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ABSTRACT 

 

A GIS-based approach to modeling ancestral Wabanaki canoe routes and travel times 

during the Maritime Woodland period (3150–550 BP) of prehistory is developed in this 

thesis using least-cost analysis (LCA). These results are integrated into regional 

discussions of hunter-gatherer mobility, seasonal transhumance, and pre-contact 

territoriality, with an emphasis on how seasonal and annual variability in riverine 

paddling conditions may have impacted route selection and travel times between 

Maritime Woodland period archaeological sites. This thesis concludes that regional 

models of hunter-gatherer travel practices should account for the ways Indigenous 

peoples reacted dynamically to contingency in environmental conditions, as well as the 

ways riverine paddling conditions impacted the social landscape on short time scales. 
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1 Chapter 1: Maritime Woodland Period Archaeology 

 

1.1 Introduction 

 

In the Passamaquoddy legends compiled by linguist John Dyneley Prince (1921), the 

culture-hero, Kluscap, possesses the uncanny ability to safely and calmly traverse 

treacherous waters. During a journey to modern-day Yarmouth, Nova Scotia, he rides the 

back of a whale while avoiding clams who intend to devour him (Prince 1921:9). In 

another story, he paddles a canoe safely along a fast-moving, rapid-laden river in 

Newfoundland, singing magic songs while his animal companions cower in fright (Prince 

1921:31). Historic landscapes of the Maritime Peninsula were not so easily traversed as 

in these stories. Whales, for example, were a deadly threat to Mi’kmaq canoeists in the 

Bay of Fundy (Whitehead 1991:20–21), while dangerous rapids often necessitated exiting 

canoes and carrying them along river banks (Ganong 1899:236). Kluscap’s unique 

proficiency in navigating these hazards speaks to his supernatural abilities, while also 

emphasizing the enduring importance—and challenges—of travel via watercraft. In this 

thesis, I contribute to a longstanding interest among archaeologists and ethnohistorians in 

the Maritime Peninsula in birchbark canoe travel (e.g. Adney and Chapelle 1964; Blair 

2010; Cook 2007[1985]; Ganong 1899; Holyoke and Hrynick 2015; Little 1987; Moran 

2015; Sanger 2009) by employing Geographic Information Systems (GIS) to study the 

ways Indigenous peoples traversed maritime and riverine landscapes before the period of 

European contact (ca. 500 BP).  
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This study is situated within a subfield of GIS-based approaches to landscape 

archaeology that model the routes and travel times experienced by past peoples as they 

moved through socially significant places (White 2015; White and Surface-Evans 2012). 

These approaches are collectively known as least-cost analysis (LCA), and work by using 

GIS tools to identify routes through landscapes which minimize cost, defined as the 

relative ease or difficulty of traversing landscape features such as mountains, wetlands, or 

rivers. LCA provides a methodological tool amenable to discussions of hunter-gatherer 

lifeways which occur continuously across landscapes, rather than being confined to 

individual sites. Examples include seasonal movement and hunting practices, social-

interaction at meaningful places, and the formation of territories. By employing 

geospatial data and predictive algorithms, LCA lets archaeologists visualize how and 

where sites may have been connected in the past.  

 

LCA represents a digital outgrowth of optimal foraging theory (Hawkes et al. 1982; 

Krebs 1977; Smith et al. 1983; Winterhalder and Smith 1981) and catchment-based 

approaches (Roper 1979) to archaeological landscapes, which conceptualize hunter-

gatherer lifeways and settlement patterns as adaptations to environmental conditions. 

These theories posit that humans move through and exploit their environments to 

optimally maximize resource exploitation while minimizing energy expenditure. GIS-

based LCA assumes that humans move through these landscapes by choosing the most 

efficient travel routes, thereby minimizing the time and energy costs of travel (White and 

Surface-Evans 2012:2).  
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LCA approaches to archaeological landscapes are a useful starting point for analysis, but 

do not constitute analysis on their own. As White and Surface-Evans (2012:1–2) put it: 

“[LCA] is a tool, much like a trowel, which helps archaeologists do their job. As such, it 

has strengths and weaknesses that must be understood before it can be used properly.” 

Archaeologists using LCA have recognized that GIS tools must be attuned to the unique 

relationships between the cultures they study and the environment, while also being 

mindful that over-emphasis of environmental factors can lead to reductive interpretations 

of the past. This necessitates a careful interplay among archaeological, ethnographic, and 

environmental data, and the development of GIS model parameters (Chapman 2006; 

Supernant 2017; Wheatley 2004). Recent theoretical and methodological critiques of 

LCA, and the use of GIS in archaeology more generally, have focused on the necessity of 

creating models that more accurately reflect the real world, account for the idiosyncrasies 

of human decision-making, and incorporate Indigenous knowledge into the model 

parameters and results (e.g. Herzog 2014; Kanter 2012; Keller et al. 2004; Llobera 2012; 

Rennell 2012; Supernant 2017). These discussions are useful for interpreting the results 

of GIS models within regional research contexts, or as Gaffney et al. (1996) put it: 

“Moving from Catchments to Cognition.” At its most basic, LCA generates lines on a 

map; like assessing stratigraphy at a site, archaeologists must contextualize the potential 

meanings of these lines while recognizing their interpretive limits.  

 

In this thesis, I adapt LCA methodologies to a landscape within the Maritime Peninsula, 

developing models and interpretive frameworks specifically attuned to past travel via 
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birchbark canoes. This represents a gap in the LCA literature, which has mostly focused 

on terrestrial travel (e.g. Bell and Lock 2000; Branting 2004; Gietl et al. 2008; Newhard 

et al. 2008; Rees 2004; Whitley and Hicks 2003), with few attempts to model travel in 

riverine and maritime environments (Gustas and Supernant 2017; Howey 2007, 2011; 

Leidwanger 2013; Livingood 2012; Supernant and Cookson 2014). Birchbark canoe 

travel, which was foundational to Indigenous cultures on the Maritime Peninsula, 

necessitates designing GIS models that are different than those used to study terrestrially 

oriented travel. In contrast to mountainous, terrestrial environments, where travelers tend 

to hug static land features such as ridgelines and valleys (Bell and Lock 2000), canoeists 

need to contend with seasonal changes in river levels impacting river speed and route 

availability (Moran 2015), as well as the differential speed of paddling upstream or 

downstream (Little 1987).  

 

To visualize these phenomena, I employ a combination of ethnohistoric and 

archaeological sources relating to canoe travel in the Maritime Peninsula in conjunction 

with GIS tools to model route selection and travel times between Maritime Woodland 

period (ca. 3150–550 BP) archaeological sites included in the Canadian Archaeological 

Radiocarbon Database (CARD) (Martindale et al. accessed 2018). This includes 

integrating data from historic narratives of canoe trips into the input parameters of GIS-

based LCA tools, as well as analyzing publicly available data from river gauge stations. I 

use these tools to visualize how seasonal variability in river conditions may have 

impacted the availability of routes and speed of travel among sites. I then discuss the 

resultant models in terms of anthropological questions relating to hunter-gatherer 
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seasonal travel, mobility strategies, and territoriality in the Maritime Peninsula, with an 

emphasis on social interactions among Indigenous peoples who lived in these landscapes 

before Europeans arrived.   

 

1.2 Research Questions 

   

I address the following questions in this thesis:  

• How can GIS-based methodologies such as least-cost analysis (LCA) and travel 

time modeling be adapted to the riverine- and maritime-oriented traversal 

practices of Indigenous peoples in the Maritime Peninsula before European 

contact?  

• How did differences in regional landscapes and variability in hydrological 

conditions in the Maritime Peninsula impact ancestral Wabanaki canoe travel?  

• How can seasonally variable aspects of canoe travel contribute to regional 

questions of seasonal transhumance, hunter-gatherer mobility strategies, and 

territoriality?  
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1.3 The Quoddy Region and Study Area 

 

 
 
Figure 1.1: Map of the Quoddy Region, Grand Manan Island, St. Croix River Valley, and Lower 

St. John Valley, encompassing the study area for this thesis. Selected locations referred to in this 

chapter are labeled. 
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The primary study area for this thesis encompasses the Quoddy Region: a 

biogeographical region including coastal Charlotte County, New Brunswick, Washington 

County, Maine (Black 2004; Hrynick et al. 2015:5–6; Thomas 1983), the Lower St. John 

River Valley and St. Croix River Valleys—two major arterial watercourses used heavily 

for canoe travel (Figure 1.1).  

 

This landscape is part of the Maritime Peninsula—the homeland of Wabanaki, 

encompassing Maine, the Gaspé Peninsula, and the Canadian Maritime provinces—and 

includes a substantial portion of the traditional Peskotomuhkatiyik (Passamaquoddy) and 

Wolastoqiyik (Maliseet) territories (Erickson 1978; Hrynick et al. 2015:5–6). The term 

“Abenaki” was used by early explorers to refer to multiple groups of eastern Algonquin 

language speakers who lived in the Maritime Peninsula and later formed the Wabanaki 

Confederacy in the 18th century, consisting of the Mi’kmaq, Passamaquoddy, Maliseet, 

Penobscot, and Abanaki (affiliated groups of western Wabanaki) peoples (Speck 

1915:494). The degree of continuity between historic Indigenous territories and pre-

contact boundaries is unclear and contentious, as warfare, disease, and Indigenous 

participation in the early fur trade may have altered settlement locations (Bourque 1989; 

Eckstorm 1941; Ghere 1993; Speck and Eiseley 1939). Although it is problematic to use 

material culture and ethnographic evidence to establish ethnic distinctions between 

Indigenous peoples during the Maritime Woodland period, the Indigenous groups that 

inhabited the Quoddy Region during this period are undoubtedly the ancestors of modern 

Wabanaki. Significant continuities in material culture and lifeways on the Maritime 

Peninsula demonstrate this connection between pre-European contact Maritime 
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Woodland period peoples, and post-contact Wabanaki (Sanger 2000). I will hereafter 

refer to the Indigenous groups who lived in the Maritime Peninsula before European 

contact as ancestral Wabanaki peoples.    

 

1.3.1 Archaeological Research History 

 

As a sub-region of the Maritime Peninsula, the history of Quoddy Region archaeology 

shares similarities with research conducted in Maine and Nova Scotia (Bourque 1995; 

Bourque et al. 2001; Connolly 1977; Davis 1978). This has been an area of 

archaeological interest for more than a century, beginning with Baird’s exploration of 

Oak Bay, St. Andrews, Digdeguash, Pocologan, Fryes Island, the Bliss Islands, and 

Grand Manan (Black 2002), and Matthew’s (1884) excavation of the Bocabec Village 

site (BgDr-25) at the mouth of the Bocabec River. Research intensified during the latter 

half of the 20th century, with excavations at Holt’s Point in the 1950s and a series of sites 

around the St. Andrews area in the 1960s (e.g. Hammon 1984, Pearson 1970). Sanger 

(1987) initiated a sustained study of multicomponent shell-bearing sites in 

Passamaquoddy Bay and the St. Croix River watershed in the mid-1960s, with the goal of 

assessing pre-contact settlement-subsistence patterns in this region. Black (2002, 2004) 

and his students continued this work for the Insular Quoddy Region, including the Bliss 

Island sites southeast of Black’s Harbour (MacDonald 1994), Deer Island (BfDr-5) 

(Gilbert 2011) and Grand Manan Island sites (Blair 1999), while Davis and Ferguson 
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(1980) completed work at other island sites such as on Campobollo Island and Rouen 

Island (Black and Turnbull 1986:400). 

 

Study of interior sites along the St. Croix watershed commenced with excavations by 

Deal (1984, 1985), Kopec (1985) and Sanger (1986). Blair (2004) and Holyoke (2012) 

focused on interior sites in the Lower St. John River Valley, expanding research to 

interior settlements on the New Brunswick side of the border.  

 

1.3.2 Temporal Focus 

 

The temporal focus of this thesis is on the Maritime Woodland period, spanning ca. 3150 

before present (BP) to the time of European contact. The Woodland Period is a culture-

history classification used throughout the Eastern Woodlands of North America, with 

considerable sub-regional variation. Black (2002, 2004) uses the term Maritime 

Woodland to designate this archaeological period in the Maritime Peninsula, which is 

temporally analogous to the Ceramic Period terminology in Maine. Broadly conceived, 

the Ceramic Period and Maritime Woodland period are temporally equivalent but have 

meaningful differences in sub-period divisions (Petersen and Sanger 1991). Table 1.1 

compares these culture-history classification schemes.  
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Table 1.1: Comparison of regional culture-history classifications after Black (2002) and Hrynick 

(2011), showing the temporal relationship between the Ceramic (used in the United States) and 

Maritime Woodland (used in Canada) classifications, in order to allow comparisons of archaeological 

literature from different sides of the border. 

Petersen and 

Sanger (1991) 

Approximate 

Range of Dates 

Black (2002) Approximate Range 

of Dates 

CP-1 (Early 

Ceramic) 

3050–2150 BP Early Maritime 

Woodland 

3150–2200 BP 

CP-2 (early Middle 

Ceramic) 

2150–1650 BP Middle 

Maritime 

Woodland 

2200–1350 BP 

CP-3 (middle 

Middle Ceramic) 

1650–1350 BP 

CP-4 late Middle 

Ceramic 

1350–950 BP earlier Late 

Maritime 

Woodland 

1350–950 BP 

CP-5 (early Late 

Ceramic) 

950–650 BP later Late 

Maritime 

Woodland 

 950–550 BP  

CP-6 (late Late 

Ceramic) 

650–400 BP Protohistoric 550–350 BP 

CP-7 (Contact) 400–200 BP Historic 350 BP–Present 

 

The Maritime Woodland period (Ceramic period) follows the Terminal Archaic period 

(ca. 3800–3000) and is marked by the rapid introduction of new lithic tools, settlement 

patterns, and burial customs to the Maritime Peninsula which some researchers have 

linked to the macroregional Susquehanna tradition (Petersen 1995:220–221; Sanger 

2005:23–24). The Early Maritime Woodland period includes the introduction of ceramic 
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technology ca. 2800 BP (Petersen and Sanger 1991), as well as the first clear evidence of 

whole dwelling features in the form of oval semi-subterranean house floors, similar to 

Wabanaki wigwams (Figure 1.2 for early 20th century example of a wigwam) recorded 

during the historic period (Belcher 1989; Davis 1978; Hrynick and Black 2016; Hrynick 

and Robinson 2012; Hrynick et al. 2012; Sanger 1986, Sanger 2005:28).  

