Ecoregions occur within ecozones and are defined by continental climate regimes along with variations in regional 

bedrock geology and geomorphology (Crins et al. 2009:61). 
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limestone bedrock (Polakowska et al. 2012:1482–1483). However, in several locations, 

limestone plains with shallow soils prevail. Deep glacially-deposited moraines are commonplace 

with many areas displaying fully developed drumlins and moraine structures (e.g., Oak Ridges 

moraine). Smoother lacustrine deposits are also found in this region, though less frequently 

(Crins et al. 2009:47). The rolling terrain becomes more rugged and elevated in areas 

approaching the Niagara Escarpment and the Frontenac Axis where numerous lakes are found 

(Crins et al. 2009:48; Polakowska et al. 2012:1483).  

Hardwood forests in the region are comprised of American beech (Fagus grandifolia), 

eastern hemlock (Tsuga canadensis), sugar maple (Acer saccharum), white ash (Fraxinus 

americana), and white oak (Quercus alba), among others (Hosie 1979; Karrow and Warner 

1990; Crins et al. 2009; Polakowska et al. 2012). The southern lowlands of this ecoregion 

contain numerous floodplains that facilitate the growth of food producing trees (also known as 

mast) such as hickory (Carya sp.), oak (Quercus sp.), chestnut (Castanea dentata), beech (Fagus 

sp.), and walnut (Juglans nigra) (Hosie 1979:136, 138, 176,178; Karrow and Warner 1990:8). 

Black ash (Fraxinus nigra), red ash (Fraxinus pennsylvanica), silver maple (Acer saccharinum), 

red maple (Acer rubrum), yellow birch (Betula alleghaniensis), eastern white cedar (Thuja 

occidentalis), and balsam fir (Abies balsamea) are also commonplace within the region (Hosie 

1979; Crins et al. 2009). Swamps and bogs (also known as peatlands and fens) occur in the 

eastern portion (e.g., Cavan swamp) and along the northern edge of this region. These habitats 

typically contain tamarack (Larix laricina) and black spruce (Picea mariana) (Hosie 1979:56, 

72; Crins et al. 2009:48; Petrides 1998:163). 

Importantly, 4% of the land in this region is covered by water in the form of major river 

systems (e.g., Trent River) and large inland lakes (e.g., Rice Lake, Lake Simcoe, Lake Scugog, 
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and the Rideau Lakes) (Crins et al. 2009:48). Common terrestrial mammals in this region are 

those typically found within the Mixedwood Plains ecozone and include: white-tailed deer 

(Odocoileus virginianus), red fox (Vulpes vulpes), coyote (Canis latrans), northern raccoon 

(Procyon lotor), striped skunk (Mephitis mephitis), beaver (Castor canadensis), and eastern gray 

squirrel (Sciurus carolinensis), among others (Crins et al. 2009:46). The abundance of wetlands 

explains the wide range of species of shorebird and water bird (e.g., common loon Gavia immer 

and mallard duck Anas platyrhynchos). A diverse array of reptiles and amphibians are also found 

within this ecoregion, including the common watersnake (Nerodia sipedon), eastern gartersnake 

(Thamnophis sirtalis sirtalis), snapping turtle (Chelydra serpentina), American bullfrog (Rana 

catesbeiana), northern leopard frog (Rana pipiens), spring peeper (Hyla crucifer crucifer), and 

the red-spotted newt (Notophthalmus viridescens viridescens) (Olsen 1968; Behler and King 

1985; St-Pierre and Boutilier 2001; Crins et al. 2009). Fish species typically encountered here 

include the yellow perch (Perca flavescens), white sucker (Catostomus commersoni), rainbow 

darter (Etheostoma caeruleum), pearl dace (Semotilus margarita), northern pike (Esox lucius), 

walleye (Sander vitreus), smallmouth bass (Micropterus dolomieui), and emerald shiner 

(Notropis atherinoides) (Scott and Crossman 1973; Crins et al. 2009).  

 The Lake Simcoe-Rideau ecoregion is subject to cooler temperatures and a shorter season 

of plant growth (205 to 230 days) than the Deciduous Forest Zone (Karrow and Warner 1990:8; 

Crins et al. 2009:47). This results in the presence of fewer food-producing trees in the region, 

which may have impacted human decisions regarding settlement placement in the past (Karrow 

and Warner 1990:8). Pigeon Lake, in which Boyd Island is situated, falls within a transitional 

zone or ecotone between the Deciduous Forest Zone to the south and the Great Lakes-St. 

Lawrence Forest Zone (Lui 1990:182, 209). This results in a mixture of features, which may 
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have had direct or indirect implications on the subsistence economy of its indigenous inhabitants. 

However, it is important to note that these characteristics are not static and may have changed 

greatly over the course of human occupation in the region, a point addressed later in this chapter. 

 

2.3 The Kawartha Lakes system and Boyd Island 

2.3.1 Physiography 

 Boyd Island (also commonly known as Chimnis or Big Island) is situated at the north end 

of Pigeon Lake 600 m from its northeast shore and 2.5 km east of the Village of Bobcaygeon, in 

the Township of Harvey, Peterborough County (MacDonald et al. 2001:1; kawarthaNOW 2015). 

The island is approximately 6 km2 in area and falls within a transitional area between the 

Kawartha Lakes and the Canadian Shield physiographic zones. The region known as the 

Kawartha Lakes is situated in a network of “preglacial valleys that formerly drained to the 

southwest” (MacDonald et al. 2001:1). However, after the deposition of glacial debris the 

system’s drainage shifted to the southeast to provide an outlet for ancient Lake Algonquin. The 

Kawartha Lakes system eventually stabilized into a group of connected, long, relatively shallow, 

and marshy lakes (MacDonald et al. 2001:1; Marich 2016:32). The system itself is situated at the 

boundary between Chapman and Putnam’s (1984) Dummer Moraines5 and Georgian Bay Fringe 

physiographic regions6 (MacDonald et al. 2001:3). 

As such, most of Boyd Island’s (Figure 2.1, and Figure 2.2) bedrock is made up of 

exposed or shallowly covered limestone that contain “crevices, fissures, and solution holes” 

                                                            
5 The Dummer Moraines comprise the land between Balsam Lake and Camden Township (1,554 km2) characterized 

as “rough, stony land bordering the Canadian Shield” (Chapman and Putnam 1984:185). 

6 The Georgian Bay Fringe is 3,341 km2 in area and is categorized by shallow till and exposed bedrock ridges 

indicative of the Shield, except for some limestone outcrops along its southeastern margins (MacDonald 2001:3; 

Marich 2016:5). 
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(MacDonald et al. 2001:5). However, the area near North Point contains exposures of granitic 

bedrock that are indicative of the Canadian Shield, which demonstrates the transition between 

the Dummer Moraines and the Shield. The limestone shoreline rises 20 m forming a sheer cliff to 

the west of North Point and similar smaller cliff faces occur on the north-central and western 

shores. The shoreline fluctuates between rugged and level terrain and it is separated from the 

interior plains by a tall, relatively steep, moraine that runs north to south along the western 

section of the island (MacDonald 2001:5). 

 

 

 
Figure 2.1 Map showing the physiographic regions of Ontario with the Boyd Island highlighted 

by a black square, modified from Warrick (2008:17). 
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Figure 2.2 Map of Boyd Island highlighting South Birch Point within a black rectangle, after 

MacDonald et al. (2001:4). 

 

The island’s forests are limited to the areas close to the shore where sandy humic soils 

have developed, supporting sugar maple and cedar trees. The interior plains are believed to have 

been created, at least in part, by livestock overgrazing during the late nineteenth century, 

resulting in an area that is predominately grass and juniper shrubs. Boyd Island was formed by 
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the construction of the Buckhorn Dam (completed in 1838), which caused water levels in Pigeon 

Lake to rise by approximately 1.5 m (Angus 1988:45–47). This submerged the land to the 

southeast and several small marshy islands now represent where Boyd Island originally 

connected to the mainland (MacDonald 2001:5). 

 

2.3.2 Historic land use  

 

 The Chippewa Nation ceded the land that now encompasses Victoria and Peterborough 

Counties to the government of Upper Canada in 1818, under the terms of treaty 20 (MacDonald 

et al. 2001:6). A later extension to the “Great Bobcaygeon Road” from the village of Port Hope 

north to Dorset made the survey of land and Euro-Canadian immigration to the region more 

tenable (MacDonald et al. 2001:6; Thomas 1980:19). Although Boyd Island is within the 

Township of Harvey, its economic value was more closely associated with the Village of 

Bobcaygeon which was founded in 1832. Over the next forty years Bobcaygeon quickly 

expanded as both a transportation hub and a lumber milling centre (MacDonald et al. 2001:6; 

Thomas 1980:23).  

 Mossom Boyd obtained the deed for all 1,225 acres of the island known then as “Big 

Island” from Harvey Township in November of 1873 (MacDonald et al. 2001:7). Boyd 

immigrated to Canada in 1834 settling west of Bobcaygeon with the intent to farm. His interest 

quickly shifted to the lumber industry, culminating in Boyd’s purchase of the Bobcaygeon Mill 

during the 1840s (MacDonald et al. 2001:7; Curtis 2013). Although his most successful business 

ventures were in the lumber industry, he maintained an interest in raising livestock (i.e., cattalo) 

and once Big Island had been cleared it was used as pasture for his stock (MacDonald et al. 

2001:7). The use of the island as pasture land was abandoned around 1940 and the island has 
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recently come under the control of the Kawartha Land Trust (Wurtele 1958:87; MacDonald et al. 

2001:7; Thomas 1980:46). 

 

 

2.3.3 Previous archaeological research 

 

 In 2001 Archaeological Services Inc. (ASI for brevity) was contracted to perform a stage 

1 and 2 archaeological assessment7 of Boyd Island (MacDonald et al. 2001:1). The project’s aim 

was to assess the impact on both historic and First Nations cultural heritage by a proposed 

residential development along the waterfront of the island. However, archaeological materials 

located underwater were outside the scope of ASI’s project as they fall under the jurisdiction of 

Parks Canada (MacDonald et al. 2001:1). 

For the stage 1 portion of their assessment, ASI consulted three sources: published and 

unpublished documentary sources, site records housed in the Ontario Archaeological Sites 

Database (O.A.S.D.), and previous project records on file with ASI (MacDonald et al. 2001:5). 

At the onset of ASI’s stage 1 investigation no sites were currently registered on Boyd Island 

within the O.A.S.D., though two sites were identified as being within 6.5 km of the island 

(MacDonald 2001:5). The stage 2 assessment was carried out by test pitting in 5 m intervals 

along the modern shoreline, as the interior of the island was deemed too rugged and distant from 

potable water to hold significant potential (MacDonald et al. 2001:10). Test pit materials were 

screened using ¼ inch mesh and all find locations were recording using G.P.S. hand held units. 

Additional test pits were dug within 1 to 2.5 m of the original find to assess the potential 

distribution of culture residues. The field survey performed by ASI registered “26 precontact 

                                                            
7 Stage 1 assessments consist of a review of the physiography, land use, and historic information of the land(s) 

stipulated in the development proposal along with the relevant surrounding area. Stage 2 assessments are typically 

comprised of field surveys and small-scale excavations to identify potential archaeological sites (MTCS 2011:6). 
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archaeological sites, 15 precontact isolated finds, three historic sites, and one historic findspot” 

(MacDonald et al. 2001:10). Based on the material recovered from the island it was ASI’s 

recommendation that precontact use of the island was likely and that development should be 

halted for a stage 3 archaeological assessment8 to be conducted (MacDonald et al. 2001:35–36).  

 Most of the Boyd Island finds documented by ASI consisted of small lithic debitage 

scatters that are not indicative of a specific period of occupation. However, 12 sites produced 

diagnostic materials which include: a Late Archaic Small Point Horizon projectile point, Middle 

to Transitional Woodland ceramic sherds, and Late Woodland ceramic sherds (MacDonald et al. 

2001:35). Based on these finds, MacDonald et al (2001) inferred that the island was used for 

“small, short-term occupations related to regional travel” from at least 3,550 to 350 BP (i.e., 

1400 B.C. to A.D. 1600). Additionally, they indicate that the Middle to Transitional Woodland 

materials recovered from the southern shore suggest increased use of this area between 2,450 to 

950 BP (500 B.C. – A.D. 1,000) (MacDonald et al. 2001:35–36). Given this, excavations were 

carried out at South Birch Point on Boyd Island (Figure 2.2) by Trent University’s Ontario field 

school in 2014, under the direction of Dr. James Conolly. The faunal assemblage analyzed in this 

study originates from the 2014 excavations. 

The excavation employed methods that are compliant with Ontario’s Ministry of 

Tourism, Culture, and Sport (see MTCS 2011). During the field school, a stage 3 assessment was 

carried out, and five 2x2 m units were excavated (see Appendix C, Figure C.1), along with 

several 30x30 cm test pits. Units were divided into quadrants (A, B, C, and D) which were then 

excavated in 10 cm stratigraphic layers using shovels and trowels. Features, when encountered, 

                                                            
8 The aim of a stage 3 assessment is to determine the spatial extent of the archaeological sites and to evaluate their 

cultural heritage value. 
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were excavated as separate deposits. The soil from excavation units was dry sieved on site using 

¼ inch (6.35 mm) screens and artifacts were bagged and transported to the Archaeology Centre 

at Trent University for cleaning and processing. Soil obtained from features was packaged after 

screening and transported to Trent University for subsequent floatation to recover floral remains 

(ongoing). 

 

 

2.4 Comparative sites 

 To investigate diet-breadth change, the Boyd Island assemblage will be compared with 

Middle and Late Woodland period faunal assemblages from other southcentral Ontario sites 

described in this section. Comparative sites were selected based on their proximity to a body of 

fresh water and the availability of a published faunal dataset, to facilitate comparisons with the 

Boyd Island assemblage. The faunal assemblages from Lakeshore Lodge and Spillsbury Bay 

comprise the Middle Woodland sample, while the faunal data from the Richardson, Kirche, and 

Le Caron are used for the Late Woodland into the proto-historic periods (Figure 2.3). 

 

 
Figure 2.3 Map showing the locations of sites discussed in this thesis. Using site locations as 

reported by Pearce (1977), Smith (1981), Muir (1990), Curtis (2002), and Nasmith (2008). 
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2.4.1 Lakeshore Lodge (AlGh-32) 

Lakeshore Lodge is located on the northeast shore of Lake Ontario within modern day 

Sandbanks provincial park. Like many sites, Lakeshore Lodge is comprised of multiple 

components reflecting occupations during different time periods. The site is dominated by 

material from the Middle Woodland’s Point Peninsula tradition, of which the Sandbanks phase is 

the final division (Curtis 2002:16). A small Late Woodland Pickering phase and a later St. 

Lawrence Iroquoian deposits were also identified. The faunal material consulted in this study is 

derived solely from Sandbanks phase deposits (A.D. 700 – 1,000) (Duncan 1982:1). 

The site was excavated over six weeks in July–August 1980 under the direction of Sheryl 

Smith with most of the ceramic material being initially ascribed to southwestern Ontario’s 

Middle Woodland Princess Point tradition (Smith 1981:2; 1987:2). However, two decades later a 

reassessment of southern Ontario’s precontact ceramic complexes by Curtis (2002) placed the 

Lakeshore Lodge assemblage into the Sandbanks phase of southeastern Ontario’s Middle 

Woodland Point Peninsula complex. The site is comprised of two distinct deposits (i.e., A and B) 

which form a half oval 80 m long running north to south and 25 m wide east to west with a total 

area of 3,100 m2 (Smith 1987:4). Unfortunately, it is believed that at least half of the original site 

was lost to erosion by Lake Ontario. All the Sandbanks phase ceramics were obtained from Area 

A, which is situated in stable sand dunes over 2 m in depth. According to Smith (1987:3), 

“approximately 12 cubic metres of sterile wind-blown sand and cultural deposits were dug”. The 

second area (Area B) was situated 50 m south of A and had been disturbed by heavy machinery. 

Unlike A, the cultural deposits obtained from B were identified as being of Late Woodland and 

historic Huron or St. Lawrence Iroquois origin (Smith 1987:3–4). 
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Analysis of the faunal assemblage obtained from the site’s Point Peninsula deposits was 

conducted by Duncan (1982) under the guidance of Dr. Savage at the University of Toronto. His 

report indicates that most of the faunal remains exhibited a poor state of preservation with a 

significant proportion being only identifiable to taxonomic class (Duncan 1982:5). The 

identifiable portion of the assemblage yielded 22 distinct species (seven mammals, two birds, 

two reptiles, eight fish, and three molluscs) (Duncan 1982:8–9). Mammal remains exhibited the 

highest occurrence of burning followed by mollusc shell. According to Duncan (1982:10), this 

provides solid evidence that molluscs were procured at the site for consumption. Like the Boyd 

Island assemblage, the Lakeshore Lodge material is dominated by fish remains which was 

considered adequate grounds for indicating that the site functioned primarily as a fishing station 

(Duncan 1982:25). 

 

2.4.2 Spillsbury Bay (BbGm-13) 

Permission to excavate the Spillsbury Bay site was granted by the Ontonabee Region 

Conservation Authority during the summer of 2001 as part of Curtis’ (2004) dissertation 

research. According to Curtis (2004), the goals of this excavation were: i) to recover datable 

ceramic material isolated to specific contexts in order to derive information regarding changes in 

style over time, ii) collect information regarding subsistence practices, and iii) record feature 

data for intra-site comparisons of settlement patterns. Spillsbury Bay is located on a point of land 

created by a drumlin on the north shore of Rice Lake (Curtis 2004:85; 2006:73). The site is 

surrounded on the west and south by Rice Lake and large wetlands to the north and east that are 

dominated by mixed forest and marshland rich in animal resources (Curtis 2004:85; 2006:77).  
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Spillsbury Bay was initially located during the Trent Valley Archaeological Survey in 

1968 and it was noted that much of the site remained undisturbed (Curtis 2004:85). The site was 

excavated over the course of six weeks in May and June of 2001, in which twelve units totalling 

an area 24 m2 were excavated (Curtis 2006:77). Excavation units were placed at areas in which 

the textured body sherds characteristic of the Sandbanks Phase were discovered on the surface 

and at either side of a shell midden that had been disturbed by an uprooted tree. To follow visible 

stratigraphic layers, the excavation was conducted by trowel and subsequently screened through 

¼ inch mesh. Additionally, flotation was conducted on column samples from nine units (Curtis 

2006:77). 

 The faunal assemblage obtained from Spillsbury Bay was analysed by Harrington (2002) 

under the guidance of Dr. Friesen at the University of Toronto. Her report indicates that the 

faunal remains were well preserved, which allowed for the recovery of even the most fragile 

elements (e.g., fish scales) (Curtis 2006:84). The identifiable portion of the assemblage yielded 

27 distinct species (seven mammals, five birds, three reptiles, and twelve fish) (Harrington 

2002:6–8; Curtis 2006:85). The Spillsbury Bay assemblage, like Boyd Island and Lakeshore 

Lodge, is dominated by fish which comprise over half of the total (62.0%, n = 1,682) (Curtis 

2006:85). Mammals are the second most abundant taxa at 33.0% (n = 895), with most mammal 

specimens originating from white-tailed deer (Odocoileus virginianus) and muskrat (Ondatra 

zibethicus). However, the remains of an individual moose (Alces alces) were also identified and 

considered significant due to its large body size (Curtis 2006:84).   
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2.4.3 Richardson Site (BbGl-4) 

 The Richardson site is located at the border between Northumberland and Durham 

counties, approximately eight kilometers southeast of Rice Lake (Murphy 2006:31). The site was 

discovered in 1968 and test excavated in 1969 by the Trent Valley Archaeological Survey 

(Pearce 1978:17). In 1976, Trent University conducted a thorough excavation in which two long 

houses were identified along with a midden and the remains of two palisades. The southeast 

corner of the Richardson site contains a freshwater spring and the site is surrounded by wetlands 

of lower relief which support a diverse array of animal species (Pearce 1977:14). 

Pearce’s (1977) research indicated that the site was an early Pickering village that was 

occupied throughout the year. However, a more recent study conducted by Murphy (2006) places 

the main occupation of the first long house at Richardson during the late Pickering stage (A.D. 

1300 – 1400) with earlier minor occupations (A.D. 1100). Additionally, Murphy’s (2006) re-

analysis of the floral remains obtained from heavy fraction wet screening of the 1976 material 

suggests that the main occupation of the site likely occurred during the winter months due to the 

presence of large amounts of charred corn kernels and uncharred sumac seeds. However, she 

acknowledges that the presence of fish remains that are known to spawn at different times of the 

year suggests that these resources may have been stored, making the determination of a specific 

season of occupation unclear (Murphy 2006:41). 

 Faunal analysis of the Richardson site assemblage was carried out by Pearce (assisted by 

Dr. Savage), along with Ann Rick and Steve Cumbaa of the Zooarchaeological Identification 

Centre, at the National Museum of Natural Sciences in Ottawa. Unlike the Spillsbury Bay, 

Lakeshore Lodge, and Boyd Island assemblages, fish are not the most prevalent class of animal 

recovered from the Richardson site. Mammals comprise 49.5% of the assemblage and are 
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represented by seventeen different species of which white-tailed deer (Odocoileus virginianus), 

beaver (Castor canadensis), and muskrat (Ondatra zibethicus) appear to have been taken more 

frequently (Pearce 1977:54). Interestingly, Pearce (1977) notes that all “long bones of larger 

mammals were fragmented, possibly as a consequence of extraction of marrow and fat”. Fish 

contribute 40.6% to the assemblage and are represented by nineteen species belonging to 

fourteen different families (Pearce 1977:54–55). Of these, suckers and redhorse (Castomidae 

spp.), catfish (Ictaluridae spp.), bass and sunfish (Centrachidae spp.), and yellow perch (Perca 

flavescens) appear to be the taxa most commonly taken (Pearce 1977:55). Mollusc, bird, and 

reptile remains are comparatively rare within the assemblage and are likely underrepresented due 

to the excavations methods employed (Pearce 1977:56). Pearce (1977), indicates that many of 

these more fragile remains were likely destroyed during the excavation or while passing through 

mechanical shaker screens. 

 

2.4.4 Kirche (BcGr-1) 

 The Kirche site contains the remains of a palisaded 16th century Huron village located in 

Fenelon Township, Victoria County, Ontario (Nasmith 2008:iii, 5). The site covers 1.4 ha of 

sandy well drained land that slopes gradually to the south and west into swamp (Nasmith 

2008:5). Gravel knolls are located several hundred metres the east and south-east of the site and 

its southern edge contains a freshwater spring. Nasmith (2008) indicates that the presence of a 

spring and well drained soil suitable for agriculture likely influenced the decision of site’s 

inhabitants to construct a village. Additionally, the proximity to Balsam Lake, located 2.5 km to 

the north, probably influenced this decision further due to its fish stocks (Nasmith 2008:5). 
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 Kirche was excavated during 1977 and 1978 as part of a regionally focused research 

project9 and approximately 2,000 m2 was excavated revealing traces of at least 29 longhouses 

(Nasmith 2008:5). At the eastern side of the village there appeared traces of an extension to the 

palisade which may be the result of incorporating or relocating two houses (Ramsden 1988:182; 

Nasmith 2008:5). Due to the presence of Saint Lawrence Iroquoian style ceramic sherds within a 

house and midden outside of the palisade, it was suggested that an immigrant Saint Lawrence 

Iroquoian group may have been integrating into the Huron village (Ramsden 1990:93; Nasmith 

2008:50). 

 Analysis of the faunal remains obtained from the Kirche excavations was conducted by 

the Zooarchaeological Identification Centre, National Museum of Natural Sciences, Ottawa 

(ZIC) (Nasmith 2008:92). The analysis by ZIC indicated that a broad number of animal 

resources were exploited as 51 distinct species were identified (Nasmith 2008:92–96). The 

identified species included 22 mammals, 13 fish, 11 birds, 3 reptiles, and 1 amphibian. Given 

that ¼ inch mesh screens were used for middens and shovels used for disturbed areas, fish and 

the remains of other small taxa are likely underrepresented in the assemblage (Nasmith 2008:57).  

Nasmith (2008) notes that there was an agricultural component to the subsistence economy 

employed at the site, which is suggested by carbonized corn remains. However, the degree to 

which the site’s inhabitants relied on maize and other cultigens is unclear as the floral analysis of 

the Kirche material remains incomplete (Nasmith 2008:55). 

 

                                                            
9 The project was investigating the occupation and subsequent abandonment of the upper Trent valley by Iroquoian 

speaking peoples that established permanent settlements between A. D. 1450 and A. D. 1600 (Nasmith 2008:iii, 5). 



21 
 

 
 

2.4.5 Le Caron (BeGx-15) 

 Le Caron is a 17th century (1640±10 A.D.) Wendat village site located in Tiny Township, 

Simcoe County, Ontario (Hunter 1899:33; Johnston and Jackson 1980:199). A three to four-

metre-deep ravine borders the site on the west, through which Copeland Creek currently flows 

(Muir 1990:9). Johnston and Jackson (1980) presume that the village was situated at this location 

because the ravine would have provided both freshwater and a defensive position. The presence 

of accessible timber for construction and fuel, along with the site’s agriculturally favourable soil 

likely also influenced the selection of this location (Johnston and Jackson 1980:175). 

Importantly, Le Caron is three kilometres east from Lalligan Lake and four kilometres west from 

Nottawasaga Bay which allowed access to aquatic resources, travel, and trade (Muir 1990:9). 

The site was identified in 1899 by A. F. Hunter but remained unexcavated until an 

archaeological survey (i.e., surface artifact collection and shovel testing) was conducted by 

Ridley in 1967 (Johnston and Jackson 1980:174; Muir 1990:10). Trent University’s 

archaeological field school began systematic excavation of the site in 1970 until its conclusion in 

1977 (Muir 1990:11). Approximately 20% of the site was excavated over the course of the eight-

year project (Muir 1990:11; Dorion 2012:65). The excavations revealed midden deposits, 

longhouses, and 229 metres of the village’s palisade (Johnston and Jackson 1980:176, 193; Muir 

1990:16). Johnston and Jackson (1980) estimated that the village may have had 1,300 occupants, 

residing in approximately thirty longhouses. 

Analysis of the Le Caron faunal assemblage was first conducted by Muir (1990) as part 

of his master’s research and Dorion (2012) also examined the Canidae portion of the assemblage 

in her thesis. While it is acknowledged that Dorion’s identifications of Canidae specimens are 

likely more accurate than Muir’s, his estimates of taxonomic abundance are used in this thesis 
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because they include tallies of all recovered taxonomic classes. The specimens analysed by Muir 

(1990) were those recovered over eight field seasons at Le Caron, excluding material that was 

selected for flotation during the 1977 season. Flotation was conducted on samples obtained from 

postmoulds and features (Butcher and Johnston 1977:2). However, the contents of the floated 

sample were not identified or sorted and were not included in Muir or Dorion’s analyses. This 

material remains unstudied at this point.  

 Muir (1990) indicated that the animal portion of the diet at Le Caron was diverse with 67 

distinct species. The identified species included 27 mammals, 18 fish, 17 birds, 3 reptiles, and 2 

molluscs. Shovels were used exclusively for the first three field seasons with troweling being 

used in the final five seasons (Muir 1990:20). Despite Muir’s (1990) claim that recovery 

methods were “fairly consistent” the abundances of small taxa are likely under-represented due 

to the use of ¼ inch mesh screens. Importantly, Muir (1990) along with Johnston and Jackson 

(1980), suggested that there was an agricultural component to the subsistence activities at Le 

Caron yet were unable to establish its significance through floral analysis. Muir’s (1990:97) 

thesis indicates that fish were the most important source of meat at Le Caron as they represent 

61.6% of the faunal assemblage, which is consistent with a general subsistence trend as inferred 

by Latta (1976)10. However, Muir (1990:154) concluded that this may only reflect a regional 

pattern. 

                                                            
10 In her doctoral dissertation, Latta (1976:179, 191–192, 222) used the faunal remains from pre-contact and contact 

period Wendat sites to infer a diachronic shift from land based animal resources to aquatic resources. 
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2.5 Change in subsistence during the Northeast’s Middle – Late Woodland Periods 

 

2.5.1 The Middle Woodland Period (2,000 – 1,000 BP or 200 B.C.E. – A.D. 900) 

 

 The appearance of relatively ornate ceramics of more complex manufacture marks the 

beginning of the Middle Woodland period in southern Ontario at around 2,000 BP. The period 

itself coincides with climatic fluctuations termed the “Post-Sub-Atlantic climate episodes” of 

which the little climatic optimal (2,100 – 750 BP) is the first, possibly resulting in average 

temperatures a few degrees higher than present (Smith 2001:358, 365). Summers during the 

Middle Woodland period were relatively dry, while the winter months experienced higher 

average amounts of precipitation (Munoz et al. 2010:22009). Drier summer conditions allowed 

foragers to employ a seasonal subsistence strategy like that of southern Ontario’s Late Archaic 

period with floodplains stabilizing between 1,500 and 1,000 BP (Crawford et al. 1998:132). 

Crawford et al. (1998) note that floodplains re-emerged in the Middle Woodland as suitable 

locations for occupation due to a lower risk of flooding, when compared to the Late Archaic and 

Early Woodland periods. Plant biomass during this period presumably increased due to higher 

levels of winter precipitation as snow cover both protected the humic soil horizon from erosion, 

and acted as thermal insulation for vegetation at ground level (Dresher and Thomas 2012:541). 

This may have facilitated, at least in part, the Middle Woodland expansion of chestnut trees from 

the lower Great Lakes to areas further north (Munoz et al. 2010:22009–22010). 

The most common of the ceramic types diagnostic of this period in the study area belong 

to the Point Peninsula Tradition as described by Curtis (2002, 2004). Curtis (2002) divides the 

Point Peninsula Tradition into three distinct ceramic phases: Trent Phase, Rice Lake Phase, and 

Sandbanks Phase summarized in Table 2.1. Sandbanks Phase (also called Vinette II) ceramic 

sherds were recovered during the archaeological assessment of Boyd Island, which suggested a 
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Middle to Transitional Woodland period occupation (James Conolly, personal communication 

2015). In southern Ontario, during the Middle Woodland stylistic differences exist between the 

Saugeen and Point Peninsula cultural complexes, as suggested by differences in ceramic 

construction, form, and decoration (Spence et al. 1990:143). Saugeen complex sites are typically 

found near the shore of Lake Huron in the western portion of southern Ontario, while Point 

Peninsula sites predominate in the east, across southern Quebec, into New York State, and 

northwestern Vermont (Spence et al. 1990: Figure 5.4, 143,157). However, recent research by 

Gate St-Pierre (2001:68) identified a ceramic tradition known as the Melocheville Tradition in 

southern Quebec, that exhibits similarities to the Sandbanks Phase of Ontario’s Point Peninsula 

Tradition (Curtis 2014:188). While the Melocheville Tradition’s locus is near Montreal, 

extending eastward approaching Quebec City, and south toward the north shore of Lake 

Champlain, its western limit remains undefined. Indeed, this may indicate that the Sandbanks 

Phase and Melocheville Traditions could be regional expressions of one another.  

 

Table 2.1 Summary of Curtis’ (2004:216–229) Point Peninsula ceramic phases after Mortimer 

(2012:51).  

Phase Date Range Description 

Trent Phase ? B.C. – A.D. 1 Pseudo-scallop shell stamping and thin everted rims are diagnostic 

while dentate and cord wrapped stick stamping, convex lips, and 

oblique line configurations are common. 

Rice Lake Phase A.D. 1 – 800 Dentate, combed, superimposed surface treatments and complex 

stamping (rocker, rolled and dragged) are diagnostic. Collarless 

rims; convex interiors and concave exteriors; convex or straight lips; 

dentate, cord wrapped stick, and pseudo-scallop shell stamping are 

all common. 

Sandbanks Phase A.D. 700 – 1,000 Diagnostics include textured surface treatments, banded exterior 

motifs delimited with bosses or punctates, cord wrapped stick 

decoration in second exterior band and a 

plain first band. Collarless rims, dentate stamping, and oblique right 

lines on the interior, lip, and exterior surface are common. 
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The Point Peninsula cultural complex dates between 2,400 – 1,300 BP. Because it spans 

such a large geographic area and considerable time-span, its material culture displays a 

considerable amount of local and regional variation (Spence et al. 1990:158; Smith 2001:365). 

However, as this thesis is based on material from Ontario, only the Ontario manifestations of the 

Point Peninsula complex are discussed. Possible Point Peninsula burial mounds exist in other 

parts of southern Ontario, yet they lack diagnostic artifacts or burials to securely confirm 

affiliation (Spence et al. 1990:166). The most documented Point Peninsula material originates 

from the Rice Lake-Trent River area, particularly that attributed to the Rice Lake phase (Spence 

et al. 1990:164). The Rice Lake Phase is recognized as being the most pronounced representation 

of Hopewellian influence in southern Ontario, demonstrated through burial mounds found near 

Rice Lake (Johnston 1968:27–28; Williamson 2013:51). 

 Many of the animal resource procurement strategies that were employed throughout the 

Woodland period were established during the Archaic in Ontario. This is likely due to Archaic 

peoples in Ontario shifting their subsistence and settlement strategies away from the annual 

migrations that characterized earlier Paleoindian groups and settling more permanently into local 

environments (Ellis et al. 1990:65–67). However, Early Woodland subsistence and settlement 

practices are only vaguely understood, although scholars reasonably infer based on 

archaeological evidence that spring occupation sites show a focus on fishing, whereas fall sites 

indicate an emphasis on nut and deer harvesting (Spence 1986:88). Given this, fish were 

presumably a key resource, the use of which is believed to have intensified during the Early 

Woodland and peaking during the Middle Woodland (Lovis et al. 2001:620; Styles 2011:465). 

Fish and deer were not the only animal resources procured by Middle Woodland groups. Indeed, 

beaver (Castor canadensis), muskrat (Ondatra zibethicus), bear (Ursus americanus), and moose 
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(Alces alces) were also hunted along with numerous other mammal, bird, and turtle species 

(Styles 2011:465). It is important to note that Middle Woodland Point Peninsula groups did not 

subsist solely on the products of hunting and fishing. 

 The Middle Woodland Point Peninsula peoples practiced a mixed economy, as they 

subsisted through hunting, fishing, and the gathering of wild plant foods which was also likely 

established during the Archaic and Early Woodland periods. For example, the plant remains 

recovered from the Archaic McIntyre site included fruits such as ground cherry (Physalis sp.), 

hawthorn (Cratageus sp.), and blueberry (Vaccinium sp.), as well as nuts such as 

butternut/walnut (Juglans sp.), hickory (Cary sp.), and acorn (Quercus sp.) (Yarnell 1984:101–

106; Crawford 2014:137–138). The variety of indigenous wild plant resources available to 

foragers in southern Ontario based on archaeologically derived botanical remains are 

summarized in Appendix A, Table A.1. Importantly, some of the plants listed were likely used 

for purposes other than subsistence (e.g., textiles, oils, or medicines).  

Some of the plant species shown in Appendix A such as goosefoot, wild rice, and little 

barley were likely cultivated during the Middle Woodland on a small scale. However, the 

adoption of non-native cultigens such as squash (Cucurbita pepo), common bean (Phaseolus 

vulgaris), and corn (Zea mays) in southern Ontario may have been, at least in part, gradually 

incorporated into established seasonal patterns in which local plants were cultivated (Odling-

Smee 2003; Scarry 2003; Smith and Cowan 2003; Hart and Lovis 2014; Crawford 2014). 

Evidence of non-indigenous plant management and usage has been documented at the McIntyre 

site on Rice Lake and Lakeshore Lodge, although it appears that maize and other cultigens were 

adopted later in the study area (Smith 1981; McAndrews 1984; Odling-Smee 2003; Crawford 

2014). Spence et al. (1990:168) suggests that the Point Peninsula macrobands within the area 
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were “intensively exploiting several resources, were larger than usual, and the major macroband 

camps on the lakeshore may have persisted through half the year or more”. These larger, longer, 

and consistently recurring occupations in areas of dense resource concentrations (e.g., schooling 

fish or ripe crops) are believed to have contributed to the establishment of corporate lineage 

structures and to a further decrease in mobility (Spence et al. 1990; Odell 1998; Birch 2012; 

Birch and Williamson 2015). These conditions may have been responsible or at least encouraged 

some of the cultural developments that resulted in the more agriculturally reliant groups of the 

Late Woodland period (Spence et al. 1990:168; Birch 2015:288). 