 

I focus on the Maritime 

Woodland period in this thesis 

for two reasons: 1) the 

continuity of material culture 

and settlement throughout the 

Maritime Woodland period 

suggests persistence in lifeways 

oriented towards riverine and 

maritime birchbark canoe travel. 

Such continuity in lifeways 

cannot be reasonably inferred when interpreting archaeological data from earlier 

components; 2) a majority of the research examining canoe routes in the Maritime 

Peninsula derives from the post-European contact period, representing a gap in the 

literature concerning pre-contact routes which can be filled using GIS-modeling. 

Although the post-contact period is not the primary focus of this thesis, I rely on historic 

descriptions of birchbark canoe travel in shaping the GIS model parameters (e.g., 

canoeing speed, portaging speed, navigability of watercourses of varying widths/depths). 

Figure 1.2: Photo of a historic period wigwam dated November 

16, 1908 taken in Southern New Brunswick. The woman in the 

doorway is identified as Anis, wife of Noel Sacobie (Photograph 

held at the New Brunswick Museum, No. 00026-39) 
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For this reason, I include information about birchbark canoes as a technology facilitating 

long-distance travel throughout the Maritime Peninsula, which entered the written record 

as European exploration and the fur trade intensified.   

 

1.3.3 The Fur Trade and Birchbark Canoes 

 

The Maritime Peninsula became a site of considerable global economic activity through 

involvement in the fur trade (Bourque and Whitehead 1985; Burley 1981; Ganong 1899; 

Kent 1997; Nietfield 1981). Birchbark canoes were a primary mode of transport among 

both Wabanaki who participated in the fur trade and European settlers during this time 

(Kent 1997). As exploitation of fur bearers, especially beavers, intensified, Indigenous 

peoples continued to diversify birchbark canoe forms to accommodate their changing 

transportation needs (Adney and Chapelle 1964; Jennings 2012; Kent 1997).  

 

Canoes have since become an iconic image associated with the Maritime Peninsula. 

Wabanaki, however, relied on these watercrafts for centuries before European contact to 

facilitate resource exploitation, trade, and social exchange. The speed, efficacy, and 

intricacy of early watercraft deeply impressed European explorers. Champlain, for 

example, recorded in 1603 that two canoes with two paddlers each surpassed his fully 

manned long boat in speed (Adney and Chapelle 1964:7). Although birchbark canoes 

remained in widespread use in the centuries after European contact, it was not until the 

late 19th century that they received serious academic attention. W.F. Ganong (1899) and 
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Adney and Chapelle (1964) contributed foundational studies of birchbark canoe 

technology and travel, buttressing their academic research with experiential learning by 

accompanying Wabanaki on extended canoe trips. Both men were ethnologists and 

natural scientists in the 19th century mold with broad-ranging interests who helped to 

preserve these unique forms of watercraft. Ganong (1899) used Indigenous place names 

coupled with archaeological and historical research to identify and map the locations of 

historic canoe routes throughout the province of New Brunswick. Adney (Adney and 

Chapelle 1964) is perhaps most famous for his highly detailed 1:5 scale models of 

birchbark canoes, many of them currently on display at the Mariners Museum in Newport 

News, Virginia. He worked to preserve knowledge of ancient building techniques and the 

technical information associated with diverse canoe forms by fostering relationships with 

Wolastoqiyik, especially from what is now the Woodstock Maliseet First Nation.  

 

Scholarly interest in birchbark canoeing has persisted into the 21st century as 

archaeologists attempt to understand the multifaceted role of canoeing in the lives of 

ancestral Wabanaki. Blair (2010) explored the ways that birchbark canoe travel 

reconfigures assumptions about lithic resource procurement, while Holyoke and Hrynick 

(2015) identified archaeological signatures for portage routes—or carrying trails—among 

rivers. Moran (2015) digitized Ganong’s (1899) qualitative descriptions of canoe routes 

and maps in GIS and synthesized this information with modern climate data to 

understand how canoe travel was influenced by seasonal variation in river flow rates. I 

explore the dynamics of birchbark canoe travel—including canoe technologies, paddling 
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techniques, and seasonal variability in hydrological conditions that would have impacted 

it—in greater detail in Chapter 2.  

 

It is first necessary, however, to contextualize canoe travel within a broader constellation 

of anthropological questions related to the Maritime Woodland period. In contrast to 

archaeological sites, which leave extensive material culture signatures, travel routes are 

often physically transient, occurring in what Blair and others (2017) term “the places in-

between.” This fact creates both opportunities and challenges when integrating the study 

of canoe routes into discussions of the regional archaeological record, which tends to be 

interpreted using anthropological models that privilege site scale and artifact data.  

 

Archaeologists working in the Maritime Peninsula use analysis of sites and artifacts to 

describe aspects of pre-contact lifeways such as the seasonal movement of peoples, the 

ways people exploited resources, and the social contexts which shaped the region. These 

aspects of pre-contact lifeways contextualize the GIS-based landscape approach to canoe 

traversal employed in this thesis—shaping both the input parameters of GIS models and 

discussion of the results.  

 

1.4 Seasonality, Mobility, and Territoriality 

 

The development of GIS-based models of canoe travel routes, travel times, and 

subsequent interpretations of ancestral Wabanaki traversal practices that I discuss in this 
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thesis are informed by regional understandings of ancestral Wabanaki transhumance, 

mobility, and territoriality. This section will define each of these anthropological 

concepts as I employ them in this thesis and discuss past archaeological and ethnohistoric 

evidence relevant to questions of canoe travel.  

 

1.4.1 Seasonal Transhumance 

 

Canoe travel was enmeshed in broader patterns of seasonal movement (Blair 2010). 

Much of what archaeologists know about seasonal settlement throughout the Maritime 

Peninsula derives from proxy material culture distributions excavated from Maritime 

Woodland period sites, primarily multicomponent shell-bearing sites due to superior 

preservation of organic materials. These include: (1) faunal evidence, such as the 

deposition of seasonally available animal species (e.g., Black 2004; Hrynick et al. 2017; 

Spiess 1976); (2) isotope analysis derived from the annual growth rings of bivalves used 

to identify water temperature at time of harvesting (e.g., Burchell et al. 2014); and, (3) 

thin-sectioning chondrophores (e.g., Belcher 1989, 1994; Belcher and Sanger 2017; 

Black 2004; Bourque 1973; Chase 1988; Claassen 1990; Hancock 1982; Sanger 1987). 

Additionally, ethnographic accounts of subsistence are used (e.g. Bourque 1989; 

Hoffman 1955a, 1955b, 1961, 1967a, 1967b) in combination with these forms of 

bioarchaeological analysis to understand the season of occupation at individual sites. 
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Initial research from coastal sites in Maine and New Brunswick, especially from thin-

sectioning chondrophores, indicated that they were occupied during the cold season. 

Contrary to inferences from the ethnohistoric record, some sites, such as the Carson site 

(BgDr-5) on Passamaquoddy Bay, are situated to afford protection from winter prevailing 

winds (Sanger 1987:69), providing further support for the interpretation that these 

represent cold season occupations. Subsequent analysis of faunal evidence, however, 

revealed that, during the Maritime Woodland period, coastal sites on Penobscot Bay, 

Boothbay, and Passamaquoddy Bay were occupied during the warm and cold seasons, 

although not necessarily continuously (Sanger 1996:520).  

 

Due to a lack of distinct seasonal patterning at surveyed coastal sites, Sanger (1982) 

proposed a two-population model for the region, with a maritime-oriented coastal culture 

and terrestrially oriented interior culture. This hypothesis is also based on differences in 

artifact style, such as the way vegetable fibers were twisted to produce cordage for 

decorating ceramics (Petersen 1996:100–19; Sanger 2005:29), and on differences in 

deposition of animal bones (Sanger 2003). He hypothesized that these groups would have 

been in close contact but culturally distinct, moving their settlements throughout the 

annual cycle within interior and coastal spheres, rather than between them (see Sanger 

1996:523–524). Sanger (1987) calls this interpretation of Quoddy Region lifeways during 

the Maritime Woodland period the “Quoddy Tradition.” 

 

Black (1992, 2002) reached somewhat different conclusions for seasonal transhumance 

based on his work in the insular Quoddy Region. At the Bliss Island sites, he observed 
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evidence for season-of-occupation changes throughout dated Maritime Woodland period 

components, using evidence such as the presence of seasonally available animal bones 

such as migratory birds or vertebrate fish (Black 1992:117–118), residue on ceramics 

(Black 1992:112–117), and annual growth rings on bivalves (Bishop and Black 1988; 

Black 1992:116). In Black’s interpretation, seasonal occupation at the Partridge Island 

(BgDr-48) and Weir (BgDq-6) sites occurred during the summer/autumn in the Early 

Maritime Woodland, transitioned to autumn/winter/spring in the Middle Maritime 

Woodland, before transitioning again to spring/summer/autumn (Weir) and 

summer/autumn (Partridge Island) in the Late Maritime Woodland (Black 2002:307–

309).  

 

A confounder for interpreting seasonality in the Maritime Peninsula is the contrast 

between ethnohistorical descriptions of seasonal activities and archaeological 

interpretations suggested by archaeological proxy indicators. For example, Sanger’s 

(1996) and Bourque’s (1973) discovery of cold-season occupied coastal sites in Maine is 

at odds with ethnohistoric narratives. Father Pierre Biard (Biard et al. 2005), a 17th 

century missionary, provided a detailed account of Mi’kmaq transhumance along the 

Gulf of Maine in Nova Scotia. He described Mi’kmaq peoples as occupying coastal 

villages for most of the year, with brief hunting expeditions in the winter months. Speck 

(1940) described a similar pattern for Penobscot peoples along the coast of Maine, but it 

is unclear how accurate his ethnohistoric models are for the pre-contact period.  
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Key to this ambiguity is the extent to which Wabanaki altered their pre-contact lifeways 

as they began to participate in the European fur economy in the 16th and 17th centuries, 

which allowed them to acquire European tools and foodstuffs (Bourque and Whitehead 

1985; Burley 1981). Not all archaeologists are convinced that lifeways changed 

dramatically. Snow (1976:5), for example, favors a view of pre-contact seasonality more 

aligned with ethnohistoric observations, with year-round settlement nucleating around 

coastal villages and brief interior hunting expeditions.  

 

Another source of ambiguity is the diversity of landscapes within the Maritime Peninsula, 

which may have led to sub-regional diversity in lifeways. Sanger (1988:84) argues that 

because no part of Nova Scotia is more than 60 km from a coastline, the pattern observed 

by Biard (Biard et al. 2005) may be uniquely applicable to the Mi’kmaq, rather than 

describing other groups in the Gulf of Maine. Diverse landscape features throughout the 

Maritime Peninsula likely introduced some variability in seasonal settlement practices at 

the scale of single sites or clusters of sites (Burley 1981; Sanger 1996). Local differences 

in riverine and maritime travel routes also help to account for this variability. Moran 

(2015) applies Edgeworth’s (2011) definition of “flow” to describe not only the physical 

quality of water, but the way traversal via rivers “[highlights] the frictions and dynamism 

of movement through complex trail systems” (Moran 2015:9). She emphasizes that 

riverine trail networks—composed of canoe paddling routes and portage trails—are not 

static, encompassing local landscapes, peoples, and resources, as well as changing with 

seasonal variability in water levels.  
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Examples of sub-regional 

variability include the density of 

resources such as fish runs in 

different watersheds (Burley 

1981:206; Huntsmen 1931), and the 

differential availability of shell flats 

based on bathymetry and other 

factors—an issue complicated by 

historic sea level rise in the Bay of 

Fundy (Burley 1981:207). The 

availability of river routes 

influenced not only travel among 

destinations, but the dynamics of 

interior hunting trips as well. When hunting terrestrial mammals such as moose, water 

was required both for transportation to hunting grounds and for capturing animals (see 

Figure 1.3). Hall (2015:38) draws from Denys (1908) and Gyles (1981) to describe 

Wolastoqiyik moose hunting techniques:  

[Wolastoqiyik] Maliseets used the flow of waterways to lure and entrap mammals 

in the 17th century. They stalked moose on the river and its tributary lakes at night 

in canoes during fall rutting season. Hunters trickled river water from birch bark 

dishes imitating urinating female moose to attract males into bow 

range. [Wolastoqiyik] Maliseets also mobilized their knowledge of the waterscape 

to practice drive hunting. Although unable to match the speed of the largest 

mammals they consumed, they herded prey into swamps and rivers to slow down 

the animals’ movements, allowing relatively safe and easy slaughtering with their 

bows and spears. 

 

Figure 1.3: W.F. Ganong's photo of moose swimming in McInis 

Lake, Victoria County, NB. The availability and condition of 

wetlands and rivers impacted the hunting of terrestrial game. 

(Photo held at the New Brunswick Museum, from the William 

Francis Ganong Collection, No. 1987.17.1219.109) 
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As this thesis focuses on the nuances of canoe travel based on hydrological conditions 

unique to the area surrounding Passamaquoddy Bay and the Lower St. John Valley, I 

adopt a view of seasonality that considers the differential locations and conditions of 

rivers in this study area. This model of seasonality combines Ganong’s (1899) and 

Cook’s (2007[1985]) descriptions of canoe travel with detailed geospatial data to better 

understand how changing water levels impacted travel; because of the geographic 

specificity of this methodology its results do not extend beyond the geographic 

boundaries defined as the study area. This has the advantage of building a model of 

seasonality that is attuned to season-of-occupation studies discussed earlier, while also 

adding nuance to the seasonality models derived from this work by focusing on specific 

landscape features and traversal strategies.   

 

 

1.4.2 Mobility Strategies 

 

Mobility strategies are related to seasonal settlement patterns in that they describe the 

ways past peoples moved through landscapes. I define mobility in this thesis as the ways 

people moved settlements and acquired resources. Archaeological theories of mobility 

are heavily influenced by Binford (1980) who was instrumental in developing the 

processualist approach to conceptualizing the movement patterns of hunter-gatherers. His 

work attempts to understand the ways hunter-gatherers in various environments organize 

their activities to best exploit seasonally available resources.  
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Binford’s model describes a continuum of subsistence strategies ranging from foragers to 

collectors. According to Binford, foragers do not store food, instead opportunistically 

gathering seasonally available resources (Binford 1980:5). They practice residential 

mobility, moving their settlements frequently to rich seasonally available resource 

catchments. Collectors, conversely, follow a pattern of logistical mobility, moving 

settlements less frequently, but undertaking far-ranging hunting and gathering trips to 

return more distant resources to semi-permanent villages (Binford 1980:10). Kelly (1995) 

builds on this work to articulate the diversity of lifeways practiced by hunter-gatherer 

groups in different environments, expanding theoretical models to account for variation 

in subsistence practices that were previously considered exceptions or idiosyncratic. Both 

Kelly and Binford’s work are foundational to processualist approaches to studying 

hunter-gatherer mobility and have influenced regional models of ancestral Wabanaki 

lifeways.  

 

According to Sanger (1987, 1996), “Quoddy Tradition” mobility strategies remained 

largely the same throughout the Maritime Woodland period, with Wabanaki groups 

following lifeways aligned with Binford’s (1980) definition of foragers. Sanger (1987) 

reached these conclusions through his studies of the Carson site (BgDr-5) and other shell-

bearing sites on Passamaquoddy Bay, where he did not find evidence of changing 

lifeways. Black (2002, 2004) reached different conclusions relating to pre-contact 

mobility strategies.  Based on his studies of seasonally available faunal remains at 

radiocarbon dated multicomponent shell-bearing sites, as well as analysis of lithic 
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assemblages from the Bliss Islands, he concluded that variations in mobility strategies did 

occur throughout the Maritime Woodland period, with a general trend towards logistical 

mobility after ca. 1000 BP (Black 2002).  

 

A limitation of applying 

Binford’s mobility 

models to the Maritime 

Peninsula, however, is 

that they do not take 

watercraft into account. 

Just as birchbark canoes 

would have impacted 

seasonality practices, this 

mode of transport also 

had a profound impact on 

ancestral Wabanaki mobility that disrupts some assumptions related to Binfordian 

mobility strategies (Figure 1.4 for an example of the utility of canoes during extended 

trips). As Blair (2010) argues, use of the birchbark canoe would have allowed Wabanaki 

people to transcend constraints on lithic raw material transport while disrupting 

archaeological definitions of “local” and “non-local” exploitation areas. This is because 

canoeing tends to be faster than walking, expends less energy, and allows travelers to 

carry additional weight (Blair 2010). Canoe routes, which develop in tandem with local 

Figure 1.4: Wolastoqiyik guides using a canoe as a lean-to during a trip 

along the Tobique River, 1862. Logistical mobility describes a form of 

movement where people go on extended hunting/camping trips to acquire 

resources. While this image is removed from the Maritime Woodland 

period, it demonstrates the multiple utilities of birchbark canoes in 

conducting extended trips. (Photo held at the New Brunswick Museum, 

No. P5-253). 
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variation in the landscape, require archaeologists to foreground local variation when 

theorizing mobility strategies in the broader region. As Blair (2004:5) puts it:  

Integrated spatial arrangements such as the interior waterways of the Northeast 

may structure models for exchange of all kinds, but these models fail to 

acknowledge the mosaic of regional environments within individual watersheds 

and the complexity of the archaeological record. The period between 3400 and 

1400 years ago is one of regional ambiguity, when widespread patterns in artifact 

style and the exchange of raw materials collide with the efforts of culture-

historians to seek order and chronology. 

 

 

As for seasonal settlement patterns, I adopt the view that local watersheds and landscape 

features facilitated distinct traversal practices that are not necessarily generalizable on 

broad geographic scales. Mobility strategies are shaped by the conditions within 

individual watersheds and coastal environments, which rather than existing as static 

landscape features, are variable on both short and long timescales.  

 

1.5 Territoriality and Canoe Travel 

 

A final anthropological concept useful for framing canoe travel is territoriality. This is 

complicated, however, by the difficulty of defining territories as meaningful units of 

analysis when working from archaeological data. On the one hand, territories are physical 

boundaries, but they are also socially constructed and tend to be dynamic before the era 

of modern cartography and national-states. Some archaeologists have approached this 

issue by limiting definitions of territory to physical components of the environment. 

Zedeño (1997), for example, defines territory as “spatial units that result from the 

cumulative use of land and resources through time.” This definition is advantageous 
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because it limits analysis to observable archaeological phenomena. At the same time, the 

social aspect of territory is relevant to the study of canoe travel during the Maritime 

Woodland period, as the maintenance of territorial boundaries may have impeded canoe 

routes through some locales.  

 

Ethnohistorians studying the Maritime Peninsula have attempted to identify Indigenous 

territories in the centuries immediately before and after European contact through the 

scattered reports of early European explorers (e.g. Bourque 1989; Hoffman 1955a, 

1955b, 1961, 1967; Nicholas and Prins 1989). This is complicated, however, by the 

incompleteness and inaccuracies of spatial and temporal coverage, the difficulty of 

corroborating the names used by early explorers for Indigenous groups with groups 

observed during subsequent voyages, and the ethnocentric biases of European observers 

(Nicholas and Prins 1989). These ambiguities make Indigenous boundaries drawn by 

Europeans during the post-contact period generally unreliable as precise, mappable 

territories that can be extended into the pre-contact past.  

 

It may be more fruitful, therefore, to employ the direct-historic approach (Lyman and 

O’Brien 2001) not to assess the locations of precise geographic Indigenous territories, but 

to assess cultural attitudes towards boundary maintenance generally, in order to 

understand the ways canoe travel may have been socially regulated. Just because 

ancestral Wabanaki traveling from a given site conceivably could have traveled to a 

location within a certain amount of time does not mean this trip would have been possible 

given the social context of land-use. Central to this issue is the extent to which traversal 
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along rivers, lakes, and coastlines was socially regulated, as well as the permeability of 

boundaries among ancestral Wabanaki territories.  

 

In the transition from the Late Maritime Woodland to early contact period the answer to 

these questions appears to be mixed, with reports of far ranging travel and trade and, 

conversely, reports of social restrictions on movement and intermittent warfare that 

intensified with European contact. A combination of archaeological and ethnohistoric 

evidence supports this conclusion.  

 

Archaeological analysis of resource catchments such as lithic materials is one way of 

approaching the question of territoriality via proxy indicators. Considering the 

ambiguities of inferring cultural identity and ethnicity from material culture, it is 

necessary to limit interpretations of territoriality derived from archaeological evidence to 

more general inferences that avoid constructing specific continuities among artifacts and 

cultural groups. Resource catchments, artifact typologies, and lithic material sourcing can 

highlight the geographic extent of the circulation of raw materials—a general proxy for 

pre-contact movement and interaction that measures relative range of land use—while 

transcending specific geographic borders. This form of archaeological evidence suggests 

that for the Maritime Woodland period, especially later portions of it, movement and 

communication among Indigenous groups in the Maritime Peninsula was far-ranging 

geographically and closely socially integrated.  
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As far as is apparent from past lithic analysis studies, lithic material distribution is not 

archaeologically patterned in such a way as to suggest discrete resource exploitation 

boundaries. Blair (2004) observed the use of lithic materials with sources that are likely 

from outside the catchment areas of some sites in the Lower St. John Valley, while 

MacDonald (1994) observed similar results for interior Quoddy Region sites. This 

suggests that any notion of pre-contact territoriality in the Maritime Peninsula must 

account for permeability and/or exchange among boundaries. Burke (2000:299) posited 

that based on lithic sourcing data, regional Indigenous groups would have had frequent 

interactions, transcending border-like territoriality (Blair 2004:5). 

 

1.5.1 Long-Distance Trade 

 

An additional avenue for inferring territoriality archaeologically is to examine evidence 

of long-distance trade. There is convincing evidence of pre-contact regional integration in 

the form of large social gathering activities at sites such as Goddard (ME 30.42) in 

Brooklin, Maine (Bourque and Cox 1981), and the Melanson site (BgDb-7) along the 

west coast of Nova Scotia (Nash and Stewart 1990). The Goddard site contains high 

quantities of multicolored lithic materials that are likely not from local areas, with 

sustained activity at the site suggesting social gathering among multiple regional groups 

(Bourque and Cox 1981).  
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Goddard is also famous for the discovery of a medieval Norse coin by avocational 

archaeologist and coin collector Guy Mellgren in 1957—a discovery that has been 

controversial but that may be a genuine find1 (Gullbekk 2017). The coin, minted between 

1065 and 1080 C.E., probably did not originate from the Norse settlement in L’anse Aux 

Meadows in Labrador during the early 11th century. Rather, it was probably transported 

later during sporadic Norse voyages to Greenland. The Norse sagas report overall 

strained relations between Norse settlers and Indigenous peoples who they referred to as 

"Skraelings” or “skin-wearers,” who were probably the ancestors of Inuit peoples, but 

they may have also interacted with Dorset groups. The coin likely made it to Maine via 

hand-to-hand trade, providing evidence of a long-distance exchange system linking sub-

arctic peoples to ancestral Wabanaki groups. Artifacts made of Ramah chert from the 

Torngat Mountains of Labrador have also been found at Goddard and other regional sites, 

providing further evidence of this exchange (Loring 2002). Leonard (1996:198–200) 

suggested long-distance trade may have linked ancestral Wabanaki of the Late Maritime 

Woodland to the famous Mississippian mound building complex via Iroquois groups and 

Algonquins of southern New England, citing examples such as similarities in ceramic 

vessels and clay effigy pipes. Additionally, the Mi’kmaq dog feasting ceremony that 

preceded a war expedition shares much in common with similar cultural practices 

performed by Iroquois-speaking peoples of the Lower Great Lakes (Leonard 1996:203).  

                                                 

1 Norse artifact finds in North America purported to originate from medieval voyages described in the 

Vinland Sagas have a contentious history due to a plethora of hoaxes. The fake proveniences of the 

Beardmore relics perpetrated on the Royal Museum of Ontario represent the most infamous example 

(Carpenter 1957). Although the provenience of the Norse Penny is plausible, it is virtually impossible to 

prove definitively. I report it because trade with sub-arctic indigenous peoples is also corroborated through 

Ramah lithic materials.  



28 

 

 

Using data from large, presumed social gathering sites, combined with the distribution of 

non-local lithic materials, archaeologists have argued that trade relationships among 

Indigenous groups that flourished during the fur trade had their roots in the Maritime 

Woodland period (Bourque 1994; Bourque and Whitehead 1985; MacDonald 1994). A 

strong line of evidence for this is the fact that European wares preceded the arrival of 

European explorers in the Maritime Peninsula, suggesting that Wabanaki acted as 

intermediaries in the fur trade between neighboring groups to the north and south 

(Bourque and Whitehead 1985).  

 

Wiseman (2005) interpreted archaeological evidence for trade at Goddard from an 

Indigenous perspective, providing a narrative version of Late Woodland trade and 

exchange at the Goddard site. In his interpretation, Goddard represented a central hub of 

intracontinental exchange and communication with Indigenous groups as far north as the 

Labrador coast and as far south as the Carolinas (Wiseman 2005:213). Mariners 

exchanged not only goods but knowledge of distant landscapes and the diverse peoples 

inhabiting them. This interpretation suggests that some places may have been shared 

intermittently among numerous indigenous groups during the Maritime Woodland period, 

who would have been able to pass through major river systems or along coastlines during 

times of seasonal social gathering and trade.  
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1.5.2 Maintaining Boundaries 

 

Trade and social gathering along rivers and at large sites such as Goddard suggest ways 

ancestral Wabanaki groups shared territories as a function of their hunter-gatherer 

lifeways. Prins (1986:266) elucidates this history for Mi’kmaq and Wolastoqiyik, whose 

territories were not necessary static.  

 

Analyzing tribal histories, we are confronted with the fact that these cultures, in particular 

the [(Wolastoqiyik)] Maliseet and Micmac, created migratory subsistence strategies 

which were adaptable to changes in the regional eco-system. Consequently, a built-in 

opportunism existed which allowed for maximum flexibility in accordance with the 

challenges and chances available to these peoples. 

 

 

Prins argues that for hunter-gatherer territories, mapped borders do not represent an 

accurate depiction of meaningful divisions between Indigenous groups. This view is 

aligned with Speck and Hadlock (1946:372), who are skeptical that cartographic 

conventions such as lines on maps reflect the past dynamism of indigenous territories 

(Prins 1986:266–67). 

 

Boundary maintenance was not always open and without conflict in the historic Maritime 

Peninsula, however, especially after the introduction of the fur trade. The threat of 

violence due to contested territories or social transgressions is evident in the historic 

record, as several incidents of conflict occurred in riverine and maritime environments. 

The Wolastoqiyik, for example, fought against Mohawk groups of the St. Lawrence 

Valley in battles that occurred along rivers. Efficient travel facilitated by birchbark canoe 
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use made rivers sites of frequent ambush (Leland and Robins 1885). In a particularly 

striking Wolastoqiyik story, a Wolastoqiyik woman, captured by Mohawk raiders, tricks 

her captors into paddling their own canoes down Grand Falls to their deaths. Gesner 

(1847:113) describes conflict between the Mi’kmaq and Kwetejk peoples—probably St. 

Lawrence Iroquois or Mohawk peoples—near the mouth of the Restigouche River in 

Northeastern New Brunswick in 1639 (Whitehead 1991:46). While conflict remains 

poorly documented during the Maritime Woodland period, the historic records of conflict 

are applicable to the time of the early fur trade, which may have catalyzed more intense 

conflict than occurred in the centuries leading up to European contact.  

 

Besides direct conflict among Indigenous peoples, an additional means through which 

territoriality was negotiated was through dendroglyphs—a form of paleoimagery in 

which images are incised into trees (Coy 2004). In the early contact period, Wabanaki 

carved maps, clan symbols, and other iconographic images onto birchbark scrolls, which 

were placed along canoe and portage routes. These could include records of events such 

as battles, with information on the status of individuals, as well as maps showing routes 

followed (Coy 2004). Birchbark scrolls, made of delicate organic material, would not 

have lasted long in the wilderness, suggesting that territoriality along trails was similarly 

dynamic and renegotiated in the short term on a local scale.  

 

This is another cultural practice whose antiquity has not been established, as it is unclear 

whether this style of icongraphic representation in Wabanaki groups was a historic period 

phenomenon. At the same time, it would not be unreasonable to argue for its antiquity. 
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Petroglyphs in Machiasport, Maine, dating from the Early Maritime Woodland to the 

historic period, attest to the sustained creation of paleoimagery on the Maritime Peninsula 

(Hedden 1993, 2002, 2004). Although these petroglyphs seem overtly cosmological, this 

does not mean that paleoimagery further towards the secular end of the spectrum could 

not have existed; as Coy (2004) argues, the lack of dendroglyphs from before European 

contact is due to the simple fact that tree bark disintegrates rapidly compared to pecked 

stone.  