 

2.5.2 The Transitional and Late Woodland Periods (1,000 – 500 BP or A.D. 500 – contact) 

 

 Fox (1990:171) indicates that the Late Woodland period (also known as the Ontario 

Iroquoian period) has received the most archaeological attention within the Grand River-

Hamilton area and that aside from the Princess Point complex, the period remains poorly 

understood throughout the rest of southern Ontario. There remains some discrepancy as to when 

the Late Woodland period starts in southern Ontario as some scholars believe that the period 

begins with emergence of Iroquoian longhouse villages while others associate the beginning of 

the period strictly with the emergence of maize horticulture (Warrick 2000:421). Princess Point 

occupations associated with maize horticulture have been identified that do not have associated 

longhouse structures leading many to regard eastern Ontario’s Point Peninsula complex as a 

transitional period (referred to as the Transitional Woodland period or Late Woodland 1) 

between the Middle and Late Woodland periods proper (Smith and Crawford 1997; Warrick 

2000, 2008; Crawford and Smith 2003).  

While the Late Woodland may be relatively well documented, the Transitional Woodland 

period suffers from a paucity of data largely due to difficulties encountered in differentiating the 
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two periods. Because this thesis focuses on diachronic change in subsistence practices between 

the Middle, Transitional, and Late Woodland periods, the Point Peninsula and Pickering 

complexes are of significance because they have both been identified on Pigeon Lake at Jacob 

Island (BcGo-17) (Conolly et al. 2014:111, 113). Smith and Crawford (1997:27) believe that 

maize was introduced by Princess Point groups through the mechanisms of migration and/or 

diffusion and that its introduction had little impact on the subsistence practices of those groups 

until after 1,000 BP. However, cultivation of maize along with beans and squash grew in 

intensity to such an extent that Princess Point groups became more reliant on food production 

possibly leading to the sedentary villages indicative of the Late Woodland period (Smith and 

Crawford 1997:27). 

The Medieval Climate Optimum (1,300 – 750 BP) coincides with the onset of the Late 

Woodland period and is described as the most recent and warmest portion (0.3°C warmer than 

twentieth century values) of the little climatic optimal phase (Loehle 2007:1049; Smith 

2001:358). These slightly warmer conditions favoured horticulture by lengthening the growing 

season, allowing some agricultural groups to move into what were once considered marginal 

areas bringing maize with them, while others adopted food production in situ gradually (Snow 

2001:339, 350; Williamson 2013:55). This has caused a divide among scholars who cite the 

migration of Western Basin Tradition agriculturalists into southcentral Ontario as the factor 

driving its widespread adoption during Late Woodland, yet more recent research favors its 

emergence locally by people descendant from Middle Woodland Point Peninsula groups (Fox 

1990:185). 

Fishing and hunting continued to account for a significant portion of the diet during the 

Late Woodland, though the goal of the hunt had further diversified to include additional raw 
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material procurement (e.g., deer hide and beaver pelts and teeth) (Trigger 1969:30–31). The 

precise date for the adoption of maize horticulture varies geographically within the region, though 

the Richardson site is an excellent example of a well-documented maize consuming Late 

Woodland occupation within the Trent-Severn Watershed dating to around 950 BP (Murphy 

2006:34; Curtis 2014:160). At the end of the preceding Middle Woodland period, archaeological 

evidence suggests that the number of warm weather macroband occupations declined in favour of 

larger semi-permanent settlements (Fox 1990:171; Spence et al. 1990: 168). Snow (2001:350) 

suggests that the population of the Late Woodland had grown to over 50,000 northern Iroquoian 

speaking people in southern Ontario by 500 BP. These semi-permanent longhouse villages may 

have been established to house growing populations and were constructed on the margins of 

profitable wetland environments (Haines et al. 2011:248). Villages remained occupied until the 

local resources and soil fertility became depleted and/or the maintenance costs of structures 

became too high, requiring the village be relocated every ten to twenty years (Snow 2001:350; 

Haines et al. 2011:248). The end of the period sees the large longhouse villages fragment into 

smaller settlements featuring protective palisades (e.g., Kirche and Le Caron) as a response to 

increasing inter-group conflict as documented by European explorers (Warrick 2000, 2008; Snow 

2001; Crawford and Smith 2003). 
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CHAPTER 3: HUMAN BEHAVIOURAL ECOLOGY, NICHE CONSTRUCTION 

THEORY, AND FORAGING THEORY 

 

 

 The theoretical approach guiding this research is framed within human behavioural 

ecology (HBE). This chapter defines and examines two distinct approaches, niche construction 

theory (NCT) and foraging theory (specifically diet breadth modeling, DBM). Supporters of 

NCT often criticize DBM for being regionally specific, creating cultural-historical narratives 

based on inductive reasoning instead of causal explanations for change in human behaviour 

(Smith 2015:219). After discussing the fundamental aspects of these two approaches, three 

foraging models used in archaeozoology are discussed: the prey choice model, patch choice 

model, and central place foraging model. Subsequently, the assumptions and predictions of each 

model are presented. Lastly, this chapter considers how a hypothetical-deductive application of 

the central place foraging model is both the most appropriate for interpreting the Boyd Island 

faunal assemblage and useful for evaluating predictions derived from NCT regarding diet 

breadth change during the transition from foraging to agriculture in southcentral Ontario. 

 

 

3.1 Human behavioural ecology 

 

 Human behavioural ecology is an evolutionary-based framework that investigates how 

environmental and ecological factors influence variability in human behaviour under various sets 

of constraints (Lupo 2007:145, Piperno et al. 2017:214). This approach builds upon concepts 

from evolutionary ecology, in which the interaction between evolution and environment is 

examined by focusing on behavioral adaptation (Lupo 2007:145). The fundamental principle 

guiding HBE is that humans are designed by natural selection to maximize reproductive fitness. 

Anthropological applications of HBE began over four decades ago with research focused on the 
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foraging behaviour of prehistoric and contemporary populations (e.g., Chagnon and Irons 1979; 

Hawkes and O'Connell 1981; Hawkes et al. 1982; Smith 1991; Bliege Bird and Bird 1997; 

Grayson et al. 2001). To accomplish this, researchers used and continue to employ foraging 

theory and its associated models that are meant to explain human foraging behaviour (see section 

3.3). However, by the mid-1980s an older, largely under-utilized branch of HBE known as niche 

construction theory (NCT), began to achieve popularity because of its basis in 

macroevolutionary theory, and the acknowledgement of humans as active agents participating in 

the enhancement of past and contemporary ecosystems (Smith 2015:228–230). The next section 

discusses NCT in detail, highlighting concerns associated with its use in archaeological research. 

 

3.2 Niche construction theory 

 

 According to Odling-Smee et al. (2003), niche construction is a process in which 

organisms, through their passive or intended actions or choices, modify their own and possibly 

others’ niches. Examples of this are numerous within nature as many animals build nests, 

construct dens, and spin webs (see Odling-Smee et al. 2003). However, Laland et al. (2006) 

indicate that niche construction is driven by the modification of the relationship between an 

organism and its niche, instead of strictly the organism’s modification of the environment. As 

such, the term “niche construction” broadly includes habitat selection in which organisms 

relocate to modify their experienced environment (Laland et al. 2006:1751–1752). 

 

3.2.1 Categories of niche construction 

 

 Proponents of the niche-construction perspective are concerned with the causal source of 

the organism-environment relationship and its characteristic symmetries, along with the active 
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role organisms take in facilitating evolutionary and co-evolutionary episodes (Laland et al. 

2006:1751). The goal of this approach is to explain the complementary adaptation of organisms 

and their environment, with the understanding that the interaction between niche construction 

and natural selection can be dynamic and reciprocal. Evolution under this theoretical perspective 

is driven by causation and feedback networks in which organisms promote environmental 

alteration, and organism-modified environments in turn, favour those organisms over successive 

generations (Laland et al. 2006:1751). 

 Recently NCT received a surge of popularity within evolutionary biology and related 

fields by the development of a formal theory of population genetics, which claims to demonstrate 

niche construction having strong influences on evolutionary outcomes (Laland and O’Brien 

2010:305). Some aspects of this approach are important in archaeological contexts, it argues that 

some changes initiated by organisms tend to persist within environments, which in turn act to 

modify selective pressures on subsequent generations (Laland and O’Brien 2010:305). Odling-

Smee (1988) refers to this phenomenon as “ecological inheritance.” Niche constructing 

behaviours can be favored due to the benefit they will eventually provide subsequent 

generations. According to this viewpoint, evolutionary fitness depends on the long-term genetic 

heritage of the organism, and not strictly on the number of offspring an organism produces 

(Lehmann 2008:553–554).  

 There are four categories of niche construction that are relevant to archaeological 

research: perturbation, relocation, inceptive, and counteractive. Odling-Smee et al. (2003) 

illustrated how organisms can modify the selective pressures to which they are subjected by 

introducing the concepts of “perturbation” and “relocation.” Perturbation occurs when organisms 

physically change aspects of their environment at specific times and places (Laland and O’Brien 
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2010:306–307). Relocation occurs when organisms move, choosing not only the timing, but also 

the direction and distance of that move. Importantly, organisms can be subjected to different 

selective pressures during relocation, because they encounter new environmental factors as they 

travel (Laland and O’Brien 2010:307). 

The final two categories relevant to an archaeological application of NCT consider if the 

organism initiates or reacts to a change within their environment. Inceptive niche construction is 

described as, “all cases in which organisms initiate changes in any factor, through either 

perturbation or relocation” (Laland and O’Brien 2010:307). An organism is said to be engaging 

in inceptive niche construction when their activities produce a change within the environment(s) 

they inhabit. To illustrate, when beavers colonize a new river system, they are engaging in 

inceptive niche construction by virtue of their dam constructing behaviour altering the river’s 

course and/or water levels (Naiman et al. 1988:754). However, when an environmental condition 

has changed or is changing, organisms may attempt to oppose or arrest that change through 

counteractive niche construction (Laland and O’Brien 2010:307). Organisms engaging in 

counteractive niche construction attempt to regain a state of homeostasis between environmental 

factors and their evolved traits. Given this, counteractive niche construction is stabilizing and 

conservative by nature, and it functions at a general level to protect organisms from 

environmental changes to which they are not adapted (Laland and O’Brien 2010:307).  

 

3.2.2 Human niche construction 

 

The application of NCT to past human populations has recently garnered significant 

attention in archaeology, particularly with applications focusing on the domestication of plants 

and animals (see Rowley-Conwy and Layton 2011; Smith 2016; Piperno et al. 2017). However, 
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human engagement in environmental modification through cultural practices extends throughout 

our evolutionary history (Laland and O’Brien 2011:191). A study presented by Foley and Lahr 

(2015) indicates that the observed surface at Messak, Africa was formed by hominid stone tool 

manufacture during the Middle Pleistocene (0.9 to 0.125 Mya). Laland and O’Brien (2010) 

indicate that human colonization of nearly all environments on Earth is largely due to their 

capacity to alter environments to compensate for different climatic conditions, among other 

challenges (i.e., by manufacturing clothes and shelters, harnessing fire, domesticating livestock, 

and developing agricultural practices). Fundamentally, the success of humans as a species is 

based upon our ability to learn and retain information in the form of culture. If the view 

advocated by White (1959) remains true, that is “culture as an extrasomatic means of 

adaptation,” the impact of culture on evolutionary processes may be amplified with stable 

transgenerational transmission (Binford 1964:425; Laland and Brown 2006:96). It is this 

transgenerational transmission of culture that creates what is referred to as “traditions” or 

patterned approaches to activity that existed over prolonged periods of time (see Willey 1945), as 

observed in the archaeological record (Laland and O’Brien 2010:308). 

The resulting feedback from human niche construction activities (also known as cultural 

niche construction, CNC) can be seen directing two evolutionary processes (i.e., biological and 

cultural evolution) by modifying selective pressures. Given this, it is important to recognize that 

while niche construction does influence both developmental and culture co-evolutionary 

processes, it is broad enough to incorporate the perspective that learning and culture change is 

only marginally comparable to biological evolution (Laland and O’Brien 2011:195). Lastly, 

Laland and O’Brien (2011) suggest that to achieve a complete understanding of the relationship 

between human genes and cultural processes, we must acknowledge not only the inheritance of 
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genetic and cultural traits, “but also take into account the legacy of modified selection pressures 

in environments”.  

Advocates of NCT (and CNC) believe that this newer approach to interpreting past 

human behaviour can offer a stronger alternative to those that are based on standard evolutionary 

theory (SET) (Smith 2016:308). Critics of SET and foraging theory (which is based on SET), 

often indicate that under these frameworks the primary assumption is that adaptation to change 

must be unidirectional. They argue that under SET, the path of causation moves in one direction 

from the environment as the source of selection, which dictates the features found in living 

creatures (Smith 2016:309). However, proponents of foraging theory reject this argument as a 

“red herring”, as NCT and SET address different scales of phenomena (i.e., broad and narrow 

respectively) (Stiner and Kuhn 2016:177, 179). Indeed, Zeanah (2017) indicates, "optimal 

foraging models neither inherently deny niche construction nor are intrinsically linked to the 

resource depression hypothesis alone". 

Indeed, Gremillion et al.’s (2014) criticism regarding the scope and nature of research 

conducted under the SET paradigm can be seen as a misinterpretation of its function. Gremillion 

et al. (2014) indicate that foraging has been largely particularistic in that they have tended to 

reject general principles and historic information to establish universal causality for inferred 

human behaviour. One example of this is the use of optimality as the “prime mover” for 

causality within foraging theory (Gremillion et al. 2014:6172). The assumption that human 

foragers are consistently acting to maximize net energetic return rates overlooks other important 

factors (i.e., agency, environmental change, and historic events) and misses the opportunity to 

investigate commonalities in human behaviour (Gremillion et al. 2014:6172–6173). However, 

because coevolutionary relationships at large chronologic and spatial scales are unpredictable 
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(i.e., due to the limitations of the archaeological record, among others), the use of optimality for 

inferring the short-term goals of human-animal interactions is warranted (Stiner and Kuhn 

2016:179) 

While the assumption of optimality has been intrinsic to foraging theory and HBE for 

most of its use-life in the fields of anthropology and archaeology, the current consensus is to 

drop the word optimal from foraging theory to avoid implying that foragers always behave 

optimally (Kelly 2013:76). In fact, research demonstrates that foragers do not always act 

optimally or may not always optimize energy. For example, Bird et al. (2013) indicated that the 

Martu of western Australia tend to avoid hunting camels even though this animal would be 

considered a high ranked prey item due to its high caloric return. Their findings suggest that 

camel are not regularly pursued because the Martu: “often find the social costs of controlling 

labor and distribution prohibitive” (Bird et al. 2013:164). A similar situation was encountered in 

Mithen’s 1989 study of the Bisa people of Africa (Kelly 2013:76). Net return rates for zebra 

indicate that it should be included in the optimal diet, yet the Bisa rarely engaged in zebra 

hunting, suggesting that the choice to not peruse zebra originated from factors other than 

maximizing the energetic returns (i.e., cultural taboos or legal prohibitions) (Kelly 2013:76).  

These examples also illustrate what Gremillion et al. (2014) consider the most important 

problem within HBE and its use of optimality. Namely, that it cannot universally explain all 

shifts in behaviour because exceptions have been found (i.e., foragers do not always behave 

optimally). According to her, foraging theory works most effectively at the regional or local 

scale, yet the simplifying models used in foraging theory have been criticized as dehumanizing 

because they fail to account for human agency (Gremillion et al. 2014:6173). While foraging 

theory can be easily applied at the local level, there exists a tendency within archaeological 
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research employing SET to produce cultural-historic narratives (Gremillion et al. 2014:6171). 

However, this seems overly critical as the scale of research done using NCT is also concerned 

with local and regional observations (see Piperno et al. 2017). 

 

3.3 Foraging theory and diet breadth modeling  

 

 Foraging theory is comprised of a family of models that are derived from human 

behavioral ecology. The core premise of foraging theory is that subsistence behaviour has 

evolved through natural selection, operating at an individual level with the goal of maximizing 

reproductive fitness (Smith 1983:626). Foraging theory was first used in the late 1960s and 

1970s to study animal behaviour, but anthropologists soon demonstrated its utility to the study of 

human populations (Bird and O’Connell 2006:144). Within the context of anthropology, 

foraging theory assumes that foragers are concerned with maximizing their net rate of energy 

intake, given a set of environmental conditions. Archaeological research employing foraging 

theory initially focused on questions regarding subsistence patterns, but later expanded to 

address diverse topics such as resource transport patterns, changes in subsistence technology, the 

development of social inequality, and the adoption and diffusion of agriculture (Bird and 

O’Connell 2006:144).  

The three models discussed below are distinct from one another in terms of their goals 

and the types of predictions they attempt to make about human foraging behaviour. Despite their 

differences, they are all comprised of similar components. The parts that make up any given 

model are the goal, a set of choices that can be made by a forager, a currency that acts as a proxy 

for reproductive fitness, and constraints (Smith 1983; Winterhalder and Smith 2000; Lupo 2007; 

Morin 2012). The goal is essentially what a forager(s) is looking to accomplish through a given 
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behavioural choice (e.g., to maximize foraging efficiency or net caloric returns, reduce risk, or to 

minimize transport costs) (Smith 1983; Morin 2012; Kelly 2013; Morin and Ready 2013). The 

set of choices that are available to a forager can include (but are not limited to) where to forage, 

what to forage for given the availability of prey, how long to forage (in general or at one specific 

patch), or what to transport back to a central place (Smith 1983; Monahan 1998; Bird and 

O’Connell 2006; Morin and Ready 2013).  

A model’s currency can be defined as, “any rate measure of resource value—protein 

capture, material need, monetary return, or prestige” (Winterhalder and Smith 2000:54). 

Currencies are used as proxies for reproductive fitness because unlike the currencies themselves, 

reproductive fitness is both difficult to define and measure with accuracy (Winterhalder and 

Smith 2000:54; Morin 2012:19). Fitness or reproductive success could be interpreted as resulting 

from differential survival of successful foragers or selection for mates that demonstrate high 

foraging returns under a set of social and environmental constraints (Bird and O’Connell 

2006:145). Given this, it is necessary even in actualistic contexts to use currencies as measures 

of fitness as in most cases, a direct measure is unavailable.  

Lastly, the social or environmental factors that in some way limit or define a forager’s 

individual behavioural response are considered constraints (Smith 1983; Monahan 1998; 

Winterhalder and Smith 2000; Bird and O’Connell 2006). These constraints can take a wide 

variety of forms, including climate, resource availability, the carrying capacity of individual 

foragers, foraging group size, prey size, prey mobility, among many others (Jochim 1976:8; Bird 

and O’Connell 2006:146). For example, if the mass of a procured carcass exceeds a forager’s 

capacity for transport, less profitable skeletal portions may be discarded at the kill site to reduce 
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the load. The following section examines three foraging models used in archaeozoology to 

examine patterns of animal resource procurement. 

 

3.3.1 Prey choice model 

 

The prey choice model, first described by MacArthur and Pianka (1966) and Emlen 

(1966), has commonly been referred to as the diet breadth model (Smith 1983:627; Smith 

1991:204). The goal of the model is to predict which prey types should be included in a forager’s 

diet and what types should be disregarded in favour of more profitable ones (Smith 1983; 

Stephens and Krebs 1986; Smith 1991; Bird and O’Connell 2006). Within this model, 

profitability of prey items is measured through the calculation of their net post-encounter return 

rate (i.e., energy per unit time), which is then ranked (into prey types) from the most to least 

profitable in descending order (Smith 1983; Stephens and Krebs 1986; Smith 1991; Lupo 2007; 

Morin 2012). The model dictates that prey types are either incorporated or excluded from the diet 

if their inclusion would increase the overall average return rate (Smith 1983; Stephens and Krebs 

1986; Bird and O’Connell 2006; Lupo 2007). The model assumes that foragers will pursue on 

encounter, the prey type with the highest rank because it yields the greatest net return in energy 

per unit of handling time (Smith 1983; Bettinger 1991; Bird and O’Connell 2006; Lupo 2007).  

According to the model, handling time is considered the time spent engaged in: “all 

activities associated with the post-encounter pursuit, capture, or collection of prey, as well as 

with their preparation for consumption” (Bird and O’Connell 2006:147). Handling time is 

considered distinct from the time spent searching for prey because a forager’s encounter with 

prey items is assumed to occur randomly and sequentially (one at a time), making it necessary to 

search for all prey types simultaneously (MacArthur and Pianka 1966; Stephens and Krebs 1986; 

Bird and O’Connell 2006; Lupo 2007; Morin 2012). Search time is defined as distinct from 
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handling time within the model because it assumes that prey cannot be searched for while 

handling a given prey item (Stephens and Krebs 1986:19; Smith 1991:205; Bird and O’Connell 

2006:147). This mutual exclusion between search and handling time is considered one of the 

constraints of the model. 

An assumption central to the model is that prey items are encountered randomly and 

sequentially within a ‘fine-grained’ or homogeneous environment in which prey are randomly 

distributed (MacArthur and Pianka 1966; Smith 1983; Lupo 2007; Morin 2012). The random and 

sequential nature of encounters within the model allows prey ranks to be determined based only 

on post-encounter return rates, regardless of search costs (Stephens and Krebs 1986:19). 

Additionally, the model assumes that foragers can estimate the likely encounter and post-

encounter return rates for all potential prey because they have complete knowledge regarding 

their abundance, profitability, and acquisition/processing costs (Stephens and Krebs 1986:19). 

As such, changes in diet breadth (i.e., number of prey types exploited) are used to assess foraging 

efficiency. The model postulates that in a resource-rich environment, foragers should have a 

relatively narrow diet that is dominated by a small number of high-ranked prey types. However, 

if the availability of high-ranked prey types declines (e.g., due to environmental change or 

intensive predation), foragers should broaden their diet and obtain an increasing amount of less 

profitable animal resources (Smith 1983:630).  

In real world situations, the assumption that prey types are randomly encountered within 

homogeneous environments is often unrealistic. Prey resources tend to be grouped together 

within heterogeneous environments referred to as patches, thereby violating one of the principal 

assumptions of the prey choice model (Smith 1983:630–631). A foraging model that attempts to 



41 
 

 
 

mitigate the clustering of resources within heterogeneous environments is referred to as the patch 

choice model, which is now discussed. 

 

3.3.2 Patch choice models 

 Like the prey choice model, the patch choice model was developed by MacArthur and 

Pianka (1966). The goal of this model is to predict patch selection behaviour or patch breadth 

within patchy heterogeneous environments (MacArthur and Pianka 1966:605–606; Smith 

1983:630–631; Morin 2012:22). A key assumption of the model is that patches are spatially 

distant from one another. As such, foragers must travel through unproductive patches to reach 

more productive ones (Stephens and Krebs 1986:28; Morin 2012:23). Patches are considered as, 

“spatially bounded entities characterized by the set of prey (of one or more types) contained 

within it and by the predictable (expected) return rate curve or gain function” (Smith 1991:249). 

Importantly, it has been indicated that patches need not be restricted by spatial boundaries and 

can be applied to “any entity with a predictable gain function” such as a type of hunting or 

foraging strategy (Lupo 2007:149). As in the prey choice model, complete knowledge of the 

environment is assumed, and time is divided into two mutually exclusive categories identified by 

traveling and handling activities (Stephens and Krebs 1986; MacArthur and Pianka 1966; Lupo 

2007; Morin 2012).  

Patches within the model are encountered randomly and sequentially while moving 

through the environment and distinct patches are ranked by how profitable they are from greatest 

to least to determine which patch to exploit (Stephens and Krebs 1986:28; Morin 2012:23). Patch 

ranks are based on anticipated return rates calculated by dividing the energetic yield by the time 

it takes to search and travel to a distinct patch (Smith 1991:250; Bird and O’Connell 2006:147). 
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Following the logic of the prey choice model, the patch choice model predicts that patches will 

be incorporated into a forager’s schedule according to their rank order (highest to lowest return 

rate including travel time). When the inclusion of a patch decreases the overall average return 

rate (when compared with all other available patches), the patch is ignored (Smith 1983:631; 

Lupo 2007:150).  

The original patch choice model did not account for how long a forager should remain in 

a given patch. The amount of time a forager should spend exploiting a patch is addressed by the 

marginal value theorem (Bettinger 1991:90). Charnov (1976) developed the marginal value 

theorem to extend the patch choice model’s ability to predict when a patch should be abandoned 

in favor of a more profitable one. At the core of the model is the assumption that foraging 

activity will cause the return rate of a given patch to decrease following a diminishing returns 

curve (Charnov 1976:134). The marginal value theorem predicts that a forager should leave the 

patch they are exploiting when the costs of travelling and harvesting another patch will yield a 

higher net return rate than staying in the current patch (Smith 1983; Bettinger 1991; Smith 1991; 

Bird and O’Connell 2006; Kennett and Winterhalder 2006; Lupo 2007; Morin 2012).  

An important assumption made by the MVT is that the optimal amount of time spent in 

any one patch is directly correlated with the average net return rates for all exploited patches. 

This has interesting and somewhat counter-intuitive implications. When patches are either close 

to one another or rich in resources, foragers will not spend much time in any one patch. 

Conversely, when travel distance between patches is high and/or the patches themselves are poor 

in resources, the amount of time spent in one patch increases (Smith 1983; Stephens and Krebs 

1986; Kennett and Winterhalder 2006; Lupo 2007; Morin 2012). In sum, the model’s prediction 

indicates that patches should be ignored or abandoned unless their marginal return rate is greater 
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than or equal to the average rate of all exploited patches (Smith 1983:631; Bettinger 1991:93; 

Lupo 2007:150).  

The two models presented thus far assume prey is consumed upon capture. However, 

foragers may transport resources to a central place for additional processing, provisioning, or 

consumption (e.g., Orians and Pearson 1979; Cannon 2003). The issue of differential 

transportation is addressed by central place foraging models. 

 

3.3.3 Central place forager prey choice model 

 

 The prey and patch choice models inherently assume that foragers consume prey items at 

the place of procurement, a prospect that in many situations is untenable due to the risk presented 

by exposure to predators (Orians and Pearson 1979:170; Cannon 2003:2). An alternative to 

consuming prey in the open is to transport prey items back to a central place for distribution and 

consumption (Orians and Pearson 1979:170). Central place foraging models as developed by 

Schoener (1979) and Orians and Pearson (1979), were created to examine the effect of transport 

and travel costs on foraging behaviour in terms of patch choice, prey choice, load size, field 

processing, and settlement location (Stephens and Krebs 1986; Schoener 1987; Bettinger 1991; 

Lupo 2007). The model assumes that a forager can search for multiple prey types 

simultaneously, encounters prey types randomly and sequentially, and: “that the predator is at 

equal risk per unit time while at the patch, in transit, or at the central place” (Orians and Pearson 

1979:156–157). Foragers are expected to maximize the net rate of energy that can be delivered to 

a central place while minimizing the cost in energy in its delivery (Orians and Pearson 1979:170; 

Bird and O’Connell 2006:155). The goal of the model is to predict the prey types foragers should 

transport and how those decisions change with varying distance from a central place (Bird and 
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O’Connell 2006:155; Lupo 2007:153). Central place foraging models have been subject to 

modification, as the original model does not factor in how butchering can increase the net 

delivery rate of large prey types to a central place. Prey items such as rabbits or birds can be 

transported by humans without field processing because of their small size. However, to 

maximize the net delivery rate, larger prey items may require field processing and decisions may 

need to be made regarding which parts to discard and which to transport back to a central place 

(Metcalfe and Barlow 1992; Bird and Bliege Bird 1997; Cannon 2003; Lupo 2007; Morin 2012). 

A modified version of the central place foraging model (Cannon 2003) is designed with 

the goal of predicting prey choice, field processing, and transport decisions for foragers that 

travel between patches and a central place with limited transport capacities (Morin 2012:25; 

Morin and Ready 2013:227). A key assumption of this model is that there is a maximum load 

size (i.e., weight) which limits how much potential food can be transported (Cannon 2003:4). As 

in the prey choice model, prey types are ranked from highest to lowest in terms of profitability. 

However, in this model, the currency is the net delivery rate per unit time, as opposed to the net 

post-encounter return rate per unit time (Cannon 2003:5). The two models also differ in that the 

central place forager prey choice model (CPFPC for brevity) incorporates search and travel times 

into the derivation of delivery rates when applicable, along with field processing costs (Cannon 

2003:5). As a result of the inclusion of search time into model, the same prey types may be 

considered high-ranked when close to the central place and low-ranked when encountered in 

patches further away (Cannon 2003:11). Importantly, the CPFPC model does not treat the 

distinction of patches as strictly as the patch choice model, preventing overlap between patches 

from having an impact on the model’s predictive power (Cannon 2003:3). Another important 

distinction between the CPFPC and prey choice models is that the former assumes that foragers 
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leave the central place to forage with the intent of procuring a specific prey type, although it is 

possible that they will return with a different prey type (Cannon 2003:10–11). 

The CPFPC model dictates that the relationship between load size and processing time 

takes the form of a diminishing returns curve because as transport or search costs increase, more 

time must be taken to field process prey to maximize the net delivery rate to the central place 

(Cannon 2003:4–7). This means that large prey are always more profitable than smaller prey 

when close to the central place because their search, processing, and transport costs are reduced. 

Conversely, if large prey are rarely encountered close to the central place the search, transport, 

and processing costs increase, making their return rate less than smaller prey types encountered 

nearby. The CPFPC model predicts that foragers will focus on smaller, lower-ranked prey types 

close to the central place. However, if the costs to procure the smaller prey type substantially 

increase, then foragers should focus on large prey types in distant patches to maximize the net 

delivery rate (Cannon 2003:11). Within the model, this would result in an increase in the number 

of larger prey types relative to smaller taxa (e.g., artiodactyl > lagomorph) and increased field 

processing costs caused by a decrease in foraging efficiency (Cannon 2003:12).   

 

3.4 Archaeological application of NCT and DBM in the present study 

 

Foraging models and, to a lesser extent, NCT have been used in archaeology to make 

predictions about foraging behaviours and to test hypotheses regarding resource intensification, 

plant/animal domestication, and resource depression. As such, the models are most often used to 

assess diachronic changes in foraging efficiency (Bird and O'Connell 2006:145; Lupo 2007:143). 

To that end, the faunal material analyzed here have been assigned to three time periods within 

southcentral Ontario’s prehistory (i.e., Sandbanks Phase, Pickering Phase, and Late Woodland/ 
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Iroquoian). Given the criticisms associated with the use of DBM approaches (see above), it is 

necessary to also consider diet breadth change in southcentral Ontario from a NCT perspective to 

establish if its use in anthropological research is warranted. Smith’s (2011) application of NCT, 

indicates that small-scale societies engage in both central place foraging and central place 

provisioning. If this is true in the case of southcentral Ontario, the archaeological record should 

produce proportions of animal remains that can support his hypothesis. As such, the CPFPC 

model was selected to investigate the exploitation of animal resources in the study area. 

Importantly, Smith (2011) suggests that widening diet breadth over time may not indicate 

resource depression, but rather the stabilization and maturation of niche(s) created by humans. If 

this is true, diet breadth should be observed to expand between the Sandbanks, Pickering, and 

Late Iroquoian Phases without traces of resource depression. However, because data from the 

study area does not consistently include information regarding plant remains, interpretations 

based on a NCT approach are limited to those that can be made based on faunal remains. 

Following Cannon (2003), diet breadth within the study area is investigated using prey ranks and 

abundance indices (see below). Foraging efficiency and resource procurement are also examined 

through a consideration of transport decisions. 

 

3.4.1 Prey ranks 

 

Prey body size has regularly been used as a proxy for estimating the net return rate of 

procured resources (e.g., Broughton 1994:374; Cannon 2003; Morin 2012; Piperno et al. 2017). 

As in those studies, the relationship between body size and profitability is assumed to be 

curvilinear in nature. Prey species with very large or very small body sizes (e.g., whales or mice) 

are not considered as profitable as intermediate-sized prey because of high handling costs. 



47 
 

 
 

Between the two extremes, profitability is generally acknowledged to increase with body size; 

larger prey items (e.g., black bear and white-tailed deer) are considered higher-ranked than small 

prey such as rabbits or squirrels (Broughton 1994:375). However, hunting techniques and/or 

technology can have an impact on return rates. For example, the profitability of some animals 

such as fish, may be increased if collected using nets (Ugan 2005:84). Similarly, the profitability 

of small terrestrial animals such as rabbits can also increase if mass-collected (Jones 2006:276). 

These situations contradict the body size rule because they violate the assumed relationship 

between energetic return rates and body mass. It is important to note that animal behaviour may 

also impact profitability. Animals that live in groups may be more profitable than solitary taxa as 

more than one individual can be procured at one time. In the Boyd Island assemblage, such taxa 

may include the muskrat (Ondatra zibethicus), beaver (Castor canadensis), and schooling fish 

species such as yellow perch (Perca flavescens), pumpkinseed (Lepomis gibbosus), and 

largemouth bass (Micropterus salmoides) (Scott and Crossman 1973:659, 717, 738). 

An important limitation of the use of prey body size as a proxy for resource profitability 

is that it fails to consider the impact of prey mobility on return rates. Simply put, prey taxa 

capable of moving at a high velocity are less likely to be captured (Stiner et al. 2000:50; Bird et 

al. 2009:5; Bird et al. 2012:191). Morin (2012) examined this issue in detail by comparing the 

body mass and maximum running speed of a broad range of mammal species. His study found 

that the body size rule works best for mammals within the 50–700 kg size range (Morin 

2012:33). Indeed, the body size rule works effectively with mammals having a range of “well-

graded body sizes,” such as those found in the temperate forests of Canada (Morin 2012:33). 

Smaller mammals within this geographic region can move at significant speeds (e.g., snowshoe 

hare and red fox), which supports their lower profitability. However, there are species within the 
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study area in which ranks based on body size could be influenced by differences in predatory 

defense mechanisms and prey mobility (Stiner et al. 2000:49–50; Bird et al. 2009:15–16; Bird et 

al. 2012:188). Slow-moving or sessile animals using quills or carapaces (e.g., porcupines, turtles, 

molluscs) as predatory defenses are generally associated with increased capture rates and lower 

pursuit costs when compared with animals of similar body weight (Stiner et al. 2000:49; Bird et 

al. 2009:15; Morin 2012:32–33). Nonetheless, sessile prey types may be avoided when their 

processing costs negate the benefit associated with their lower pursuit and capture costs. Despite 

this, mobility can result in a violation of the body size rule. This appears to be the case in warmer 

climates, such as Australia, where Bird et al. (2009; 2012) have suggested that prey mobility is a 

stronger indicator for estimating the probability of capturing small prey (<25 kg) than body size. 

Morin (2012) suggested that because, in cooler climates, prey taxa are usually well-

separated from one another, overlap in return rates and rank inversions are less likely. As a test 

of this hypothesis, he compared the body masses and net return rates for sets of species at 

different latitudes. His study found that the body size rule is stronger within the cooler latitudes 

where fauna are comprised of intermediate-sized taxa with variable body masses (Morin 

2012:33). For this reason, prey mobility, while still important, is less likely to impact prey 

rankings in temperate environments. 

The construction of prey rankings at Boyd Island was established using body mass as a 

proxy for net return rates. However, because of the above issues regarding mass collection and 

gregarious prey types, interpretation of results from the faunal assemblage will need to factor in 

these concerns. Given that many of the fish species identified could have been procured using 

mass capture techniques such as netting or weirs, it is believed that prey rankings for strictly 

aquatic (i.e., fish) and terrestrial or semi-terrestrial taxa (i.e., mammals, birds, reptiles, and 
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amphibians) should be separated from one another. As such, the prey rankings employed in this 

study require an assumption to be made for operationalization. Mass capture techniques are 

ethnographically documented in the study area, though no evidence of their use was documented 

in the Boyd Island assemblage. This study assumes that mass capture events were not the 

principal mode of prey capture and that this method of capture did not result in a substantial re-

ranking of prey types. However, the possibility that some prey types (e.g., fish) were mass 

captured is also considered in the discussion.  

The body weights of terrestrial and aquatic prey types were obtained from the sources 

outlined in Table 3.1 and 3.2 (Figure 3.1 and 3.2). Note that some of the listed species may have 

been procured for reasons other than food. Turtles were not included in prey rankings for two 

reasons. Despite their small size, they were likely always included in the optimal diet due to their 

low handling costs, in violation of the body size rule (Morin 2012:28). Moreover, turtle remains 

could not be identified to species, which prevented retrieval of body mass data.  
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Table 3.1 Data and references for body mass of terrestrial taxa at Boyd Island, from largest to 

smallest. Size classes are defined as: large (> 60.0 kg), medium (between 60.0 and 4.0 kg), and 

small (< 4.0 kg). 

Common Name Mass (in kg) 1 Source Comparative specimens 

Large Size Class    

Black Bear 77.5 Pelton (2003:547) (Ursus americanus) 

White-tailed Deer 2 75.3 Keene (1981:104) (Odocoileus virginianus) 

Medium Size Class    

Canadian Beaver 23.8 Baker and Hill (2003:289) (Castor canadensis) 

Dog 13.5 Bekoff and Gese (2003:468) (Canis latrans) 

Racoon 6.9 Gehrt (2003:612) (Procyon lotor) 

Wild Turkey 6.5 McRoberts et al. (2014) (Meleagris gallopavo) 

Porcupine 6.1 Roze and Ilse (2003:372) (Erethizon dorsatum) 

Red Fox 5.5 Cypher (2003:416) (Vulpes vulpes) 

Common Loon 4.9 Evers et al. (2010) (Gavia immer) 

Canada Goose 4.8 Mowbray et al. (2002) (Branta canadensis) 

Small Size Class    

Groundhog/Woodchuck 3 4.0 Armitage (2003:190) (Marmota monax) 

Fisher 3.4 Powell et al. (2003:636) (Martes americana) 

Muskrat 1.3 Erb and Randilph Perry, Jr (2003:313) (Ondatra zibethicus) 

Snowshoe Hare 1.3 Murray (2003:147) (Lepus americanus) 

Duck sp. 1.2 Drilling et al. (2002) (Anas platyrhynchos) 

Ruffed Grouse 0.6 Rusch et al. (2000) (Bonasa umbellus) 

Squirrel sp. 0.5 Edwards et al. (2003:248) (Sciurus carolinensis) 

Passenger Pigeon 0.3 Blockstein (2002) (Ectopistes migratorius) 

Eastern Chipmunk 0.2 Yahner (2003:269) (Tamiasciurus hudsonicus) 
1 When a range of weights was available or when values were given separately for males and 

females, averages were used to calculate body mass. 
2 Averaged weight of northern North American subspecies. 
3 Averaged weight between den immergence and emergence. 
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Figure 3.1 Ranking of terrestrial prey types at Boyd Island as suggested by body mass. Data 

from Table 3.1. 
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Table 3.2 Data and references for body mass of aquatic taxa at Boyd Island, ranked largest to 

smallest. The average mass of specific fish taxa was derived from Scott and Crossman (1973). 

Size classes are defined as: large (> 1.5 kg), medium (between 1.4 and 0.5 kg), and small (< 0.5 

kg). 

Common Name Mass (in kg) 1 Page # 2 Comparative specimens 

Large Size Class    

Muskellunge/Pike 6.4 367 (Esox lucius) 

Trout 5.3 224 (Salvelinus namaycush) 

Walleye/Sauger 2.8 771 (Sander vitreus) 

Whitefish sp. 2.0 273 (Coregonus clupeaformis) 

Medium Size Class    

Sunfish sp. 1.4 722 (Lepomis marcrochirus) 

Largemouth Bass 1.1 737 (Micropterus salmoides) 

Bass/Sunfish 1.1 A (Lepomis marcrochirus and Micropterus sp.) 

Sucker 0.8 542 (Catostomus commersoni) 

Smallmouth Bass 0.7 731 (Micropterus salmoides) 

Catfish 0.6 A (Ameiurus nebulosus and Ictalurus punctatus) 

Redhorse 0.6 581 (Moxostoma macrolepidotum) 

Brown Bullhead 0.6 601 (Ameiurus nebulosus) 

Channel catfish 0.5 607 (Ictalurus punctatus) 

Freshwater Drum 0.5 815 (Aplodinotus grunniens) 

Small Size Class    

Pumpkinseed 0.3 716–717 (Lepomis gibbosus) 

Yellow Perch 0.2 758 (Perca flavescens) 

Rock Bass 0.2 706 (Ambloplites rupestris) 
1 When a range of weights was available or when values were given separately for males and 

females, averages were used to calculate body mass. 
2 A indicates an average weight of both comparative specimens was used. 
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Figure 3.2 Ranking of aquatic prey types at Boyd Island as suggested by body mass. Data from 

Table 3.2. 
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assemblage. Indeed, Morin (2012) suggest that the body fat and body mass scales are in “general 

agreement” when ranking taxa. Given this, the use of body mass to rank prey types was found to 

be appropriate for the current study. 

 

3.4.2 Abundance indices 
 

To interpret variations in the faunal record, proxy estimates known as abundance indices 

are often used. Within archaeozoological research, abundance indices typically compare a group 

of high-ranked taxa to a group of lower-ranked taxa, often taking the form of: Ʃ large taxa / (Ʃ 

small taxa + Ʃ large taxa) (Bayham 1979:219–220; Codding et al. 2010:3200–3201; Ugan and 

Simms 2012:182). To effectively operationalize this type of abundance index, subsets may be 

created for prey types of different sizes but similar velocity (e.g., lagomorphs and artiodactyls in 

Cannon 2003; Broughton et al. 2011) Inversely, the index may compare prey types of different 

mobility, but similar in body mass (e.g., rabbits and tortoises in Stiner et al. 2000). Rank 

inversions are limited by grouping prey types into high- and low- return categories, which also 

reinforces the relationship between body size and return rates. It is for this reason that prey types 

that may have been mass collected should be excluded from abundance indices (Morin 2012:37). 

However, abundance indices for fish from the study area were constructed as means to determine 

if aquatic foraging efficiency declined between sites. These indices are presented in Chapter 6 

and 7.  
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CHAPTER 4: METHODOLOGY 

 

 

 To interpret subsistence practices at Boyd Island, it is necessary to evaluate the integrity of the 

assemblage. This is because multiple pre- and post-depositional processes may alter faunal assemblages 

before and after their recovery by archaeologists. Accordingly, this chapter presents the methods used to 

evaluate taphonomic signatures on the Boyd Island assemblage, along with a description of the 

quantification methods used in the analysis of taxonomic composition and skeletal part representation. The 

chapter also considers why the chosen methods are relevant for studying faunal assemblages recovered from 

temperate forest environments. 

 

4.1 Definitions and identification procedures 

 

Three important distinctions are made between the terms individual, element, and specimen to 

ensure clarity when presenting the forthcoming methods. An individual refers to a single complete animal 

skeleton and element indicates a “complete discrete anatomical unit” (e.g., femur, ulna, lunate, mandible) 

(Lyman 2008:5). Specimens are defined as any skeletal remain either fragmented or complete (Lyman 

2008:5). Importantly, specimens within archaeozoological research can originate from sites or experimental 

studies.  

 Identification of the faunal material from Boyd Island was done using the comparative collections 

from the Archaeozoology Laboratory at Trent University and the Department of Natural History at the 

Royal Ontario Museum. Manuals by Olsen (1968), Mundell (1975), Barone (1986), Wheeler and Jones 

(1989), Gilbert et al. (1996), and Hillson (2005) among others, were also consulted. Vertebrate and 

invertebrate remains were identified to the highest taxonomic level possible. Specimens were measured 

using digital calipers when appropriate and all identified specimens were examined using a 10X 

magnification lens to observe surface modifications. 
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4.2 Quantification methods 

 

The number of identified specimens to taxon (NISP) forms the primary quantification unit available 

when calculating relative abundances of taxa in archaeological or paleontological faunal assemblages 

(Grayson 1984; Klein and Cruz-Uribe 1984; Lyman 1994b; Lyman 2008; Reitz and Wing 2008). 

Specimens counted with NISP are generally identified at least to the genus level and to skeletal element 

(Lyman 2008:27). However, in this study, NISP values also include amphibian, bird, fish, mammal, and 

reptile specimens identified to the class level, as some taxa were not identifiable to genus or species due to 

fragmentation and other taphonomic processes. Individual teeth were counted as distinct elements if they 

were not associated with another cranial element. Teeth that were found in articulation with the maxilla or 

mandible were considered part of that cranial element and were not added to the NISP. Following the body 

size classes defined by Savage (1971:78) and Emery (2007:62), bird and mammal and bones that could not 

be identified to family or genus were attributed to broader taxonomic groups based on body size (Table 4.1). 

Specimens that could not be assigned to taxon or a broader taxonomic grouping can be tallied as number of 

specimens (NSP), which can have analytical value when the research question necessitates calculating rates 

of fragmentation for specimens in an assemblage (Cannon 2013:401; Lyman 2008:27; Reitz and Wing 

2008:204–205). As such, NSP values for indeterminate remains were also recorded. 
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Table 4.1 Taxonomic groups based on body size, modified from Savage (1971) and Emery (2007). 

 
Mammal Small Medium Large 

 Vole Microtus sp. Beaver Castor canadensis Black bear Ursus americanus 

 Mouse Muridae spp. Dog Canidae spp. Cervid Cervidae spp. 

 Squirrel Sciurus carolinensis Racoon Procyon lotor Moose Alces alces 

 Chipmunk Tamias striatus Porcupine Erethizon dorsatum White-tailed Deer Odocoileus virginianus 

 Muskrat Ondatra zibethicus Fox Vulpes sp.   

 Rabbit spp. Lagomorph spp.     

 Groundhog Marmota monax     

 Fisher Martes pennanti     

Bird Small Medium Large 

 Ruffed Grouse Bonasa umbellus Wild Turkey Meleagris gallopavo   

 Pigeon Ectopistes migratorius Common Loon Gavia immer   

 Duck sp. Anatidae spp. Canada Goose Branta canadensis   

 

 

 

In response to some of the limitations (e.g., interdependence, aggregation, and inter-taxonomic 

variation) of quantification methods such as NISP, minimum number of elements (MNE), and minimum 

number of individuals (MNI), alternative metrics of skeletal and taxonomic abundance have been 

formulated (Morin et al. 2017b:952). One such metric, referred to as the number of distinct elements (NDE), 

is employed in this study. The NDE is a count of the number of times a “diagnostic landmark” is observed 

within a sample of specimens of the same taxon and element (Morin et al. 2017b:952). Importantly, a given 

landmark only increases the NDE tally if it is more than 50 % visible on the cortical surface of the element 

where the landmark occurs (Morin et al. 2017b:952). This is to prevent the problem of “interdependence,” 

which is counting the same element more than once, a problem associated with the use of NISP (Grayson 

1984:23; Morin et al. 2017b:952). Similar to a method presented by Watson (1979), the goal of NDE is to 

count distinct elements based on a list of distinct landmarks. However, unlike Watson (1979) the left and 

right sides of paired elements are not treated as distinct landmarks (Morin et al. 2017b:952). Moreover, the 

landmarks employed in NDE include a diverse array of elements, bone portions (such as vertebrae, 

sesamoids, ribs, and shaft fragments), and cover smaller regions of bone. A control cutout is used to assess 

the proportion of the landmark visible, based on a list of landmarks provided by Morin et al. (2017b:952–
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953). Following the method, NDE was calculated for the ungulate portion of the Boyd Island assemblage. 

NDE values for smaller mammals, birds, reptiles, and amphibians were also tallied using the presence of at 

least 50 % of an element’s epiphyses (Eugène Morin, personal communication 2015). However, the method 

could not be applied to fish specimens due to their drastically different morphology. 

 

4.2.1 Strengths and weaknesses of NISP and NDE 

 

The primary advantage to the use of NISP when compared to other quantitative approaches is its 

simplicity. Fundamentally, it is a tally of the identified specimens and the resulting frequencies are easy to 

compute in an efficient way during identification. The observational nature of NISP counts make it 

cumulative, which allows for the lumping of previously distinct excavation unit contents together without 

much effort spent in recalculation (Klein and Cruz-Uribe 1984:25; Lyman 2008:28). NISP also has the 

advantage of being easily replicable. Two or more analysts, assuming access to the same reference 

collection, and skill in identification, should obtain similar NISP values for the same faunal assemblage 

(Grayson1984:20; Klein and Cruz-Uribe 1984:25; Lyman 2008:28). However, a recent blind test of 

material of known taxon and element has shown that this is not always the case (Morin et al. 2017a). 

Criticisms regarding the application of NISP as a measure for calculating relative taxonomic 

abundance have been surfacing within the archaeological and paleontological literature since at least the 

1970s and in many ways, these issues are not fully resolved (Marshall and Pilgram 1993:262; Lyman 

2008:29). The first of which is the fact that NISP is sensitive to inter-  and intra-taxonomic variation. This 

may result from different taxa or elements being easier to identify or the fact that some taxa do not share the 

same number of skeletal elements. Additionally, some taxa or skeletal elements are more prone to be 

destroyed or fragmented because of differential structural density (Grayson 1984:20–25; Klein and Cruz-

Uribe 1984:25; Lyman 2008:29–34). Given this, the problem can arise that the abundance of certain taxa or 

elements may be over- or under-represented relative to their initial abundance in an assemblage as tallied by 
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NISP. However, efforts to counteract the impact of fragmentation and differential fragmentation have been 

made through mechanical or anatomical refitting (see Enloe and David 1992; Hofman 1992; Morin 2012). 

At Boyd Island, only a fraction of the material was tentatively refitted because of the predominance of very 

small fish remains. Alternatively, Lyman (2008) proposed that the problem of taxonomic variation 

can be prevented by not tallying parts that are known to differ between species (e.g., phalanges 

of deer and horses). By comparing parts that are equally represented in both species, potential 

inflation of species abundance is avoided (Lyman 2008:30). A more efficient solution proposed 

by Shotwell (1955) suggests that NISP should be weighted by “dividing it by the number of 

identifiable elements per single complete skeleton in each taxon” (Lyman 2008:30). This process 

results in a derived quantitative unit, the normed number of identified specimens (NNISP) 

(Grayson 1984:25). 

 One of the more troublesome problems with NISP is the issue of interdependence, which is the 

failure to account for specimens deriving from the same element (Grayson 1984:25–26; Lyman 2008:30, 

37; Reitz and Wing 2008:203). For example, in a given taxon, if the NISP is 15, it is not directly possible to 

determine if those specimens account for 1 or 15 elements. Thus, NISP may inflate the sample size of 

individuals or elements. Additionally, the issue of interdependence may prevent basic statistical testing as 

most require independent observations (Grayson 1984:23–26; Lyman 2008:36–38).  

The problem of interdependence can, at least partially, be prevented using derived quantification 

metrics, such as MNI or MNE, or by conducting refits of the material under analysis. MNI (and MNE) 

counter this problem as it avoids counting the same individual or element more than once. Additionally, 

because MNI and similar derived metrics are based on the most common skeletal element of a taxon, they 

are not affected by the problem of inter-taxonomic variation of skeletal elements (Lyman 2008:38–39, 44). 

However, despite these advantages, problems with this quantification method have also been recognized. 
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An important problem with MNI is that there is no agreement on how these estimates should be calculated, 

which reduces comparability between assemblages (Klein and Cruz-Uribe 1984:26; Marean et al. 

2001:338; Lyman 2008:46). Additionally, MNI is more difficult to calculate than NISP as it is not 

cumulative (Marean et al. 2001:338). The importance of rare taxa is typically exaggerated when calculated 

using MNI (Plug and Plug 1990:53). MNI and MNE values may also be affected by strategies of sample 

aggregation. For example, although the right talus of a given taxon may be the most abundant skeletal part 

at a site, other elements may occur more frequently if the assemblage is divided into multiple subsamples or 

aggregates (Grayson 1984:29–30; Plug and Plug 1990:56; Lyman 2008:58–63). Like the problem of 

interdependence, refitting can assist in countering the problem of aggregation, as it minimizes the chance of 

aggregates sharing specimens from a given individual (Lyman 2008:68–69). 

Like NISP, MNI decreases with fragmentation. As fragmentation increases, it becomes more 

difficult to identify fragments because they display fewer diagnostic landmarks (Lyman and O'Brien 

1987:496; Marshall and Pilgram 1993:264; Lyman 2008:43). However, the problem is that MNI will 

typically decrease relative to the rate of increase for NISP (Marshall and Pilgram 1993:265–266). This 

nonlinear increase of MNI with an increasing sample size is considered a major drawback.  

The problems of differential fragmentation, identification, and preservation prevent NISP and MNI 

values from being considered as ratio-scale data (Grayson 1984:94–96). However, when taxa are well 

separated in terms of abundance, they can provide reliable ordinal data. This is because aggregation 

methods (for MNI and MNE) or specimen interdependence (for NISP) are less likely to influence the rank 

order of taxa that have substantial differences in relative abundance (Grayson 1984:97–99; Lyman 

2008:73–75, 226–228). It was in response to the many problems associated with the quantification methods 

discussed above, that led to the recent development of NDE based on an experimental study conducted by 

Morin et al. (2017b:952). 
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 According to Morin et al. (2017b), the NDE has five significant advantages over the use of 

minimum number-based tallies. First, NDE is easier to calculate than MNI or MNE. The calculation of 

NDE only involves the identification of a diagnostic landmark and counting it. This avoids the time-

consuming process of spreading/drawing the remains in order to search for overlapping landmarks between 

specimens (see Marean et al. 2001). Given the simplicity of the tabulation process, it can be done at any 

time during the analysis and additional information can be added to the landmark code such as “R” or “L” 

to indicate that the specimen belongs to the right or left side for paired elements (Morin et al. 2017b:959). 

Importantly, because each specimen attributed to a single NDE landmark exhibits more than 50 % of that 

landmark, they are considered distinct elements, thus avoiding the problem of interdependence (Morin et al. 

2017b:959). The second advantage of NDE is that it is highly standardized. This is because the method 

focuses on a group of specific and “invariable” diagnostic landmarks that are counted as integers. Size, age, 

and sex of specimens are not considered in the calculation of NDE, which reduces the potential for error 

between analysts. Additionally, the use of a control cutout further reduces the potential for error and allows 

for tallies that are easily reproducible between analysts and samples (Morin et al. 2017b:959). 

 A third advantage relates to the exaggeration of the abundance rare elements. The probability of 

identifying new elements using this method is independent of previously identified specimens and NDE 

will increase linearly with NISP. As such, it does not exaggerate the representation of rare elements (Morin 

et al. 2017b:961). Fourth, the landmarks that provide the tallies in NDE are static and do not change, 

regardless of changes in sample composition. This means that, unlike MNI and MNE, aggregation will have 

no impact on NDE tallies. Additionally, NDE tallies, like NISP, can be considered cumulative, as long as 

data are reported for all landmarks, and that the criteria for identification remains unchanged (Morin et al. 

2016). However, NDE tallies may not be cumulative if they are only published for whole elements. This is 

because the most common diagnostic landmark for elements with multiple landmarks may vary between 
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samples. The probability of encountering this problem can be reduced through systematic reporting of all 

landmark data, which is an improvement over MNI and MNE (Morin et al. 2017b:961–962). The fifth 

advantage of NDE is that it facilitates comparisons of tallies between mollusc and vertebrate remains. 

Similar to the way diagnostic landmarks are employed in NDE, archaeomalacological studies have 

developed new quantification methods that estimate the abundance of molluscan taxa using “non-repetitive 

elements” (NRE) (Giovas 2009; Harris et al. 2015; Morin et al. 2017b; Thomas and Mannino 2016). Like 

NDE, the NRE-based MNI proposed by Harris et al. (2015) controls for the problem of aggregation, which 

may bring the estimate closer to the actual abundance of taxa within an assemblage while providing a linear 

measure with respect to sample size. Given this, it is important to note that the NRE-based MNI counts were 

not employed in the analysis of mollusc fragments in this study due to intense fragmentation. Additionally, 

the origin of the gastropod taxa is suspect, due to the presumed intrusive nature of these taxa within the 

Boyd Island assemblage.  

 

4.2.2 Use of quantification methods 

 

The small size of the identified Boyd Island sample limits the use of certain quantification methods. 

Counts derived from MNI and MNE counts are presumably less accurate than NISP counts when used to 

describe small samples (Grayson 1978:60–61; Plug and Plug 1990:53). Additionally, this problem may be 

amplified by the high diversity of species observed in the assemblage. For these reasons, NISP and NDE 

were used conjointly to measure taxonomic composition, whereas NNISP and NNDE were used to 

investigate skeletal part representation. The use of these quantification methods should improve the 

robustness of results with respect to taxonomic composition, along with skeletal part representation, while 

allowing comparisons to be made with other assemblages from southcentral Ontario. 
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4.3 Age and sex 

 

Analyses of animal’s sex and age at death can generate important information regarding human 

prey choice, season of site occupation, and animal husbandry practices. A common method used to estimate 

the age at death of individuals in a faunal assemblage involves an evaluation of the completeness of 

epiphyseal fusion. Given that most bones fuse at different times during an animal’s life, the sequence of 

fusion can be used to establish age classes (albeit coarsely), which is of use for juvenile specimens 

particularly (Reitz and Wing 2008:72). However, it is rarely possible to distinguish prime versus older adults 

because all bones within their skeletons are generally fused. As such, the age classes derived from 

epiphyseal fusion may only provide coarse information for use in mortality profiles. This problem may also 

be accentuated by the fact that unfused epiphyses are more susceptible to destructive taphonomic processes 

(e.g., density-mediated attrition, carnivore ravaging, and other post-depositional process) than fused 

specimens, which can lead to biases against younger animals (Klein and Cruz-Urbe 1984:41–43). 

 The use of teeth for estimating the age at which an individual died provides more precise 

information and circumvents some of the problems associated with epiphyseal fusion. Because teeth are 

generally more durable than epiphyses, they are less likely to be impacted by post-depositional processes, 

although this is debatable in the case of deciduous teeth (Klein and Cruz-Uribe 1984:43–44). Importantly, in 

mammals, teeth erupt at certain ages and wear down more or less continuously over the course of an 

animal’s life (Klein and Cruz-Uribe 1984:43–44; Reitz and Wing 2008:72–73). This allows the relative age 

of mammals to be estimated using existing sequences of dental eruption and wear (Klein and Cruz-Uribe 

1984:46–55; Hillson 2005:215–222). The age for worn teeth is commonly measured using the maximum 

crown height of either a permanent or deciduous cheek tooth (Payne 1973; Klein et al. 1981; Hillson 2005; 

Reitz and Wing 2008). Despite the increased precision of this method, there are problems that can limit its 

application. First, it requires relatively complete teeth, which can limit the number of specimens available 
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for constructing age profiles (Klein and Cruz-Uribe 1984:52–54). Second, variation in the timing of dental 

eruption and wear in some species exists between sexes (Gee et al. 2002:388–399; Hillson 2005:223) and, 

between different populations of the same species (Klein and Cruz-Uribe 1984:52). Additionally, eruption 

schedules and wear profiles are not always available for wild animals (Klein and Cruz-Uribe 1984:41–43). 

However, biologists (e.g., Severinghaus 1949; Gilbert and Slolt 1970; Gee et al. 2002) have been successful 

in applying this method to white-tailed deer teeth, the second most common mammal species at Boyd 

Island. 

 Age determination on the Boyd Island assemblage focused on white-tailed deer. Epiphyseal fusion 

sequences recorded by Purdue (1983) were compared with the data collected from the Boyd Island 

assemblage. Following his approach, epiphyses were coded as unfused, intermediate, or fused. Fused bone 

was identified by the absence of the line of fusion, whereas the intermediate category includes bones in 

which the line of fusion is clearly visible. An attempt to derive age from white-tailed deer teeth was made 

following Severinghaus (1949). Crown height measurements were recorded for mandibular molars and 

premolars. The intent was to follow the approach implemented by Gee et al. (2002), in which specimens are 

assigned to one of three age classes: juvenile (<1-year-old), subadult (1–2 years old), and adult (>2-years 

old). However, this approach was abandoned when it was determined that only two specimens within the 

assemblage were suitable for age determination using this method. Where possible, a coarse age estimate 

was also recorded for other mammal species based on epiphyseal fusion, with specimens being coded as 

juvenile, adult or indeterminate. 

 A simpler method for determining the sex of ungulate specimens consists of recording the presence 

or absence of antlers (Klein and Cruz-Uribe 1984:39–40). Additionally, the sex of a specimen can also be 

determined based on morphological comparisons for bones that are known to differ (i.e., pelvis shape) 
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between male and female skeletons (Klein and Cruz-Uribe 1984:39). Unfortunately, the absence of antlers 

prevented the use of this approach for Boyd Island. 

 

4.4 Taphonomic modifications 

 

 Multiple factors (i.e., anthropic, biological, chemical, and physical) may alter archaeological 

assemblages, thereby distorting interpretations of human behaviour inferred from faunal analysis. As such, 

multiple lines of evidence must be examined to determine the possible agent(s) of accumulation for the 

Boyd Island assemblage. 

 

4.4.1 Fractures 

 

 Taphonomic and actualistic studies have demonstrated that there is no simple correlation between a 

type of fracture and the agent responsible for bone breakage (Binford 1981; Haynes 1983a; Nascou and 

Morin 2014; Fernandez-Jalvo and Andrews 2016). Given that fracture morphologies on long bone 

fragments are constant properties of broken bone, some inferences can be made regarding the cause of bone 

fracturing through analysis of fracture patterns on long bone fragments (Villa and Mahieu 1991:46–47). As 

such, the study of fractures may be possible even when cortical surfaces exhibit moderate- to intense 

weathering, which is common in temperate environments, or when cutmarks or traces of gnawing have 

been affected by other taphonomic processes (e.g., burning or trampling). 

 The approach adopted for this study is to classify bone fragments into two types: green-bone and 

dry-bone fractures. Green-bone fractures tend to exhibit homogeneous colour, smooth texture, and a spiral 

shape (Morlan 1980:48–49; Haynes 1983b:112; Johnson 1985:176, 222). Conversely, dry-bone fractures 

commonly exhibit a roughened texture in cross-section, a different colour than the cortical surface, and an 

approximately transverse shape (Morlan 1980:48–49; Johnson 1985:176–178, 222; Fernandez-Jalvo and 

Andrews 2016:284). Only fractures that were clearly discernable as green or dry were recorded following 
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this method. However, despite this method being mainly used with mammal remains, it is suggested that it 

can be effectively applied to the analysis of avian long bones (Higgins 1999:1449–1450; Serjeantson 

2009:155). As such, fractures on avian long bones were recorded the same way. Following Villa and 

Mahieu (1991) the shape of proximal and distal fractures on long bones were assigned to one of these 

categories: curved, v-shaped, oblique, transverse, irregular, or ragged. Additionally, fracture edges were 

recorded following Villa et al. (2005) as fresh, slightly abraded, abraded, and very abraded, as it may help 

infer important information regarding site formation processes. 

 

4.4.2 Butchery and tool use 

 

According to Lyman (1994b), butchery can be defined as all activities related to the extraction of 

consumable resources from an animal carcass, such as meat removal, marrow cracking, skinning, and 

disarticulation. Cutmarks may appear on bone because of butchery activities (Binford 1981; Bunn 1983a; 

1989), as well as during the manufacture of bone tools (Gates St-Pierre 2010). As such, cutmarks are the 

best indication of human involvement in the formation of an assemblage (Villa et al. 2004:705). However, 

cutmarks can be confused with marks due to trampling or carnivore ravaging. Given this, only 

unambiguous cutmarks were recorded in this study. 

 Binford’s (1978) ethnographic research demonstrates that bone marrow provides an important 

source of dietary fat and nutrients. The hammerstone-on-anvil technique is commonly used by humans to 

extract marrow from bone, which may leave notches and/or percussion marks (Johnson 1985:192–194; 

Pickering and Egeland 2006:1–2). Given that notches penetrate through the cortical surface into the bone, 

weathering is less likely to obscure their presence on a specimen. One limitation with notches is that those 

made by carnivores while chewing can look like those produced by humans during marrow cracking (Bunn 

1989:311). However, a study by Capaldo and Blumenschine (1994) suggests that notches made by 

carnivores and humans can be statistically distinguished for small bovids (< 115 kg) using notch 
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morphology. More recent research by Galán et al. (2009) detected substantial overlaps between 

hammerstone- and carnivore-induced notches on small bovid remains and concluded that the pattern 

observed for small bovids is not as strong as Capaldo and Blumenschine (1994) indicate. Additionally, 

Castel (2004) observed that the morphology of notches made by wolves on sheep bones can resemble those 

produced by humans. However, given the relative paucity of carnivore specimens in the Boyd Island 

assemblage (see Chapter 5), it is believed that the recorded notches more likely result from anthropogenic 

fracturing. 

 Indigenous populations manufactured a variety of artifacts (e.g., tattoo needles, fishhooks, beads, 

awls, combs, harpoons, pendants, and chisels) from bone, teeth, and antler (Prevec and Noble 1983; 

Pendergast 1985; Berg and Bursey 2000; Gates St-Pierre 2007, 2010; Gates St-Pierre et al. 2016). Native 

populations preferentially selected strong, straight, long bones for this purpose, specifically the metatarsal, 

metacarpal, ulna, and femur (Gates St-Pierre 2010:72). Bones from white-tailed deer were the preferred raw 

material for certain items, but fish and other large-medium sized mammals (black bear, beaver, muskrat, 

channel catfish) were also used in the manufacture of implements (Gates St-Pierre 2010:72). Despite cranial 

bones and scapula being fragile, these flat bones may have been selected to produce gaming pieces, jewelry, 

spatulas, and other flat artifacts (Gates St-Pierre 2010:76). In some instances, the splintered edges of broken 

bones were used as tools (e.g., awls) without further modification. Expedient tools, such as splinter bone 

awls, can be identified by the polish visible on the bone surface (Gates St-Pierre 2010:72–73).  

 

4.4.3 Carnivore ravaging 

 

Actualistic studies have shown that carnivores can be important agents of transformation and 

accumulation of faunal assemblages. There exists a large body of literature focusing on their impact on 

faunal assemblages within temperate environments (e.g., Haynes 1980, 1982, 1983a, Andrews and 
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Armour-Chelu 1998, Castel 2004, Coard 2007, Nascou and Morin 2014). As such, these provide 

considerable information on how to recognize traces of carnivore agents on faunal remains. 

 The most destructive non-human agent at aboriginal sites are likely members of the Canis family 

(i.e., dog, coyote, or wolf). This is because Native peoples actively engaged in raising dogs as pets, hunting 

companions, as a source of food, and as sacrificial offerings (Prevec and Noble 1985:45; Stewart 1992:32, 

2000:100; Oberholtzer 2002:4). As such, their presence is well documented within faunal assemblages in 

Ontario (Stewart 1992:32; Madrigal and Holt 2002:754). Although occupied during an earlier period, canids 

may have both transformed and participated in the faunal accumulation at Boyd Island. Actualistic research 

by Nascou and Morin (2014) indicated that extensive damage to animal bone can result from the work of 

canid species. These carnivores generally tend to destroy the epiphyses by gnawing to extract fat. This may 

result in the production of relatively complete shafts or “bone cylinders” (Binford 1981; Johnson 1985; 

Cruz-Uribe 1991; Castel 2004). Conversely, bones tend to be broken along the midshaft by humans, which 

results in a higher proportion of “splinters” or fragments (Bunn 1983b:145; Pickering and Egeland 2006:1–

2). Given this, it is necessary to consider long bone shaft fragmentation (see section 5.3.6) when evaluating 

the impact of carnivores on faunal assemblages. Importantly, dogs may also fracture bones through static 

loading, which results in pitting and notches (Johnson 1985:192; Capaldo and Blumenschine 1994:742; 

Castel 2004:678). Actualistic experiments using dogs as bone modifiers have shown that pitting and scoring 

(i.e., scarring) occur more commonly on the diaphysis, whereas furrows and punctures occur more 

frequently on epiphyses (Binford 1981:44–49).  Canids and dogs may also swallow bone fragments or the 

entire bones of small animals while eating. As a result, bones may become chemically eroded to varying 

degrees as they pass through the digestive tract (Andrews and Evans 1983:303). 

Cougars (Puma concolor) were historically documented in the study area and can modify or 

accumulate faunal assemblages, but not as dynamically as other carnivores (Haynes 1983a:169; Pierce and 
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Bleich 2003:746–747). Large felids generally do not cause extensive gnawing damage to bone as they tend 

to ignore carcasses once the meat has been consumed. Even though cougars generally do not consume the 

marrow and grease contained in bone, they can leave few, relatively large and deep furrows and punctures 

on epiphyses (Haynes 1983a:169–170). A smaller felid, the bobcat (Lynx rufus) had a historic range that 

overlaps a portion of the study area (Anderson and Lovallo 2003:758). Bobcats may significantly damage 

small mammal bones (e.g., birds, fish, frogs, snowshoe hare, muskrat, and white-tailed deer fawns), and 

may inflict damage to larger mammal carcasses (Anderson and Lovallo 2003:761–763). No evidence of 

either felid’s presence or involvement in the accumulation or modification of the Boyd Island assemblage 

was observed. However, this may be due to other carnivores, such as canids, overprinting felid damage 

(Haynes 1983a:170). 

 Other animals present in the environments surrounding Boyd Island could have potentially altered 

or contributed to the faunal assemblages. Black bear and racoon are omnivores. They subsist mainly on 

nuts, fruit, and other soft masts, but will consume fish, invertebrates, and carrion when encountered (Gehrt 

2003:619; Pelton 2003:550–551). Consequently, there may be some taphonomic overlap between the small 

prey procured by these taxa and humans.  

Additionally, some small prey species tend to live near human occupations, taking advantage of 

either collected or cultivated foods. For example, groundhog/woodchuck and other rodents may exploit 

agricultural fields, which may result in both human predation of these species as pest control and small 

carnivore predation (Campbell and Campbell 1989:28). Smaller carnivore species, such as the red fox or 

fisher, may also take advantage of the abundance of prey in these locations, resulting in possible taphonomic 

overlap. These smaller carnivores likely have minimal impact on the bones of large animals when compared 

to larger carnivores. However, some species (e.g., fisher) may accumulate small-sized vertebrate remains, 

particularly in dens, caches, and burrows (Andrews and Evans 1983:301). Lastly, rodent taxa (e.g., 
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porcupine) may gnaw and transport bones. Rodent gnawing produces distinctive parallel furrows due to the 

morphology of their incisors, which can be easily identified (Binford 1981:49; Johnson 1985:180). 

In this study, carnivore gnaw marks were categorized as traces of digestion, scoring, scooping, 

furrows, punctures, tooth pits, and crenulated edges (Binford 1981:44–51). Following Morin (2012:73) the 

extent of carnivore gnawing was recorded as marginal (some), substantial, but limited to one end, or 

extensive (covered). Given that both bone fragmentation and surface preservation can limit the recognition 

of marks on bone, data on the completeness, and observable circumference of long bone shafts was also 

recorded to better understand animal activities. 

 

4.4.4 Fragmentation 

 

 Analyses of bone fragmentation can provide information regarding the impact of taphonomic 

disturbances, as well as reveal the extent of animal and anthropic action at a site. As such, human marrow-

cracking activity tends to produce mainly bone splinters, while assemblages accumulated by carnivores 

have been characterized as containing a greater proportion of long-bone cylinders and the relative absence 

of epiphyses (Binford 1981:171–177; Bunn 1983b:145, 1989:307; Villa et al. 2004:724). 