 

 

1.5.3 Summary of Evidence for Maritime Woodland Territory Maintenance 

 

The lines of evidence for understanding pre-contact territoriality in the Maritime 

Peninsula are multi-faceted and complex. Because of the rapidity of changes during the 

early historic period, propelled, in part, by the fur trade, it is difficult to judge the 

antiquity of many cultural practices and social dynamics, just as it is difficult to judge 

how rapidly seasonality and mobility practices changed after Wabanaki groups became 

integrated into a global economy. At the same time, however, archaeologists should be 

cautious about attributing too many changes to the influence of Europeans alone. 

Complex social institutions do not arise spontaneously, and although Wabanaki practices 

and social relationships changed during the period of the fur trade, it is reasonable to 

assume that these had antecedents before European contact.  
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Weighing available archaeological and ethnohistoric evidence suggests a system of 

territoriality in which borders between territories were semi-permeable rather than 

prohibitive during most of the Maritime Woodland period. A combination of factors, 

including foraging lifeways with widespread dispersion of non-local lithic materials 

throughout the region, the archaeological evidence of large-scale social gathering sites, 

and the ethnohistoric documentation of far-ranging travel among Wabanaki groups, all 

support a model of territoriality where boundaries were permeable among territories. The 

implication of this is that travel along major watersheds such as the St. John River, as 

well as marine coastlines, was likely available for diverse Indigenous groups when 

conducting seasonal trade and diplomacy in the absence of overt conflict.  
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2 Chapter 2: Birchbark Canoe Travel 

 

2.1 The Birchbark Canoe 

 

The birchbark canoe is an iconic image that has become synonymous with the northern 

woods and coastlines of Maine and the Canadian Maritime provinces. It is both a 

remarkable technological achievement and enduring symbol of Wabanaki, who continue 

to build birchbark canoes using traditional methods. The importance of the birchbark 

canoe cannot be overstated; many writers have likened canoe transportation along rivers, 

lakes, and coastlines in the Maritime Peninsula as being analogous to automobile travel 

along highways. As Cook (2007[1985]:2–3) describes it:  

To study the people who lived here for most of Maine’s [and the Canadian 

Maritime provinces’] history and not study the canoe and its use would be like a 

study of twentieth century Americans done two thousand years from now that 

neglects to examine the automobile and its effects on society. 

 

In this chapter I explore the history, archaeology, and cultural practices of birchbark 

canoe creation and use. I also consider the antiquity of birchbark canoes, their 

construction processes, and the ways they were used to traverse the landscapes and 

seascapes of the Maritime Peninsula as observed in the ethnohistoric record. Finally, I 

reference Wabanaki canoeing techniques and language relating to canoe travel with the 

purpose of elucidating the use and importance of canoes within ancestral Wabanaki 

cultures.  
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2.1.1 The Antiquity of Birchbark Canoes 

 

Modeling canoe routes and travel times requires accounting for how different watercraft 

technologies were used during the Maritime Woodland period, as these differed in ways 

that would have impacted travel decisions. A major archaeological question relevant to 

the study of pre-contact canoe travel is the antiquity of the birchbark canoe. Was this 

technology utilized throughout the entire Maritime Woodland period, or were canoe 

forms observed by early European explorers a more recent phenomenon? Related is the 

question of whether dugout canoes—formed from hollowed-out trees—preceded the 

birchbark canoe in the Maritime Peninsula, as dugout canoes were used by Iroquois and 

Algonquian groups to the south of the Maritime Peninsula at the time of European 

contact (Sanger 2009). This is because the growing range of the paper birch tree 

terminates in southern New England, decreasing the ability of southerly groups to adopt 

this canoe form (Sanger 2009). Finally, the timing of the development of moose-hide 

canoes also remains ambiguous; these “skin-boats” were more expedient to produce than 

birchbark canoes but had lower durability and may not have been as maneuverable 

(Sanger 2007:xvii).  

 

The only way the question of the antiquity of birchbark canoes could be answered 

definitively is if datable fragments were found in an anaerobic environment in the 

Maritime Peninsula. This would be a remarkably improbable—if not impossible—find. 

Due to the lightweight nature of birchbark canoes they are far less durable in depositional 

contexts over a long timescale than dugout canoes. Chapelle (Adney and Chapelle 
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1964:3), a curator of watercraft at the Smithsonian, estimated that birchbark canoes were 

unlikely to last for more than a decade in their depositional context. They fare much 

better in museums but even there are very fragile, as the bark becomes so brittle that it is 

difficult to transport the watercraft without damaging it (Adney and Chapelle 1964:3). 

There are examples of birchbark canoes from Maine dating to the mid-1700s that are still 

in good condition (Whittle 2017), but it is unlikely that any evidence of pre-contact 

birchbark canoes could have survived the soils and temperature changes of the harsh 

northern environment. Considering this uncertainty, it is only possible to infer the 

antiquity of these watercraft based on the archaeological toolkit, knowledge of the 

paleoenvironment, and ethnohistoric evidence. 

 

It is likely that watercraft have been produced by North American Indigenous peoples at 

least since their arrival on the continent from Siberia at the end of the last ice age. 

Engelbrecht and Seyfert (1995) argue that late Pleistocene and early Holocene peoples in 

the region must have developed watercraft technology before arriving. They point to 

precedent technology in Asia, the challenges of colonizing North America without 

watercraft, and the presence of early settlements on islands. Considering the 

paleoenvironment of the Maritime Peninsula, it is possible that birchbark watercraft, 

specifically, may be a very old technology. According to Sanger et al. (2007), 

paleobotanic evidence suggests paper birchbark has been growing in Maine for 

approximately 10,000 years. 
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Fluctuating water levels—leading to fewer navigable routes—would have been a limiting 

factor for early canoeists; due to hotter and dryer climatic conditions, as well as 

geological factors such as isostatic rebound and land subsidence, water levels along rivers 

and lakes would have been lower during the mid-Holocene, culminating at an all-time 

low around 4500 BP. Isostatic rebound is defined as the emergence of the earth after 

being depressed, while land subsidence is the gradual setting or sinking of the earth’s 

surface due to subsurface movements. After 4000 BP water levels began to rise again—a 

trend that continues today. These changes to water levels and flow may have impacted 

the development of watercraft technologies as ancestral Wabanaki adapted to changing 

waterscapes (Sanger 2007:xviii; Sanger et al. 2007;). 

  

Lithic toolkits may provide clues as to the types of watercraft technologies in use before 

European contact, although interpretations of this line of evidence remain unresolved. 

Holyoke and Hrynick (2015) summarize some of the inferences relating lithic toolkits to 

boat-building techniques, including the popular beliefs in Northeast archaeology that 

Archaic Period toolkits (ca. 9000 BP–3100 BP) dominated by stone gouges are indicative 

of dugout canoe technology (Bourque 1995:91; Snow 1980:134; cf. Sanger 2009), while 

the high incidence of flaked stone in the Maritime Woodland period toolkit suggests 

birchbark technology (Black 2004:145; Blair 2010:42). The idea is that bulkier ground-

stone gouges would have been more effective for carving out trees, while smaller, sharper 

implements made of finer stone would have had greater utility for cutting birchbark.  
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However, Sanger (2007:xvii, 2009) argues that although archaeologists in the Northeast 

have assumed that stone gouges were used to build dugout canoes, there is no 

ethnographic evidence of this elsewhere in the world where dugout canoes are produced. 

In areas of the Northeast where dugout canoes were built at European contact, they were 

created by burning a large tree to hollow it. Sanger (2007) argues, therefore, that 

purported relationships between changes in lithic technology and watercraft are weak. At 

the same time, however, the burning technique to make dugouts does not preclude the use 

of gouges, meaning that they could have been used in tandem with this technique in the 

past. Regardless, because dugouts, birchbark canoes, and skin boats were in use 

simultaneously in New England during the contact period, it is impossible to make an 

evolutionary argument for one type preceding any other.  

 

Cook (2007[1985]) argues for the antiquity of birchbark canoe use on the Maritime 

Peninsula by emphasizing the logistical challenges of navigating riverine landscapes 

using dugouts. Because of the extensive reliance on riverine routes in Maine and New 

Brunswick, including many narrow/seasonally variable watercourses, portaging would 

have been a frequent activity (Cook 2007[1985]:18–19). Attempting to travel long-

distances with dugout canoes would have required frequent and arduous portaging of 

heavy craft when moving between watersheds (Cook 2007[1985]:22–23). Furthermore, 

dugout canoes tend to soak up water and are very heavy compared to birchbark canoes, 

making them ride low in the water. In contrast, birchbark canoes could successfully 

navigate extremely shallow waters that dugout canoes could not. Ganong (1899:234) 

claims that Wolastoqiyik canoes with four passengers were buoyant in just 1–2 inches of 
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water, which increased to 3–4 inches when loaded with cargo. Because high mobility was 

necessary for the hunter-gatherer lifeways practiced by ancestral Wabanaki groups—in 

contrast to more southerly and westerly Algonquian and Iroquois groups, who practiced 

agriculture—it would have been important for watercraft to take advantage of as much of 

the hydrological network as possible.  

 

A final line of evidence favoring the antiquity of the birchbark canoe is the fact that the 

technology already existed when Europeans started recording canoe dimensions and other 

information during their encounters with Indigenous peoples. In 1603 Samuel de 

Champlain described a bark canoe in Quebec that was around 20 feet (6.1 meters) long 

yet could be easily carried by a single man (Adney and Chapelle 1964:6). Champlain 

described the boats as incredibly fast, with two canoes each piloted by two rowers able to 

overtake his fully manned long boat in speed (Adney and Chapelle 1964:6). Furthermore, 

birchbark canoe technology did not exist in a vacuum in relation to other items of 

Wabanaki material culture. Rather, similar bark-working and sealing techniques were 

used to make watertight birch bark kettles, wigwams, and snowshoes, suggesting that 

sealed bark was an integral Wabanaki technology (Smith 1993:366). It is also an 

unequivocally old technology. At an ancient fish weir at Sabasticook Lake (ME 71-19) in 

Newport, Penobscot County, Maine, a birchbark container was found that radiometric 

dating placed at 2250 BP +/- 60 BP (Petersen et al. 1994:197–222). 

 

This evidence suggests that birchbark technology existed at least throughout the entire 

Maritime Woodland period, even if it is impossible to prove its exact genesis. Therefore, 
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I assume in this thesis that ancestral Wabanaki would have had access to birchbark canoe 

technology throughout the Maritime Woodland period. This assumption has implications 

for modeling GIS based routes, as it allows smaller, lower volume streams to be included 

as possibly navigable during certain times of year. This helps elucidate possible canoe 

routes within local landscapes that Ganong (1889) and Cook’s (2007[1985]) regional-

scale maps do not account for.  

 

2.1.2 Birchbark Canoe Building Processes 

 

Birchbark canoes are diverse, intricate, and require many steps and material components 

to create. The leading regional authority on birchbark canoes is Edwin Tappan Adney 

(1868–1950), who paddled extensively, often with Wolastoqiyik guides, around the rivers 

and lakes of New Brunswick in the late 19th century, while keeping detailed notebooks 

(Adney and Behne 2010; Adney and Behne 2014). He is famous for producing over one 

hundred 1:5 scale models of indigenous canoes, requiring comprehensive knowledge of 

the technicalities of how various bark canoes were constructed, which he meticulously 

recorded (Adney and Chapelle 1964).  

 

Constructing a birchbark canoe was a seasonally and climatically constrained activity, as 

the condition of the bark when harvested varied based on temperature and moisture 

(Adney and Chapelle1964:14). The bark was harvested most readily while the sap was 

flowing in the spring or during a winter thaw; mid to late summer was a poor time for 
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harvesting, as bark tended to flake and separate into layers during this time (Adney and 

Chapelle 1964:15). During the fur trade, birchbark was harvested in the form of rolls, 

which could be usable for building new canoes, making repairs, or trading with 

Indigenous groups to the north or south of the area to which canoe birch are native 

(Gidmark 1988; Kent 1997:116).  

 

Additional raw materials were needed to construct a birchbark canoe. Black spruce root 

was used to sew multiple pieces of birchbark together with a bone awl (Adney and 

Chapelle 1964:15–16). Woodworking tools such as stone axes, hatchets, or adzes were 

used to fell trees, while flaked stone implements were used for splitting wood (Adney and 

Chapelle 1964:16–17). Iron implements were among the first items of European 

manufacture introduced to the eastern woodlands and were readily adopted, possibly 

leading to the rapid introduction of new techniques making use of iron (Kent 1997). 

Manufacturing techniques may not have changed universally in response, however, as 

some Wolastoqiyik groups continued to use traditional stone axes for canoe making 

through the 19th century (Smith 1993:366). Figure 2.1 depicts the early stages of a 

traditional birchbark canoe being built in Tobique First Nation during the early 20th 

century.  
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Figure 2.1. Building a birchbark canoe in Tobique First Nation, 1911. (Photo held at the Canadian 

Museum of History, no. 16453) 
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Birchbark canoes used in North America throughout the fur trade period came in a 

variety of diverse forms, and were different sizes based on functionality (Adney and 

Chapelle 1964; Kent 1997). Decisions relating to times and places of canoe construction, 

specific forms used for different modes of travel, and techniques employed would have 

been carefully measured. Seafaring canoes, for example, used historically by 

Passamaquoddy and Mi’kmaq peoples for maritime travel and porpoise hunting, had 

different proportions than river canoes, and included guard strips to protect the craft from 

abrasion when paddling (Adney and Chapelle 1964:64). Creating birchbark canoes 

represented a coordinated expenditure of time and energy that was nonetheless essential 

to maritime and riverine lifeways.  

 

2.2 Portaging and Historic Trails 

 

Canoe travel in the Maritime Peninsula was a dynamic process that involved frequently 

exiting rivers, lakes, and coastlines to carry canoes, dwellings, and other supplies 

between watersheds or around obstructions. Routes following major rivers facilitated 

uninterrupted paddling over long-distances and featured well-traveled terrestrial corridors 

for moving between watersheds (Ganong 1899). The use of small rivers and headwater 

streams often required changing from terrestrial and riverine transportation methods 

depending on the water levels and rapids in these smaller watercourses. Doing so 

required portaging, performed by hauling a canoe on one’s back—often accomplished by 

a single person depending on the size of the canoe. Portaging was performed by not only 
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men, but women and children, too, who may also have been responsible for carrying 

dwellings and other supplies (Denys in Ganong 1908:405; Holyoke and Hrynick 

2015:218).   

 

Portages varied in length and arduousness based on whether they were used to avoid 

short river features like rapids or waterfalls, or whether they were used for moving 

between watersheds (Cook 2007[1985]:42). For avoiding rough waters, portages tended 

to closely follow the shore of the river. Especially low water levels necessitated dragging 

canoes over wet rocks on wooden splints to avoid damaging the hull (Ganong 1899:235–

236). Sometimes, however, watercourses with low water levels could be navigated 

simply by unloading cargo or having one or more passengers vacate the canoe 

completely, allowing the watercraft to stay buoyant in shallow water (Kent 1997). 

Portages between two different watersheds could be considerably longer (Cook 

2007[1985]:42). Some accounts suggest that terrestrial portages could be 15–20 km in 

parts of Maine and New Brunswick (Cook 2007[1985]:44–45; Ganong 1899:247; 

Holyoke and Hrynick 2015: 217–218). Depending on conditions, portaging could be a 

slow process; for instance, the 1773 explorer Hugh Finlay reported a rate of only 1 

mile/hour while portaging between Portage Lake in Canada and Penobscot Lake in Maine 

(Cook 2007[1985]:44–45).  

 

In New Brunswick, there is sustained interest in the locations of portages among 

members of the public, which are ascertained from historic maps compiled by Ganong 

(1899), Wabanaki place names (Frame 1892; Francis et al. 2010; Sanger et al. 2006), and 
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modern paddlers (Solo 2008). The Maliseet Trail, for example, a route of ca. 200 km 

connecting Woodstock, NB to Old Town, Maine, is still in use by modern paddlers and 

includes ca. 20 km of portages (Solo 2008). Tim Humes (Restoring Ancient Portage 

Trails 2018), a member of the heritage committee at Canoe Kayak NB, is currently 

attempting to restore historic portage trails for modern use. Figure 2.2 is a historic 

photographic depicting portaging with many people carrying a very large canoe, although 

smaller canoes could be portaged by just one person.  

 

For the study area in this thesis, Ganong’s (1899) monograph of historic sites, including 

portage routes, provides the most comprehensive overview of historic trail locations. This 

work represents a compilation of sketch maps from early explorers, historic archival 

research, and Ganong’s own fieldwork canoeing with Wabanaki guides. Many of the 

Figure 2.2. Portaging a 4½-fathom fur-trade canoe, about 1902, near the head of the Ottawa River, after 

Adney and Chapelle (1964). 
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portages discussed by Ganong are along major, arterial rivers that were probably 

foundational to long-distance travel during the Maritime Woodland period. Although the 

exact routes of trails almost certainly evolved over time on small geographic scales, the 

general locations are probably accurate for the Maritime Woodland period.    

  

2.2.1 Paddling and Poling 

 

Canoe travel along waterways represents an intricate constellation of Wabanaki cultural 

practices that would have shaped route selection and travel times. Paddles and poles were 

both used traditionally for propelling and steering canoes under varying hydrological 

conditions, providing flexibility depending on the needs of travelers (Figure 2.3). Poles 

were employed when moving upstream, or in very shallow water, where rocks could 

damage the bottom of birchbark hulls (Cook 2007[1985]:34). They were also employed 

for navigating rapids; by using a pole to navigate towards eddies—or swirls of water 

below rocks—canoeists could successfully travel upstream even in fast-flowing 

conditions. Poling requires standing up, which also helped canoeists detect hazards on the 

streambed (Cook 2007[1985]:34).  
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The Wolastoqiyik writer Henry “Red Eagle” Perley, whose short stories were widely 

published in popular magazines such as Boy’s Life throughout the 20th century, opens his 

story The Red Man’s Burden with a detailed description of poling along a section of 

rapids. This image foreshadows a series of racist and hostile encounters the Indigenous 

protagonist must navigate throughout the story, while simultaneously providing a vivid 

window into a centuries-old traversal practice:  

 

Peter Attean, better known as Wild Pe-al, confidently shoved his canoe into the 

friendly eddying swirl of a huge boulder and rested for a moment upon his pole. 

Calculatingly he measured the next pitch with a swift sweep of his eye, 

readjusting his load of hunter’s supplies and traps a trifle, and braced himself for 

Figure 2.3. L. Tepper poling while salmon fishing in Central Kingsclear First Nation, 1911.  
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the struggle. The water broke smoothly away from the head of the rapids, to be 

sucked with tremendous force into the chutelike passage formed by two boulders, 

to curl into a huge comber [curling wave] at the foot. Cautiously he shoved his 

bow past the boulder until it was caught in the swift current and simultaneously 

swung the stern outward. Quickly catching another hold on the rocky bottom, he 

coolly held the frail craft motionless in the boiling maelstrom. The onrushing 

water cleft the bow squarely and lapped hungrily at the gunwales as although 

resenting the intrusion; slowly the bow began to rise as he gradually increased the 

pressure; and finally, with a strong, steady heave that brought the veins out on his 

neck and forehead, he slid into the smooth water above (Perley 2014:116–127). 

 

Not every river contained rapids necessitating this technique. The geology of differing 

river environments impacts paddling conditions. Areas with large glacially deposited 

boulders, such as the area surrounding Charlotte County, New Brunswick, tend to have 

rougher rapids, while flat channels composed of loose sediment and underlying 

sandstone, such as in the central and eastern portions of the province, facilitate gentler 

paddling conditions (Ganong 1899:235). The intensity of rapids is similarly related to the 

overall gradient of the river, with rivers with steeper gradients also having more intense 

rapids (Ganong 1899:235). In Figure 2.4 Wolastoqiyik canoeists Joe “Jokal” Saulis and 

Minnie Paul can be seen using a combination of paddling and poling to navigate a river in 

Tobique.  
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Figure 2.4: Joe "Jokal" Saulis and Minnie Paul, husband and wife, canoeing in Tobique First Nation. 

Photo taken 1926-1930 (Held at the University of New Brunswick Archives, No. 75-1871). 

 

How and when did ancestral Wabanaki use different techniques to traverse these 

waterscapes? One way to approach this question is through language. In the 

Passamaquoddy-Maliseet language, numerous verbs attest to river conditions. Appendix I 

presents all verb forms relating to the flow of water that can be accessed from the 

Passamaquoddy-Maliseet Language Portal (Francis et al. 2008). Franz Boas (1911) noted 

over a century ago that Inuit groups have dozens of words for identifying meaningful 

distinctions in snow and ice—an often-cited example of emic, Indigenous knowledge in 

introductory anthropology lectures that has been critiqued in the intervening years but 

appears to be true after all (Krupnik 2013). Similarly, the Passamaquoddy-Maliseet 
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language contains numerous words for describing the flow of water, attesting to a 

complex and nuanced system of traversal that operated in tandem with ever-changing 

conditions (Francis et al. 2008).  

 

2.2.2 Seasonal Paddling Conditions 

 

A major component of this study relates to the variability in paddling conditions based on 

seasonal variation in water levels and river discharge. This component of riverine travel 

has been noted by past researchers interested in canoeing in this region (e.g., Adney and 

Chapelle 1964; Cook 2007[1985]; Ganong 1899) and has been treated substantively by 

Moran (2015), who used government hydrological reports to understand how seasonal 

changes in flow would have impacted travel along Ganong’s routes (Caissie and 

Robichaud 2009; Daigle et al. 2011; Hare et al. 1997). An important aspect of climatic 

variation for understanding canoe travel is that the intensity of river flow correlates 

almost linearly with precipitation in New Brunswick, causing paddling conditions to 

change seasonally (Caissie and Robichaud 2009:11; Moran 2015:21).  

 

Another significant environmental variable relevant to paddling conditions is the spring 

freshet, describing the sudden influx of water to a river when the winter ice melts. 

According to 20th century NB climate data, the risk for major flooding tends to occur 

most during the spring months (Bruce and Sporns 1963; HYDAT accessed 2018). Due to 

the breakup of ice jams combined with the influx of meltwater, river levels rise during 
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this time, although the exact timing and intensity of this varies (Burrell and Keefe 1989). 

Ice jams contribute highly variable and localized changes to watersheds, making them 

difficult to predict on the province-scale, although their contribution to the spring freshet 

is meaningful (Burrell and Keefe 1989:70). Following the spring freshet, water levels 

drop during the late summer to early fall, sometimes to the point where additional 

portaging is needed to navigate canoe routes, although heavy rainfall late in the year can 

create conditions that mimic spring freshets (Ganong 1899:236; HYDAT accessed 2018).  

 

River gauge stations maintained by the government of New Brunswick measure river 

level and discharge and can be used to assess seasonal variability in river flow conditions. 

Modern land use has altered rivers and lakes to the extent that this data is not directly 

analogous to Maritime Woodland period conditions. Clear cuts where more than 20% of 

a drainage area is logged, for example, have been shown to increase summer peak flows 

due to the decreased ability of the soil to retain water leading to increased runoff and 

evapotranspiration (Caissie et al. 2002:247). Damming is another land use change that 

has led to significant flooding in certain areas of the province. The Mactaquac Dam, for 

example, constructed in 1968, has caused extensive flooding near Fredericton and 

Nackawic. At the same time, the impacts of dams vary by watersheds and are not always 

as dramatic as expected. Before the Mactaquac Dam was built, it was speculated that 

spring floods would be reduced in large sections of the river below the dam; however, 

river gauge stations show no significant difference in water levels along the lower St. 

John except for short-term changes directly below the dam (Choate 1973:83–84). 

According to Ganong’s observations, however, changes in water level from long-term 
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land use changes had already occurred by the end of the 19th century, leading to an 

overall drop in provincial water level since pre-European contact (Ganong 1899:236).  

 

Despite the limitations of river gauge station data, it is still useful for assessing seasonal 

variability in river discharge. This data can both validate the times of year when canoe 

travel is fastest and most efficient, as well as identify the potential for outlier conditions. 

Although spring freshets tend to lead to higher water levels and more favorable 

conditions for fast downriver travel (Cook 2007[1985]; Ganong 1899; Snow 1968), there 

are some spring seasons that are unusually dry, leading to mean monthly discharge that is 

more characteristic of late summer to early fall (HYDAT accessed 2018). There also may 

be a point where the hazards introduced by extremely fast flows and dramatic flood 

impacts may have actually been prohibitive for travel, rather than enhancing paddling 

efficiency. I analyze this data and integrate the results into GIS in Chapter 4.  

 

Gauge station data only extend back to the early 20th century. To surmise variability in 

water levels in past centuries, qualitative descriptions of flooding events can be used. The 

government of New Brunswick has collected flooding data since the late 17th century, 

with reports of particularly dramatic and destructive freshets attesting to the variability in 

flow conditions before the 20th century (New Brunswick Government Flood History 

Database accessed 2018). In 1696, for example, a high and late freshet destroyed crops 

near Jemseg. In 1798, a flood at Fredericton and Maddeskesway along the Nashwaak and 

Oromocto rivers destroyed stock and provisions, as well as every mill dam within a 30-

mile radius (New Brunswick Government Flood History Database accessed 2018). These 
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are only the most dramatic impacts; it is certain that subtler yearly fluctuations also 

occurred during this time which would have been meaningful to canoeists.  

 

2.3 Isostatic Rebound, Sea Level Rise, and Long-Term Landscape Change 

 

I have so far discussed variability in hydrological conditions on an annual timescale. For 

ancestral Wabanaki who were reliant on watercraft for travel, however, long-term change 

in environmental conditions affecting the coastline and hydrological network likely had 

tangible impacts on seasonal traversal and mobility practices. Isostatic rebound and sea 

level rise are two environmental factors that have been well-studied by geologists and 

archaeologists and would certainly have affected canoe travel. Wabanaki observance of 

and adaptation to coastal change is relevant to the dynamics of canoe travel, as tidal 

amplification likely affected site location selection and travel decisions over long 

timescales. 

 

The Bay of Fundy contains the greatest tidal range of any bay environment on Earth. 

Accordingly, it has been a productive location for studying past sea level rise for over 

100 years (Scott and Medioli 1995). At around 13,500 BP, glacial retreat caused rapid 

isostatic rebound. Like removing a heavy object from a sponge, land elevation rose 168 

m for the southern coast of New Brunswick (Fader et al. 1977) and relative sea level fell 

to a position 20–30 m below its present level by 9500 BP. After this drop, sea level began 

to rise again. Sea level curves demonstrate that the rate of relative sea level rise was 
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faster during 7000–4000 BP compared to 4000 BP to present. Sea level rise did not occur 

evenly or linearly throughout the region, however. According to Scott and Medioli 

(1995): 

The various factors [causing sea level rise] combined act to produce an extremely 

complicated sea-level record with both rises and falls, some caused by isostatic 

adjustment, some by climatic effects, some by tidal amplification; all are 

superimposed over the so-called worldwide “eustatic” sea-level rise that occurred 

in the Holocene (Scott and Medioli 1995: 284). 

 

Evidence of sea level rise has been observed at coastal archaeological sites. Sanger 

(1985) cites the high incidence of erosion at coastal shell-bearing sites as one component 

of long-term coastal change. Using evidence of uneven erosion and preservation at sites 

with long-term occupation histories from 2000 BP to present, Sanger proposes a model of 

sea-level rise that is congruent with paleoenvironmental data, positing that most sea-level 

rise and shoreline change occurred during the Paleoindian and Archaic periods (i.e. prior 

to 3000 years ago).  

 

Sea-level rise was an aspect of seascape change that ancestral Wabanaki observed and 

adapted to during the Maritime Woodland period. Although unambiguous ethnographic 

evidence is scant, there have been some suggestions that paleoimagery and Indigenous 

knowledge may preserve a record of sea level rise. The most extensive petroglyph site in 

the Maritime Peninsula is located in Machiasport, Maine, and is situated in the intertidal 

zone, with the oldest petroglyphs created in areas that are now often submerged. This 

suggests that ancestral Wabanaki, who continued to use this site for over 3000 years, 

observed long-term sea level change (Hedden 1993, 2002). Geologists studying rapid 

sea-level rise in the Minas Basin area of Nova Scotia similarly posit that knowledge of 
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rapid, short-term sea level change is preserved in the Mi’kmaq story of the beaver and the 

whale (Shaw et al. 2010). 