 Several measures of fragmentation were employed in this study. First, the maximum length and 

width were measured for all identified specimens. Additionally, the length of all unidentified specimens was 

recorded using 1 cm size classes. The circumference of long bone fragments was coded as follows: less than 

half the original circumference (<1/2), more than half (>1/2), and complete (Bunn 1983b:147; Villa and 

Mahieu 1991:38). All long bone shafts were also coded as a fraction of the original length: less than one 

quarter (<1/4), between one quarter and one half (1/4–1/2), between one half and three quarters (1/2–3/4), 

and three quarters to complete (>3/4) (Villa and Mahieu 1991:41). Last, long bone fragments were coded 

using a system of bone portions: proximal end (PX), proximal shaft (PSH), middle shaft (SH), distal shaft 

(DSH), and the distal end (DS) (Marean and Spencer 1991:646). 
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4.4.5 Burning 

 

 The presence of a substantial proportion of burned bone is generally accepted as evidence of human 

activity (Stiner et al. 1995:224; Villa et al. 2004:720). The intentional burning of bones can result from 

anthropogenic activities such as cremation, disposal of refuse, cooking, and the use of bones as fuel 

(Gilchrist and Mytum 1986:29; Nicholson 1993:411–412; Villa et al. 2004:270–271). However, bones can 

be exposed to fire accidentally due to their proximity to fireplace/hearth or naturally occurring brush fires 

(Gilchrist and Mytum 1986:36; Villa et al. 2004:720–721; Asmussen 2009:528). 

  As a function of the maximum temperature reached during fire exposure, burned bones can exhibit 

different colourations (Nicholson 1993:415; Lyman 1994b:385; Stiner et al. 1995:226). Slightly burned 

bone frequently shows shades of brown, while bone that has reached carbonization is black. As the 

temperature of the fire increases, bones become calcined changing from black to grey to white and may pass 

through bluish or greenish colourations as they approach complete calcination (Shipman et al. 1984; 

Gilchrist and Mytum 1986; Nicholson 1993; Stiner et al. 1995). 

 Given that the mechanical strength of burned bone varies according to the extent to which they have 

been exposed to fire, burned bone tends to be more fragile than unburned bone (Stiner et al. 1995:234). 

Indeed, differing degrees of burning can influence the porosity and the friability of bone (Gilchrist and 

Mytum 1986:30). Size of recovered fragments can be an important indicator when determining burning 

intensity (Stiner et al. 1995:229–230). However, bones may lose some of their diagnostic landmarks as they 

become increasingly fragmented, which can hinder identification to elements and taxon. As such, bones 

may not be destroyed by fire, but instead certain taxa or elements may become analytically absent (Lyman 

and O'Brien 1987; Buikstra and Swegle 1989; Lyman 1994b; Stiner et al. 1995). 

 The colour of burned bones (i.e., brown, black, grey, green, blue, or white) was recorded for the 

entire Boyd Island assemblage. This approach was selected because the color of burned bone has been 
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proven fairly reliable for identifying the severity of fire damage to faunal remains and efficient to record 

using the naked eye (Stiner et al. 1995:233).  

 

4.4.6 Additional taphonomic agents 

 

Given that post-depositional processes impact the preservation of faunal assemblages, marks 

initially present on faunal material may be obliterated. To infer the post-depositional process(s) at work in 

the Boyd Island assemblage, several types of alterations were recorded for all specimens, including: 

exfoliation, sheeting, root etching, staining, and cracking. Morin (2012) defines exfoliation as the loss of the 

first few millimeters of cortical bone, as opposed to sheeting which describes the fracturing of cortical bone 

into one or more sheets that usually run parallel to the cortical surface. To assess bone preservation, 

Behrensmeyer’s (1978) six weathering stages were also applied in the present study. Specimens coded as 

“stage 0” show no sign of weathering, whereas “stage 1” displays cracks that run parallel to the fiber 

structure of the bone. “Stage 2” indicates specimens that exhibit flaking, commonly associated with angular 

cracks. “Stage 3” characterizes a bone surface exhibiting fibrously textured patches of “homogeneously 

weathered compact bone” (Behrensmeyer 1978:151). Specimens coded as “stage 4,” have a surface that is 

rough and fibrous and exhibits variably sized splinters, which may break off if the sample is handled. Bones 

considered as “stage 5” display large amount of splintering to the extent that they are falling apart in place 

with cancellous bone typically exposed.  

 A study conducted by Andrews and Cook (1985) suggested that bone modifications caused by 

weathering in a savannah climate differ from those in a temperate forest. They observed that instances of 

pitting, cracking, and exfoliation were absent in a sample that had been exposed to a temperate climate 

(Andrews and Cook 1985:679). Unlike Behrensmeyer’s (1978) sample, damage to the bone surface within 

the temperate forest resulted from the trampling and movement of the remains, with the weathering process 

being slowed by vegetation cover (Andrews and Cook 1985:679). However, the bones observed by 
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Andrews and Cook (1985) were only exposed to weathering agents for seven years. Given the significant 

seasonal variations in sunlight, temperature, humidity, precipitation within a temperate climate, it is likely 

that their results may have been recorded prematurely. Additional studies have found that damage to bone 

surfaces in temperate environments (see Andrews 1990; Andrews and Armour-Chelu 1998) are largely 

caused by subsurface weathering which is generally caused by the chemical action of acidic soils and 

biological agents, such as algae, fungi and roots (Fernández-Jalvo et al. 2002:356–358). This observation is 

likely applicable to the Boyd Island assemblage. 

As Andrews and Cook (1985) do not provide a method for studying and recording modifications to 

bone recovered in temperate environments, bone surface conditions were assigned to one of 

four categories: intact, relatively good, somewhat damaged, or poor (Morin 2012:71). As such, surfaces are 

considered intact when almost no surface damage is recorded. Surfaces with marginal damage are 

considered relatively good. This would be the case for bone surfaces with localized damage, yet marks or 

morphological features remain visible. Specimens coded as somewhat damaged have “significantly altered 

surfaces,” in which landmarks are faintly observable (Morin 2012:71). Bones exhibiting considerable 

damage to the cortical surface are coded as poor as diagnostic marks are no longer visible. Lastly, an 

estimate of the percentage of original bone surface remaining was recorded by 10% intervals. 
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CHAPTER 5: SAMPLE DESCRIPTION, SEASONALITY, AND TAPHONOMY 

 

 

 This chapter begins with a description of the Boyd Island material analyzed in terms of 

taxonomic composition, skeletal part representation, and seasonal fluctuations in resource 

availability. The second half of the chapter focuses on assessing the impact of different 

taphonomic processes on the integrity of the sample. 

 

5.1 The Boyd Island faunal assemblages 

 

A preliminary examination of the macro-faunal assemblage was conducted by Danielle 

Marcil and myself in late Spring 2015 using Trent’s faunal reference collection. During this 

preliminary stage, skeletal and taxonomic data were recorded in an Excel spreadsheet using a 

coding system similar to that used for sites on nearby Jacob Island. A more in-depth analysis of 

the material was carried out by myself over the summer of 2015. The faunal reference collections 

from Trent University and the Royal Ontario Museum (used particularly for fish and invertebrate 

remains) were consulted. Taxonomically identified specimens were entered separately into an 

Excel spreadsheet using a coding system that allowed for the recording of detailed information 

about the taphonomy of the specimens, the age of the animal, etc. (see Chapter 4). 

The faunal assemblage analyzed in this study dates between the early and late Middle 

Woodland cultural periods (3,000 – 1,000 BP). For this thesis, absolute dates for the then-

undated Boyd Island material were obtained from Beta Analytic. Four bones from white-tailed 

deer (Odocoileus virginianus) were sent for dating, as summarized in Table 5.1. However, one 

specimen could not be dated due to insufficient collagen. Due to the complex nature of the 

accumulations at Boyd Island, assigning specific dates to faunal remains derived from a 

particular depth is difficult. Most the material analyzed here is derived from layers that have 
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been identified as Middle Woodland, although the dataset used in this study may contain a small 

proportion of Early Woodland material. 

 

Table 5.1 AMS radiocarbon dates obtained from Beta Analytic (James Conolly, personal 

communication 2015). 

Beta Analytic ID # Originating Unit Provenience Date Cultural Period 

BETA-405553 BI-4401 10–20 cm 2640 ± 30 B.P. Early Woodland 

BETA-405551 BI-4465 Feature 3 1790 ± 30 B.P. Middle Woodland 

BETA-405550 BI-4455 30–40 cm 1600 ± 30 B.P. Middle Woodland 

 

 

 

5.1.1 Taxonomic composition 

 

The Boyd Island macro-faunal assemblage consists of 8,394 specimens. Fossil coral (n = 

22), which corresponds to 0.3% of the total, are excluded from further consideration due to a 

probable lack of archaeological significance. The remaining assemblage can be divided into 

5,626 vertebrate remains and 2,746 invertebrate remains contributing 67.2% and 32.8% to the 

total, respectively (Table 5.2). The invertebrate portion of the assemblage consists of freshwater 

mussel and includes four species of snail (Table 5.3). It should be noted that snail species such as 

the whitelip snail (Neohelix albolabris) hibernate during cold weather by burying themselves in 

the soil and retreating into their shells to conserve warmth (Simpson 1901:243). Similar 

behaviour has been observed when conditions are too warm or arid, forcing the snails to bury 

themselves to remain cool and/or conserve moisture (Thomas 1998:124). Given this behaviour 

and the lack of obvious human modification to the gastropod shells recovered from the site, snail 

species are excluded from further consideration. This reduces the number of invertebrate 

specimens by 19.8%, with only freshwater mussel shell fragments (genus Elliptio) remaining.  
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Table 5.2 Number of specimens encountered by depth and feature. 

Contexts Vertebrate n Invertebrate n Total n % 

Excavation Depth - - - - 

0–10cm 931 97 1028 12.3 

10–20cm 1608 456 2064 24.7 

20–30cm 1664 1053 2717 32.5 

30–40cm 1163 1044 2207 26.4 

40–50cm 13 40 53 0.6 

50–60cm 17 1 18 0.2 

60–70cm 11 6 17 0.2 

70–80cm 5 0 5 0.1 

Wall Cleaning 36 1 37 0.4 

Surface Cleaning 0 5 5 0.1 

Identified Features - - - - 

Feature 1 29 10 39 0.5 

Feature 2 13 11 24 0.3 

Feature 3 101 22 123 1.5 

Context Unavailable 35 0 35 0.4 

Totals 5626 2746 8372 100.0 

 

 

 

Table 5.3 Number of invertebrate taxa encountered within the Boyd Island assemblage. 

Class Scientific Name11 Common Name n % 

Bivalvia Elliptio sp. Freshwater Mussel 2202 80.2 

Gastropoda Anguispira alternata Flamed Tiger Snail 9 0.3 

  Mesodon thyroidus Whitelip Globe Snail 20 0.7 

  Neohelix albolabris Whitelip Snail 135 4.9 

  Physidae sp. Freshwater Snail 1 0.0 

  Gastropoda spp. Unidentified Snail 379 13.8 

Total    2746 100.0 

 

 

                                                            
11 Latest taxonomic nomenclature retrieved from the Integrated Taxonomic Information System (www.itis.gov, 

accessed May 3, 2016). 
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As is the case with many faunal assemblages from Ontario, the vertebrate portion of the 

assemblage primarily consists of unidentifiable remains (unidentified bird or mammal = 4,248, 

unidentified fish = 394, and unidentified mammal fragments n = 217). The identified portion of 

the assemblage is summarized in Table 5.4. Refitting reduced the NISP count from 767 to 758, 

which corresponds to a 1.0% reduction. However, only pre-refit NISP counts are used in this 

study because this approach has not been applied to the comparative assemblages from other 

sites. 

 

Table 5.4 Number of identified vertebrate specimens by class from Boyd Island assemblage. 

Class n % Identified 

Fish 331 43.2 

Mammals 299 38.9 

Reptiles 103 13.4 

Birds 26 3.4 

Amphibians 8 1.0 

Totals 767 100.0 

 

 

 Despite its moderate size, the Boyd Island assemblage is diverse relative to Spillsbury 

Bay and Lakeshore Lodge (see Table 7.1), consisting of thirty-seven identified taxa. Fish is the 

most frequently encountered taxon within the sample comprising 43.2% of the identified remains 

(NISP = 331, Table 5.4).  Indeterminate catfish species, which include the brown bullhead 

(Ameiurus nebulosus) and channel catfish (Ictalurus punctatus), comprise 10.0% of the 

identified fish remains. This group is the most common family of fish in the Boyd Island sample 

(NISP = 77, Table 5.5). Within this study, it should be noted that catfish specimens that lack 

diagnostic elements were grouped together (“catfish” in the tables). Both catfish species are 

indigenous to the study area, and spawn during the same time of year from late spring (May – 
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June) until early fall (late September) if the water temperature remains above ~21°C (Scott and 

Crossman 1973:600–607). Remains that were successfully identified to species include the 

pectoral spine of both taxa. Relative to the channel catfish, the pectoral spine of the brown 

bullhead has a longer, narrower proximal articular surface with barbs whose orientation and 

robustness remain constant between the proximal and distal ends (Scott and Crossman 1973:24). 

In contrast, the pectoral spines of channel catfish contain a greater number of fine barbs whose 

orientation changes between ends (see Scott and Crossman 1973:24 for comparative illustrations 

of different catfish pectoral spines).  

  

Table 5.5 Identified fish taxa by NISP and NDE for Boyd Island. 

Scientific Name Common Name NISP % Total NDE % 

Actinopterygii           

Ictalurus sp. Catfish sp. 77 10.0  - - 

Micropterus salmoides Largemouth Bass 66 8.6  - - 

Ameiurus nebulosus Brown Bullhead 55 7.2  - - 

Sander vitreus Walleye 40 5.2  - - 

Perca flavescens Yellow Perch 23 3.0  - - 

Micropterus dolomieu Smallmouth Bass 21 2.7  - - 

Ictalurus punctatus Channel Catfish 9 1.2  - - 

Escoidae sp. Muskellunge or Pike 8 1.0  - - 

Salamoid spp. Trout sp. 8 1.0  - - 

Coregonus sp. Whitefish sp. 5 0.7  - - 

Moxostomus sp. Redhorse 4 0.5  - - 

Ambloplites rupestris Rock Bass 4 0.5  - - 

Castomus sp. Sucker sp. 4 0.5  - - 

Centrarchidae spp. Bass/Sunfish 2 0.3  - - 

Lepomis gibbosus Pumpkinseed 2 0.3  - - 

Lepomis sp. Sunfish sp. 2 0.3  - - 

Aplodinotus grunniens Freshwater Drum 1 0.1  - - 

Totals   331 43.1 0 0.0 
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Largemouth bass (Micropterus salimoides) is the second largest contributor to the fish 

portion of the identified sample, constituting 8.6% of the total (NISP = 66). The third most 

common fish is the walleye (Sander vitreus) at 5.2% (NISP = 40). Yellow perch (Perca 

flavescens) and smallmouth bass (Micropterus dolomieu) contribute 3.0% and 2.7% of the total 

NISP, respectively. The remaining identified fish specimens (6.4% of the NISP) include 

members of the Escoidae, Salmonidae, Catostomidae, Centrarchidae, and Sciaenidae families. It 

is important to note that all identified fish species are native to the study area and have been 

recognised as being a substantial dietary component of southcentral Ontario’s Middle and Late 

Woodland populations (Foreman 2011:82, 91). The season and water temperatures in which the 

identified fish taxa are known to spawn (see Appendix A, Table A.2), has led many scholars to 

support the inference that Middle Woodland populations of southcentral Ontario aggregated near 

water sources during the spring/summer (see also Naylor and Savage1984:128 for similar 

conclusions within the study area) to take advantage of concentrations of spawning fish (Ellis et 

al. 2009:821; Smith 2001:360; Styles 2011:450, 462; Warrick 2008:160–161). However, 

although Needs-Howarth and Thomas (1998) have indicated that the spawning behaviour of 

some fish species can make them more abundant and accessible for human exploitation (e.g., 

yellow perch and white sucker), they advise caution when attempting to use spawning season as 

a proxy for season of procurement as many Ontario species (e.g., pumpkinseed and rock bass) do 

not aggregate during their spawning runs and remain available year-round. Additionally, it 

should also be noted that this type of seasonal occupation is not a diagnostic indicator of the 

Middle Woodland, as it is believed to have originated during the Early to Middle Archaic only to 



80 
 

 
 

become more intensive and specialized during the Middle Woodland12 (Sassaman 2010:192; 

Styles 2011:463). 

Mammals are the second most important class (38.9%) in the vertebrate assemblage 

(Table 5.6). This class is dominated by white-tailed deer (Odocoileus virginianus), which 

accounts for 17.2% of the total identified assemblage (NISP = 132). The beaver (Castor 

canadensis) is the second most abundant mammalian taxon (9.3%, NISP = 71), followed by 

muskrat (Ondatra zibethicus) (4.4%, NISP = 34), and Caninae (2.1%). White-tail deer are 

generally regarded as a highly-valued source of energy available to Middle Woodland 

populations in Northeastern North America. Ethnographic and historic accounts indicate that 

they were also the primary source of hides for clothing (Warrick 2008:162). Whether this was 

the case at Boyd Island cannot be demonstrated as very few deer elements exhibit any marks that 

could be ascribed to hide removal. Beaver and muskrat could have been significant dietary 

components also harvested for their furs, although their procurement during the Middle 

Woodland at Boyd Island may have largely been driven by dietary concerns as suggested by the 

paucity of marks indicative of skinning. Black bear (Ursus americanus) only represents 1.0% of 

the total assemblage (NISP = 8), which may indicate that they were infrequently encountered, as 

was the case in historic contexts (Heidenreich 1972:70). The rest of the mammalian assemblage 

(6.0%) consists of small species including groundhog (Marmota monax), eastern chipmunk 

(Tamias striatus), North American porcupine (Erethizon dorsatum), racoon (Procyon lotor), 

snowshoe hare (Lepus americanus), fisher (Martes pennanti), squirrel (Sciurus sp.), and fox 

(Vulpes sp.).  

                                                            
12 Warrick (2008:168) argued that this might have been a response to growing populations and increasing sedentism 

over the course of the Middle Woodland Period. 
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Table 5.6 Identified terrestrial and semi-terrestrial taxa by NISP and NDE for Boyd Island. 

Scientific Name Common Name NISP % Total NDE % 

Amphibia           

Anura spp. Frog 8 1.0  - - 

Reptilia           

Testudines spp. Turtle 103 13.4  - - 

Aves           

Ectopistes sp. Pigeon 8 1.0  - - 

Anas spp. Duck 6 0.8 4 2.9 

Branta sp. Canadian Goose 4 0.5 1 0.7 

Meleagris gallopavo Turkey 4 0.5 3 2.1 

Gavia immer Common Loon 3 0.4 1 0.7 

Bonasa umbellus Ruffed Grouse 1 0.1 1 0.7 

Mammalia          

Odocoileus virginianus Whitetail Deer 132 17.2 48 34.3 

Castor canadensis Canadian Beaver 71 9.3 34 24.3 

Ondatra zibethicus Muskrat 34 4.4 10 7.1 

Canis sp. Small-Medium Canine 16 2.1 13 9.3 

Marmota monax Ground Hog 9 1.2 7 5.0 

Tamias striatus Eastern Chipmunk 9 1.2 4 2.9 

Ursus americanus Black Bear 8 1.0 4 2.9 

Erethizon dorsatum Porcupine 6 0.8 1 0.7 

Procyon lotor Racoon 5 0.7 2 1.4 

Lepus americanus Snowshoe Hare 4 0.5 4 2.9 

Martes pennanti Fisher 3 0.4 2 1.4 

Sciurus sp. Squirrel 1 0.1 1 0.7 

Vulpes sp. Fox 1 0.1  - - 

Totals   436 56.7 140 100.0 

*NDE values for species other than cervids were tallied if one of the epiphyses were more than 

50% visible (see Chapter 4). 

 

 

 

 Reptiles represent the third largest vertebrate class in the assemblage (13.4%, NISP = 

103). This assemblage is entirely comprised of turtle plastron or carapace fragments that lack 

taxonomically diagnostic features. Of the eight species of turtle native to Ontario, five are 

naturally occurring in the Kawartha Lakes region: painted turtle (Chrysemys picta), snapping 
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turtle (Chelydra serpentina), Blanding’s turtle (Emydoidea blandingii, also known as the box 

turtle), northern map turtle (Graptemys geographica), and the eastern musk turtle (Sternotherus 

odoratus) (Varrin 2011:98–100). Comparison of the carapace fragments with pictures of native 

species suggests that the remains likely belong to snapping, painted, or Blanding’s turtles. 

However, due to the limited amount of turtle remains within the reference collection, no 

taxonomic distinction was possible between these species. Turtles are most active from spring to 

early fall, while in the winter (i.e., generally April to October) species burrow into muskrat 

tunnels, under plant debris, or into the mud at the bottom of swamps, lakes, streams, rivers, and 

ponds to hibernate (Foreman 2011:32; Varrin 2011:97). Like turtles, frogs (NISP = 8, 1.0%) also 

hibernate at the bottom of water bodies during the coldest months of the year (St-Pierre and 

Boutilier 2001:390). This seasonal behaviour has led some researchers (see Foreman 2011, 

Keene 1981, and Kenyon et al. 1988 for examples) to infer that procurement of frog and turtle 

resources likely occurred when they are the most active during the warmer months of the year. 

However, the inference for a spring–summer occupation at Boyd Island is inadvisable in the 

present case as the taphonomic origin of the frog and turtle remains is unclear.  

 Birds rank fourth in terms of abundance, although it represents only 3.4% of the 

collection (NISP = 26). Possible reasons for this underrepresentation will be discussed in the 

subsequent section on taphonomy. The bird portion of the assemblage is comprised of six taxa: 

pigeons (Ectopistes sp.), ducks (Anas spp.), Canadian goose (Branta canadensis), wild turkey 

(Meleagris gallopavo), common loon (Gavia immer), and ruffed grouse (Bonasa umbellus). 

Within this class, pigeon is the most frequent (1.0%, NISP = 8), followed by duck (0.8%, NISP = 

6). Canadian goose and wild turkey both comprise 0.5% of the bird remains (NISP = 4). While 

the common loon contributes 0.4% (NISP = 3), the ruffed grouse is represented by a single distal 
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humerus shaft fragment. The pigeon specimens from Boyd Island likely derive from the extinct 

passenger pigeon (Ectopistes migratorius) whose annual migrations saw large flocks move into 

Ontario to nest (Keene 1981:113; Mitchell 1935:14). Historical records from between 1827–

1876 indicate that both Peterborough (in which Big Island is located) and nearby Victoria 

counties hosted nesting colonies numbering over several thousand (Mitchell 1935:36–38). The 

pigeons were documented as arriving in the spring (usually between March and June), 

occasionally appearing before the snow cover had completely melted (Keene 1981:112; Mitchell 

1935:88; Scott 2003:174). Their southerly migrations occurred in the late fall, and occasionally, 

early winter (Mitchell 1935:92). Unlike the passenger pigeon, wild turkey and ruffed grouse 

likely remained in the region year-round (Foreman 2011:45).  

 

5.1.2 Skeletal part representation 

 

This section describes the skeletal part representation for white-tailed deer and three other 

mammalian taxa that are common in the assemblages: Canadian beaver, muskrat, and dog. Small 

sample sizes prevented an in-depth discussion of other taxa. Normed NISP (NNISP) were 

obtained by dividing an element’s NISP by the number of times it occurs within a specimen’s 

skeleton. In order to facilitate inter-assemblage comparisons standardized NNISP counts 

(%NNISP) were obtained by dividing all identified elements by the highest NNISP count. NDE 

and NNDE are presented with NNISP, though they are not used within this study to examine 

skeletal part representation due to small sample size. 

Within the Boyd Island assemblage, NNISP and NNDE values show similar rank orders, 

as suggested by the weak positive correlation between NNISP and NNDE values for white-tailed 

deer (rs = 0.65, p < 0.001, Figure 5.1). Thusly, the use of NNDE over NNISP may yield similar 
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interpretations. However, the fact that the correlation is not stronger makes it difficult to 

demonstrate this. Additionally, NNISP is employed in this study because it has been applied 

within many published studies, whereas NDE values are not currently available from other 

published southcentral Ontario sites. 

The most common elements observed in the assemblage are mandibular and, to a lesser 

extent maxillary, teeth, which are observed in similar proportions (Table 5.7, Figure 5.2). Indeed, 

the two outliers displayed in Figure 5.1 are caused by maxillary and mandibular teeth. This trend 

is not unexpected given that teeth generally preserve well due to their high density relative to 

other skeletal elements (Reitz and Wing 2008:46). Additionally, the abundance of deer teeth 

within the assemblage can also be explained by the relative ease of distinguishing them from 

other skeletal elements even with moderate to poor conditions of preservation. Excluding teeth, 

the white-tailed deer sample is dominated by complete or nearly complete astragali and first and 

second phalanges. The metatarsal is the most abundant long bone with the shafts being more 

common than the epiphyses. This is likely due to human agency (see below). Tibiae are the 

second most abundant long bone followed by humeri and metacarpals. Scapula fragments are 

relatively abundant, particularly fragments from the denser region of the glenoid cavity. Foot 

elements comprise the remainder of the identified appendicular elements and include: 

calcaneum, trapezoid-magnum, sesamoid, cubonavicular, third phalanx, third vestigial phalanx, 

first vestigial phalanx, and a single unciform. Cranial elements are represented by petrosals 

(NISP = 5) and a single occipital fragment, while mandibles are represented by alveolar bone and 

loose teeth. Axial skeletal elements are comparatively rare at 5.5% and are only represented by 

cervical vertebrae (NISP = 2), innominate fragments (NISP = 2), lumbar vertebrae (NISP = 1), 

and one rib fragment.  
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Table 5.7 Skeletal part frequencies for white-tailed deer from Boyd Island. Bone portions not 

shown have a frequency of zero (see Appendix B). 

 

Body Portion NISP NNISP %NNISP NDE NNDE %NNDE 

Petrosal 5 2.5 45.5 5 2.5 71.4 

Occipital 1 1.0 18.2    

Maxillary Teeth 10 5.0 90.9 2 1.0 28.6 

Mandible 3 1.5 27.3    

Mandibular Teeth 11 5.5 100.0 2 1.0 28.6 

Cervical Vertebrae 2 0.3 5.2    

Lumbar Vertebrae 1 0.2 3.0 1 0.2 4.8 

Rib 1 0.0 0.7    

Scapula 6 3.0 54.5 2 1.0 28.6 

Humerus+SHFT+DS 1 0.5 9.1    

Humerus+DS  1 0.5 9.1    

Metacarpal+PX 1 0.5 9.1 1 0.5 14.3 

Metacarpal+SHFT 2 1.0 18.2    

Metacarpal+DS 1 0.5 9.1 1 0.5 14.3 

Innominate 2 1.0 18.2 1 0.5 14.3 

Tibia+PX 1 0.5 9.1    

Tibia+SHFT 1 0.5 9.1    

Tibia+DS 1 0.5 9.1 1 0.5 14.3 

Astragalus 10 5.0 90.9 7 3.5 100.0 

Calcaneum 4 2.0 36.4 3 1.5 42.9 

Naviculocuboid 2 1.0 18.2 2 1.0 28.6 

Trapezoid-Magnum 3 1.5 27.3 2 1.0 28.6 

Unciform 1 0.5 9.1 1 0.5 14.3 

Metatarsal+PX 1 0.5 9.1 1 0.5 14.3 

Metatarsal+SHFT 6 3.0 54.5 2 1.0 28.6 

Metatarsal+DS 4 2.0 36.4 2 1.0 28.6 

Phalanx 1 10 1.3 22.7 2 0.3 7.1 

Phalanx 2 9 1.1 20.5 2 0.3 7.1 

Phalanx 3 2 0.3 4.5 2 0.3 7.1 

Sesamoid 3 0.2 3.4 3 0.2 5.4 

Vestigial Phalanx 1 1 0.1 2.3 1 0.1 3.6 

Vestigial Phalanx 3 2 0.3 4.5 2 0.3 7.1 

Total 109   48   

Note: Tooth enamel fragments (n = 23) that could not be assigned to the maxilla or mandibles 

were excluded. PX designates proximal epiphysis, SHFT is shaft, and DS is distal epiphysis. 
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Figure 5.1 Scatter plot showing the relationship between %NNISP and %NNDE based on data 

from Table 5.6. 

 

The under-representation of axial elements may be due, at least in part, to transport decisions, as 

discussed in Chapter 6 and Chapter 7. 
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Figure 5.2 White-tailed deer body part representation at Boyd Island. Data from Table 5.7. 

 

 Beaver, muskrat, and dog have a NISP of 71, 34, and 16 respectively. As in the case for 

white-tailed deer, axial skeletal elements are underrepresented for these species. However, axial 

elements were recorded in greater proportions for dog (18.8%), beaver (9.9%), and muskrat 

(5.9%), than white-tailed deer (5.5%). Long bone elements are well represented for muskrat at 

47.1%, but not as common for beaver (12.7%), and completely absent for dog. Tarsals, 

phalanges, and carpals are very common for dog (56.3%). However, these elements are less 

common for beaver (15.5%), and practically absent for muskrat (2.9%). Interestingly, beaver and 

muskrat tooth fragments are abundant elements within the sample just as they were for the white-

tailed deer. This pattern is not unexpected given that the teeth of these species are preferentially 
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preserved due to their high density and are often very diagnostic to species (Hillson 2005:10). 

However, the dog sample is comprised primarily of second phalanges (43.8%), while only two 

canid teeth were identified. 

 

5.2 Seasonality 

 

 The determination of the season(s) of occupation for species at Boyd Island is 

inconclusive. The presence of migratory species (e.g., passenger pigeon and Canadian goose) or 

spring spawning fish (e.g., yellow perch and white sucker) may give only a partial glimpse into 

one or more foraging events that occurred during the occupational history of the site. Given this, 

the suggestion that Boyd Island was a warm weather fishing outpost or deer hunting encampment 

may be an over-simplification. Because the faunal material obtained from Boyd Island may 

reflect a mixture of different foraging events that took place during different seasonal conditions, 

the suggestion of year-round activity remains conjectural. 

 

5.2.1 Seasonal scheduling of activities 

 

 The Sandbanks Phase foragers of Boyd Island occupied a seasonally, 

geomorphologically, and spatially diverse landscape. Given that they largely subsisted on 

fishing, hunting, and the collection of wild cultigens (see Chapter 2), Middle Woodland foragers 

gradually incorporated maize (likely flint corn, Zea mays indentata) horticulture into traditional 

patterns of resource exploitation as a dietary supplement (Birch 2015:273). Whether this 

incorporation of maize into the diet was a response to population pressure has been highly 

debated within the literature (Trigger 1987:132). More recent studies suggest that maize was 

present within southcentral Ontario in the late Middle Woodland as suggested by the 
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macrobotanical remains discovered at the Lakeshore Lodge site, although the extent of its 

integration into traditional subsistence patterns remains unclear (Warrick 2008:165). However, it 

has been established that Pickering Phase Late Woodland precontact populations were utilizing 

and actively engaged in the production of maize and other cultigens such as squash (pumpkin, 

Cucurbita pepo), beans (Phaseolus vulgaris), tobacco (Nicotiana sp.) and sunflower (Helianthus 

annuus) (Warrick 2008:24). Ethnographic research suggests that a form of swidden agriculture 

was practiced which may have originated during the Pickering Phase of the Late Woodland, if 

not earlier. Small clearings are believed to have been cut and burned from the deciduous maple-

beech forests with crops subsequently planted in May and tended until harvest in September 

(Warrick 2008:25). Coincidently, most of the other seeds and fruits collected by Middle 

Woodland foragers in the study area mature in the fall, though strawberries and some grasses 

mature in the summer (Crawford 2014:155).  

 The information presented in the previous section regarding the seasonal behaviour of 

certain prey species suggests an extended occupation at Boyd Island spanning from the early 

spring, summer, fall, and into the winter. However, data from floral remains is currently 

unavailable, which may either support or refute this inference. Due to the fact that the site is a 

palimpsest of multiple occupational events and that certain prey species have multiple birthing 

periods, it was not analytically possible to determine a specific season of capture for the species 

identified from Boyd Island. For example, muskrat can reproduce within one month of the birth 

of their last litter if conditions are favourable (Erb and Randolph Perry, Jr. 2003:315). This tends 

to be when the body of water they inhabit remains ice free, which indicates a breeding season 

possibly spanning from spring to fall (Erb and Randolph Perry 2003:315). Similarly, beaver can 
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give birth anywhere between February and November, making it difficult to ascertain when a 

specific individual was born based on skeletal remains (Baker and Hill 2003:291). 

The only prey species for which season of procurement could be estimated is white-tailed 

deer, a species that has a relatively synchronous breeding season (i.e., rut) (Miller et al. 

2003:910). Male cervid species are particularly fat just before this season making them 

particularly attractive to human predation (Binford 1978:355). Given this, once the rut begins 

younger males and prime females may become the more likely targets for human exploitation 

because the rut does not deplete their nutritional value as it does in the case of prime males 

(Miller et al. 2003:911, 916–917). However, the establishment of season of procurement and 

mortality profiles for white-tailed deer was not possible within the Boyd Island assemblage due 

to a lack of suitable dental material.  

Purdue (1983) indicated that the rough age of a deer could be estimated by the 

completeness of epiphyseal fusion. In the Boyd Island assemblage, 36 specimens from white-

tailed deer were analysed (Table 5.8) to determine their state of epiphyseal closure. From these, 

nine specimens exhibit at least partially unfused epiphyses indicating the presence of young 

individuals ranging from fawns (n = 5) to subadults under two years of age (n = 4). Additionally, 

the presence of eight fused first phalanges (complete between 17–20 months) supports the 

inference that subadults may have been harvested, as does the presence of seven fused second 

phalanges (complete between 11–17 months). However, these elements could have originated 

from older specimens, which illustrates one of the weaknesses of this method, as it only allows 

for the minimum age at death to be estimated.  
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Table 5.8 Number of specimens identified per category of epiphyseal fusion for white-tailed 

deer in the Boyd Island assemblage. Age of epiphyseal fusion is provided in months. 

 

Element Unfused Intermediate Fused 

 Age1 n Age1 n Age1 n 

Cervical Vertebrae, ANT     38 1 

Lumbar Vertebrae, CEN     5 1 

Humerus, DS   2–8 1 12–20 1 

Metacarpal   20–23 1 26–29 1 

Coxal     8–11 1 

Tibia, PX     26–38 1 

Tibia, DS     20–23 1 

Metatarsal   20–23 3 26–29 1 

1st Phalanx   8–11 2 17–20 8 

2nd Phalanx   5–8 2 11–17 7 

Calcaneus     26–29 4 
1Data on epiphyseal fusion in months from Purdue (1983:1210). A range of values is provided 

when data for males and females differed. Abbreviations: PX = proximal, DS = distal, ANT = 

anterior, and CEN = centrum. 

 

 

 

5.3 Taphonomy 

 

 In Northeastern North American archaeology, little research has been conducted on the 

effects of taphonomic agents on archaeological assemblages. Taphonomic studies from Ontario 

have been mostly concerned with how taphonomic agents modify and influence the preservation 

of human skeletal remains (e.g., Casaca 2014). In contrast, archaeozoological studies in this 

region have, as pointed out by Stewart (1993:11), mostly focused on the analysis of seasonality 

and diet, with minimal attention being paid to other aspects such as cooking and butchering 

techniques, transport, modes of deposition, and sampling biases (for exceptions, see Savage 

1972, Hamalainen 1983, Prevec 1985, and Stewart 1991). More recent exceptions include the 

study of the ritualistic exploitation of animals by Ontario precontact groups such as those 

examined by Dorion (2012:95–106) and Csenkey (2014:47–55). 

 Taphonomic analysis is essential to the interpretation of faunal remains because it allows 

researchers to generate inferences about past human behaviour in such a way that ensures full 



92 
 

 
 

consideration of all processes that can govern the formation of faunal assemblages (Keene 

1981:182). The following section considers taphonomic factors relevant to interpreting the faunal 

material from Boyd Island, which include recovery methods, density-mediated attrition, post-

depositional preservation, bone surface preservation, burning, along with the impact of human 

and nonhuman agents. 

 

5.3.1 Recovery methods 

 

 As indicated earlier in this chapter, all the faunal material from Boyd Island was dry-

sieved on site using ¼ inch (6.35 mm) screens in accordance with the Ministry of Tourism, 

Culture, and Sport’s Standards and Guidelines for Consultant Archaeologists (2011:32). 

However, this mesh size does have a tendency to under-represent small taxa and elements in 

favour of medium to large vertebrate remains (Reitz and Wing 2008:156). This problem is 

particularly acute when dealing with small animals, such as fish, rodents, amphibians, reptiles, 

and birds, as many of their skeletal elements tend to pass through a 6.35 mm screen undetected 

(Shaffer 1992:131; Vale and Gargett 2002:63; Val and Mallye 2011:98). Depending on the size 

of taxa and elements that were present at a given site, recovery methods can influence a sample 

to such a degree that a true indication of taxonomic richness is impossible to determine (Lyman 

2008:155–156; Shaffer 1992:135). Given the importance of fish at Boyd Island, recovery 

methods have likely substantially under-represented their true occurrence at the site. The 

literature suggests that the use of smaller ⅛ inch screens (3.18 mm) should increase both the 

number of species and the quantity of faunal remains recovered (Gordon 1993:458). 

Another factor affecting the analysis of the Boyd Island assemblage is that skeletal 

material obtained through flotation could not be incorporated into the present study, as the 
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analysis of this material is still ongoing. In Ontario, the value of flotation data has been 

demonstrated through studies like those of Prevec (1985:25) at the Wiacek site, where (97.0%) 

of the faunal assemblage was recovered through flotation. As shown by Prevec (1985), flotation 

not only impacts the raw frequency of remains recovered from a site, it can also change the rank 

order of species. At the Keffer site, Stewart (1991) showed that fish are the most abundant taxon 

comprising 68.0% (n = 6,287) of the total assemblage (Stewart1991:100–101). This contrasts 

with the low abundance of fish (17.7%, n = 1,114) relative to mammals (48.6%, n = 1,517) 

observed before flotation was conducted (Stewart 1991:101). This change is significant as it 

suggests that the site occupants relied more heavily on fish during certain seasons as opposed to 

mammals, to meet their subsistence requirements (Stewart 1991:101).  

In sum, the use of ¼ inch mesh screens probably biased the representation of small taxa 

within the Boyd Island assemblage. Nonetheless, sites that have employed a recovery strategy 

similar to the one used at Boyd Island should be comparable. As such, the faunal assemblages 

used as comparative samples in this study were recovered using the same methods except for the 

Spillsbury Bay and Richardson sites, which employed floatation (see Chapter 2). 

 

 

5.3.2 Density-mediated attrition 

 

 Generally, specimens with low structural density (i.e., remains with trabecular, 

cancellous, or spongy bone) are more likely to be destroyed by taphonomic processes than 

specimens possessing higher densities (e.g., long bone shafts) (Lyman 1994b:83, 252). This is 

important because as the porosity of a skeletal element increases (either due to the size or 

frequency of pore spaces), the surface area of that element increases per volume (Lyman 

1984:283). Consequently, this permits chemical and mechanical attritional agents to act on bone 
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faster and with greater intensity reducing the survivorship of low density (highly porous) 

specimens (Lyman 1984:283). 

 This phenomenon is relevant to this study, as the effects of soil pH, humidity, 

temperature fluctuations, precipitation, water penetration, exposure to sunlight, and tree and 

plant root infiltration are assumed to affect faunal remains in precontact Ontario assemblages 

(Janjua and Rogers 2008:16). Additionally, the spongy extremities of long bones are an attractive 

food source to carnivores and humans alike, due to the presence of grease within the bone’s 

pores (Brink 1997:260). These bone portions may be deleted from a faunal assemblage through 

human activity such as the use of bone as fuel, grease rendering, or as a result of carnivore 

ravaging (Binford 1981; Lyman 1994b; Brink 1997; Morin 2010a). Alternatively, high density 

portions or elements can be under-represented in an assemblage due to preferential selection as 

raw materials in the manufacture of utilitarian or decorative objects, such as awls or bone combs 

(Lyman 1982, 1994b; Naylor and Savage 1984; Smith 2001; Snow 2001). 

 Compounding the effects of carnivore and anthropic destruction, transport decisions may 

produce correlations with bone density, particularly when low density elements are discarded at 

kill sites (Binford 1978, 1981; Morin and Ready 2013). For example, large mammal vertebrae 

and ribs were infrequently encountered within the Boyd Island assemblage, but this may result, 

among other factors, from element transport selectivity. Alternately, ribs may also have been 

preferentially used for making bone bracelets or armbands (Gates St-Pierre 2010:76). Ideally, to 

avoid the problem of differential transport, only long bone portions would be considered for 

examining the impact of density-mediated attrition on the Boyd Island assemblage. Two features 

make long bones preferable when carrying out this kind of analysis. First, the density of long 

bones is heterogeneous in that the distal and proximal epiphyses are significantly less dense than 
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the shaft. The second advantage is that long bones are unlikely to be affected by transport 

decisions in the same way as low-density elements, because both the epiphyses and shafts are 

usually transported simultaneously (Binford 1981). However, this does not rule out the 

possibility that certain long bones with higher densities may have been more abundant to start 

with than those with lower density values. In such a case, a significant correlation between 

abundance and density would result regardless of density-mediated attrition. The only way to 

circumvent this problem is to check the pattern for each individual bone. An alternative is to 

limit tests of density to a set of parts with similar density values, as suggested by Marean and 

Cleghorn (2003).  

 To determine if density-mediated taphonomic agents have affected the Boyd Island 

faunal assemblage, frequencies of high survival white-tailed deer bone portions were compared 

to bone density values derived from recent research. While bone density values are available for 

deer (Odocoileus spp.), it has been found that the method used by Lyman (1982, 1994b) ignores 

the volume of the marrow cavity, thereby underestimating the true density value of medullary 

bone (Lam et al. 1999:352; Lam et al. 2003:1706). To compensate for this, Lam et al.’s (1999) 

density values for reindeer (Rangifer tarandus) bones was used because they exclude the volume 

of the medullary cavity providing a better estimate of true bone density (Table 5.9). Additionally, 

using the bone density values for reindeer as a proxy for white-tailed deer will provide accurate 

results as the two cervid species are morphologically similar (Lam et al. 1999:356). 
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Table 5.9 Bone density values of Rangifer tarandus (Lam et al. 1999:351–352) compared to 

%NNISP and %NNDE values for a “high-survival” set of white-tailed deer bone portions at 

Boyd Island. 

Element Scan Site Density (g/cm³) %NNISP %NNDE 

Cranial   100.0 100.0 

Mandible   87.5 40.0 

Scapula SP1 1.02 37.5 40.0 

Humerus HU3 1.12 6.3 0 

Radio-Ulna RA3 1.09 0 0 

Metacarpal MC3 1.10 12.5 0 

Femur FE4 1.15 0 0 

Tibia TI3 1.13 6.3 0 

Metatarsal MR3 1.08 37.5 40.0 

 

 

 

Using Spearman’s rank order correlation coefficient (rs) the %NNISP values exhibit a 

strong negative and statistically significant correlation with reindeer bone density values 

(%NNISP rs = -0.95, p = 0.01). This result suggests that white-tailed deer long bone elements 

that are the least dense, were recovered more frequently. A correlation test calculated with 

%NNDE values produced a similar negative correlation with reindeer long bone densities 

(%NNDE rs = -0.87, p = 0.06). Moreover, in the assemblage, only 46.0% (n = 61) of the white-

tailed deer elements are made up of fragments comprised entirely of dense compact bone with no 

trace of cancellous material. The remaining 54.0% (n = 71) still have some spongy bone intact, 

demonstrating that cancellous bone has not been completely eliminated from the assemblage. 

Overall, bone density does not appear responsible for the differential preservation of the Boyd 

Island assemblage, and has likely contributed only marginally to the faunal accumulations. The 

underrepresentation of bird, reptile, and amphibian remains is more likely due to taxonomic bias 

caused by the recovery methods used or could reflect the relative absence of these species from 

the assemblage.  
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5.3.3 Post-depositional destruction 

 

 To evaluate the effects of post-depositional destruction, Marean (1991) developed a 

completeness index based on actualistic experimentation that estimates the fragmentation of 

small compact elements, such as the sesamoids, unciform, cuneiform, navicular-cuboid, 

magnum, carpals, and tarsals (excluding the calcaneus). These bones along with the lateral 

malleolus, were chosen because they are infrequently selected by carnivores or humans for the 

extraction of nutrients in the form of marrow or grease (Marean 1991:680–681). However, it 

should be noted that these small compact bones are sometimes fragmented for bone grease 

rendering (Binford 1978:164–165). Carnivores, such as dogs, may also ingest these bones. More 

recent studies on the effects of post-depositional destruction incorporate the third phalanx and 

talus into the completeness index because their small marrow cavities are infrequently exploited 

(Villa et al. 2004:714). Within the present analysis, the third vestigial phalanx has also been 

included for similar reasons. In accordance with the method proposed by Villa et al. (2004), 

small compact elements were coded during data collection as fragmented (FR), almost complete 

(ACO), or complete (CO). Elements exhibiting marks indicative of gnawing, digestion, 

percussion, or intentional chopping have been excluded from the sample as their fragmentation 

may result from agents other than post-depositional destruction (Marean 1991:681). However, 

note that the sample size is limited (NISP = 20).  

 The completeness index suggests that post-depositional fragmentation has altered the 

character of the Boyd Island assemblage as only 65.0% of the identified specimens are complete 

or almost complete. Since more complete specimens are easier to identify, differential 

identifiability of the remains might have inflated the index. These issues require that an 

additional method be employed to assess the impact of post-depositional destruction within the 
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assemblage. To that end, all long bone fragments from indeterminate and identified medium and 

large mammal taxa were inspected (n = 81) to determine if fracturing occurred on green or dry 

bone, excluding recent breaks. The data indicate that dry bone fractures 74.1% (n = 60) are more 

common than green bone fractures (n = 18, 22.2%) in the assemblage, while only three 

specimens were complete (3.7%). Villa and colleagues (2004) proposed that a high value for the 

completeness index in conjunction with a high proportion of green-bone fractures on long bones 

indicates that post-depositional destruction has minimally impacted the assemblage. However, in 

the case of Boyd Island, dry fractures are common, which suggest that destructive post-

depositional processes were more active than the completeness index alone would suggest. 

While the high frequency of dry-bone fractures is indicative of post-depositional breakage, it 

does not indicate that humans or carnivores were directly responsible.  

An experimental study by Blasco et al. (2008) indicates that marks caused by the 

trampling of dry bone can resemble those caused by carnivore/raptor ravaging or human 

modification. They suggest that if the sample exhibits little obvious nonhuman predator marks 

(e.g., tooth pits, furrows, and scooping) and a paucity of human modifications (e.g., percussion 

notches or cutmarks), fractures appearing on dry bone may originate from the pressure exerted 

by sediments when buried or by trampling (Blasco et al. 2008:1606–1607). Marks observed on 

some of the Boyd Island specimens exhibit the scalariform morphologies described by Blasco et 

al. (2008) as being the result of sediment pressure (n = 10, 12.4%). However, Boyd Island is 

located on a moraine and its topography likely prevented the formation of thick soil. 

Additionally, Blasco et al. (2008) attributed repeated oblique fracture angles on specimens as 

indicative of trampling. This type of fracture was observed in the Boyd Island sample (n = 26, 
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32.1%). Given that Boyd Island was, at one time, used as pasture land for cattalo (see Chapter 2), 

the frequency of dry bone fractures having oblique angles may result from trampling.  

 

 

5.3.4 Bone surface preservation and cutmark occurrences 

 

Marks on bone must be assessed as either originating from human or carnivore actions, as 

they provide information on the agent of accumulation for the assemblage. However, bone 

surface damage can alter the visibility or even obliterate the appearance of such marks on faunal 

material. Thus, bone surfaces in the Boyd Island assemblage were analyzed for their degree of 

preservation. Due to differences in terms of bone density and mineral content, mammal and fish 

remains were analysed separately. Mammal teeth were also excluded from the sample because 

they differ substantially from bones with respect to mineral density.  

At Boyd Island, the bone surface preservation of the mammal remains ranges from 

somewhat damaged to relatively good (Table 5.10). Most mammal specimens (62.1%) displayed 

relatively well-preserved cortical surface, with fewer (10.3%) observed to be intact. This pattern 

is not unusual in temperate forest settings as seasonally cold temperatures and vegetation cover 

tend to slow the degradation of bone (Behrensmeyer et al. 2000:113–114). Extremely poor 

surface preservation was observed on only 0.9% of the assemblage, while moderate damage was 

recorded on 26.7% of the specimens. Despite their structural differences, the fish remains follow 

a similar pattern with many of the specimens being identified as in relatively good condition 

(66.4%). The number of intact fish specimens is proportionately greater than that for mammals 

(12.6%), while the proportion of poor and moderately damaged specimens is slightly lower 

(0.7% and 20.3% respectively). However, a t-test indicates that there is no statistically significant 

difference between the state of bone surface preservation between identified mammal and fish 
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specimens (t = 1.04, p = 0.35). Damage to the bone surfaces of the Boyd Island material can be 

inferred to have been largely the result of weathering processes (fluctuations in temperature, 

wind, rain, exposure to the sun) and the action of chemical agents operating on the forest floor, 

which can lead to root etching, pitting, sheeting, and cracking (Terry 2004:499). 

 

Table 5.10 Overall surface state preservation for the Boyd Island identified mammal and fish 

assemblages. 

Preservation State 

 

mammal fish Total 

n % n % n % 

Intact 12 10.3 38 12.6 50 12.0 

Relatively Good 72 62.1 200 66.4 272 65.2 

Somewhat Damaged 31 26.7 61 20.3 92 22.1 

Poor 1 0.9 2 0.7 3 0.7 

Totals 116 100.0 301 100.0 417 100.0 

* Mammal teeth and burned specimens were excluded from counts.  

 

 The percentage of undamaged cortical bone surface was also recorded for all identified 

faunal specimens (Table 5.11). A moderate proportion of both mammal and fish specimens fall 

within the 90–100% range (37.2% and 47.4% respectively), whereas 45.7% of mammal and 

47.7% of fish material have between 70–90% of their bone surface visible. Poorer preservation 

(i.e., <70%) was seen on only 17.1% of the mammal remains and 4.8% of the fish material. Note 

that the results for fish and mammals may be biased, as identification to taxon tends to favour 

less damaged bone. Fifty-three percent of the identified vertebrate assemblage exhibits features 

equivalent to Behrensmeyer’s (1978) weathering stage one (Table 5.12). Weathering stage two 

was observed in 20.9% of the sample, whereas only 2.2% of the identified assemblage was 

attributed to stage three. Intact bone surfaces comprise 11.9% of the sample while specimens 

delineated as “other” (2.6%) include those that exhibit possible anthropogenic or carnivore 
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modification (see below). By combining the data for stages 1–3, it is noted that weathering has 

impacted 77.1% of the assemblage, whereas the unaffected specimens sometimes show evidence 

of pitting (1.3%), root etching (1.3%), exfoliation (0.8%), scratches (0.5%), cracking (0.5%), a 

combination of root etching and exfoliation (0.4%), and exfoliation with scratches (0.1%).  

 

Table 5.11 Observable surface % for the Boyd Island identified mammal and fish assemblages. 

For example, “50%” means that half of the observable surface was missing on a specimen. 

Observable Surface1 

% 

mammal fish Total 

n % n % n % 

0–10 0 0 0 0 0 0 

10–20 0 0 0 0 0 0 

20–30 1 0.5 0 0 1 0.2 

30–40 0 0 0 0 0 0 

40–50 1 0.5 0 0 1 0.2 

50–60 5 2.5 2 0.6 7 1.3 

60–70 27 13.6 14 4.2 41 7.7 

70–80 48 24.1 69 20.8 117 22.1 

80–90 43 21.6 89 26.9 132 24.9 

90–100 74 37.2 157 47.4 231 43.6 

Total 199 100.0 331 100.0 530 100.0 
1Mammal teeth were excluded from counts. 
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Table 5.12 Physical and chemical weathering marks observed on the identified Boyd Island 

vertebrate assemblage. 

Weathering Stage Mark n % 

W1 -- 367 47.8 

 pits 25 3.3 

 exfoliation 12 1.6 

 root etching 3 0.4 

 cracking 1 0.1 

 striations 1 0.1 

 scratches 1 0.1 

 exfoliation and scratches 1 0.1 

 pits and scratches 1 0.1 

W1–W2 -- 1 0.1 

 pits 1 0.1 

W2 -- 130 16.9 

 exfoliation 12 1.6 

 pits 10 1.3 

 cracking 5 0.7 

 scratches 2 0.3 

 pits and cracking 1 0.1 

W3 -- 15 2.0 

 exfoliation 1 0.1 

 root and pits 1 0.1 

Negligible pits 10 1.3 

 root etching 10 1.3 

 exfoliation 6 0.8 

 scratches 4 0.5 

 cracking 4 0.5 

 root and exfoliation 3 0.4 

 exfoliation and scratches 1 0.1 

other  -- 20 2.6 

Intact  -- 91 11.9 

Tooth    -- 27 3.5 

Total -- 767 100.0 

“other” indicates possible human or carnivore modification. 

“Tooth” refers to mammal teeth only. 
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One important area of concern centres on the impact of bone surface preservation on 

taxonomic identification. All data on bone surface preservation presented here is based on the 

portion of the assemblage that has been successfully identified to taxon. However, a significant 

portion of the assemblage remained unidentified due to the paucity or obliteration of diagnostic 

features. Cutmarks are particularly important because they can provide information regarding 

skeletal part utilization as well as transport decisions. In the assemblage, cutmarks were only 

recognized on ten specimens, six of which were identified to taxon. Interestingly, the cutmarks 

were observed on bone surfaces that are relatively good or somewhat damaged (Table 5.13). 

Although none were observed on intact specimens, a decrease in cutmark frequency from the 

relatively good surface state to somewhat damaged and a further decrease from somewhat 

damaged to poor indicates that cutmarks may have been obliterated through physical or chemical 

agents degrading the bone’s surface. This trend suggests that the frequency of cutmarks is 

underestimated in the assemblage.  

 

 

Table 5.13 Frequencies of cutmarks on identified bird, reptile, mammal, and amphibian 

specimens by overall surface state. 

Preservation State n n cut % cut 

Poor 5 0 0.0 

Somewhat Damaged 136 1 0.7 

Relatively Good 440 5 1.1 

Intact 86 0 0.0 

Totals 667 6 0.9 

* Mammal teeth were excluded from counts. 

 

 

 

5.3.5 Burning 

 

Because a considerable proportion of the assemblage has been exposed to fire (17.1%,    

n = 964), it is necessary to evaluate the impact of burning on the Boyd Island material. Studies 
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have demonstrated that faunal remains become more susceptible to fragmentation as the intensity 

of the heat source increases and/or as a function of exposure time (Stiner et al. 1995: 229–230). 

The burned specimens observed in this study are relatively small with no fragment exceeding 7 

cm. Most of the burned specimens (75.3%) are smaller than 3 cm (Table 5.14).  As a set of bones 

becomes further broken into an increasing number of pieces, the size of those fragments 

decreases (Cannon 2013:413). As such, a direct correlation between specimen size and 

fragmentation exists. Among various methods for assessing fragmentation (see Chapter 4), 

specimen size and the ratio of total specimens (i.e., number of recovered specimens, NRSP) to 

NISP are both considered adequate proxies for measuring fragmentation (Cannon 2013:410–411, 

413). However, burning is known to alter the structural properties of bone in such a way that 

makes them more prone to fragmentation (Stiner 1995:224). Given this, it is necessary to 

evaluate if burning increased fragmentation, which may have hindered taxonomic identification 

of the Boyd Island assemblage.  

 

 

Table 5.14 Burned and unburned specimens by fragment length. 

Fragment Length Burned Unburned Total 

(in cm) n % n % n % 

0–1 37 3.8 161 3.5 198 3.5 

1–2 200 20.7 535 11.5 735 13.1 

2–3 489 50.7 790 16.9 1279 22.7 

3–4 156 16.2 997 21.4 1153 20.5 

4–5 77 8.0 1082 23.2 1159 20.6 

5–6 4 0.4 806 17.3 810 14.4 

6–7 1 0.1 173 3.7 174 3.1 

7–8 0 0.0 111 2.4 111 2.0 

8–9 0 0.0 1 0.0 1 0.0 

9–10 0 0.0 6 0.1 6 0.1 

Totals 964 17.1 4662 82.9 5626 100.0 
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Following Cannon (2013), Table 5.15 presents counts of identified and unidentified 

specimens by fragment size, from which ratios of the number of recovered specimens (NRSP, 

i.e., indeterminate + identified) to NISP could be calculated. To determine if burning had 

resulted in differing levels of fragmentation between the burned and unburned samples, 

NRSP/NISP ratios were calculated for the burned and unburned portions. The results of a two-

tailed t-test indicate that the differences in fragmentation between the burned and unburned 

remains were not statistically significant (t = 1.62, p = 0.12).  

 

 

Table 5.15 Burned and unburned indeterminate and identified specimens by fragment length 

including NRSP/NISP ratios. 

Fragment Length Identified (NISP) Indeterminate Burned Unburned 

(in cm) Burned n Unburned n Burned n Unburned n NRSP/NISP NRSP/NISP 

0–1 29 53 8 108 1.3 3.0 

1–2 97 302 103 233 2.1 1.8 

2–3 37 154 452 636 13.2 5.1 

3–4 8 50 148 947 19.5 19.9 

4–5 5 10 72 1072 15.4 108.2 

5–6 4 8 0 798 1.0 100.8 

6–7 1 6 0 167 1.0 28.8 

7–8 0 0 0 111 0.0 0.0 

8–9 0 1 0 0 0.0 1.0 

9–10 0 2 0 4 0.0 3.0 

 

 

 

 Previous research indicates that the recovery of large amounts of burned spongy bone 

may have resulted from the use of bone as fuel (Villa et al. 2004:720; Morin 2010:215). 

However, this pattern is not observed within the Boyd Island assemblage. In the fauna, none of 

the burned specimens are comprised of mostly spongy bone, which is expected because most 

skeletal elements contain both types of bone. In fact, within the identified sample, 69.1% (n = 

125) of the burned remains are comprised of burned compact and spongy bone with the 
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remaining 30.9% (n = 56) made up of compact bone specimens. Villa et al. (2004) also suggest 

that a high frequency of burned bone smaller than 2 cm may result from the use of bone as fuel. 

However, 66.9% of the burned specimens are > 2 cm in size. It should be noted that the lack of 

burned fragments under 2 cm may result from the use of ¼ inch mesh used to sieve the 

assemblage, which likely allowed small fragments to pass through undetected (see section 5.3.1). 

For this reason, the possibility that bones were used as fuel cannot be entirely excluded at Boyd 

Island. 

Alternatively, when burned compact and spongy bone are recovered in similar 

proportions and exhibit a high degree of carbonization or calcination, it may indicate that fire 

was used as means to dispose of food waste (Clark and Ligouis 2010:2658). However, only 

14.8% of the assemblage (n = 834) exhibits traces of carbonization or calcination. According to 

Clark and Ligouis (2010), bone that has been in contact with naturally occurring “brush fires” 

rarely show signs of calcination. Traces of calcination appear on 6.2% of the assemblage (n = 

346), which may indicate that either food waste disposal was infrequent or that fire damage 

resulted from natural fires. 

 Food waste disposal can be viewed as just one form of cultural behaviour that could 

account for the accumulation of burned remains at the site. Three features were identified during 

the excavation, all of which contained burned specimens. However, feature 1 (see Appendix C, 

Figure C.2) contained a greater proportion of burned remains in conjunction with charcoal and 

fire-cracked rocks (James Conolly, personal communication 2016). A chi-square comparison of 

the burned and unburned faunal material demonstrated that feature 1 contained considerably 

more in situ evidence for combustion (χ2 = 11.5, p < 0.001) than the other two identified features. 

Given this, feature 1 may be the dumped remains of a hearth or pit. According to Black and 
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Thoms (2014), the presence of carbon rich soil, fire cracked rock, along with large size, and 

considerable depth of the feature are possible indicators of earth ovens. While it is beyond the 

scope of this research to demonstrate that feature 1 is indeed an earth oven as opposed to a sweat 

lodge, large hearth, or midden, the burned remains appear consistent with fire being a significant 

taphonomic agent in the Boyd Island assemblage. 

 

 

5.3.6 Human and carnivore agents 

 

 It has been ethnographically and archaeologically documented that Iroquoian groups 

frequently utilized dogs as a food resource, including during ceremonial feasts, in addition to 

using them as companions and hunting aides (Heidenreich 1971, 1972; Trigger 1987; Muir 1990; 

Warrick 2008; Styles 2011). Alternately, the presence of dog and bear at the site may indicate 

that these species were not directly related to human activities and contributed or modified the 

Boyd Island assemblage. Other locally occurring predators, such as wolf, fisher, bobcat, raptor, 

and racoon also have the ability to accumulate and alter faunal assemblages (Andrews and Evans 

1983; Hockett 1991; Marean and Spencer 1991; Erlandson and Moss 2001; Terry 2004; Laudet 

and Selva 2005). Given, these potential taphonomic actors, it is necessary to discern the likely 

agent(s) of accumulation and modification at Boyd Island. 

 The presence of percussion notches, burning, and cutmarks provide strong support for 

human accumulation of the faunal remains in the Boyd Island assemblage (Table 5.16). 

However, relatively few cutmarks (n = 10) were observed on the identified (n = 6) and 

unidentified (n = 4) faunal specimens. As previously noted, this is, in part, due to the incomplete 

preservation of bone surfaces. This pattern appears commonplace within nearby sites, given that 

low frequencies of cutmarks (<5.0%) have been recorded for assemblages from nearby Jacob 
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Island, McIntyre, and Parsons sites (Naylor and Savage 1984:126; Thomas 1998:128; Csenkey 

2014:109). The cutmarks identified within the Boyd Island assemblage were found on the 

following skeletal elements: white-tailed deer metacarpal (n = 2), white-tailed deer talus (n = 1), 

white-tailed deer cranium (n = 1), turtle carapace (n = 1), walleye dentary (n = 1), mammal long 

bone fragments (n = 2), mammal rib fragment (n = 1), and an indeterminate bird or mammal 

fragment (n = 1). 

 

Table 5.16 Frequencies of anthropogenic marks observed in the Boyd Island assemblage. 

State Cutmark Percussion Notch Burning 

 n total % n Total % n total % 

Identified 6 767 0.8 14 767 1.8 181 767 23.6 

Indeterminate 4 4859 0.1 5 4859 0.1 783 4859 16.1 

Total 10 5626 0.2 19 5626 0.3 964 5626 17.1 

 

 

 

 Nineteen instances of percussion notches were observed in the sample. Capaldo and 

Blumenschine (1994), along with Galán et al. (2009), advise caution when inferring the agent 

responsible for bone notching as there is significant variation and morphological overlap 

between notches produced by carnivores and humans. While not strictly diagnostic of human or 

carnivore action, none of the nineteen percussion notches observed were found in association 

with tooth pits or gnaw marks. It should also be noted that 47.4% of the percussion notches occur 

on specimens that have been exposed to fire, which probably indicate that they were produced by 

humans during marrow extraction and that they subsequently found their way into a hearth.  

 Bone tools have received widespread attention from European scholars. However, the 

same does not hold true for Northeastern North America, where most of the information is 

derived from site reports that employ unstandardized classifications and descriptions (Gates St-
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Pierre 2010:71). Worked bone artifacts are not uncommon within the study area. Bone awls are 

generally the most common type of tool recognized within St. Lawrence Iroquoian assemblages, 

though whether the material culture recovered from Boyd Island is of St. Lawrence Iroquoian or 

proto-Huron affiliation is unclear. At Boyd Island, the distal end of a bone tool was recovered 

that is consistent with those, according to Gates St. Pierre (2007, 2010) and Gates St. Pierre et al. 

(2016), that could be part of a bone knife, projectile point, needle, or corn husking tool (Figure 

5.3). Like their stone counterparts, worked bone tools are an unambiguous indicator of human 

occupation of a site. As such, the bone tool fragment found at Boyd Island provides additional 

evidence supporting a human agent of accumulation for the assemblage. 

 

Figure 5.3 Distal tip of a bone tool made from medium-large sized mammal long bone.  

 
 

 

Few carnivore remains were uncovered at Boyd Island (n = 27, see Table 5.6). Caninae 
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dominate this group (2.1%), followed by black bear (1.0%) and fisher (0.4%). However, none of 

the carnivore specimens show cutmarks or percussion notches, although most provide evidence 

of exposure to fire (66.7%).  

 Traces of carnivore gnawing (e.g., punctures, scooping, furrows, tooth pits, etc.) were 

observed on a mere 0.2% of the Boyd Island assemblage (Table 5.17). If indeterminate 

specimens are excluded, the frequency of carnivore-modified bone increases to 1.4%. These low 

percentages are consistent with those observed at the nearby McIntyre and Jacob Island sites, 

where carnivore marks were identified on less than 1.0% of the total assemblages (Naylor and 

Savage 1984:126; Csenkey 2014:199). At Boyd Island, the paucity of carnivore marks in the 

indeterminate portion of the assemblage may be influenced by fragmentation, as over half of the 

unidentifiable remains (54.2%) are less than 4 cm long.  

 

 

Table 5.17 Frequencies of carnivore marks in the Boyd Island assemblage. 

State Gnawing Digestion Rodent1 

 n total % n total % n total % 

Identified 11 767 1.4 3 767 0.4 0 767 0.00 

Indeterminate 2 4859 0.4 0 4859 0.0 1 4859 <0.1 

Total 13 5626 1.5 3 5626 0.4 1 5626 <0.1 
1 Indicates gnawing by rodent(s). 

 

 

 

 Within the identified portion of the assemblage, three specimens show signs of digestion 

(0.4%), while only one indeterminate specimen has been identified as being gnawed by rodents 

(0.02%). The fact that most carnivore gnawed specimens were coded as having some traces of 

carnivore modification (69.2%), as opposed to many (15.4%), and covered (15.4%), indicates 

that carnivore intervention was relatively restricted at the site. Carnivore marks appear primarily 

on bone portions that contain some spongy tissue, such as the long bone epiphyses and the 
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centrum of vertebrae. This pattern is typical of carnivores given that they preferentially select 

skeletal elements and/or portions that retain grease (Brink 1997:260; Faith et al. 2007:2026). 

Given that the assemblage contains a negligible number of specimens with carnivore marks and 

that the indigenous canid species are not significant bone eaters, the absence of spongy bone 

fragments due to carnivore ravaging is unlikely at Boyd Island. 

To summarize, the data indicate that most faunal remains at Boyd Island were 

accumulated and modified by humans. The low frequency of digested and gnawed remains 

suggests that carnivores modified and/or contributed only marginally to the assemblage. One 

possible explanation for the patterns observed at the site—which is consistent with ethnographic 

evidence (see Heidenreich 1971, 1972 and Trigger 1969, 1987)—is that carnivores (namely 

domestic dog and possibly black bear) had access to faunal remains only after humans exploited 

and processed the carcasses. However, as a central/residential site has not been located on Boyd 

Island, this explanation remains speculative and cannot be substantiated by the archaeological 

evidence presented in this study. 
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CHAPTER 6: RESULTS 

 

 

 This chapter examines how the Sandbanks Phase Middle Woodland foragers of Boyd 

Island utilized animal resources. The chapter begins with a discussion of diet breadth, as 

informed by the application of the central place prey choice foraging model presented in Chapter 

3. Transport decisions are then discussed along with the currencies which may have influenced 

the Boyd Island foragers. The chapter concludes with a discussion of skeletal part processing at 

the site. 

 

6.1 Diet breadth 

  

Much of southcentral Ontario is considered temperate forest, which is seasonally variable 

in terms of food availability. This provides a landscape in which heterogeneous low-cost and 

closely ranked resources may exist near one another, allowing for shifts in prey type rankings 

even in the presence of higher-ranked resources (Piperno 2006:142). It is this distribution of 

patchy resources, along with body size, that has informed the terrestrial and aquatic prey 

rankings presented in Chapter 3. Investigations regarding diet breadth can supply useful 

information about animal procurement strategies and overall foraging efficiency. Diet breadth 

was examined for the Boyd Island assemblage by comparing taxonomic abundances using the 

aforementioned prey ranks. 

 

6.1.1 Terrestrial prey-types 

 

Following the body size rule (Figure 3.1), black bear is considered the highest ranked 

terrestrial prey species in the study region. Within the Boyd Island assemblage, this animal only 

represents 2.7% of the identified mammal remains (NISP = 8). Based on the predictions of a 
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central place foraging prey choice model, it is proposed that the relative scarcity of black bear 

within terrestrial patches may reflect their low abundance. However, this prediction remains 

speculative as it based only on a single data point. Additionally, it has been ethnographically 

documented that bear were not hunted as a primary food source by precontact indigenous groups 

because of their generally solitary behaviour and slow reproductive rate (Heidenreich 1972:70). 

However, additional ethnographic information suggests that the absence of bear remains from an 

assemblage may be due to their treatment as sacred objects that needed to be treated with respect 

due to their use in ceremonies and to ensure the success of future bear hunts (Garrad 2014:329). 

 As established in Chapter 3, the second highest ranked terrestrial prey type is white-tailed 

deer. White-tailed deer was the only ungulate species identified from the Boyd Island 

assemblage. Yet there are other artiodactyls within the study area that may have significantly 

contributed to the diet of foragers. Moose (Alces alces) and elk (Cervus canadensis) remains 

have been recovered from Sandbanks Phase Middle Woodland sites such as Spillsbury Bay and 

Lakeshore Lodge (Table 6.1). Procurement of these species continued into the Late Woodland 

and Late Iroquoian periods as seen in the faunal assemblages from the Richardson, Le Caron, 

and Kirche sites.  

 

Table 6.1 Artiodactyl Index value of the Boyd Island sample along with additional Middle 

Woodland, Late Woodland, and Late Iroquoian samples. Abbreviations: ART = Artiodactyl 

NISP, ART+OMAM = Artiodactyl + Other Mammal NISP), AI = Artiodactyl Index value. 

Time Period Site ART ART + OMAM1 AI Source 

Middle Woodland Lakeshore Lodge 12 40 0.30 Duncan (1982:8) 

 Spillsbury Bay 103 215 0.48 Curtis (2006:85) 

 Boyd Island 132 291 0.45 (this study) 

Late Woodland Richardson 43 157 0.27 Pearce (1977:54) 

Late Iroquoian Kirche 562 1009 0.56 Nasmith (2008:93) 

 Le Caron 163 1598 0.10 Muir (1990:59) 
1 The black bear is excluded from ART + OMAM as it is larger than some artiodactyls. 
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Following Reynolds (2012), an abundance index was calculated to assess the importance 

of these high ranked taxa relative to other mammal species. The “artiodactyl index” values were 

calculated using the following formula: ∑artiodactyls / ∑ (artiodactyls + other mammals). During 

the Middle Woodland occupation of Boyd Island, hunting for terrestrial game appears to have 

been largely concerned with the procurement of white-tailed deer, as suggested by a value of 

0.45 for the artiodactyl index (Figure 6.1). A similar artiodactyl index value characterizes the  

 

 

Figure 6.1 Artiodactyl Index results from the sites discussed in this study. Data from Table 6.1.  

 

Spillsbury Bay site (AI = 0.48), whereas Lakeshore Lodge has a lower AI value (0.30). The Late 

Woodland and Late Iroquoian sites appear more variable with Kirche having a high index value 

of 0.56, which contrasts with the low values at the Richardson (0.27) and Le Caron (0.10) sites. 

When averaged, the artiodactyl index for the Middle Woodland assemblages (0.41) is higher 

than the averaged index value from the Late Woodland and Late Iroquoian samples (0.31). 

However, the difference in proportions of artiodactyls between these time periods was found to 
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follow a statistically significant distribution (K-S D = 0.67, p = 0.52). Of the three cervid taxa, 

white-tailed deer is the most common species as this taxon, as it comprises 41.0% of the 

combined Middle Woodland sample. This may be due to lower encounter rates with higher 

ranked taxa such as elk, moose, and bear. Interestingly, this percentage drops to 25.0% within the 

combined Late Woodland and Late Iroquoian assemblages, which may reflect the depression of 

this resource. 