 

As the tidal dynamics of the Bay of Fundy are highly complex, modeling their effects on 

canoeing efficacy is beyond the scope of this thesis. The existence of long-term sea-level 

rise and changing tidal amplitude, however, does effect interpretations of modeled 

results. Because the period of fastest sea-level rise (ca. 7000–ca. 4000 BP) coincides with 

the period of lowest riverine water levels (ca. 5000 BP) and both exceed the limits of 

securely dated coastal occupations, this also necessarily limits the temporal scale on 

which the results are applicable.  

 

Additional factors that would have impacted maritime travel and could be incorporated 

into GIS in the future include visibility while rowing and wind patterns. Visibility 

analysis (e.g. Van Dyke et al. 2016) for differing conditions such as fog could be 

combined with modeled paths to predict alterations to routes that may have occurred 

during times of low visibility, or even levels of visibility when travel was prohibitive. 

Considering wind patterns, new tools can help predict the effect of changing wind 

direction and intensity on watercraft (e.g., Gianmarco 2017). Though aspects of maritime 

travel such as sea level rise, tidal amplification, visibility, and wind direction are beyond 

the scope of this thesis, they are nonetheless useful to consider in the context of the 

results, as maritime travel conditions were similarly dynamic compared to riverine travel 

conditions.   

  



55 

 

3 Chapter 3: GIS Based Approaches to Trail Modeling and Travel 

Times 

 

In this chapter I describe the background and context of GIS-based approaches to 

modeling pre-contact trails and travel times. I also discuss methodologies employed in 

this thesis, including least-cost analysis (LCA). As most GIS analysis of trails and travel 

times has been performed in terrestrial, mountainous environments, and does not account 

for seasonal differences in traversal, I elucidate the ways I adapt these methodologies to 

seasonally variable riverine and maritime-oriented traversal. Finally, I discuss the specific 

GIS add-on tools used to facilitate this analysis, including the ways these tools were 

adapted to the landscapes and waterscapes of the study area.  

 

3.1 GIS-Based Approaches to Trail Modeling 

 

GIS-based least-cost analysis (LCA) tools model trails among destinations such as 

archaeological sites, lithic quarries, and other significant places such as monuments. The 

purpose of this method as it is used in the archaeological literature is to understand the 

ways past people traveled between meaningful locations based on assumed travel 

preferences (Bell and Lock 2000; Taliaferro et al. 2010; Van Leusen 1999; Whitley and 

Hicks 2003). LCA requires assessing the travel costs experienced by past travelers using 

a combination of anthropological theory, archaeological evidence, and ethnographic 

analogy (when available and applicable), and encoding these costs as numerical values 
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onto a raster-based cost surface (White and Surface Evans 2012:2). “Cost” in this context 

refers to factors that human groups needed to take into consideration while traversing 

landscapes and varies based on geographical and temporal context. Cost can be assigned 

arbitrarily, such as assigning a higher numerical value to traversing dense forests 

compared to open terrain, or cost can relate directly to factors such as travel time and 

caloric expenditure (Anderson 2012; Branting 2012; Howey 2011; Surface-Evans 2012). 

In examples of direct cost, archaeologists estimate the approximate travel time or caloric 

burn of traversing an individual pixel in the study area, which represents a unit of 

distance based upon the resolution of the raster surface. After generating a cost surface 

applicable to an area of study, trails are modeled between destinations using tools that 

generate paths which minimize units of cost (White and Surface-Evans 2012:2; Zipf 

1949:7).  

 

GIS-based trail modeling borrows theoretically from optimal foraging theory, which 

posits that human groups tend to make resource exploitation decisions that optimize 

factors such as time and caloric expenditure, leading to subsistence strategies that are 

efficiently attuned to individual environments (Hawkes et al. 1982; Kelly 1995, 2003; 

Krebs 1977; Smith et al. 1983; Winterhalder and Smith 1981). As GIS-based archaeology 

studies developed, however, archaeologists complemented subsistence studies by 

incorporating concerns that typically lie outside the milieu of optimal foraging theory, 

such as the visibility of important places, the proximity of trails to cosmologically 

significant places, and the incorporation of Indigenous knowledge and agency (e.g., 

Megarry 2012; Seitsonen 2017; Supernant 2017: Supernant and Cookson 2014; Van 
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Dyke et al. 2016; Wheatley 2004). This also includes phenomenological approaches to 

GIS—focused on using digital mapping tools as a starting point for understanding the 

ways past peoples experienced landscapes (e.g., Gaffney et al. 1996; Gearey and 

Chapman 2000; Llobera 2012; Tilley 1994).  

 

This has led to theoretical diversity in the types of discussions GIS-based trail modeling 

can facilitate. Although this study is grounded in assumptions rooted in optimal foraging 

theory by generating trails that seek to maximize efficiency of traversal, the model 

parameters account for ethnohistorically observed Wabanaki traversal practices by 

focusing on riverine and maritime traversal. Modeled trail locations are compared against 

historic maps of known routes and discussed in the context of ethnohistoric and 

archaeological data. At the same time, modeled routes, compared with archaeological 

data, reveal paths through the landscape that could have plausibly been traversed but 

were not recorded by Ganong (1899). 

 

3.2 Cost Surfaces 

 

Creating a cost-surface that accurately reflects cultural travel preferences within a study 

area requires weighing the impacts of varying landscape features on traversal decisions. 

Trail modeling methodologies are adaptable to diverse landscapes but are limited by 

knowledge of cultural traversal preferences and the availability of landscape data 

(Verhagen 2010). The slope of the terrain is incorporated into most GIS-based trail 
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modeling studies regardless of the individual study area, as humans travelling on foot 

tend to avoid steeper slopes in favor of gentle slopes when creating trails (Anderson and 

Gillam 2000; Lock and Pouncett 2010; Wilson 2007).  

 

This would likely have been true for ancestral Wabanaki in the Maritime Peninsula, as 

they carried canoes, dwellings, and other supplies along portage trails between 

watersheds. Ethnohistoric sources describe portaging as a slow, arduous task, with dense 

forest cover and obstructed trails impeding travel (Cook 2007[1985]:44–45). Judging 

from Ganong’s map, portages tended to follow flat terrain between nearby watersheds, 

minimizing the need for portaging canoes over steep slopes. Furthermore, rivers naturally 

follow the path of least-resistance around steep terrain. Because riverine-oriented 

traversal intentionally avoids steep slopes in these ways, a digital elevation model (DEM) 

is incorporated into this study to make it possible to include slope as a traversal cost.  

 

In addition to slope, other common costs include land cover such as forests, wetlands, 

and open terrain, which have varying impacts on travel decisions (e.g., Howey 2011). 

Certain terrain features, such as wetlands, are weighted as a higher cost compared to 

other features in Howey’s (2011) study, which uses a map produced by biologists who 

reconstructed pre-contact land cover. A similar GIS-based paleoenvironmental 

reconstruction of land cover does not exist for the Maritime Peninsula, preventing an 

incorporation of land cover. Furthermore, it is unclear whether regional-scale land cover 

features would necessarily influence travel in predictable ways. Wetlands, for example, 

would at first appear to be arduous for travelers, but they are also biodiverse, containing 
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important resources. It cannot necessarily be assumed, therefore, that ancestral Wabanaki 

travelers would have avoided certain terrestrial environments based on regional-scale 

land cover data alone.   

 

As ancestral Wabanaki relied extensively on riverine and maritime travel in birchbark 

canoes, the conditions within the hydrological network would have had the greatest 

impact on travel costs. While the locations of some rivers have shifted slightly since the 

contact period and modern landscape alterations have changed the conditions of the 

hydrological network, the general locations of major river systems remain consistent. 

This makes rivers, lakes, and coastlines amenable to incorporation into a cost surface 

specific to ancestral Wabanaki travel in the study area.  

 

3.3 Riverine and Maritime Traversal 

 

Riverine and maritime-oriented traversal introduces unique costs when compared to 

terrestrial travel for LCP modeling. The most significant of these costs is variability in 

the conditions of the hydrological network seasonally and annually. Ganong (1899:236), 

in his study of Passamaquoddy and Wolastoqiyik canoe trails, summarizes some of the 

factors that canoe travelers would have weighed when selecting routes between two 

destinations: 

No doubt, an Indian in selecting his route of travel to a given point, where more 

than one offered, would average up, as a white man would do, the advantages and 

drawbacks of each for that particular season, taking account of the length of the 

routes, amount of falls and portaging, the height of the water, etc., and his 
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decision would be a resultant of all the conditions and would be different in 

different seasons. 

 

The most judicious route between destinations varied based on multiple factors, and 

ancestral Wabanaki were highly skilled at reading and navigating rivers under these 

changing circumstances. In contrast to costs such as terrain slope and land cover, which 

remain relatively static over long periods of time, hydrological conditions varied 

seasonally. Spring freshets caused by melting snow and increased rainfall greatly 

increased the surface velocity and water level of rivers. According to Ganong, Wabanaki 

could travel up to 100 miles down the St. John River in a single day during a spring 

freshet (Ganong 1899:234). The converse of this, however, is that traveling upriver 

during spring freshets would have been more arduous. For the Tobique River, Ganong 

estimates a rate of 20 miles per day going upriver, compared to 60 miles per day going 

downriver (Ganong 1899:234). In her study of canoe travel times near the Great Lakes, 

Little (1987) estimates that traveling upriver in canoes typically takes about twice as long 

as traveling downriver. Ganong’s (1899) estimate for the Tobique is roughly consistent 

with Little’s (1987) formulation, although the exact difference in speed between upstream 

and downstream paddling would have varied by river and season.  

 

Water level is one factor related to river surface velocity, which varied seasonally. While 

larger rivers such as the St. John are still navigable during lower water level conditions, 

some smaller streams are reduced to a trickle under similar conditions (Ganong 

1899:235). This is especially important when considering that birchbark canoes were 

extremely light and buoyant, with a Wolastoqey canoe able to float in just a few inches of 
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water with a group of four paddlers (Ganong 1899:234). Because this superior buoyancy 

allowed the use of smaller watercourses for navigation, subtle changes in water level 

caused meaningful changes in travel routes and times. This is evident in the ethnohistoric 

record. For example, Hugh Finley, a late 19th century surveyor appointed to determine a 

route for a post road between Quebec and New England, undertook a portage from the 

west branch of the Penobscot River to Moosehead Lake. Summer stream levels were low, 

necessitating a 9-mile carry, while, in higher water levels, the portage was only a half 

mile (Cook 2007[1985]:45).  

 

Some Passamaquoddy-Maliseet place names and verbs also allude to variability in water 

levels and river conditions (Soctomah et al. 2004; see Appendix I). For example, 

Peskahak, or Davis Brook, which flows into the Magaguadavic River, means “shallow-

turning branch.” Astukack, or Kendron Brook, in this same watershed, means “meeting of 

the currents.” River names sometimes allude to riverbed conditions. The Wisayamis, for 

example, halfway between Passamaquoddy Bay and the St. John Harbor, has been 

translated as “gravelly river that flows very fast.” The place name for Oromocto is We-la-

mooc-took, translating to “deep river.” Assekake translates to Pes-kes-kick, “where 

marshy brook branches.” Tellingly, each of these names for watercourses embeds 

geographic locations with descriptions of terrain and movement. Rather than existing as 

static entities, many names for rivers convey a sense of transformation and kinetic 

energy, where place and travel process are inextricably linked.  
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As some place names indicate, the presence of rapids and waterfalls often necessitated 

short portages to avoid perilous situations and damage to canoes. This was exacerbated 

by rivers with sharp descents and rocky channels, which are abundant in Charlotte 

County due to glacial processes that occurred at the end of the Pleistocene (Ganong 

1899:235). Modern geospatial data compiled by the New Brunswick Department of 

Energy and Resource Development (GeoNB) confirm Ganong’s (1899) observations of 

over a century ago, that rivers in Charlotte County have a high incidence of modern 

rapids. 

 

3.4 Integrating Riverine Variability into a Cost Surface Model 

 

Integrating seasonally fluctuating water levels into a cost surface carries some unique 

challenges compared to cost surface models for terrestrially oriented travel. Instead of 

using a static indicator for cost as the primary contributor to the cost surface, such as the 

slope of the terrain, navigability of rivers is dynamic. Few LCA studies have examined 

riverine-oriented travel and fluctuating costs. Howey (2007, 2011), Surface-Evans (2012) 

and Livingood (2012) incorporate riverine travel into their models, but do not account for 

seasonally variable route selection. Leidwanger (2013) creates a dynamic cost surface for 

coastal travel by integrating wind patterns into a GIS model to estimate variability in 

ancient Mediterranean sailing speeds. There is still much work to be done in developing 

complex models for fluctuating riverine and maritime travel conditions. This study is 

specifically limited to modeling fluctuations in riverine route availability and travel 
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times, as modeling the complex bathymetry and tidal patterns of the Bay of Fundy for 

maritime travel requires geospatial data that are not currently publicly available. 

 

In addition to the lack of available models, a further impediment to modeling seasonally 

variable riverine costs is that damming rivers, deforestation, and other land use changes 

since European contact have altered the applicability of modern river level data for 

directly estimating Maritime Woodland period conditions. Ganong (1899:236) indicated 

that even in the late 19th century, deforestation and other land use changes had affected 

pre-contact water levels, with logging clear-cuts affecting water temperatures and 

sediment delivery (St-Hilaire et al. 2016). Integrating fluctuating water levels into a cost 

surface requires a method for identifying streams with seasonally variable utility for 

travel. To achieve a generalized estimate of the differential navigability of watercourses 

in New Brunswick, I use stream order as a proxy for navigability in this study.  

 

Strahler’s (1957) stream order classification is a measure of the relative size of a 

watercourse. First order streams have no tributaries and are small watercourses. When 

two 1st order streams combine, they become a 2nd order stream. The confluence of two 2nd 

order streams becomes a 3rd order stream, and so on. The St. John River, for example, is 

an 8th order river. Although exact water levels and volume cannot be modeled from 

stream order alone, it is reasonable to assume that higher order rivers and streams would 

have been more navigable via birchbark canoe, while lower order streams would have 

been more difficult to navigate or would have only been navigable during certain times of 

year. Ground truthing and the availability of water level and flow data for seasonally 
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variable small streams would improve the detail and accuracy of these models in the 

future, a topic that is discussed as a future direction in the final chapter. Using these 

assumptions, it is possible to extract watercourses by stream order from the overall New 

Brunswick hydrological dataset and incorporate this information into the generation of 

cost-surfaces. To simulate how ancestral Wabanaki travel routes changed seasonally, I 

generated cost surfaces where lower order streams are incrementally removed as 

navigable waterways.  