 Beaver and dog occupy the third and fourth ranks. Native groups valued beaver for their 

meat, fur, and ethnographic information indicates that the tail was especially significant due to its 

high fat content (Waugh 1973:134; Garrad 2003:5). However, beaver may have played an 

additional role as a source of raw material to construct tools such as cutting implements 

fashioned from their incisors (Smith 2001:360). Given the limitations of the archaeological 

evidence at hand, this ethnographic analogy remains speculative. For the time being, the only 

inference that can be generated is that beaver was procured and utilized by humans. A similar 

speculation can be made about the fourth ranked prey type (dog), as it is ethnographically 

documented as being an important source of meat, particularly during ceremonial feasts and mid-

winter festivals (Heidenreich 1972:70; Waugh 1973:133). 

Archaeological research in northeast North America, and specifically Ontario, has 

indicated that evidence for intentional dog burial and dog sacrifice (e.g., bone fracture patterns, 

evidence of mortuary treatment) are commonplace at many sites that date from the Archaic into 

the post-contact period (Oberholtzer 2002:4; Epstein 2010:130). The utility of dog appears to 

have extended beyond dietary concerns. Ethnographically, dogs are documented as being pets, 

assisting hunters in the procurement of moose, and many other species including Boyd Island’s 

three highest-ranked terrestrial prey types (Heidenreich 1972:70; Waugh 1973:133; Campbell 
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and Campbell 1989:24). Significantly, it has been suggested that dogs were also used as a form 

of pest control, by preventing woodchucks/groundhogs and other rodent species from consuming 

cultigens (Campbell and Campbell 1989:24). However, in the present study, dog is considered as 

a component of the diet of the Boyd Island inhabitants because the remains have been exposed to 

fire and no evidence of ritualistic treatment was observed. 

 Racoon (6.9 kg) is placed fifth on the terrestrial body mass scale. Importantly, many of 

the mammals and birds within the medium size class (Table 3.1) are comparatively rare within 

the Boyd Island sample. Accordingly, racoon, turkey, porcupine, fox, common loon, goose, 

woodchuck/groundhog, and fisher are all represented by nine or fewer identified specimens. 

Many of the smaller mammals and birds (< 2.0 kg) are ranked low on the terrestrial body mass 

scale, and are represented by less than ten specimens in the assemblage. This pattern, except for 

muskrat, is consistent with the terrestrial prey rankings. Despite its relatively low prey ranking, 

muskrat remains are over 30% more abundant than other low ranked prey-species (NISP = 34). 

The abundance of muskrat remains may result from the capture of more than one individual at a 

time, due to their tendency to den in family groups (Erb and Randolph Perry 2003:315). 

However, muskrats possess fur which can be utilized in clothing (see Rogers 1962), and teeth 

that could be made into woodworking tools (Nasmith 2008:32; Gates St-Pierre 2010:73). Given 

this, their technological utility may have made them a more attractive resource relative to other 

low-ranked prey types. The presence green fractures on muskrat long bones and what may be cut 

marks on one humerus in the Boyd Island assemblage lends support to the later interpretation. 

 Turtle was probably consistently included in the optimal diet due to their relative ease of 

procurement. Their exploitation is documented during the Middle, Late Woodland, and Late 

Iroquoian periods as supported by their presence within the faunal assemblages of Lakeshore 
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Lodge, Spillsbury Bay, the Richardson site, Le Caron, and Kirche. Turtles were exploited at 

Boyd Island, though their high frequency within the assemblage is likely exaggerated by NISP 

counts. This is because all the remains identified are plastron and carapace fragments.  

Amphibian remains are represented by frog. However, most remains could not identified 

beyond the genus level. They are represented by eight long bone specimens, all of which are 

relatively intact and exhibit little to no taphonomic modification. Given that frog species tend to 

bury themselves in mud to escape cold temperatures, it is possible that this species is intrusive. 

The chipmunk remains recovered from Boyd Island also exhibit minimal taphonomic 

modification and construct burrows, which suggests they are intrusive. However, chipmunk is 

included within the terrestrial prey rankings because specimens have been identified as being 

procured for their fur at other sites in Ontario (Campbell and Campbell 1989:21).  

 

6.1.2 Aquatic prey types 

 

Aquatic prey types make up the majority of the Boyd Island assemblage at 43.2%. The 

highest-ranked prey type identified within the assemblage is the muskellunge (Esox 

masquinongy), a close relative of the northern pike (see Table 3.2). Although, the muskellunge 

would have been the most profitable prey, they are comparatively rare (NISP = 8) within the 

assemblage. One possible explanation for this under-representation relates to the behavioural 

patterns of muskellunge. In this species, individuals tend to remain concealed within submerged 

debris or plant matter, preferring to remain alone until returning to the shallows to spawn (Scott 

and Crossman 1973:367). This adaptation likely decreased encounter rates for this species 

relative to other aquatic prey types. 

Collectively, trout species (e.g., brook and lake trout) are the second highest-ranked prey 

within the aquatic patch. Trout species, like muskellunge, are infrequently encountered in the 
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Boyd Island assemblage (NISP = 8, 2.4% of the identified fish remains). Given that trout species 

are known to return to the same spawning grounds annually, their presence could have been 

anticipated by foraging groups (Esteve et al. 2008:69–70). The relative absence of trout at the 

site is difficult to explain because of their ubiquitous distribution throughout Ontario (Scott and 

Crossman 1973:221). Given this, trout remains should be more abundant, though typically they 

are not. Their under-representation may be due to attrition as diagnostic trout cranial bones do 

not preserve as well as vertebrae, making them more difficult to identify (Needs-Howarth and 

Thomas 1998:116). 

The third highest-ranked aquatic prey type utilized at Boyd Island is the walleye/sauger 

(Sander sp.). While this species is lower ranked in body mass when compared to muskellunge 

and trout species, walleye/sauger are substantially more common (NISP = 40, 12.1% to the 

identified fish sample versus 4.8%). This high frequency is not unexpected as fish are known to 

aggregate in large spawning runs, passing through the adjacent Bobcaygeon River into Pigeon 

Lake (Smith Jr. and Koenst 1975:73). However, if this occurred before European colonisation of 

the region and subsequent modifications to the Trent-Severn waterway is unclear.  

Whitefish species, as typified by the lake whitefish (Coregonus clupeaformis, 2.0 kg) 

represent the fourth highest aquatic prey type. This fall spawning species was not encountered 

frequently (NISP = 5) within the Boyd Island assemblage. Aquatic prey species with a mass less 

than whitefish (~ 1.4 to 0.5 kg) belong to the medium size class, which includes sunfish species 

(~ 1.4 kg) such as bluegill (Lepomis macrochirus), largemouth bass (Micropterus salmoides, ~ 

1.1 kg), smallmouth bass (Micropterus dolomieu, ~ 0.7 kg), and sucker/redhorse (Catostomidae, 

~ 0.8 kg). Mid-sized sunfish species account for 27.5% of the fish identified from Boyd Island. 

This high percentage is expected as sunfish are common within the temperate regions of eastern 
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North America (Scott and Crossman 1973:699, 719). However, these species are not high-ranked 

prey, which suggests that they should be ignored in favour of larger prey types. Additionally, a 

taphonomic study by Lubinski (1996) demonstrated that diagnostic cranial bones of smaller fish 

tend to degrade faster than larger species rendering them unidentifiable. Conversely, their 

abundance within the Boyd Island assemblage may reflect the use of mass capture techniques to 

procure these low-ranked prey (i.e., netting and/or trapping) or the bulk processing of these 

resources onsite for consumption or storage. As such, the abundance of these low-ranked prey 

may suggest a possible rank-inversion within the aquatic prey rankings.    

Sucker species occupy the seventh aquatic prey rank and contributes 2.4% to the total 

fish NISP. Sucker and redhorse species were combined because they are often difficult to 

distinguish based on skeletal remains. Both fish types are spring spawners and prefer moving 

from lakes into streams or gravelly margins nearshore to lay eggs (Scott and Crossman 

1973:540, 575). Catfish (i.e., channel catfish, brown bullhead, and indeterminate catfish) are 

proportionately the most abundant species of fish at Boyd Island, representing 42.6%          

(NISP = 141). This is not unexpected, given that suckers and catfish have greater bone density 

and element size, which make them easier to recover and identify. However, a bias toward the 

recovery of more catfish/sucker remains may not influence their abundance within the Boyd 

Island assemblage. Edwards and McTavish (2012:5) state, “Catfish and suckers, as bottom-

dwelling fish tend to have more robust skeletons, while lighter boned fish such as bass and perch 

still yield sizable fillets which have the potential to play an equal role in diet”. As such, the mass 

capture of catfish/sucker along with other medium sized fish may be reflected in the assemblage. 

Alternatively, the assemblage may also be the result of the bulk processing of these prey types by 

smoking/drying given the presence of pit features at the site (see Appendix C). Freshwater drum 
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(Aplodinotus grunniens) is the lowest ranked medium-sized aquatic prey type with an average 

mass of ~ 0.5 kg and this species is poorly represented in the Boyd Island assemblage  

(NISP = 1).  

Aquatic prey types in the small size class have a body mass less than ~ 0.5 kg and include 

pumpkinseed (Lepomis gibbosus), yellow perch (Perca flavescens), and rock bass (Ambloplites 

rupestris). While both pumpkinseed and rock bass are members of the sunfish family, their small 

size allows their separation from medium sized sunfish species. Like their larger relatives, 

pumpkinseed spawn in the spring, though they tend to remain in the quietest, slow moving, parts 

of lakes or rivers with the most extensive vegetation cover to avoid predation (Scott and 

Crossman 1973:715–717). At Boyd Island, pumpkinseed was rarely encountered (NISP = 2). 

Yellow perch occupy the next highest ranked position at ~ 0.2 kg. and rock bass (NISP = 23) 

have the same average mass as yellow perch. Yellow perch spawn in the spring in which 

individuals migrate from the deeper portions of lakes toward the shore or into river outlets (Scott 

and Crossman 1973:757). Importantly, they are most abundant in relatively clear open lakes with 

moderate aquatic vegetation (Scott and Crossman 1973:759). As in the case with pumpkinseed 

and rock bass, it is a spring spawning species, but it schools in the company of larger sunfish 

such as smallmouth bass with which it competes for food (Scott and Crossman 1973:704, 706). 

As such, it is possible that these lower-ranked aquatic prey types may have been procured during 

the same foraging bout if mass capture techniques were employed. 

 

6.1.3 Summary of diet breadth 

 

The taxonomic data suggests that diet breadth at Boyd Island during the 
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Sandbanks Phase was fairly broad, with twenty-one terrestrial species (i.e., mammals, birds, 

reptiles, and amphibians) and thirteen fish taxa incorporated into the diet. A varied diet suggests 

at the island suggests two important things. First, foragers were actively harvesting animal 

resources from both terrestrial and aquatic patches. Second, a broad diet suggests that high-

ranked prey types were infrequently encountered. However, the artiodactyl index values (Table 

6.1) indicate that large terrestrial prey (i.e., white-tailed deer) was abundant during the Middle 

Woodland. As such, the reliance on medium sized aquatic prey that could be mass captured 

using gill nets, drop nets, weirs, and other traps may have been a response to increasing human 

population pressure during this time (Warrick 2000:433; Prowse 2003:103).  

Mammal utilization was primarily geared toward white-tailed deer, though other 

mammals, birds, reptiles, and amphibians were exploited in much lower proportions. Overall the 

highest ranked terrestrial taxa, black bear appears to have been infrequently encountered during 

the Middle Woodland. Similarly, the highest ranked aquatic taxon, muskellunge, also appears to 

have been less commonly encountered or procured during this period. Interestingly, both are 

large omnivorous/carnivorous species that typically occur at low densities (Kerr 2007:62; 

OMNR 2009:5). The available data demonstrates that a variety of lower-ranked resources were 

also included in the diet, but their low abundances in the sample may suggest that they were less 

frequently taken. 

 

6.2 Transport selectivity 

 

The Sandbanks Phase assemblage from Boyd Island is characterized by some elements 

being more or less frequently abundant than expected. As discussed in Chapter 3, central place 

foragers that pursue large prey are often faced with decisions regarding which anatomical parts 
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are worth transporting to a residential site and which to discard in order to maximize their net 

energetic returns. Discarding anatomical parts deemed to be of less nutritional value is one of the 

approaches that foragers may employ to maximize foraging efficiency. To determine what 

factors might have influenced foraging decisions, archaeozoologists have devised methods to 

quantify these decisions in the form of utility indices (e.g., Binford 1978; Outram 2001; Lupo 

2006; Morin 2007; Morin and Ready 2013). Central to these indices is the assumption that 

different skeletal elements possess different value in terms of meat, grease, and marrow. As such, 

these values can be used to assess the likelihood of elements being selected for processing to 

obtain different resources. 

When procuring large high-ranked prey, foragers tend to be selective of which skeletal 

elements are transported to a central place. If this view is correct, anatomical parts with high 

food utility should appear more frequently than those of lower food value within the 

archaeological record. Conversely, if carcasses are transported intact, all skeletal elements should 

appear in proportions roughly equivalent to their abundance in the skeleton. Given that black 

bear and white-tailed deer weigh, on average, under 90 kg, it is possible for a single hunter or 

small group to transport an entire carcass (once gutted) back to a site. Additionally, both beaver 

and dog weigh on average less than 50 kg, it is possible for a small foraging group or a single 

hunter to transport the carcass intact. However, as data regarding skeletal part utility (i.e., 

nutritional or other) is unavailable for bear, beaver, and dog elements, this analysis focuses 

exclusively on white-tailed deer parts. Skeletal part abundances of white-tailed deer from the 

Boyd Island assemblage are compared in this section to four different utility indices to determine 

if different currencies (e.g., meat, marrow, bone grease, meat drying) influenced transport 

decisions at the island. 
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 In Chapter 5, it was argued that certain skeletal elements and portions of bones were 

possibly under-represented as a result of the effects of density-mediated processes, including 

differential preservation, and the impacts of human and carnivore agents. Due to the absence of 

suitable elements on which to perform this test, the sample was limited to a set of high surviving 

parts as suggested by Marean and Cleghorn (2003). However, the result of this analysis did not 

demonstrate a positive correlation between bone density and %NNISP which suggests that 

skeletal elements were removed from the sample by processes that are not density-mediated. It 

should be noted that the significance of this result is questionable due to the small sample size 

(NISP = 16). This result notwithstanding, only elements of high mineral density were used for 

comparison with utility indices. Based on the shape-adjusted bone density values presented by 

Lam et al. (1999), the highest density portions of the cervid skeleton are found in the glenoid 

portion of the scapula, mandibles, long bone shafts, and the cranium. While marrow and meat 

utility indices have been developed for white-tailed deer (see Madrigal 2004), they were not 

employed in this study as they do not contain values for all elements of interest. Given this, four 

utility indices that were constructed for reindeer (Rangifer tarandus) were employed instead 

(Binford 1978; Metcalfe and Jones 1988; Friesen 2001; Morin 2007). These indices should 

provide comparable results because of the similar musculoskeletal structure between cervid 

species (Lam et al. 1999:359). 

 The first utility index measures the total amount of meat, marrow, and bone grease (i.e., 

overall food content) of different skeletal parts, and is called the simplified Meat Utility Index 

(MUI) (Metcalfe and Jones 1988:486). Because it is highly likely that the Boyd Island foragers 

consumed meat and marrow—as suggested by the butchery and marrow extraction marks on 

skeletal elements (see section 6.3)—the simplified MUI seems an appropriate measure of utility 
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for this assemblage. The second measure of utility originates from the ethnographic research 

conducted by Binford in 1971, during which he documented the selection of reindeer parts for 

bone grease rendering by a Nunamiut woman (Binford 1978:35). This "grease index", presented 

by Binford (1978) and Metcalfe and Jones (1988) contained errors, as it does not account, among 

others, for artiodactyls having two sets of three phalanges on each foot. As such, the corrected 

data for phalanges used in the MUI and grease index calculations in this study were obtained 

from Morin and Ready (2013). Morin (2007) developed the third utility index applied in this 

study, which is called the Unsaturated Marrow Index (UMI). Unlike the previous indices, the 

UMI calculates the total amount of unsaturated fatty acids within marrow-yielding bones, a 

major source of dietary fats in ungulate species. The fourth utility index was also derived from 

Binford’s (1978) work with the Nunamiut, and was initially termed the Drying Utility Index 

(DUI). This index sought to predict which skeletal portions would be selected by foragers to be 

placed in dry storage (Friesen 2001:317). Friesen (2001) simplified Binford’s index and created 

the Meat Drying Index (MDI) which focuses on the "dryability" of carcass portions. Given the 

seasonally variable climate of the study area, this final index constitutes a currency that may 

have influenced the transport decisions of the Boyd Island foraging groups. 

 Figure 6.2 compares the MUI, grease index, UMI and MDI with the NNISP values for a 

restricted set of (high-survival) white-tailed deer elements from Boyd Island. If overall food 

value was the most important currency influencing transport decisions, it is expected that the 

highest correlation would be found with the MUI. Alternatively, if fat contained within bone was 

the principal factor influencing skeletal part transport, the observed abundances of white-tailed 

deer elements should show a stronger correlation with the UMI or grease indices. Similarly, if 

meat procurement for drying and storage had considerable impact on transport decisions, a 
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stronger correlation with the MDI would be expected. However, all four correlations with the 

utility indices are fairly weak and none are significant (Table 6.2). This result suggests that the 

Boyd Island foraging groups were relatively unselective regarding which long bones were 

transported away from the site or that other criteria were more important (e.g., ritual). This is 

surprising given the large size of white-tailed deer in the temperate forests of the northeast, 

which would render it difficult to transport entire carcasses. However, this lack of selectivity 

may also suggest that the Boyd Island foragers may have not been far from their residential 

location when most kills occurred, as has been suggested for the Late Woodland Jordan’s 

Landing site in North Carolina (Byrd 1997:15, 65). Transporting large game intact (i.e., black 

bear and white-tailed deer) may have been deemed efficient, if procurement occurred close to a 

site where additional processing occurred. 
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Figure 6.2 Comparison of high-survival white-tailed deer element frequencies (%NNISP) in the 

Boyd Island assemblage with the reindeer MUI, grease index, UMI and MDI. Note, UMI values 

were unavailable for the cranium, mandible, and scapula. 

 

Table 6.2 Spearman’s rank order correlations between skeletal part representation and the 

MUI, grease index, UMI, and MDI. “n” indicates the number of skeletal elements considered in 

the correlations. 

 

Index n rs p 

MUI 7 -0.22 0.64 

Grease rendering 5 -0.79 0.11 

UMI 4 -0.21 0.79 

MDI 7 -0.16 0.73 
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 The interpretation of transport decisions at Boyd Island is not straightforward. The lack 

of correlations with the indices may be due to small sample size. In fact, the sample of white-

tailed deer elements selected for this study corresponds to a NISP of 47, which is small. 

Additionally, because the high survival set only includes a small number of elements (MUI: n = 

7; grease index: n = 5; UMI: n = 4; MDI: n = 7), the statistical power of the comparisons is low. 

As such, an examination of the representation of other skeletal parts from the assemblage can 

provide additional insight into transport decisions. 

Section 5.1.2 indicated that crania and mandibles are the most common white-tailed deer 

elements in the assemblage, although these parts are primarily represented by teeth. Because 

teeth are more easily identifiable than bone fragments, the representation of the elements may be 

inflated in the sample. As indicated by Binford (1978), ungulate skulls are generally considered 

of low nutritional value and add significant weight and bulk to a potential transport load. This is 

supported by ethnographic observations that frequently report that the skull of large game is 

discarded at kill sites located away from the residential camp. This observation may apply to the 

northern subspecies of white-tailed deer which may have been difficult to transport whole. At 

Boyd Island the abundance of cranial and mandibular teeth suggests that these elements could 

have been discarded at the site during initial processing, while more profitable elements may 

have been transported to another location. As such, the site may have been used as a processing 

location, which is also supported by the accumulation of many fish cranial remains (Wheeler and 

Jones 1989:77; Prowse 2003:71).  

Binford (1978) suggested that in addition to the cranial elements being discarded, feet 

may also be culled to reduce the transport load because of their marginal utility. Within the Boyd 

Island assemblage, the first and second phalanges are common (phalanx 1: n = 10, %NNISP = 
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22.7%; phalanx 2: n = 9, 20.5%), whereas the third phalanx is only represented by two 

specimens (%NNISP = 4.5%). Additionally, three sesamoids and three vestigial phalanges were 

identified. This high frequency of foot elements (24.8%) suggests that they could have been 

discarded on Boyd Island close to where the kill possibly occurred. Overall, the lack of 

correlation between utility indices and long bone portions of high density suggests that the Boyd 

Island foragers either transported the more valuable portions of large game back to a central 

location or these parts did not arrive to the site at all, based on their absence from the 

assemblage. Importantly, it should be noted that white-tailed deer long bones may be present in 

the assemblage, yet they are part of the indeterminant portion that could not be identified to 

species. However, the absence of certain elements may indicate that the deer remains found at 

Boyd Island may have been the result of ritualistic disposal intended to venerate the spirit of the 

slain animal. Given that these indices are designed to test the economic value of skeletal 

elements, if another factor such as ritual disposal of remains is driving the behavior of the Boyd 

Island’s occupants, it would explain why no correlations were observed for the four indices. 

 

6.3 Processing of skeletal parts 

 

Given that the foragers of Boyd Island appear to have been unselective regarding which 

skeletal parts should be transported back to a central site, only minimal insights into animal 

resource procurement decisions can be made by analyzing patterns of skeletal part processing. 

On Boyd Island, the majority of white-tailed deer long bones appear to have been removed from 

or never made it to the site as a result of human agency, yet some of the remaining long bones 

show signs of systematic marrow cracking (N = 12, Figure 6.3). Green-bone fractures exhibiting 

a smooth fracture surface and smooth fracture edge were observed in 60.0% of the remains. This  
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Figure 6.3 Example of a percussion notch on a white-tailed deer metapodial from the Boyd 

Island assemblage. 

 

fracture type can be produced during marrow cracking, although carnivore ravaging and 

trampling may also generate this kind of damage. It is important to note that the sample is small. 

Nonetheless, the presence of green-bone fractures on the long bones of smaller mammal species 

(beaver, muskrat, and racoon) suggests that these species may have been subjected to marrow 

exploitation as well. Although, the marrow cavities in these species are small, which likely made 

them unattractive for human exploitation. 

 None of the percussion notches in the Boyd Island assemblage were associated with 

cutmarks, and none showed gnaw marks. Although there is evidence for carnivore overprinting 

in the Boyd Island sample (Chapter 5), nonhuman predators appear to have modified only a 

small portion (3.7%) of the assemblage. Given this, most percussion notches are probably 
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indicative of anthropogenic actions. However, it is noted that burning, and to a lesser extent, 

weathering of the material made it difficult to observe notches and fracture edges in some cases.  

 To investigate the intensity of marrow exploitation, elements containing marginal 

amounts of marrow such as the calcaneum, talus, phalanges, and mandible were examined. 

These elements were chosen because it has been ethnographically documented that during 

periods of relative food scarcity, humans may resort to extracting marrow from these parts 

(Binford 1978:32). At Boyd Island, only white-tailed deer elements were considered for this 

analysis. In the assemblage, the majority of elements with a small marrow cavity are fragmentary 

(talus: n = 3/10; calcaneus: n = 4/4; first phalanx: n = 10/10; second phalanx: n = 9/9; third 

phalanx: n = 1/2). The only element in this sub-sample that displays traces of carnivore gnawing 

is a complete third phalanx that exhibits tooth pits. Most of these specimens show edges 

consistent with green-bone fractures (n = 17 out of 27, 63.0%) and lack cut marks. However, 

55.6% of the sub-sample is burned which makes if difficult to determine whether tarsals and 

phalanges were fragmented through marrow-cracking, carnivore ravaging, burning, or a 

combination of all three. As suggested by Lapham (2003:297), it is likely that these elements 

were discarded and burned as refuse. 

 The rendering of bone grease from skeletal elements may be an additional indicator of 

nutritional stress (Brink 1997:270). This is because the extraction of bone grease is labour 

intensive, constituting a high processing cost with comparatively low caloric returns (Brink 

1997:270). Brink (1997) indicated that grease rendering is the most destructive of all butchering 

processes, which can result in high degrees of fragmentation of long bone epiphyses. If this 

activity had been practiced at Boyd Island, epiphyses would be severely under-represented in 

comparison with long bone shafts. However, the distal epiphyses of white-tailed deer are more 
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common than shafts, yet differences in frequency (NDE shafts = 25.0%; NDE proximal = 25.0%; 

NDE distal = 50.0%) between the bone portions are not significant (K-S D = 0.33, p = 0.10)13. 

Interestingly, the presence of many fragmentary long bone shafts may result from “simple” 

marrow cracking (Morin and Soulier 2017:113). Marks associated with crushing and pounding 

along with a significant degree of fragmentation of spongy bones may provide additional 

evidence for grease rendering (Morin 2010:210). However, these marks were not observed in the 

Boyd Island sample. This may be largely due to the removal of these elements from the site for 

ritualistic veneration, processing, or the failure of these portions to arrive at the site (see previous 

section). The damage done to the remaining long bone epiphyses more likely results from post-

depositional destruction (see Chapter 5). In contrast, the damage observed on long bone shafts 

may result from expedient “simple” marrow cracking.  

 To summarize, the marrow cracking of white-tailed deer long bones cannot be strongly 

demonstrated because most of those elements may have never arrived at the site or have been 

removed from it due to economic or spiritual concerns. The extraction of marrow from marginal 

elements such as the tarsals and phalanges is observed but did not produce a clear pattern. 

Additionally, there is little evidence for grease rendering. Given this, and the analysis of 

transport decisions and marrow cracking, it remains unclear if the most profitable elements of 

white-tailed deer were initially absent from the site or have been removed by the Sandbanks 

Phase foragers on Boyd Island.  

 

                                                            
13 The NDE values for white-tailed deer long bones (see Table 5.7) are used because NISP values could bias the 

sample toward an over representation of long bone shafts. 
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6.4 Boyd Island foraging strategies: A discussion 

 

At Boyd Island, it appears that the Middle Woodland foragers were largely engaged in 

the procurement of some of the most profitable aquatic prey items such as catfish, bass, and 

walleye. However, profitable terrestrial prey types such as white-tailed deer and other smaller 

mammal species were also a significant component of the diet at this location (e.g., beaver, 

muskrat, and dog). While fish remains dominate the vertebrate assemblage (NISP = 331), 

mammal remains are a close second (NISP = 299). This suggests a mixed foraging strategy that 

incorporated both aquatic and terrestrial prey types in almost equal proportions, with reptile, 

bird, and amphibian species making only minimal contributions to the assemblage. Black bears 

were likely exploited by the Sandbanks Phase foragers of Boyd Island. However, it is not 

possible to determine whether they were procured for food, as a source of raw material, and/or as 

a result of symbolic significance. Additionally, as suggested by Gates St-Pierre (2010), beaver 

and muskrat may have also been procured as a source of raw material. However, evidence 

supporting this inference is scarce within the Boyd Island assemblage.  

 The central place forager prey choice model presented by Cannon (2003) assumes that, 

when high-ranked resources become less abundant within a given environment (i.e., search time 

increases), foragers initially tend to invest more time and energy procuring lower-ranked prey 

types to continue maximizing their net delivery rate. This appears to have been the case at Boyd 

Island. The scarcity of black bear and muskellunge, the highest-ranked terrestrial and aquatic 

prey-types within the assemblage, suggests that these resources may have been infrequently 

encountered. The Middle Woodland foragers of Boyd Island seem to have responded to this 

situation by broadening their efforts on diverse, smaller-sized, yet profitable, aquatic and 

terrestrial prey types. 
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 Catfish, bass, and walleye make up the bulk of the aquatically-derived diet in that 

respective order. White-tailed deer, the second highest-ranked species, appears to have 

contributed significantly to the diet derived from a terrestrial patch at Boyd Island. Lower-ranked 

mammals were also included in the diet, along with a diverse array of smaller prey items that 

may have been taken less frequently. The paucity of white-tailed deer long bones, along with the 

comparative abundance of phalanges, tarsals, crania, and mandibles suggests that the Boyd 

Island foragers may have selected the most profitable skeletal portions for transport, or that these 

parts were never brought to the site. Terrestrial animal procurement was presumably driven by 

the exploitation of meat and marrow. Foraging at this site utilized aquatic and terrestrial habitats, 

which may have been within moderate traveling distance to a residential camp. 
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CHAPTER 7: REGIONAL COMPARISONS 

 

 

This chapter takes the findings presented in the last chapter and compares them with 

patterns observed at other Sandbanks Phase sites within the study area to establish if the Boyd 

Island assemblage is typical for the period and study area. Results are then compared with those 

documented at a Pickering Phase Late Woodland site and two Late Iroquoian sites where a maize 

component to the diet was noted. Inferences regarding change in diet breadth and skeletal part 

selection in southcentral Ontario between these periods are then discussed.  

 

7.1 Comparative assemblages and diet breadth 

 

As discussed earlier, research on the subsistence practices of southern Ontario’s Middle 

and Late Woodland period foragers remains fairly limited (see Garrad 2003, Curtis 2006, and 

Lovis and Hart 2015 for exceptions). Because much of archaeological work in Ontario, until 

recent years, was conducted without a standardized procedural framework, archaeozoological 

analysis has been commonly limited to taxonomic identification and the production of species 

lists that are included within site reports. The time and budgetary constraints of salvage 

archaeology are not always conducive to the generation and testing of inferences regarding 

subsistence change, seasonality, procurement strategies, and the factors which may have 

influenced skeletal part selectivity and transport. Given this, comparatively few faunal 

assemblages from southcentral Ontario dating to these time periods have been analyzed in detail. 

Unfortunately, some of these assemblages are affected by small sample sizes (e.g., Spillsbury 

Bay, Lakeshore Lodge), which limits the interpretation of past subsistence practices. 

Another common problem is a lack of taphonomic data, as information on recovery 

methods and post-depositional processes are not always available or are summarily discussed. 
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Additionally, while evidence for anthropic manipulation is often mentioned (e.g., burning), other 

factors that can cause differential preservation of faunal material (e.g., weathering, carnivore 

ravaging, density-mediated processes) are rarely reported. With these issues in mind, two 

Sandbanks Phase, one Pickering Phase, and two Late Iroquoian sites from southcentral Ontario 

were selected for comparison with the Boyd Island assemblage. It is important to mention that 

questions regarding meat, marrow, or bone grease exploitation from skeletal elements of 

medium-large mammals could only be partially investigated as skeletal part data were not 

provided within some of the consulted studies.  

 

7.1.1 Sandbanks Phase: Lakeshore Lodge and Spillsbury Bay 

 

The Lakeshore Lodge Sandbanks Phase assemblage is dominated by fish remains 

(66.0%), most of which were not identified beyond the class level (Duncan 1982:5). To ensure 

that NISP data are comparable, only identified fish specimens will be considered in this study 

(Table 7.1). Using this approach, fish remains from Lakeshore Lodge increase in representation 

to 77.2%, and only seven species are represented. Longnosed gar (Lepisosteus osseu) is the most 

commonly identified species followed by smallmouth bass, contributing 57.8% and 13.7%, 

respectively (Table 7.2). This pattern is not surprising given that the site is located on the shore 

of Lake Ontario where gar are known to inhabit nearshore waters (Scott and Crossman 

1973:106–107). Interestingly, fish vertebrae were recovered from the site, some of which display 

traces of burning, suggesting that fish resources were transported whole to the site where they 

were presumably processed for transport or consumed (Duncan 1982:10, 15,18).  
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Table 7.1 Number of identified species by class from the Boyd Island (this study), Lakeshore 

Lodge (Duncan 1982:8–9), Spillsbury Bay (Curtis 2006:85), Richardson site (Pearce 1977:54–

58), Le Caron (Muir 1990:59–62), and Kirche (Nasmith 2008:93–96) assemblages. 

Site Fish Mammal Bird Reptile Amphibian Total 

Boyd Island 16 13 6 1 1 37 

Lakeshore Lodge 8 7 2 2 0 19 

Spillsbury Bay 11 6 5 3 0 25 

Richardson 22 17 7 2 0 48 

Kirche 18 26 14 4 3 65 

Le Caron 14 26 17 3 0 60 

 

 

 

Terrestrial mammals are the second most abundant taxonomic group in the sample 

(11.4%, Table 7.4). They are represented by seven taxa: white-tailed deer, domestic dog, skunk, 

muskrat, grey squirrel, red squirrel, and eastern chipmunk. Eastern chipmunk is the most 

common mammal identified at Lakeshore Lodge (4.0% of total NISP). Whether they reflect 

intrusion into cultural deposits or human utilization is unclear. White-tailed deer make up the 

second most significant portion of the terrestrial sample at 3.4% with the remainder of mammal 

species contributing less than 1.5% individually. The most common white-tailed deer skeletal 

elements are from the lower forelimb and hind-limb. According to Duncan (1982:18), this 

suggests that the secondary butchery and processing of white-tailed deer did not occur at the site. 

Previous research has concluded that the foraging strategies at Lakeshore Lodge would have 

focused on the procurement of freshwater fish and white-tailed deer, with smaller mammals, 

turtles (Table 7.3), and birds (Table 7.5) only being utilized in a supplementary capacity (Duncan 

1982:15). 
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Table 7.2 Percentages of fish taxa identified and grouped by size from Boyd Island (this study), 

Lakeshore Lodge (Duncan 1982:9), Spillsbury Bay (Curtis 2006:85), the Richardson site (Pearce 

1977:55–56), Le Caron (Muir 1990:61), and Kirche (Nasmith 2008:95). Size classes are defined 

in Table 3.2. L = large, M = medium, and S = small.  

 

Common Name Scientific Name Boyd Lakeshore Spillsbury Richardson Le Caron Kirche Size 1  

  n = 331 n = 271 n = 194 n = 735 n = 1054 n = 1840  

Bowfin Amia calva     1.4  L 

Burbot Lota lota      0.1 L 

Gar sp. Lepisosteidae spp.  57.8  0.1 2.8  L 

Lake Sturgeon Acipenser fulvescens   0.5 1.7  L 

Muskie/Pike Esox sp. 1.0   0.5 0.8 0.7 L 

Trout sp. Salmonidae sp. 1.0   0.1  0.8 L 

Walleye/Sauger Stizostedion sp. 5.2 0.3 1.4 3.9 3.6 0.3 L 

Whitefish sp. Coregonus sp. 0.7   0.7 1.0 1.0 L 

American Eel Anguilla rostrata    1.2  0.5 M 

Bass sp. Micropterus sp.    0.9 4.4 5.1 M 

Brown Bullhead Ictalurus nebulosus 7.2 0.9 11.8 2.7 0.3 12.4 M 

Catfish sp. Ictaluridae spp. 10.0   9.5 8.6 2.2 M 

Channel Catfish Ictalurus punctatus 1.2  1.1 2.0   M 

Freshwater Drum Aplodinotus grunniens 0.1   0.4   M 

Largemouth Bass Micropterus salmoides 8.6 0.9 8.6 4.7   M 

Redhorse sp. Moxostoma sp. 0.4  0.5 2.5 0.0  M 

Smallmouth Bass Micropterus dolomieui 2.7 13.7 0.5 0.8  0.7 M 

Sucker sp. Catostomus sp. 0.7  1.1 4.4 0.7 10.0 M 

Sucker/Redhorse Catostomidae spp.    10.5  18.5 M 

Sunfish sp. Centrachidae sp. 0.5  1.6 4.6  0.7 M 

Yellow Bullhead Ameiurus natalis  2.3    0.1 M 

Minnow sp. Cyprinidae spp.    0.1   S 

Perciforms Percidae sp.     3.4 0.1 S 

Pumpkinseed Lepomis gibbosus 0.3  10.2 0.1 2.1 0.2 S 

Rock Bass Ambloplites rupestris 0.5  0.7 2.3 2.3  S 

White Bass Morone chrysops  0.6   0.2  S 

Yellow Perch Perca flavescens 3.0 0.9 5.2 18.0 1.5 7.6 S 

Class Total  43.2 77.2 42.7 70.3 34.7 61.1  

1 Body mass data for all fish taxa were derived from Scott and Crossman (1973). 
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Table 7.3 Percentages of reptile and amphibian taxa identified from the Boyd Island (this study), 

Lakeshore Lodge (Duncan 1982:8), Spillsbury Bay (Curtis 2006:85), Richardson site (Pearce 

1977:58), Le Caron (Muir 1990:62), and Kirche (Nasmith 2008:96) assemblages. 

 

Common Name Scientific Name Boyd Lakeshore Spillsbury Richardson Le Caron Kirche 

Reptile   n = 103 n = 28 n = 30 n = 64 n = 129 n = 54 

Painted Turtle Chrysemys picta  6.0   0.6 1.1 

Pond Turtle sp. Emydidae sp.   2.7   0.3 

Snake sp. Colubridae sp.   0.5  0.1  

Snapping Turtle Chelydra serpentina  2.0 3.6 0.1  0.1 

Turtle sp. Testudines sp. 13.4   6.0 3.6 0.3 

Class Total  13.4 8.0 6.8 6.1 4.2 1.8 

Amphibian   n = 8 n = 0 n = 0 n = 0 n = 0 n = 6 

Bullfrog Rana catesbeiana      0.1 

Frog sp. Rana sp. 1.0      

Frog or Toad Anura spp.      0.1 

Class Total   1.0 0.0 0.0 0.0 0.0 0.2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



139 
 

 
 

Table 7.4 Percentages of mammal taxa identified from Boyd Island (this study), Lakeshore 

Lodge (Duncan 1982:8), Spillsbury Bay (Curtis 2006:85), Richardson site (Pearce 1977:54), Le 

Caron (Muir 1990:59), and Kirche (Nasmith 2008:93–94). Size classes are defined in Table 3.1 

and the average mass of additional taxa derived from Feldhamer et al. (2003). 

 

Common Name Scientific Name Boyd Lakeshore Spillsbury Richardson Le Caron Kirche Size 

  n = 299 n = 40 n = 208 n = 170 n = 1710 n = 1054  

Black Bear Ursus americanus 1.0   1.2 3.7 1.5 L 

Cervid Cervidae sp.     1.1 0.8 L 

Elk Cervus canadensis     0.3  L 

Moose Alces alces   5.5   0.4 L 

White-tailed Deer Odocoileus virginianus 17.2 3.4 17.0 4.1 4.0 17.4 L 

Beaver Castor canadensis 9.3  2.0 3.7 5.0 2.6 M 

Canid Canidae spp.     0.4 0.3 M 

Carnivore spp. Carnivore spp.     3.2 0.1 M 

Dog Canis familiaris    0.1 1.3 6.3 M 

Dog/Coyote/wolf Canis sp. 2.1 0.3  0.7 25.9 1.0 M 

Fox sp. Vulpes/Urocyon sp. 0.1   0.1 0.4 0.3 M 

Large Rodent Rodentia spp.     0.1  M 

Lynx/Bobcat Lynx sp.    0.2   M 

Porcupine Erethizon dorsatum 0.8  0.7    M 

Raccoon Procyon lotor 0.7   0.3 0.6 0.2 M 

River Otter Lontra canadensis    0.3 0.1 0.3 M 

Wolf Canis lupus     0.1 0.1 M 

Deer Mouse sp. Peromyscus sp.     2.6 0.2 S 

Eastern Chipmunk Tamias striatus 1.2 4.0  1.1 1.6 0.3 S 

Eastern Cottontail Sylvilagus floridanus   0.1   S 

Fisher Martes pennanti 0.4   0.1 0.5  S 

Grey Squirrel Sciurus carolinensis 1.4     S 

Groundhog Marmota monax 1.2   1.1 0.6 1.5 S 

Marten Martes americana    0.1  0.2 S 

Mink Mustela vison    0.1   S 

Mink/Weasel Mustela sp.     0.1  S 

Mouse sp. Muridae sp.   1.8  3.1 0.1 S 

Muskrat Ondatra zibethicus 4.4 1.4 20.2 2.5 0.2 0.7 S 

Rabbit sp. Leporid spp.      0.2 S 

Red Squirrel Tamias hudsonicus 0.6  0.4  0.1 S 

Skunk Mephitis mephitis  0.3    0.1 S 

Snowshoe Hare Lepus americanus 0.5    1.3 0.3 S 

Squirrel sp. Sciurus sp. 0.1    0.1  S 

Vole sp. Microtus sp.     0.1 0.1 S 

Class Total  39.0 11.4 47.3 16.3 56.3 35.0  
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Table 7.5 Percentages of bird taxa identified from the Boyd Island (this study), Lakeshore Lodge 

(Duncan 1982:8), Spillsbury Bay (Curtis 2006:85), Richardson site assemblage (Pearce 

1977:57), Le Caron (Muir 1990:60), and Kirche (Nasmith 2008:96) assemblages. 

 

Common Name Scientific Name Boyd Lakeshore Spillsbury Richardson Le Caron Kirche 

    n = 26 n = 12 n = 14 n = 76 n = 144 n = 56 

Blue Jay Cyanocitta cristata       

Bufflehead Bucephala albeola   0.5  0.1  

Canada Goose Branta canadensis 0.5    1.2 0.2 

Canvasback Aythya valisineria       

Common Loon Gavia immer 0.4   0.2   

Crane sp. Grus sp.       

Duck sp. Anas spp. 0.8   0.1   

Eagle sp. Haliaeetus sp.   0.2    

Goose sp. Anserinae sp.     0.1  

Great Blue Heron Ardea herodias   0.5    

Greater scaup Aythya marila   0.5    

Grouse sp. Tetronidae sp.      0.4 

Gull sp. Laridae sp.     0.1  

Hawk sp. Accipitridae spp.       

Hooded Merganser Lophodytes cucullatus       

Killdeer Charadrius vociferus     0.1  

Long-tailed duck Clangula hyemalis       

Mallard Duck Anas platyrhynchos  1.1     

Merganser Mergus merganser   1.6 0.1   

Owl sp. Strigidae sp.    0.1   

Pigeon Ectopistes migratorius 1.0 2.3  6.7 0.2 0.3 

Pileated Woodpecker Dryocopus pileatus       

Raven Corvus corax    0.1 0.1  

Robin Turdus migratorius       

Ruffed Grouse Bonasa umbellus 0.1    1.4 0.2 

Sandhill crane Grus canadensis     1.2 0.1 

Scaup sp. Aythya sp.       

Swan sp. Cygninae sp.     0.1  

Turkey Meleagris gallopavo 0.5     0.3 

Woodpecker sp. Colaptes sp.     0.1  

Yellow-bellied Sapsucker Sphyrapicus varius      0.1 

Class Total   3.4 3.4 3.2 7.3 4.7 1.9 
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The Sandbanks Phase inhabitants of Spillsbury Bay appear to have taken advantage of 

both aquatic and terrestrial habitats and were strongly focused on the exploitation of wetlands. 

This is evidenced by the abundance of fish (42.7%, Table 7.2), turtle (6.3%, Table 7.3), and bird 

species (3.2%, Table 7.5) that frequent wetland environments such as merganser (Mergus 

merganser), greater scaup (Aythya marila), great blue heron (Ardea herodias), sea eagle species 

(Haliaeetus sp.), and bufflehead (Bucephala albeola, 3.2% combined). Mammals (Table 7.4) are 

the most common class in the assemblage at 47.3%, and their presence supports the exploitation 

of wetlands as most of the represented species (i.e., muskrat, beaver, and moose) inhabit these 

areas extensively. Brown bullhead (11.8%), pumpkinseed (10.2%), largemouth bass (8.6%), and 

yellow perch (5.2%) are the most common fish species identified, while muskrat (20.2%) and 

white-tailed deer (17.0%) dominate the mammal portion of the assemblage (Curtis 2006:84). 

Given their representation, the foraging strategy utilized at Spillsbury Bay focused relatively 

equally on aquatic and terrestrial resources with birds and reptiles contributing marginally to the 

diet. It should be noted that the under-representation of turtle may be due to their use as a source 

of raw material. 

 

7.1.2 Late Woodland: Richardson site 

 

To gain an understanding of diachronic diet breadth change in southcentral Ontario the 

Late Woodland-Pickering phase faunal material from the Richardson site was included in this 

analysis. The Richardson assemblage is dominated by fish remains which constitute 70.3% of the 

identified assemblage (Table 7.1 and 7.2). Yellow perch (18.0%), sucker/redhorse (10.5%), and 

catfish species (9.5%) are the most abundant fish taxa with the remainder contributing less than 

4.7% to the total NISP individually. Terrestrial mammal resource procurement focused on white-
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tailed deer (4.1%), beaver (3.7%), and muskrat (2.5%, Table 7.4). Interestingly, bird species 

(Table 7.5) contribute 7.3% to the assemblage and are largely comprised of passenger pigeon 

(6.7%). Turtle remains (6.1%, Table 7.3) were identified, but as in the case of Spillsbury Bay, it 

is unclear if they were harvested for food, raw material, or both. In sum, the foraging strategy 

practiced at the Richardson site appears to have given fishing greater priority over the hunting of 

terrestrial species. 

 

7.1.3 Late Iroquoian: Le Caron and Kirche 

 

 The faunal material from two Late Iroquoian village sites was included in this analysis to 

elucidate shifts in diet breadth with the adoption of maize horticulture in southcentral Ontario. 

Based on the identified sample from Le Caron, it appears that the inhabitants of this historic 

Huron village relied primarily on terrestrial mammals with fish also constituting a major portion 

of the diet. Terrestrial mammals comprise 56.3% of the identified sample and are dominated by 

dog remains (25.9%, Table 7.4). Muir (1990) and Dorion (2012) demonstrated that dog was a 

significant source of meat for the village occupants as indicated by the presence of butchery 

marks on the remains. However, it was also noted that dog carcasses were not as thoroughly 

processed when compared to the remains of other terrestrial prey, suggesting that dog utilization 

may have been more ritualistic in origin (Muir 1990:96; Dorion 2012:132). Excluding dog, the 

assemblage is dominated by fish species, of which catfish (8.6%), bass (4.4%), and gar (2.8%) 

are the most common (Table 7.2). After dog, beaver (5.0%), white-tailed deer (4.0%), and black 

bear (3.7%) are the most abundant terrestrial mammals. Birds account for only 4.7% of the 

assemblage, but this assemblage contains a higher diversity of bird species (n = 17), relative to 

the other sites consulted in this study (i.e., 6.8 bird species on average, Table 7.1). However, the 
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results of two-tailed t-tests indicated that the differences in bird species representation between 

site pairings were not statistically significant except for the following: Lakeshore Lodge and Le 

Caron, Lakeshore Lodge and Kirche, Spillsbury Bay and Le Caron, and Spillsbury Bay and 

Kirche (Table 7.6). This may reflect the paucity of bird species identified at Lakeshore Lodge 

and Spillsbury Bay. Reptiles are present (4.2%, Table 7.3), suggesting that foragers at Le Caron 

were also actively engaged in the exploitation of wetlands. 

 

Table 7.6 Results from t-tests for the Middle Woodland, Late Woodland, and Late Iroquoian 

assemblages from the southcentral Ontario. 

Site Boyd Island Lakeshore Spillsbury Richardson Le Caron Kirche 

Boyd Island - 0.33 0.38 0.49 0.08 0.16 

Lakeshore 0.99 - 0.86 0.37 0.04 0.03 

Spillsbury 0.89 -0.17 - 0.38 0.05 0.04 

Richardson -0.71 -0.91 -0.88 - 0.47 0.78 

Le Caron -1.83 -2.06 -2.03 -0.72 - 0.19 

Kirche -1.82 -2.20 -2.15 0.28 1.33 - 

Values below the dashes correspond to the t value, while those above are the p-values. 

 

 

 

The final Late Iroquoian faunal assemblage incorporated here is from Kirche Village 

(Kirche for short). The Kirche assemblage has the greatest taxonomic diversity with sixty-five 

different species identified (Table 7.1). Fish dominate the assemblage at 61.1%, with 

sucker/redhorse species, brown bullhead, sucker, and yellow perch contributing 18.5%, 12.4%, 

10.0%, and 7.6% to the NISP respectively. Terrestrial mammals are the second most abundant 

class of prey at 35.0% of the total NISP. White-tailed deer are the most abundant mammal 

species (17.4%), followed by dog (6.3%) and beaver (2.6%). Bird remains are poorly represented 

with only grouse (0.6%), turkey (0.3%), and passenger pigeon (0.3%) contributing to the diet. 

Nasmith (2008) attributes the procurement of small birds such as the yellow-bellied sap sucker, 
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to the manufacture of bone beads and feather decorations as opposed to subsistence. Turtle 

species (1.8%) were rarely identified. Importantly, Kirche is the only site other than Boyd Island 

where amphibian (i.e., frog or toad) remains were identified (0.2%). Since amphibian remains 

tend to be small, the under-representation of amphibians and other small species may result from 

the use of coarse (¼ inch) mesh screens. Nevertheless, it is believed that their contribution to the 

diet would only be seasonally dependent, with the procurement of turtle mainly focused on the 

use of its shell as raw material (Nasmith 2008:57). 

 

 

7.1.4 Synthesis 

 

The data from Boyd Island, Lakeshore Lodge, Spillsbury Bay, Richardson, Le Caron, and 

Kirche suggests that precontact foragers in southcentral Ontario adopted subsistence patterns 

consistent with the wetland habitats in which they lived. Variation in species use throughout the 

region is markedly high. In fact, correlations in taxonomic composition between the six faunal 

assemblages reflect this variation. Spearman’s rank order tests show that correlations are 

statistically significant for all site pairs except for the following: Boyd Island and Le Caron, 

Lakeshore Lodge and Le Caron, Spillsbury Bay and Richardson, Spillsbury Bay and Le Caron, 

and Spillsbury Bay and Kirche (Table 7.7). This may be the result of a diachronic shift in 

foraging strategies between the Sandbanks Phase sites of Lakeshore Lodge and Spillsbury Bay 

and the Late Iroquoian sites of Le Caron and Kirche. Indeed, faunal analyses show that the 

residents of the Sandbanks Phase sites largely subsisted on fish and only moderately exploited 

terrestrial mammals. The data suggest a gradual broadening of the diet occurred in the Pickering 

Phase and continued into the Late Iroquoian period as indicated by the increasing number of 

species exploited (see Table 7.1). However, a Spearman’s rank order correlation test suggests 
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this interpretation has likely been conditioned by sample size (rs = 0.94, p = 0.01), as the number 

of identified taxa per site is positively correlated with its assemblage NISP. 

 

Table 7.7 Results of the Spearman’s rank order correlation tests for the Middle Woodland, Late 

Woodland, and Late Iroquoian assemblages from the southcentral Ontario. 

Site Boyd Lakeshore Spillsbury Richardson Le Caron Kirche 

Boyd Island - 0.00 0.04 0.04 0.10 0.04 

Lakeshore 0.10 - 0.04 0.04 0.10 0.04 

Spillsbury 0.90 0.90 - 0.10 0.04 0.10 

Richardson 0.90 0.90 0.80 - 0.04 0.00 

Le Caron 0.80 0.80 0.90 0.90 - 0.04 

Kirche 0.90 0.90 0.80 1.00 0.90 - 

Values below the dashes correspond to the rs value, while those above are the p-values. 

 

The inclusion of such large quantities of fish in the diet is not unexpected, as all sites 

included in this study are within 8 km of a body of fresh water. Table 7.8 presents the 

frequencies of freshwater fish at the sites analyzed in this study, with the distance between each 

site and the nearest body of freshwater. To evaluate if a correlation exists between the quantity of 

fish remains recovered and the distance of the site from a body of fresh water, the assemblages 

were separated into to those within and outside one kilometer away. The tallies within and 

outside one kilometer were subjected to a Chi-Square test, which yielded a positive correlation 

between the quantity of fish taxa in the faunal assemblages and reduced distance from fresh 

water (x2 = 811.25, p < 0.01). While this result was not unexpected, the limited number of sites 

included in this analysis may have impacted sample size and the robustness of this statistical test. 
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Table 7.8 Abundances of fish and mammal taxa (identified to class or beyond) at southcentral 

Ontario sites during the Sandbanks Phase, Pickering Phase, and Late Iroquoian periods with 

distances from the site to the nearest body of fish supporting water. 

Site n Mammal n Fish Total % Fish % Mammal Distance (km) 

Boyd Island 516 725 1379 52.6 37.4 0.010 

Lakeshore Lodge 196 2198 2526 87.0 7.8 0.002 

Spillsbury Bay 224 213 501 42.5 44.7 0.001 

Richardson 5875 4811 11119 43.3 52.8 8.000 

Kirche 4856 3195 8264 38.7 58.8 2.500 

Le Caron 4219 9198 14913 61.7 28.3 3.000 

Sources: Boyd Island (this study), Lakeshore Lodge (Duncan 1982:6), Spillsbury Bay 

(Harrington 2002:4), Richardson (Pearce 1977:53), Le Caron (Muir 1990:58), and Kirche 

(Nasmith 2008:92). 

 

 

 

 During the Sandbanks Phase of the Middle Woodland Point Peninsula tradition (e.g., 

Lakeshore Lodge and Spillsbury Bay), the emphasis appears to have been placed on the 

exploitation of resources available in local wetland environments (i.e., fish, turtle, and to a lesser 

extent waterfowl). Boyd Island, a transitional Sandbanks Phase site that was partially surrounded 

by water and temperate forest may reflect an intensification of the use of aquatic resources. 

Importantly, procurement of fish resources using mass collection techniques or trapping may 

have allowed additional time for the collection of local plant resources from the adjacent 

temperate forests along with chenopods and other annuals growing nearshore (Lovis et al. 

2001:625–626). Lovis et al. (2001) suggest that the Pickering Phase of the Late Woodland period 

and into the subsequent Late Iroquoian period experienced a gradual deemphasising of aquatic 

resources in favour of terrestrial species such as black bear, white-tail deer, and racoon.  

This pattern does not appear consistently evident between the Sandbanks Phase, 

Pickering Phase and the Late Iroquoian periods within the study area (Figure 7.1). The 

percentage that mammals contributed to the diet appears to increase, while fish decrease between 

the three Middle Woodland sites with the Boyd Island values situated between Lakeshore Lodge 
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and Spillsbury Bay. Between the Middle and Late Woodland, the utilization of both mammals 

and fish appears to increase marginally. However, after the Late Woodland, and into the Late 

Iroquoian period patterns of animal resource utilization diversify, with certain resources 

becoming more intensely exploited at some village sites and not at others. In fact, the utilization 

of fish decreased at Kirche (38.7%), while mammal representation increased (58.8%).  Le Caron 

does not follow this trend due an under-representation of mammals (28.3%) and over-

representation of fish (61.7%). One possible reason for this, as suggested by Heidenreich (1971), 

Muir (1990), and Dorion (2012) is that foragers from Late Iroquoian sites situated closer to 

fishing grounds incorporated more fish into their diet. 

 

 

Figure 7.1 Percentage of fish and mammal representation by site. Data from Table 7.8. 

 

The taxonomic composition from all sites included in this study suggests that fish were 

frequently taken during the Sandbanks Phase until the Late Woodland. Interestingly, this goes 

against the idea of diet breadth expansion as this pattern appears consistent between sites in the 
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study area. The body size rule indicates that larger prey types such as white-tailed deer and 

muskellunge should be taken in order to maximize the net return rate over smaller prey types 

such as beaver, dog, bass, and catfish. However, while terrestrial mammals form a moderate 

portion of the assemblages, ungulates such as moose and elk are rare at most sites. White-tailed 

deer are the most abundant terrestrial taxa in all but two assemblages (i.e., dog at Le Caron 

25.9% relative to deer 5.1%, muskrat at Spillsbury Bay 20.2% relative to 17.0% deer). This may 

reflect decreased population pressure due to disease, particularly in the case of Le Caron and 

Kirche, villages that may have been impacted by the introduction of European diseases or 

localized large-prey depression near village sites.  

As domesticates became a viable resource to exploit during the Late Woodland it likely 

influenced the amount of time a given forager could be away pursing mobile prey. The mass 

collection of prey items like fish or the procurement of lower-ranked, locally available prey types 

would allow for time to be dedicated to experimenting with and tending to domesticate crops 

(Hart and Lovis 2013:180). Whether this contraction in diet breadth between the Sandbanks 

Phase sites and those dated to the Late Woodland and Late Iroquoian periods (see Table 7.1) 

directly reflects the adoption of horticulture remains to be determined. In fact, attributing 

changing diet breadth due to the adoption of horticulture may be an over-simplification, as many 

of the potential factors (intra-and-intergroup conflict, gendered division of labour, social 

inequality, trade, etc.) that may influence this shift are difficult to interpret from the available 

faunal material. 
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7.2 Comparisons: skeletal part representation 

 

 Smith’s (2011) critique of HBE suggests that small-scale societies “all” engage in central 

place foraging/provisioning. He suggested that this foraging pattern applies worldwide, though 

the archaeological evidence to substantiate this is limited (Smith 2011:261–263). To test if the 

indigenous populations of southcentral Ontario engaged in central place foraging/provisioning 

the frequencies of recovered white-tailed deer elements from Boyd Island are compared with 

those from sites within the study area. However, data on the specific skeletal elements recovered 

from Lakeshore Lodge, Richardson, and Kirche are unavailable. As such, only the skeletal part 

frequencies from Spillsbury Bay and Le Caron were available for comparison (Table 7.9). 

 

 

Table 7.9 Skeletal element abundances of white-tailed deer from Boyd Island (this study), 

Spillsbury Bay (Harrington 2002), and Le Caron (Muir 1990). 

 Boyd Island Le Caron Spillsbury Bay 

Bone Portion NNISP %NNISP NNISP %NNISP NNISP %NNISP 

cranium 3.0 42.9 6.0 28.6 4.5 100.0 

mandible 7.0 100.0 4.5 21.4 2.5 55.6 

Teeth 5.0 71.4 21.0 100.0 2.0 44.4 

vertebrae 0.1 1.6 0.4 2.0 0.4 9.4 

sternum     0.2 3.7 

Rib 0.1 1.0   0.1 1.6 

scapula 3.0 42.9 1.0 4.8 1.0 22.2 

humerus 0.5 7.1 2.5 11.9   

Ulna   1.0 4.8   

Radius   1.0 4.8 1.0 22.2 

metacarpal 1.0 14.3     

Pelvis 1.0 14.3 0.5 2.4 1.5 33.3 

Femur   1.5 7.1 3.0 66.7 

Tibia 0.5 7.1 4.5 21.4 2.0 44.4 

metatarsal 3.0 42.9 2.5 11.9 2.0 44.4 

Talus 2.0 28.6   1.0 22.2 

calcaneus 5.0 71.4   0.5 11.1 

phalanx 1 5.0 71.4 5.5 26.2   

Total NISP 76  114  55  
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7.2.1 DBM and transport selectivity 

 

Differences between the Boyd Island, Spillsbury Bay, and Le Caron assemblages mainly 

involve the relative abundances of maxillary and mandibular teeth. Mandible and cranium are the 

two most frequent elements in the Boyd Island and Spillsbury Bay assemblages, yet maxillary 

teeth are the most common at Le Caron (Figure 7.2). Additionally, the representation of 

metatarsals is much more even at Boyd Island and Spillsbury Bay, as opposed to Le Caron. 

Interestingly, long bones are comparatively rarer at Boyd Island and Le Caron when compared 

with Spillsbury Bay. 

 

 

Figure 7.2 Comparison of frequencies of white-tailed deer skeletal parts in the Boyd Island, 

Spillsbury Bay, and Le Caron samples (data from Table 7.9). 
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The correlation between the Boyd Island and Spillsbury Bay assemblages was not found 

to be statistically significant (rs = 0.27, p = 0.28). Additionally, no correlation between the Boyd 

Island and Le Caron assemblages was found (rs = 0.40, p = 0.10). However, a weakly significant 

correlation was observed between Spillsbury Bay and Le Caron (rs = 0.48, p = 0.05). The 

differences in skeletal part representation between the sites can be informative. Unlike Boyd 

Island and Spillsbury Bay, long bones lacking meat (i.e., metapodials) are under-represented at 

Le Caron. This may indicate that these elements were discarded at a field processing site before 

the carcass was transported to the village. However, long bones are generally under-represented 

at Boyd Island and Le Caron despite their potential food value. The more uneven skeletal 

representations may result from culling decisions at kill sites, as discussed below. 

 To assess the selectivity of human foragers in transporting the skeletal parts of large prey, 

measures of mean utility, diversity, and evenness can be applied to skeletal part abundance data 

(Cannon 2003; Faith 2007; Faith and Gordon 2007; Morin 2010). Four utility indices, discussed 

in Chapter 6 (i.e., MUI, grease index, UMI, and MDI), were employed to evaluate the transport 

decisions that may have influenced foragers in the study area (Table 7.10). The evaluation of 

MUI yielded a strong negative correlation that is statistically significant for the Boyd Island and 

Le Caron samples. Interestingly, the MDI is significantly correlated with the Spillsbury Bay and 

Le Caron samples. However, only Spillsbury Bay resulted in a correlation with the grease index 

that is nearly significant. In contrast, none of the sites are correlated with the UMI. 
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Table 7.10 Spearman's rank order correlations between skeletal part representation and the MUI, 

grease index, UMI, and MDI. n = the number of elements considered in the correlation. Data 

from Table 7.8. Index values obtained from Morin and Ready (2013). 

 
Index Boyd Island Spillsbury Bay Le Caron 

 rs p n rs p n rs p n 

MUI -0.70 0.02 11 -0.04 0.91 11 -0.76 <0.01 11 

grease index -0.74 0.26 4 0.95 0.05 4 -0.05 0.94 5 

UMI -0.56 0.19 7 0.71 0.12 6 -0.17 0.74 6 

MDI -0.47 0.15 11 -0.76 0.01 10 -0.78 <0.01 11 

 

 

 

The results suggest that meat procured for consumption influenced foraging at Boyd 

Island and Le Caron, while meat harvested for storage (e.g., drying) may have influenced the 

transport decisions at Spillsbury Bay and Le Caron. However, it is possible that the lack of 

significant correlations with the grease index and the UMI may result from the small number of 

elements considered in the correlations. Nevertheless, the correlations for the MUI and MDI for 

Le Caron are higher than those observed for Boyd Island or Spillsbury Bay suggesting that meat 

may have been a currency that influenced transport decisions at Le Caron and to a lesser degree 

Boyd Island and Spillsbury Bay. Given that the Spillsbury and Le Caron assemblages are 

significantly correlated, it is reasonable to suggest that the criteria on which transport decisions 

were based may have been similar at these sites. However, the small sample size used in these 

comparisons likely impacts the robustness of this interpretation. 

 In order to circumvent the effects of sample size, measures of skeletal part diversity and 

evenness are used. This approach was considered because it is less sensitive to sample richness 

and size (Wootton 1999:285; Magurran 2004:101). To measure diversity, the reciprocal of 

Simpson’s Index (1/D; Simpson 1949) is used.  It is important to note that this approach makes 

no assumptions regarding utility (Faith 2007:2005). Simpson's Index was calculated using the 

equation below, where ni is the frequency of a given element, and N is the total of all elements: 
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D = ∑ni(ni-1) 

    N(N-1) 
 

The diversity value calculated for the Boyd Island sample are presented in Table 7.11, along with 

diversity values for the white-tailed deer samples from Spillsbury Bay and Le Caron. NNISP and 

diversity values for the three sites were calculated using the NISP for white-tailed deer bone 

fragments found in Table 7.9. 

 

Table 7.11 Diversity of the Boyd Island, Spillsbury Bay and Le Caron samples, as measured by 

the reciprocal of Simpson's Index. Procedures used to calculate diversity values described in the 

text, data from Table 7.8. 

Sample D 1/D ∑NISP 

Boyd Island 0.10 10.50 76 

Spillsbury Bay 0.07 14.26 55 

Le Caron 0.20 5.14 114 

 

 

 

 When compared with the Spillsbury Bay, and Le Caron values, the diversity value for the 

Boyd Island suggests moderate selectivity in transport decisions. The Spillsbury Bay sample is 

more diverse than the Boyd Island and Le Caron samples. Based on the values in Table 7.11, it 

appears that the Sandbanks-Phase foragers at Spillsbury Bay were less selective regarding 

transport decisions than their Boyd Island counterparts. Interestingly, the Late Iroquoian period 

foragers at Le Caron appear to have been far more selective than those at Spillsbury Bay and 

Boyd Island. Given the significant correlations observed for the MUI and MDI, the data from Le 

Caron appears to suggest increased selectivity relative to the Middle Woodland sites. If the 

average number of carriers and load sizes were similar at Boyd Island, Spillsbury Bay, and Le 

Caron, these data could imply that average search time and transport distances for white-tailed 
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deer increased between the Middle Woodland and Late Iroquoian periods, possibly reflecting 

depression of that resource.  

According to the central place forager prey choice model, the pursuit of lower-ranked 

terrestrial prey may indicate relative scarcity of more profitable prey types in patches located 

near the two sites. However, if the mass collection of lower-ranked prey types (e.g., netting fish) 

were more profitable (i.e., had a higher return rate) than the pursuit of higher-ranked prey (e.g., 

white-tailed deer), the higher-ranked prey may be ignored in order to engage in the mass capture 

of lower-ranked prey (Madsen and Schmidt 1998:446). To evaluate if foraging efficiency 

changed over time, two abundance indices were created. The large mammal index (LMI) 

compares the NISP of large mammals relative to mammals in the small-size class for a given site 

(Table 7.12). A similar index, the large fish index (LFI) compares proportions of large and small 

fish (Table 7.13). 

 

Table 7.12 Large mammal index values for sites consulted in this study. Data from Pearce 

(1977), Duncan (1982), Muir (1990), Harrington (2002), and Nasmith (2008). Taxa abundances 

from Table 7.4. The large and small size classes for terrestrial prey types are defined in Table 

3.1. 

 

Site Large NISP Small NISP Large + Small LMI 

Boyd Island 140 60 200 0.70 

Lakeshore Lodge 12 27 39 0.31 

Spillsbury Bay 113 98 211 0.54 

Richardson 56 58 114 0.49 

Kirche 572 115 687 0.83 

Le Caron 275 310 585 0.47 
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Table 7.13 Large fish index values for sites consulted in this study. Data from Pearce (1977), 

Duncan (1982), Muir (1990), Harrington (2002), and Nasmith (2008). Taxa abundances from 

Table 7.2. The large and small size classes for aquatic prey types are defined in Table 3.2. 

 

Site Large NISP Small NISP Large + Small LFI 

Boyd Island 61 29 90 0.68 

Lakeshore Lodge 204 5 209 0.98 

Spillsbury Bay 7 80 87 0.08 

Richardson 60 214 274 0.22 

Kirche 88 238 326 0.27 

Le Caron 342 287 629 0.54 

 

 

 

 These indices indicate two distinct patterns that are not correlated with one another  

 

(rs = -0.37, p = 0.47). The LMI suggests that large mammal foraging efficiency increased slightly 

between the Middle and Late Woodland into the Late Iroquoian period (Figure 7.3). This is 

interesting because it does not necessarily reflect a significant change in the importance of large 

mammal resources between these periods. Figure 7.4 indicates that aquatic foraging efficiency 

decreased and while this pattern is stronger than the former, it is also not straightforward. 

 

 

Figure 7.3 LMI values by site in chronological order from oldest to youngest. Data from Table 

7.12. 
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Figure 7.4 LFI values by site in chronological order from oldest to youngest. Data from Table 

7.13. 

 

 

Mammalian foraging efficiency increases marginally, suggesting that procurement of 

large mammal species increased, possibly as a result of decreased human population pressure at 

Le Caron. However, it is important to note that this decrease in human population pressure was 

not documented at Kirche. In fact, the population at Kirche is noted as being high and increasing 

over time until its abandonment around A.D. 1615, which may have skewed the trends observed 

in Figures 7.3 and 7.4 (Nasmith 2008:50). Importantly, Nasmith (2008) suggests that Kirche is 

an example of increasing conflict and migration within the Trent River Valley during the middle 

of the Late Iroquoian Period (Nasmith 2008:59). A decrease in the indigenous human population 

during the tail end of the Late Iroquoian (i.e., Le Caron) may have resulted from multiple factors 

including: migration, warfare, and diseases (e.g., smallpox) introduced by Europeans (Muir 

1990:153, 166; Nasmith 2008:47, 52). Previously, it was noted that the foragers at the Late 

Iroquoian village of Le Caron became more selective regarding which elements to transport to 

the site. If foraging efficiency increased, human foragers should have become less selective in 

their transport decisions. Conversely, if foragers experienced significant declines within their 
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own population (e.g., as a result of disease), transport selectivity should have increased due to a 

reduced number of carriers. The contradictory pattern observed at Le Caron may reflect this 

situation for terrestrial prey types. As such, the decrease in foraging efficiency for large fish taxa 

between the Middle Woodland and Late Iroquoian periods may also result from a decrease in the 

number of people fishing at Le Caron. However, this could also be attributed to additional 

factors other than a decrease in human population pressure such as a change in fishing technique 

preference. Cleland (1982) indicates that angling and harpooning large predatory fish was less 

productive than other techniques (e.g., gill- and seine-netting). As such, the decrease in the 

procurement of large predatory fish taxa may reflect greater reliance on gill-netting which 

provides a more restricted size distribution of fish (Needs-Howarth 1999:27). 

Initially, the decreasing number of large-fish taxa procured between theses periods 

suggests that these taxa may have been subject to increased harvest pressure. However, the 

narrowing of the diet derived from aquatic patches between the Middle Woodland and Late 

Iroquoian periods in southcentral Ontario could have been a response to increasing inter-group 

competition for resources or territory. Broughton and O’Connell (1999) suggest that dense 

nearby concentrations of relatively stationary resources tended to be intensively exploited (e.g., 

prime fishing locals) to ensure efficient protection. As such, an additional cost may impact 

measures of foraging efficiency, the cost to defend a given resource. Given this, resources that 

are close in proximity to a central location are more efficient to protect, and thus intensively 

exploited. Intensive resource exploitation in a circumscribed territory would require a narrower 

diet to maximize net foraging return rates and may not directly result from resource depression 

(Broughton and O’Connell 1999:155–156). Kirche and Le Caron are Late Iroquoian sites with 

palisaded walls (see Chapter 2), which suggests a need for protection from other groups. Thus, 
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the need to protect and store resources in advance of inter-group violence may have driven diet 

breadth change and increase selectivity. 

 Importantly, the intensification of agriculture within the study area under the conditions 

of territorial circumscription (discussed above) may also promote diet breadth change and 

skeletal part selectivity. Given that increasing costs to protect resources decreases the amount of 

time/energy available to procure animal resources, foragers acting efficiently under these 

conditions may choose to intensify their use of cultigens as a means of maximizing the net return 

rate (Broughton et al. 2010:396–397). However, the incorporation of cultigens into the diet 

requires additional costs in terms of time and energy, which could further decrease the efficiency 

of foraging for animal resources. Broughton et al. (2010) suggest that agricultural intensification 

occurs in tandem with the depression of wild resources. This does appear to be tacitly supported 

by the decrease in foraging efficiency for aquatic resources. While it is probable that periodic 

resource depression, decrease in human population pressure, and agricultural intensification 

occurred between the Middle Woodland and Late Iroquoian periods in response to territorial 

circumscription and disease, the data presented in this study do not suggest a simple 

interpretation for this phenomenon. 
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CHAPTER 8: CONCLUSION 

 

 

This study has investigated the foraging strategies related to the acquisition of animal 

resources during the Sandbanks Phase of the Middle Woodland period at the precontact Indigenous 

site of Boyd Island. This final chapter begins with a discussion of FT and NCT and how they have 

been applied to the present study. It then examines the limitations of this study and provides 

recommendations for future research. 