 

It is important to emphasize that stream order estimates are an imperfect predictor of 

navigability, as efficacy of riverine travel also varied based on other factors such as 

stream gradient, river bed material, and impediments. Digitized watercourse stream order 

is also an automatically generated process which is completed in GIS using a digital 

elevation model (DEM) to identify watercourse locations. This raises the possibility for 

error and over-determination of travel routes based on digital modeling. To account for 

this, watercourses with stream order attributes downloaded from GeoNB—the 

government office responsible for managing New Brunswick’s geospatial data—were 

compared to satellite imagery. First to 3rd order streams, the smallest watercourses also 

referred to as headwater streams, did not all appear to be navigable from comparisons 

with this imagery. Third order streams were the smallest headwater streams above the 

width considered navigable by Ganong during high water conditions, so 1st–2nd order 

streams are dropped from the analysis. Ganong (1899:234) claimed that watercourses 2 

feet (0.6 m) wide and 1–4 inches (25.4–101.6 mm) deep would have been navigable via 

Wolastoqiyik birchbark canoes. The majority of 3rd order watercourses in the study area 
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are much larger at 8–10m wide or greater, and higher order streams tend to be wider. 

Ground truthing would be necessary to confirm the navigability of these rivers via 

watercraft, though in lieu of precontact data on water levels, the extent to which modern 

conditions would be analogous to precontact conditions remains ambiguous. The 

development of more detailed paleoenvironmental reconstructions of the past 

hydrological network would aid in reconstructing the navigability of past rivers.  

 

 

3.5 Modeling Travel Times 

 

I have so far centered my discussion on how cost surfaces and LCA can be generated to 

account for changes in the New Brunswick hydrological network seasonally, which 

would have had a meaningful impact on ancestral Wabanaki travel costs. Generating cost 

surfaces using values that are not tied to increments of time and caloric burn is a 

straightforward procedure for riverine-oriented traversal, as travel along rivers, lakes, and 

coastlines can be weighted as more efficient than terrestrial traversal, thus generating 

LCAs that follow watercourses whenever possible. It is much more difficult, however, to 

estimate travel times for non-terrestrial traversal. This is because there are well-

established, generally dependable formulas for modeling terrestrial travel speed, such as 

Tobler’s hiking formula, while travel along waterways lacks analogous formulas 

(Livingood 2012:174). 
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For a general estimate of paddling speed, the following formulas have been used by 

modern competitive rowers, where L=distance traveled, V=base paddling speed, and 

U=river velocity (Dudhia 2008):   

 

Still water Time:  tS = L /V 

Upstream Time:  tU = L /(V-U) 

Downstream Time:  tD = L /(V+U) 

 

There are additional factors impacting paddling speed such as viscosity, boat resistance, 

differential river flow at varying depths, and shallow water resistance. These factors, 

however, are impossible to model at the landscape scale with the available data. If base 

travel speeds can be established from ethnohistoric descriptions of canoe travels then this 

formula could be applied; however, this is also problematic, as historic descriptions 

usually report travel speeds in the form of miles per day. When attempting to calculate 

the rate of travel from these general estimates, it is impossible to determine what 

percentage of travel rate is derived from base paddling speed versus the rate derived from 

river surface velocity.  

 

Due to this ambiguity, travel times are modeled in this study based on varying scenarios 

of total travel speed in km/hour, which are compared against historic descriptions of 

canoe travel in the Maritime Peninsula and extra-regionally. I summarize descriptions of 

canoe speed from the archaeological and ethnohistoric literature in Table 3.1. For base 

speed along coastlines and lakes, I use a rate of 5 km/hour, based on Gilbert’s (2011:164) 
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experience canoeing near Deer Island Point in Passamaquoddy Bay. Although Gilbert 

believes this speed underestimates Maritime Woodland period traveling speeds because 

he is paddling for recreation rather than subsistence, it is still a reasonable general 

estimate, as it lies within range of Livingood’s (2012) estimate for base traveling speeds 

based on his literature review. 

 

Table 3.1: Travel time estimates for canoe travel. 

Source Description Rate (as 
reported) 

Km/hour 
conversion 

Direction 

Ganong 
1899:284 

Freshet level 
St. John River 

100 miles/day 
 

160.9 
km/day 

Downriver 

Ganong 
1899:284 

Tobique 60 miles/day 96.6 
km/day 

Downriver 

Ganong 
1899:284 

Tobique 20 miles/day 32.2 
km/day 

Upriver 

Cook 
2007[1985]:44 

Portaging 9 miles/9 hours 14.5 
km/day 

Terrestrial/Portaging 

Cook 
2007[1985]:30 

Upstream 
default speed 

2 miles/hour 3.2 
km/day 

Upriver 

Livingood 
2012:179 

Selected 
average 
speeds from 
river travel 
across North 
America. 

2– 5.6 km/hr 
upstream and 
2.4– 13.75 
km/hr 
downstream. 

 Upriver and 
downriver 

Gilbert 
2011:164 

Maritime 
Travel Rate in 
a kayak 
around Deer 
Island Point; 
says this is 
probably 
conservative 

5km/hr  Maritime 

Wiseman 
2005:29 

Analogous 
data 
employed by 

2–3km/hr 
overland trail 

 Upriver and 
downriver; assumes 
dugout canoe use, 
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Wiseman 
(Reclaiming 
the Ancestors) 
from Maya 
and Mestizo 
Porters 
traveling via 
canoe. 

or 23-
35km/day.  
 
3–4km/h 
upstream 
paddling or 9–
10km/h 
downstream. 

therefore ancestral 
Wabanaki speeds 
likely higher.  
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4 Chapter 4: Methodology 

 

In this section I describe how I adapted GIS-based LCA tools to model ancestral 

Wabanaki canoe routes and travel times. Specifically, I employ ArcMap add-on tools, 

which are scripts developed by 3rd party sources that contain sequences of geoprocessing 

steps. I describe the ways I integrated the travel dynamics of traversing riverine 

waterscapes into the input parameters of these tools. Additionally, I discuss the use of 

publicly available gauge station data for analyzing seasonal and annual monthly 

fluctuations in river discharge.  

 

4.1 Circuitscape 

 

Circuitscape is an open source application that uses circuit-theory to calculate both raster-

based resistance maps symbolizing the travel costs of traversing landscapes, and vector-

based least-cost-paths (LCPs) among destinations. LCPs are defined as the single line 

paths between destinations with the lowest travel cost. Circuitscape was originally 

developed to identify movement corridors between the core habitats of animal species 

threatened by habitat loss but is also amenable to studying archaeological transhumance 

(Howey 2011; Megarry 2012:247). According to the Circuitscape developers:  

Circuitscape…borrows algorithms from electronic circuit theory to predict 

patterns of movement, gene flow, and genetic differentiation among plant and 

animal populations in heterogeneous landscapes. Circuit theory complements 

least-cost path approaches because it considers effects of all possible pathways 

across a landscape simultaneously. 
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In the same way that electricity flows through materials with high conductivity, potential 

trails modeled in Circuitscape cluster around landscape features that are relatively low-

cost to traverse. This methodology provides a more robust understanding of canoe travel 

than vector-based LCPs alone because it outputs a continuous surface of low to high cost 

travel routes among destinations based upon user inputs, rather than privileging singular 

vector trails. Additionally, the Circuitscape suite of ArcMap add-on tools provides a high 

degree of flexibility for adapting diverse environments and travel methods to circuit-

based traversal studies. Figure 4.1 presents the operating steps performed by Circuitscape 

to form raster and vector based low-resistance connections between sites.  

 

I employ Circuitscape in this thesis to understand the relative connectivity and resistances 

when traveling between Maritime Woodland period archaeological sites for both 

terrestrial and riverine modes under varying hydrological circumstances. Raster-based 

cost surfaces and vector-based LCPs are both useful in understanding past mobility 

patterns; while raster-based conductivity maps demonstrate the relative ease/difficulty of 

travel as a continuous surface, showing generalized areas that are more/less likely to be 

traversed when traveling between destinations, vector-based paths are useful for 

estimating distances in km when traveling. Additionally, vector-based least-cost-paths 

can be validated against the locations of historic trail maps (e.g., Ganong 1899), giving 

some measure of the accuracy of modeled trails compared to those used historically by 

Wabanaki peoples. This is not to assume that trails observed in the  

ethnohistoric record necessarily existed in the same form throughout the Maritime 

Woodland period match Ganong’s routes; however, since most trails follow major river  
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Figure 4.1. Circuitscape processing sequence for deriving resistance among destinations. The 

model works by constructing networks of connection among “core areas” (Maritime 

Woodland Period archaeological sites in this study) (McRae and Kavanagh 2016). 
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and lake systems in this region, there are limited general locations available for route 

selection and portaging, suggesting continuity with the past. 

 

4.1.1 Circuitscape Input Parameters 

 

The methodology employed for the Circuitscape Linkage Mapper requires a digital 

elevation model (DEM) to derive slope for terrestrial travel, and hydrological data to 

model riverine, lake, and maritime canoe travel. For the DEM, I downloaded the SRTM 

1-Arc Second Global DEM from USGS Earth Explorer (United States Geological Survey 

2018a) and used the ArcMap slope tool to derive the slope of the landscape in degrees. I 

then applied a correction to the slope layer after Howey (2011) and Lock and Pouncett 

(2010) to account for the fact that humans experience increasing terrain slope as a non-

linear cost.  

 

For the hydrological network, I downloaded river and stream polyline data from GeoNB 

and compared this to satellite imagery. I determined that 3rd order streams were the 

smallest watercourses that could be reliably navigated during high water conditions, with 

a majority of 1st and 2nd order streams representing ephemeral feeder brooks that likely 

could not have been navigated even during high water. I queried the stream polyline data 

for 3rd order streams, extracted these as a new layer, buffered them at 62 m to generate 

polygons, and then converted these polygons to rasters with a 1-arc second resolution. 

The 62 m buffer value was used to ensure that rivers and streams appear as continuous 
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navigable surfaces when converted to 1-arcsecond raster resolution, as 1-arcsecond 

converts to slightly less than 31 square meters in the Maritime Peninsula.  

 

Lakes and coastlines were also integrated in the cost surfaces. To avoid including too 

many small lakes and ponds which artificially skew LCPs along “puddle jumping” paths 

(Howey 2011), only named lakes or those greater than the mean surface area in the 

population of named lakes were used. For coastlines, I manually drew polygons 

encompassing the entire Gulf of Maine to allow travel to occur along coastlines and open 

water. Though this is a simplification in the sense that some coastal and maritime 

environments may have been intermittently or permanently inaccessible due to hazards 

such as tides, whirlpools, and rocky shorelines, on the scale of the study area this method 

reflects general maritime routes which may have been followed.   

 

I then generated a series of cost surfaces representing various hydrological conditions 

using the Gnarly Landscape Utilities, a Circuitscape application which streamlines the 

creation of cost-surfaces (see Table 4.1 for a description of categories used and numerical 

values assigned). I generated three different cost surfaces using this tool: 1) 3rd–8th order 

watercourses available for canoe travel, simulating the availability of small headwater 

streams possibly traversable during the spring freshet; 2) 4 th–8th order watercourses 

available, simulating the loss of headwater streams during the summer/fall and during 

lower freshets; 3) 6 th–8th order watercourses available, simulating low-water level 

conditions when medium streams would have been arduous or costly to traverse due to 
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rapids and shallow, rocky beds. 5th order streams are not included in this scenario to 

simulate times when only the largest rivers would have been viable for navigation.  

 

For destinations, I integrated archaeological sites contained in the Canadian 

Archaeological Radiocarbon Database (CARD) (Martindale et al. accessed 2018) into 

ArcMap software and queried by normalized age for Maritime Woodland period sites 

(see Figure 4.3). Additionally, I included Washademoak Lake as a destination, as it is the 

site of a prominent lithic source (Black and Wilson 1999). I generated a 400m buffer 

around site coordinates to create polygon cores which are required for the tool, as well as 

to reflect that site use extends beyond single coordinates. Finally, I generated cost-

distance surfaces, connectivity corridors, and LCPs using the Circuitscape Linkage 

Mapper tools.  

 

4.1.2 Validation with Historic Maps 

 

To compare modeled routes against the ethnohistoric record, I georeferenced Ganong’s 

(1899) Map 12 (Figure 4.2), depicting province-wide canoe routes recorded historically, 

and compared these routes to the high-connectivity routes modeled in ArcMap.  
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Figure 4.2. Ganong's (1899) Map 12 from Solo (2008) after Webster (1947). The locations of 

major canoe routes recorded by Ganong are traced in red. Wabanaki territories depicted in 

this map are generalized rather than absolute. 



76 

 

 
Figure 4.3. Maritime Woodland period sites used as destinations within study area. 



 

 

 

7
7
 

 

 

Table 4.1: Table describes input parameters for varying cost surfaces. Although these scenarios correlate generally to seasonal changes in 

hydrology, variability in temperature, rainfall, and other factors would have impacted the timeframe within a given year that a scenario would 

have been applicable, if it was applicable for that year at all.  

Scenario Name Assumptions Stream Orders Used Resistance Values 

Freshet Conditions Models a period of flooding 

that occurs during the spring 

months as increased 

precipitation, winter 

meltwater, and the breakup 

of ice jams cause a surge in 

water level and discharge. 

Sometimes occurs in summer 

and late fall under wet 

conditions and/or after large 

storms. 

3rd–8th order streams 

included as navigable. This 

encompasses small 

headwater streams that may 

only be navigable under 

freshet conditions.  

3rd–8th order streams: 1 

Maritime travel: 1 

Large lakes/ponds: 1 

Scaled Slope: 11-150 

Late Spring-Summer Post 

Freshet Conditions or Low-

Freshet 

Models non-flooding 

conditions when most 

medium-large rivers/streams 

are navigable, but headwater 

streams are too low. 

4th–8th order streams 

included as navigable, 

excluding small headwater 

streams. 

4th–8th order streams: 1 

Maritime travel: 1 

Large lakes/ponds: 1 

Scaled Slope: 11-150 

Dryer Conditions simulating 

lower water levels (e.g., late 

summer/autumn).  