 

8.1 NCT and the results of this study 

  

One of Smith’s (2011) criticisms of HBE and DBM focuses on the use of resource 

depression as the agent of causation for changes in the diet of foraging populations. As noted in 

Chapter 3, Smith (2011) suggests that widening diet breadth over time may not indicate resource 

depression, but rather the stabilization and maturation of niche(s) created by humans. In order for 

this model to be supported, diet breadth should be observed to expand between the Sandbanks, 

Pickering, and Late Iroquoian Phases without indications of resource depression. Table 7.13 and 

Figure 7.4 indicate that diet breadth derived from the aquatic patch may have expanded between 

the Middle Woodland, Late Woodland, and Late Iroquoian periods, which may reflect the 

depression of large aquatic prey types (Figure 7.4).  

The analysis of transport decisions and selectivity of large mammalian prey types at Boyd 

Island, Spillsbury Bay, and Le Caron, indicated that selectivity may have increased between the 

Middle Woodland and Late Iroquoian periods, possibly as a result of reduced encounter rates. 

However, the large mammal index (Table 7.12) suggests that the foraging efficiency for large 

terrestrial prey slightly increased between these time periods. This lends support to the proposition 

that small-scale societies engaged in central place foraging/provisioning.  
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Additionally, it is possible that human modification of the environment may be reflected 

by the moderate increase in the efficiency of procuring large terrestrial prey during the Late 

Iroquoian period relative to the Middle Woodland period. Given that human groups tend to modify 

part of a given ecosystem to enhance the productivity of a targeted species (Smith 2011:262), the 

introduction of cultigens (e.g., maize) may require the creation of gaps in the forest cover. Smith 

(2011) indicates that this modification would have the indirect benefit of attracting herbivores 

(e.g., white-tailed deer), thereby reducing the time and energy required to procure this taxon. 

However, if the encounter rates with large mammal prey types improved as a result of niche 

construction, it is a prediction that conflicts with the finding that skeletal part selectivity increased 

between the Middle Woodland and Late Iroquoian periods. Indeed, white-tailed deer skeletal part 

selectivity appears to have moderately increased in tandem with the availability of large terrestrial 

prey, which is contradictory to what can be predicted from the NCT model. This may indicate that 

the additional factors may have influenced transport decisions that were unable to be evaluated in 

this study (e.g., raw material procurement). 

Nevertheless, this study does suggest that NCT and DBM are not strictly antithetical, as 

NCT relies (in this instance) upon predictions derived from the CPFPC model of DBM to 

substantiate human behavioural patterns. Resource depression of large fish taxa may have 

influenced the change in animal resource exploitation strategies within the study area. Although 

niche construction, in light of the introduction of cultigens to the region, may have also directly or 

indirectly influenced the reliance on terrestrial resources. All factors considered, NCT is not 

without merit, as it provides a suitable heuristic device when interpreting results. Despite the 

difficulty in operationalizing research that follows a NCT framework, it is possible that future 

studies will be able to verify predictions made by such an approach. As such, based on the 
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archaeological evidence presented in this study, NCT explanations for the patterns observed in 

southcentral Ontario are not fully supported at this time. While it is possible that diet breadth 

changed within the study area due to human modification of the natural environment, data 

regarding wild and/or cultivated plant remains from sites within the study area are needed to further 

this claim. 

. 

8.2 Limitations and future research directions 

 

 Despite the small sample sizes, trends emerged from the analysis of the Boyd Island and 

comparative assemblages, such as a focus on the procurement of white-tailed deer and increasing 

element transport selectivity between the Middle Woodland and Late Iroquoian time periods. It is 

hoped that continued research within the study area will increase both the size of faunal samples 

and the number of published reports containing detailed taphonomic data, allowing the trends 

observed in this study to be further refined. It was indicated in this study that the use of ¼ inch 

mesh screens likely affected the taxonomic composition and/or fragment size of the Boyd Island 

and southcentral Ontario assemblages. The use of finer mesh screens should be adopted to increase 

the recovery of smaller taxa and/or specimens. To increase the efficiency of specimen recovery, it 

may be necessary to randomly sample the soils present at the site to determine what screen sizes 

are appropriate to use. 

 It was noted in the previous section that in order to effectively demonstrate that human 

populations modified their environment and that this modification influenced diet breadth, floral 

remains from archaeological sites in the study area should be investigated. However, due to the 

time-consuming methods required to recover floral remains (e.g., flotation), data on wild and 

domestic plant utilization by Ontario aboriginal populations was not consistently available from 
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the sites consulted in this study. As a result, it is believed that the recovery and analysis of floral 

remains should be made standard practice for aboriginal sites and not optional as the guidelines 

currently indicate (MTC 2011:108–109). This amendment to the guidelines would ensure that data 

on floral remains is included within site reports, making it available to inform future assessments 

of diachronic diet breadth change in Ontario. 
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APPENDIX A 
 

Maps of Ontario’s physiographic regions and ecozones. Tables of native plant taxa utilized 

by indigenous foragers in Ontario, and indigenous fish spawning data. 
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Figure A.1 Map showing the distribution of glacially derived features, after Karrow and Warner 

(1990:7). 
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Figure A.2 Map showing the boundaries of Ontario’s ecozones and ecoregions, after Crins et al. 

(2009:4). Identifier 6E denotes the Lake Simcoe-Rideau ecoregion. 
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Table A.1 Native plant species identified for southern Ontario pre-contact sites, modified from 

Crawford (2014:137–138). 
 

Type Scientific Name Common Name Habitat 

Crop 

 Helianthus annuus sunflower field 

 Nicotiana sp. tobacco field 

Herbaceous 

 Acslepias syriaca milkweed open, early successional 

 Asteraceae Aster/Composite open, early successional 

 Helianthus tuberosus  Jerusalem artichoke  perennials of open habitats 

 H. divaricatus Woodland sunflower  dry openings, thin woods 

 Fabaceae legume/bean family variety 

 Amphicarpaea bracteata hog peanut vine, woodlands, early successional 

 Astragalus canadensis milk-vetch perennial, high fire tolerance, sunlit areas 

 Chenopodium sp. goosefoot early succession/crop 

 C. hybridum (C. simplex) Maple-leafed goosefoot thickets, sometimes in open habitats 

 Cuscuta sp. dodder (parasitic) noxious weed 

 Galium sp. Bedstraw/cleavers Annuals/perennials, dry woods to wetlands 

 Lepidium sp. peppergrass weedy, invasive 

 Mentha sp. mint weedy, invasive 

 Oxalis sp. wood sorrel weedy, invasive 

 Hypericum perforatum St. John’s wort weedy, invasive, perennial 

 Oenothera biennis Evening primrose open, disturbed habitats 

 Polygonaceae knotweed/smartweed variety, dry to damp habitats 

 Polygonum erectum erect knotweed early succession/crop 

 Portulaca oleracea purslane weedy, invasive, field weed 

 Uvularia sp. bellwort spring flowering, woodlands 

 Mollugo verticillata carpetweed gardens, waste places 

 Viola sp. violet variety 

 Barbarea sp.  yellowrocket/Winter-cress meadows, riverbanks, grasslands: variety 

 Verbena sp. vervain weedy, invasive biennial, perennial 

Grasses 

 Poaceae grass family — 

 Digitaria sp. fall witchgrass  dry prairies, old fields 

 Echinochloa sp. barnyard grass heavily disturbed area to wetlands 

 Panicum sp. switch/panic grass waste places, field weed 

 Elymus sp. rye grass perennial, variety of soil 

 Hordeum pusillum little barley open ground 

 Glyceria sp. manna grass weedy, invasive, field weed 

Herbaceous Fleshy Fruit 
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Type Scientific Name Common Name Habitat 

 Empetrum nigrum black crowberry perennial shrub, acidic soils, bogs 

 Fragaria sp. strawberry sunny, open places 

 Potentilla sp. cinquefoil  alluvial soils, prairies 

 Solanum americanum American nightshade openings, commonly spreads to cultivated land 

 Physalis sp. perennial, ground cherry weedy, invasive 

 Vaccinium sp. blueberry perennial shrub, dry, open areas, bogs 

Aquatic/Mesic 

 Cyperaceae sedge mesic, wetlands 

 Glyceria sp. manna-grass perennial, damp, wet shores 

 Sagitaria latifolia arrowhead/tuber wetlands 

 Typha latifolia cattail wetlands 

 Zizania sp. wild rice wetlands 

Arboreal Fleshy Fruit 

 Aralia sp. spikenard river banks, woods, clearings (dep. on species) 

 Celtis sp. hackberry woodlands, rocky slope, bottomland 

 Cornus sp. dogwood middle succession, edges 

 Crataegus sp. hawthorn early to mid succession, old fields 

 Prunus sp. cherry/plum woods, openings 

 Rubus sp. bramble edges, early-mid succession 

 Sambucus canadensis elderberry damp, rich soils 

 Sorbus sp. mountain ash open habitats, can tolerate some shade 

 Sassafras sp. sassafras woods, thickets, can be weedy 

Arboreal Dry Fruit 

 Hamamelis virginiana witch-hazel woods 

 Ostrya and Carpinus sp. ironwood, hornbeam woods 

 Rhus typhina sumac weedy, open areas, old fields 

Vine 

 Vitus sp. grape early to mid succession 

Nut 

 Fagus sp. beech woods, openings 

 Quercus sp. oak/acorn woods, openings 

 Juglans sp. butternut/walnut woods, openings, butternut not shade tolerant 

 Carya sp. hickory woods, openings 

 Corylus sp. hazelnut thickets 
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Table A.2 Spawning seasons and water temperatures for fish species identified in the Boyd 

Island sample (data derived from Scott and Crossman 1973:222, 271, 365–366, 540, 575, 601, 

607, 704, 715–716, 720–721, 730, 736, 757–758, 771, 813–814). 

Fish Species Water Temp (° C) Month(s) Spawning Season 

Catfish sp. * 21.1–29.5 May–June Late Spring and Summer 

Largemouth Bass 15.6–21.1 June–July Late Spring to Midsummer 

Brown Bullhead 21.1 May–June Late Spring and Summer 

Walleye 5.6–11.1 April–June Spring to Early Summer 

Yellow Perch 8.9–12.2 April–May Spring 

Smallmouth Bass 12.8–20.0 May–July Late Spring to Early Summer 

Channel Catfish 23.9–29.5 May–June Late Spring and Summer 

Muskellunge or Pike 9.4–15.0 April–May Spring 

Trout sp. 8.9–13.9 Sept–Oct Fall 

Whitefish sp. 24.5 June–July Late Spring to Midsummer 

Redhorse sp. 15.0–17.8 May–June Late Spring to Early Summer 

Rock Bass 15.6–21.1 June Early Summer 

Sucker sp. 10.0 May–June Spring 

Bass/Sunfish sp. * 12.8–21.1 May–July Late Spring to Early Summer 

Pumpkinseed 15.6–21.1 May–June Late Spring to Early Summer 

Sunfish sp. 15.6–21.1 May–June Late Spring to Early Summer 

Freshwater Drum 22.0 July–Aug Summer 

* Indicates that spawning month and season were estimated based on the category’s constituent 

species. 
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APPENDIX B 
 

 

Boyd Island faunal datasets 
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ABBREVIATIONS 

 

Identification 

 

Taxacode Scientific name Common Name 

ACTINO  Ray-Finned Fish spp. 

CASTOM Castomus sp. Sucker sp. 

MOXO Moxostoma sp. Redhorse sp. 

ESOCID  Pike/Muskie sp. 

PERCIF  Perch like Fish spp. 

CENTRA  Sunfish spp. 

MDOL Micropterus dolomieu Smallmouth Bass 

MSAL Micropterus salmoides Largemouth Bass 

ARUPE Ambloplites rupestris Rock Bass 

LGIBBOS Lepomis gibbosus Pumpkinseed 

LEPOMIS Lepomis sp. Sunfish sp. E.g. Bluegill 

PERCID  Percidae Fish spp. 

PFLAVES Perca flavescens Yellow Perch 

SVITREU Sander vitreus Walleye 

AGRUN Aplodinotus grunniens  Freshwater Drum 

COREGON Coregonus spp. Whitefish/Sunfish 

OMYKISS Oncorhynchus mykiss Rainbow Trout 

SALMO Salmo sp. Salmon or Trout sp. 

SILURIF  Catfish spp. 

ICTALURI  North American Catfish spp. 

ANEBUL Ameiurus nebulosus Bullhead Catfish 

IPUNCT Ictalurus punctatus Channel Catfish 

ICTALURU Ictalurus sp. Catfish sp. 

ANURA  Frog spp. 

ANTHOZ  Fossil 

AVES  Bird 

AVESSM  Small Bird 

AVESM  Medium Bird 

ANAS Anas sp. Duck sp. 

BRANTA Branta sp. Goose sp. 

MGALLOP Meleagris gallapovo Turkey 

BUMBEL Bonasa umbellus Ruffled Grouse 

GIMMER Gavia immer Great Northern Loon 

AVMAM  Bird or Mammal spp. 

AVMAMM  Medium Bird or Mammal spp. 

AVMAMML  Medium-Large Bird or Mammal spp. 
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Taxacode Scientific name Common Name 

AVMAMSM  Small-medium Bird or Mammal 

UNIONI  Freshwater Mussel spp. 

GASTRO  Gastropod spp. 

NALB Neohelix albolabris Whitelip Snail 

MTHY Mesodon thyroidus Whitelip Globe Snail 

AALT Anguispira alternata Flammed Tiger Snail 

PHYSID  Freshwater Snail spp. 

MAMMAL  Mammal spp. 

MAMMLA  Large Mammal spp. 

MAMMME  Medium Mammal spp. 

MAMMM  Medium Mammal spp. 

MAMMML  Medium-Large Mammal spp. 

MAMMS  Small Mammal spp. 

MAMMSM  Small-Medium Mammal spp. 

ARTIOD  Artiodactyla spp. 

CERVID  Cervidae spp. 

OVIRGIN Odocoileus virginianus Whitetail Deer 

BOSTAU Bos taurus Cow 

CARNIV  Carnivore spp. 

CARNIM  Medium Carnivore spp. 

CARNIML  Medium-Large Carnivore spp. 

MPENNA Martes pennanti Fisher 

PLOTOR Procyon lotor Raccoon 

CANIDAE  Canid spp. 

CANIDSM  Small-Medium Canid 

CLUPUS Canis lupus Wolf 

CFAMIL Canis lupus familiaris Dog 

CANIS Canis sp. Canis sp. 

CANISML Canis sp. Medium-Large Canis sp. 

CANISS Canis sp. Small Canis sp. 

VVULPES Vulpes vulpes Red Fox 

UAMERIC Ursus americanus Black Bear 

LAMERIC Lepus americanus Snowshoe Hare 

RODENT  Rodent spp. 

RODENM  Medium Rodent spp. 

RODENML  Medium to Large Rodent 

RODENS  Small Rodent 

CASTOR Castor canadensis Canadian Beaver 

CASTERE  Beaver or Porcupine spp. 

OZIBETH Ondatra zibethicus Muskrat 

EDORSAT Erethizon dorsatum North American Porcupine 

SCIURI  Squirrel spp. 
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Taxacode Scientific name Common Name 

MONAX Marmota monax Groundhog 

SCIURU Sciurus sp. Squirrel sp. 

TSTRIAT Tamias striatus Eastern Chipmunk 

TESTUD Testudines spp. Turtle spp. 

 

 

Bone elements 

Body part 
 

Portion 

NID not identifiable 
 

BCS braincase 

LBN long bone 
 

BOC basioccipital 

FBN flat bone 
 

FRN frontal 

HCO horn core 
 

LAC lacrymal 

ANT antler 
 

NAS nasal 

CRA cranium fragment 
 

OCC occipital 
   

OCN occipital condyle 

MAX maxillary 
 

PAR parietal 

MAXT maxillary with teeth 
 

PET petrosal 

MAN mandible 
 

PMX premaxillary 

MANT mandible with teeth 
 

TEM temporal 

TTH tooth 
 

ZYG zygomatic 
     

Axial 
 

FR fragment 

ATL atlas 
 
CROW crown 

AXIS axis 
 

ROOT root 

CER cervical vertebra  

(position: 1; 2; etc.) 

 
PM premolar (upper or lower; UPM or LPM) (position: 1;2;3) 

THO thoracic vertebra  

(position: 1; 2; etc.) 

 
M molar (upper or lower; UM or LM) (position: 1;2;3) 

LUM lumbar vertebra  

(position: 1; 2; etc.) 

 
C canine (upper or lower; UC or LC) (position: 1;2;3) 

SAC sacrum 
 

I incisor (upper or lower; UI or LI) (position: 1;2;3) 

PEL pelvis (left; right) 
 

DC deciduous canine (upper or lower; UDC or LDC)  

(position: 1;2;3) 

CAUD caudal vertebra  

(position: 1; 2; etc.) 

 
DI deciduous incisor (upper or lower; UDI or LDI)  

(position: 1;2;3) 

STER sternum 
 

CT cheek tooth 

RIB rib (position: 1; 2; etc.) 
 

DPM deciduous cheek tooth 

CORA coracoid 
   

CARA carapace 
 

Mandible 
   

COND Condyle 

Forelimb 
 
RAMU condyle + ramus 

SCP scapula 
 

BRAN vertical part 
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HUM humerus 
 
MSYM Symphysis 

RAD radius 
 

ANG goniac angle 

ULNA ulna 
   

RUL radio-ulna 
 

Ribs 

MC metacarpal 
 

PRIB proximal rib 

CAPI capitato-trapezoid 
 

SRIB shaft rib 

LUN lunate 
   

PIS pisiform 
 

Vertebrae 

PYR pyramidal 
 

ARP articular process 

SCA scaphoid 
 

CEN Centrum 

UNC unciform 
 

CENE centrum epiphysis 

TM trapezoid magnum 
 

CENN centrum + neural arch 

CLAV clavicle 
 

NEUR neural arch 
   

SP spinous process 

Hindlimb 
 

TRP transverse process 

FEM femur 
   

TIB tibia 
 

Pelvis 

PAT patella 
 

ACE Acetabulum 

FIB fibula 
 

ILI Ilium 

MT metatarsal 
 

ISC Ischium 

MALL fibulare 
 

PUB Pubis 

CAL calcaneum 
 

AILI acetabulum + ilium 

TALU talus 
 

AISC acetabulum + ischium 

CBN cubo-navicular 
 

APUB acetabulum + pubis 

CUB cuboid 
 
AILISC acetabulum + ilium + ischium 

NAV navicular 
 

EPSC sciatic spine 

GCUN greater cuneiform 
 

ILISC ilium + ischium 

PCUN smaller cuneiform 
 

SYMP Symphysis 

CUN cuneiform 
   

TIBFIB tibio-fibula 
 

Scapula 
   

ACRO Acromion 

Limbs 
 

AXEG axillary edge 

MTP metapodial 
 

BLAD Blade 

MC metacarpal (side; position) 
 

GLE Glenoid 

MT metatarsal (side; position) 
 

GLBL glenoid + blade 

PHA phalanx (side; position) 
 

SPIN Spine 

VPHA vestigial phalanx (side; position) 
   

SES sesamoid  Long bones 

   PX Proximal 

Segment 
 

DS Distal 

CO complete 
 

SH Shaft 



203 
 

 
 

ACO almost complete 
 

PSH proximal + shaft 

FR fragment 
 

DSH distal + shaft 

SHP shaft: proximal 
 

  

SHD shaft: distal 
 

  

SHM shaft: mesial 
 

  

SHPM shaft: proximal + mesial 
 

  

SHDM shaft: mesial + distal 
 

  

SHC shaft: proximal + mesial + distal 
 

  

 

 

 

 

 

 

 

Fish 

PMAX premaxilla ENT entopterygoid 

PHB pharyngeal bone POT postemporal 

QDT quadrate POP preopercular 

DENT dentale OPC operculum 

PARA parasphenoid OTO otolith 

CRT ceratohyal CLTH cleithrum 

ART articular SCLTH supracleithrum 

MPT metapterygoid URST urostyle 

ENT entopterygoid PSP pectoral spine 

POT postemporal DSP dorsal spine 

AA anterior abdominal vertebrae PA posterior abdominal vertebrae 

 

 

Traces of burning Internal surface 

colours: BROWN  SPON spongy 

 BLACK  COMP compact 

 WHITE    

 BLUE  Overall surface state 

 GREEN  INTCT intact 

   REL relatively good 

   SD somewhat damaged 

   POOR poor 

 

Age 

A adult 

J juvenile 

A? possibly adult 
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Taphonomy 

Physical agent X-transform 

CC concretions (C1: some; C2: several; C3: many) STRI striations 

PITS pits (not from digestion) CRUS crushing 

W# weathering (Behrensmeyer’ stage: W1-W7) PEEL peeling 

X exfoliated   

SCR scratches   

NOB not observable Gnaw type 

ROOT root etched DIG digested 

 GR grooves 

Anthropic agent H holes 

CUT cutmarks NOTC notch 

RET retouch RAG ragged edge 

CRA cracking S scooping 

PPIT percussion pits TP tooth pits 

ENC percussion notches NOB not observable 

 

 

Fracture shape Fracture angle 

A stepped/angular IRR irregular 

C curved O oblique 

IRR irregular R right 

O oblique NOB not observable 

RAG ragged edge  

TR transverse Fracture type 

VSH V-shaped DRY dry 

SPI spiral GREEN greenstick/fresh bone 

NOB not observable   
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Table B.2 NDE values derived for the Boyd Island dataset. 

# Landmarks NDE # Landmarks NDE 

Humerus   41 Atlas (articulatory surface)  

1 Lmk1 (greater tubercle)  42 (Inter-articulatory notch)  

2 Lmk2 (Tuberositas teres major)  43 Axis (Dens axis)  

3 Lmk3 (foramen)  44 (Articulatory surface)  

4 Lmk4 (fossa of the Capitulum)  45 Cervical (spinous process)  

Radius   46 (Articulatory process)  

5 Lmk1 (Tuberositas radii)  47 Thoracic (artic. surface)  

6 Lmk2 (articulation with the ulna)  48 (Fovea costalis)  

7 Lmk3 (distal ridge)  49 Lumbar (artic. surface)  

8 Lmk4 (radial styloid process)  50 (Transverse process) 1 

Ulna   51 Sacrum (centrum)  

9 Lmk1 (olecranon)  52 (Spinous process)  

10 Lmk2 (trochlear notch)  53 Caudal vertebrae (centrum)  

11 Lmk3 (lat. coronoid process)  54 Rib (proximal end)  

12 Lmk4 (ulnar styloid process)  55 (Distal end)  

Metacarpal   56 Sternebrae (>50 %)  

13 Lmk1 (articulatory surface) 1 57 Scapula (glenoid cavity) 1 

14 Lmk2 (proximal anterior groove)  58 (Base of the acromion) 1 

15 Lmk3 (distal metacarpal canal)  59 (Axillary border) 1 

16 Lmk4 (fossa condyles/2) 1 Carpals   

17 Lmk5 (length measurement) 2 60 Scaphoid  

Femur   61 Lunatum  

18 Lmk1 (Fovea capitis)  62 Triquetrum  

19 Lmk2 (foramen)  63 Pisiform  

20 Lmk3 (Fossa supracondylaris)  64 Capitatum  

21 Lmk4 (lateral condyle)  65 Hamatum  

Tibia   66 Coxal (foramen, ilium)  

22 Lmk1 (Sulcus extensorius)  67 (Acetabulum: ischium) 2 

23 Lmk2 (foramen)  68 (Acetabulum: pubis)  

24 Lmk3 (posterior ridge)  69 Patella (anterior, central)  

25 Lmk4 (medial malleolus) 1 70 (Posterior, apex)  

Metatarsal   71 Malleolus (artic. surface) 3 

26 Lmk1 (articulatory surface)  Tarsals   

27 Lmk2 (proximal anterior groove)  72 Talus (lateral surface) 2 

28 Lmk3 (distal anterior groove)  73 (Medial surface) 5 

29 Lmk4 (fossa condyles/2) 2 74 Calcaneus (Tuber calcanei)  

30 Lmk 5 (length measurement)  75 (Articulatory surface) 2 

Metapodial   76 (Distal extremity) 2 

31 (fossa condyles/2) 1 77 Cubo-navicular 2 

Other bones   78 Smaller cuneiform  
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# Landmarks NDE # Landmarks NDE 

32 Antler (base)  79 Greater cuneiform  

33 Cranium (UD4 + worn UM3)/2 2 80 Phalanx 1 1 

34 (petrosal)/2 3 81 Phalanx 2 2 

35 Mandible (LD4 + worn LM3) 2 82 Phalanx 3 2 

36 (Foramen mentale)  83 Vestigial phalanx 1 2 

37 (Mandibular condyle)  84 Vestigial phalanx 2  

38 Hyoid (stylohyoideum)  85 Vestigial phalanx 3 2 

39 (Epihyoideum)  86 Vestigial metapodial  

40 (Basihyoideum)  87 Sesamoids 3 
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Table B.3 Boyd Island invertebrate remains dataset. A indicates aquatic, T indicates terrestrial. 

Catalogue # Unit # Feature Sample Depth Taxa code Count Habitat 

BI-1-4291 E877N2942   20-30cm GASTRO 1 T 

BI-1-4297 E878N2939   20-30cm UNIONI 55 A 

BI-1-4301 E877N2938   10-20cm UNIONI 36 A 

BI-1-4302 E877N2938   20-30cm UNIONI 20 A 

BI-1-4303 E878N2942   10-20cm GASTRO 3 T 

BI-1-4309 E877N2938   20-30cm GASTRO 1 T 

BI-1-4309 E877N2938   20-30cm UNIONI 30 A 

BI-1-4311 E884N2930   0-10cm UNIONI 14 A 

BI-1-4313 E877N2938   20-30cm NALB 9 T 

BI-1-4314 E878N2943   20-30cm GASTRO 1 T 

BI-1-4316 E876N2941   0-10cm GASTRO 1 T 

BI-1-4350 E884N2930   10-20cm GASTRO 10 T 

BI-1-4350 E884N2930   10-20cm UNIONI 23 A 

BI-1-4359 E877N2938   30-40cm GASTRO 2 T 

BI-1-4366 E877N2938   30-40cm NALB 1 T 

BI-1-4366 E877N2938   30-40cm GASTRO 5 T 

BI-1-4368 E884N2930   20-30cm NALB 2 T 

BI-1-4368 E884N2930   20-30cm GASTRO 10 T 

BI-1-4368 E884N2930   20-30cm UNIONI 2 A 

BI-1-4369 E876N2941   20-30cm UNIONI 13 A 

BI-1-4370 E878N2938   10-20cm UNIONI 1 A 

BI-1-4373 E885N2929   10-20cm GASTRO 5 T 

BI-1-4378 E877N2938   40-50cm UNIONI 12 A 

BI-1-4378 E877N2938   40-50cm GASTRO 4 T 

BI-1-4378 E877N2938   40-50cm NALB 1 T 

BI-1-4379 E878N2938   20-30cm UNIONI 13 A 

BI-1-4379 E878N2938   20-30cm NALB 1 T 

BI-1-4388 E885N2931   10-20cm GASTRO 36 A 

BI-1-4388 E885N2931   10-20cm MTHY 3 T 

BI-1-4388 E885N2931   10-20cm NALB 4 T 

BI-1-4389 E884N2932   0-10cm NALB 1 T 

BI-1-4389 E884N2932   0-10cm MTHY 1 T 

BI-1-4389 E884N2932   0-10cm AALT 3 T 

BI-1-4391 E885N2930   20-30cm GASTRO 5 T 

BI-1-4391 E885N2930   20-30cm NALB 1 T 

BI-1-4393 E885N2931   20-30cm GASTRO 10 T 

BI-1-4393 E885N2931   20-30cm NALB 6 T 

BI-1-4393 E885N2931   20-30cm AALT 3 T 

BI-1-4395 E885N2930   0-10cm UNIONI 2 A 

BI-1-4395 E885N2930   0-10cm NALB 9 T 
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Catalogue # Unit # Feature Sample Depth Taxa code Count Habitat 

BI-1-4395 E885N2930   0-10cm GASTRO 16 T 

BI-1-4396 E884N2931   0-10cm NALB 1 T 

BI-1-4396 E884N2931   0-10cm UNIONI 3 A 

BI-1-4397 E884N2932   10-20cm GASTRO 7 T 

BI-1-4397 E884N2932   10-20cm UNIONI 1 A 

BI-1-4397 E884N2932   10-20cm NALB 1 T 

BI-1-4398 E885N2930   10-20cm NALB 5 T 

BI-1-4398 E885N2930   10-20cm GASTRO 11 T 

BI-1-4398 E885N2930   10-20cm UNIONI 1 A 

BI-1-4399 E877N2943   0-10cm GASTRO 3 T 

BI-1-4400 E884N2932   20-30cm UNIONI 15 A 

BI-1-4400 E884N2932   20-30cm GASTRO 7 T 

BI-1-4400 E884N2932   20-30cm NALB 2 T 

BI-1-4401 E875N2941   10-20cm GASTRO 3 T 

BI-1-4401 E875N2941   10-20cm MTHY 1 T 

BI-1-4402 E884N2931   10-20cm GASTRO 1 T 

BI-1-4402 E884N2931   10-20cm NALB 5 T 

BI-1-4403 E885N2931   30-40cm GASTRO 2 T 

BI-1-4404 E885N2930   20-30cm NALB 4 T 

BI-1-4404 E885N2930   20-30cm GASTRO 16 T 

BI-1-4405 E884N2931   20-30cm UNIONI 1 A 

BI-1-4405 E884N2931   20-30cm GASTRO 5 T 

BI-1-4405 E884N2931   20-30cm NALB 4 T 

BI-1-4406 E875N2941   20-30cm GASTRO 2 T 

BI-1-4408 E885N2932   0-10cm NALB 1 T 

BI-1-4409 E885N2932   10-20cm GASTRO 2 T 

BI-1-4410 E877N2943   10-20cm GASTRO 1 T 

BI-1-4411 E877N2939   0-10cm UNIONI 4 A 

BI-1-4412 E877N2939   10-20cm UNIONI 48 A 

BI-1-4412 E877N2939   10-20cm GASTRO 2 T 

BI-1-4413 E877N2943   30-40cm AALT 3 T 

BI-1-4414 E875N2941   20-30cm UNIONI 3 A 

BI-1-4415 E885N2932   20-30cm NALB 3 T 

BI-1-4415 E885N2932   20-30cm GASTRO 3 T 

BI-1-4416 E877N2939 x535/y22N/z20 X-11 20-30cm UNIONI 447 A 

BI-1-4416 E877N2939 x535/y22N/z20 X-11 20-30cm GASTRO 2 T 

BI-1-4416 E877N2939 x535/y22N/z20 X-11 20-30cm PHYSID 1 A 

BI-1-4417 E884N2929   0-10cm UNIONI 21 A 

BI-1-4418 E885N2930   20-30cm GASTRO 11 T 

BI-1-4418 E885N2930   20-30cm MTHY 1 T 

BI-1-4418 E885N2930   20-30cm NALB 1 T 

BI-1-4419 E884N2932   10-20cm UNIONI 3 A 



231 
  

 
 

Catalogue # Unit # Feature Sample Depth Taxa code Count Habitat 

BI-1-4419 E884N2932   10-20cm NALB 1 T 

BI-1-4419 E884N2932   10-20cm GASTRO 27 T 

BI-1-4420 E884N2929   10-20cm UNIONI 4 A 

BI-1-4420 E884N2929   10-20cm GASTRO 3 T 

BI-1-4420 E884N2929   10-20cm NALB 1 T 

BI-1-4423 E884N2929   20-30cm GASTRO 5 T 

BI-1-4423 E884N2929   20-30cm UNIONI 6 A 

BI-1-4423 E884N2929   20-30cm NALB 2 T 

BI-1-4428 E877N2943   30-40cm GASTRO 2 T 

BI-1-4429 E884N2929   30-40cm GASTRO 3 T 

BI-1-4429 E884N2929   30-40cm NALB 4 T 

BI-1-4430 E875N2940   W/C NALB 1 T 

BI-1-4432 E875N2941   0-10cm UNIONI 13 A 

BI-1-4434 E877N2943   30-40cm GASTRO 19 T 

BI-1-4434 E877N2943   30-40cm NALB 4 T 

BI-1-4436 E877N2939   20-30cm UNIONI 267 A 

BI-1-4436 E877N2939   20-30cm GASTRO 4 T 

BI-1-4437 E878N2938   20-30cm UNIONI 5 A 

BI-1-4437 E878N2938   20-30cm GASTRO 1 T 

BI-1-4438 E875N2941   20-30cm GASTRO 10 T 

BI-1-4438 E875N2941   20-30cm UNIONI 6 A 

BI-1-4439 E875N2941   30-40cm NALB 3 T 

BI-1-4439 E875N2941   30-40cm GASTRO 3 T 

BI-1-4441 E877N2939   10-20cm GASTRO 1 T 

BI-1-4441 E877N2939   10-20cm UNIONI 199 A 

BI-1-4442 E878N2938   30-40cm NALB 3 T 

BI-1-4442 E878N2938   30-40cm UNIONI 1 A 

BI-1-4442 E878N2938   30-40cm GASTRO 14 T 

BI-1-4443 E877N2939   30-40cm UNIONI 8 A 

BI-1-4444 E877N2939   30-40cm GASTRO 5 T 

BI-1-4444 E877N2939   30-40cm MTHY 1 T 

BI-1-4444 E877N2939   30-40cm UNIONI 320 A 

BI-1-4446 E877N2942   40-50cm NALB 3 T 

BI-1-4448 E875N2940 
  

Surface 

Cleaning 
GASTRO 4 T 

BI-1-4448 E875N2940 
  

Surface 

Cleaning 
NALB 1 T 

BI-1-4449 E877N2942  X-17 40-50cm GASTRO 6 T 

BI-1-4449 E877N2942  X-17 40-50cm MTHY 3 T 

BI-1-4449 E877N2942  X-17 40-50cm NALB 10 T 

BI-1-4454 E877N2939   30-40cm NALB 21 T 

BI-1-4454 E877N2939   30-40cm MTHY 2 T 

BI-1-4454 E877N2939   30-40cm GASTRO 2 T 
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Catalogue # Unit # Feature Sample Depth Taxa code Count Habitat 

BI-1-4454 E877N2939   30-40cm UNIONI 586 A 

BI-1-4455 E877N2939   30-40cm UNIONI 13 A 

BI-1-4457 E884N2931 1,  ? GASTRO 8 T 

BI-1-4457 E884N2931 1,  ? NALB 2 T 

BI-1-4459 E911N2946   30-40cm GASTRO 7 T 

BI-1-4459 E911N2946   30-40cm NALB 3 T 

BI-1-4459 E911N2946   30-40cm MTHY 2 T 

BI-1-4462 E911N2946   40-50cm NALB 1 T 

BI-1-4463 E911N2946   50-60cm GASTRO 1 T 

BI-1-4464 E911N2946   60-70cm GASTRO 6 T 

BI-1-4465 E875N2940 3,  ? GASTRO 20 T 

BI-1-4465 E875N2940 3,  ? NALB 2 T 

BI-1-4474 E877N2939   30-40cm UNIONI 4 A 

BI-1-4476 E895N2946   0-10cm GASTRO 4 T 

BI-1-4477 E878N2939   30-40cm UNIONI 1 A 

BI-1-4479 E895N2946   10-20cm GASTRO 2 T 

BI-1-4479 E895N2946   10-20cm MTHY 3 T 

BI-1-4479 E895N2946   10-20cm NALB 1 T 

BI-1-4482 E895N2946   20-30cm NALB 5 T 

BI-1-4482 E895N2946   20-30cm MTHY 3 T 

BI-1-4482 E895N2946   20-30cm GASTRO 28 T 

BI-1-4483 E877N2939 2,  ? GASTRO 5 T 

BI-1-4483 E877N2939 2,  ? NALB 5 T 

BI-1-4483 E877N2939 2,  ? UNIONI 1 A 

BI-1-4299 E878N2943   10-20cm GASTRO 1 T 
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APPENDIX C 

 

 

Boyd Island excavation unit locations and feature 1 profile. 
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Figure C.1 Locations of units excavated at South Birch Point, Boyd Island (James Conolly, 

personal communication 2016). 
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Figure C.2 Profile view of BdGo-6 feature one at Boyd Island (James Conolly, personal 

communication 2016). 

 

 

 