Models periods of lower 

water levels when only large, 

permanent rivers are viable 

for navigation. 

6th–8th order streams 

included as navigable, 

limiting viable travel routes 

to large, permanent rivers. 

6th–8th order streams: 1 

Maritime travel: 1 

Large Lakes/ponds: 1 

Scaled Slope: 11-150 
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4.2 National Park Service Travel Time Cost Surface Model (TTCSM) 

 

I use the National Park Service Travel Time Cost Surface Model (TTCSM) add-on tool to 

model travel times in this study. This is an ArcMap add-on tool used by the US National 

Park Service to model how far from a starting point a park ranger could conceivably 

travel in units of time. It combines Tobler’s hiking formula—a popular algorithm for 

estimating terrestrial travel times which takes elevation gain and loss into account—with 

the ability to adjust travel speed when moving along roads, waterways, or other terrain 

features. Tobler’s formula is based on marching data from the Swiss military, and is 

reproduced below after Kanter (2012:227): 

 

V = 6e–3.5|S+.05| 

where V = walking velocity in km/hre  

e = the base of natural logarithms  

S = the slope measured in vertical change over horizontal distance 

 

This formula is further refined in the TTCSM to account for the ways slope impacts 

walking speed non-linearly. This formula is reproduced below after Frakes and others 

(2015): 
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The TTCSM tool outputs a raster surface that symbolizes potential distance traveled from 

a series of starting points in units of seconds. In contrast to linear time-distance 

measurements, which use equal intervals radiating from a starting point, the TTCSM tool 

incorporates a cost surface when making these time estimates. This can be symbolized in 

contours radiating from a starting point in units of time, such as hours, that vary in 

distance based on efficiency of travel in varying terrain; gentle contours represent faster 

travel along low-cost terrain while steep contours represent slower travel along more 

arduous terrain.  

 

A limitation of the historic record and currently available data on birchbark canoe 

paddling is that it is impossible to model how rivers of different volumes, widths, and 

declines would have impacted base traveling speeds at different times of years. Rather 

than attempting to arbitrarily deduce the impact of surface velocity on travel speeds of 

different rivers, I assign all rivers in the study area identical travel rates for each 

hydrological scenario. These rates of river travel are derived from historic descriptions 

(Table 3.1).  

 

The TCCSM tool is amenable to riverine travel through the option of inputting road 

and/or trail polylines, which the tool assumes travelers will follow to maximize speed. 

Miles/hour of road travel is an input parameter for roads. In adapting the TCCSM tool for 

this study, I use major rivers and streams within the study area as road polylines.  
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4.2.1 Travel Between Sites 

 

To address questions of differential speeds based on directionality, I ran multiple 

scenarios in the TCCSM. Maritime Woodland period sites are selected as starting points 

and travel speeds upriver are calculated based on estimates within range of Livingood’s 

(2012) compilation of canoe travel rates. These are also compared to Ganong’s (1899) 

estimates for travel along the Tobique and St. John rivers, as well as Cook’s (2007[1985]) 

estimate of 2 miles/hour as his average upriver paddling pace (Table 3.1). As these 

regional rates of travel values are based on general estimates of miles/day without 

specifying how many hours of paddling constitute a day, they cannot be used to 

reconstruct exact rates for the model. Rather, I use these values to identify ranges of 

travel speeds that can reasonably be achieved under varying hydrological conditions. 

Table 4.2 shows the data sources used as inputs for the TTCSM tool, as well as the 

varying travel times assumed for different hydrological conditions. Travel time values 

represent estimates within the range of ethnographically recorded data. As travel times 

are often reported in miles/hour in ethnohistoric literature but km/hour in contemporary 

archaeological literature, I present travel speeds using both units.  

 

4.2.2 Travel Time Comparison Chart for Single Destinations 

 

To show how travel times between sites would have varied based on paddling conditions, 

speed, and direction, I completed a separate series of models using single interior and 
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coastal starting points as frames of reference. I then used the TTCSM tool to estimate 

differences in travel times to Maritime Woodland period sites based on paddling at 

different speeds. Grand Lake in northwest New Brunswick along the Maine border is 

used as a starting location for travel from the interior, as rivers flow towards the coast in 

all directions from this location, allowing downriver paddling speeds to be modeled. I use 

Black’s Harbour in Passamaquoddy Bay as another starting point because the opposite is 

true, allowing upriver paddling speed to be modeled. The modeled travel times from 

Figure 4.4. Processing steps of the TTCSM tool from Frakes et al. (2015). The TTCSM tool uses 

raster inputs in units of time to identify travel time ranges from starting locations.  
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these starting points are listed in Tables 5.1 and 5.2 in the results chapter, allowing for 

direct temporal comparisons based on differential paddling speeds and direction. 

 

Table 4.2: TTCSM Travel Time scenarios modeling various hydrological conditions for upstream 

and downstream travel. Speed estimates are within the range reported in historic narratives of canoe 

trips (see Table 3.1). As many historic descriptions report speeds and distances in units of miles, these 

are reported in parentheses. Paddling speed along rivers fluctuates, while a constant of 5km/hr is 

used as a general estimate for speed in lakes and along coastlines after Gilbert (2011).  

  

Landscape 
Feature 

Upstream 
Speed 

Upstream Fast 
Speed 

Downstream 
Speed 

Downstream 
Fast Speed 

Rivers 2 km/h  
(1.24 mph) 

4 km/h 
(2.49 mph) 

9.7 km/h  
(6 mph) 

12.9 km/h 
(8 mph) 

Major Lakes 5 km/h 
(3.11 mph) 

5 km/h 
(3.11 mph) 

5 km/h 
(3.11 mph) 

5 km/h 
(3.11 mph) 

Maritime 5 km/h 
(3.11 mph) 

5 km/h 
(3.11 mph) 

5 km/h 
(3.11 mph) 

5 km/h 
(3.11 mph) 

Terrestrial 1.6 km/h  
(1 mph) 

1.6 km/h 
(1 mph) 

1.6 km/h 
(1 mph) 

1.6 km/h 
(1 mph) 
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4.3 River Gauge Station Analysis 

 

To understand the variability in river conditions by season with greater nuance, I 

integrated data from Canadian water stations into GIS. This data includes historic river 

discharge data that has been collected since the early 20th century. Discharge is a measure 

of the volume of water flowing through a river channel and is measured in cubic 

meters/second. Examining variability in discharge reveals how much water is moving 

through a river at different times of year, revealing seasonal differences in hydrological 

conditions, as well as yearly variability during different seasons. To perform this 

analysis, I downloaded historical data on mean monthly discharge from stations within 

the study area where data was available, only including years with complete coverage 

during each month in the analysis. I used Microsoft Excel to calculate the mean of the 

mean monthly discharge for each station, the standard deviation in mean monthly 

discharge, and the minimum and maximum mean monthly discharge. I then symbolized 

the mean of mean monthly discharge in ArcMap using proportional pie charts, 

representing the proportion of mean monthly discharge compared to the sum of all twelve 

months. I also symbolized standard deviation in mean monthly discharge in this way. For 

the minimum and maximum values at each station within the dataset, I used bar graphs to 

make comparisons of mean monthly discharge.  

 

The range in mean monthly discharge—including the max and minimum mean monthly 

discharge—helps estimate how dramatic the difference is in paddling conditions between 

the highest and lowest observed volumes of discharge. This portrays variability in climate 
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by year. As April and May are the months where spring freshets occur, I used these 

months to present the range in discharge. As the Saint John River has a substantially 

greater volume than other rivers in the study area, I present this data in a separate graph 

in the results.  

 

Where available, water data on channel surface velocity can help estimate the 

contribution of river flow speed to the base speed of paddlers. According to Dudhia’s 

(2008) formula, the surface velocity of the watercourse should either be added or 

subtracted to base paddling speed depending on direction (see Chapter 3.5: Modeling 

Travel Times). Surface velocity data are not available in the HYDAT dataset but are 

available for select stations in Maine from the United States Geological Survey (United 

States Geological Survey 2018b) database. I present data on surface velocity from 

different times of year derived from a gauge station in Baring, Maine, along the St. Croix 

river, to show the way surface velocity would impact overall travel rate at this portion of 

the river according to Dudhia’s (2008) formula.  

 

Sources of data used in the GIS analysis are summarized in Table 4.3, including a 

description of each dataset and its source.  
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Table 4.3: Summary of data sources used in GIS analysis. 

 

  

Source Description Application 

Canadian Archaeological 

Radiocarbon Database 

(CARD) for Maritime 

Peninsula Maritime 

Woodland Period 

Archaeological sites 

Subset of the Canadian 

Archaeological Radiocarbon 

Database containing 

archaeological sites dated to the 

Woodland Period (3000 BP–

500 BP) 

Destinations for 

Circuitscape cost rasters 

and LCPs. Starting points 

for TTCSM models. 

W.F. Ganong Map 12 Province-scale map showing 

Wabanaki trails and canoe 

routes in the province of New 

Brunswick. Compiled from 

historic maps and other sources.  

Used to validate the 

locations of modeled 

trails.  

New Brunswick 

Hydrological GIS Dataset 

Points, polylines, and polygons 

representing rivers, lakes, and 

streams.  

Used to identify rivers 

and streams by order, and 

to export rivers and lakes 

for use in the cost 

surface.  Used as an input 

parameter in the TTCSM 

tool as “roads” with 

varying speeds. 

SRTM 1-Arc Second 

Global DEM 

Global digital elevation model 

with a resolution of 1-Arc 

Second per pixel (approx. 31 sq 

m within the study area). 

Used to generate the 

adjusted slope model.  

Canadian National Water 

Data Archive (HYDAT 

accessed 2018) 

Relational database of historic 

water level and discharge data 

from river stations in New 

Brunswick spanning the early 

20th century to present.  

Used to calculate the 

mean of mean monthly 

discharge, standard 

deviation of discharge, 

and range at water 

stations intersecting 

travel routes in the study.  

USGS Surface Water Data 

for Maine 

Field measurements for 

channels along the St. Croix 

River 

Used to estimate surface 

velocity on the St. Croix 

at different times of year.  
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5 Chapter 5: Results and Discussion 

 

5.1 Circuitscape 

 

Circuitscape cost surfaces and vector LCPs among Maritime Woodland archaeological 

sites reveal considerable differences in potential route availability as riverine water levels 

fluctuate. I discuss the results and implications of modeled routes for the three 

hydrological scenarios calculated in Circuitscape, summarized as follows: 1) Spring 

freshet conditions, where 3rd order headwater streams and above are available for travel; 

2) Moderately high waters during the summer season, where 4th–8th order watercourses 

are available; 3) Late summer/autumn dry conditions where only 6th–8th order 

watercourses can be traversed. I then discuss comparisons between modeled routes in the 

three scenarios and the historic routes recorded by Ganong (1899).  
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5.1.1 Freshet Conditions (Stream Order 3–8 Navigable) 

Figure 5.1. Circuitscape results modeling freshet conditions. Low-resistance corridors are 

available throughout the study area to connect watersheds. A high diversity of vector LCPs is 

shown. Moving between interior locations can be achieved with little terrestrial travel required. 
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The cost-distance and LCP results for freshet conditions demonstrate high connectivity 

between watersheds, enabling ancestral Wabanaki canoeists to follow more direct routes 

when traversing between Maritime Woodland period archaeological sites (see Figure 

5.1). Continuously connected navigable headwaters and smaller watercourses and their 

surrounding flat terrain suggest efficient movement throughout the entire study area; 

traversing from one major river system to the next could have been accomplished with 

very little necessity for portaging, and forays into interior locations could also have been 

accomplished primarily via canoe travel.  

 

The Circuitscape results demonstrate these conditions through the high availability of 

low-cost corridors, symbolized by the darkened areas in Figure 5.1. The lighter areas, 

conversely, are higher-cost, and occur farther away from navigable watercourses and 

their surrounding river valleys. Multiple potential trails can be envisioned by tracing 

routes where low-cost corridors are continuously connected. The LCPs, symbolized as 

red lines in Figure 5.1, represent the routes that are the lowest cost and least distance. 

Additional information, including distances between sites and ratios comparing Euclidean 

distances and LCP distances, are listed in a series of charts in Appendix II. These charts 

can be used to help estimate the relative efficiency of traveling between sites under 

varying hydrological conditions. It is important to emphasize, however, that the LCPs are 

not the only routes that would have been traveled. They instead represent a single option 

of many available routes, with the directness of travel representing two factors among 

many that may have been weighed in emic terms by ancestral Wabanaki when choosing 
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routes. Reconstructing these potential routes necessitates contextualizing modeled paths 

using additional forms of archaeological and ethnohistoric information. I will illustrate 

the way Circuitscape paths can aid in reconstructing potential routes through examples.  

 

5.1.1.1 Digdeguash River Route 

 

The Digdeguash River contains sections below Modsley Lake (adjacent to First Lake and 

Diggity Cove) that are 3rd order headwaters. The result is that modeled paths for the 

freshet scenario between the Diggity Site (BjDu-17) (adjacent to Spendic Lake in the St. 

Croix waterway) and Passamaquoddy Bay sites—which includes 3rd order headwaters as 

navigable—follow the Digdeguash River. This is a more direct route than paddling the 

St. Croix River, as illustrated by comparing the ratio of Euclidean distance and LCP 

distance between these two sites. For traveling between the Diggity Site (BjDu-17) and 

the Carson site (BgDr-5) in Passamaquoddy Bay via the Digdeguash River, this ratio is 

1.21, meaning that the LCP is approximately 21% longer than the Euclidean distance 

between the two sites. For traveling between the Diggity Site and the Carson site without 

3rd order headwater streams available (i.e., the 4th –8th order streams navigable scenario), 

this ratio increases to 2.09—the LCP being more twice the Euclidean distance—due to 

the necessity of traveling via the larger and more circuitous St. Croix River. Appendix II. 

lists data for all LCP computed in the study and can be used to make similar comparisons 

between potential routes.  
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The directness of this route may not have been the only reason—or even the primary 

one—for selecting the Digdeguash during navigable high-water levels. In the 

Passamaquoddy-Maliseet language, Digdeguash means “spearing place,” suggesting that 

the river may have been an important resource for catching fish. Geospatial data for 

rapids and falls from GeoNB confirms that the river has ample rapids and waterfalls, 

which may have been attractive places for spearing fish.  

 

The Digdeguash River is not included in any of Ganong’s (1899) major routes, but this 

does not mean that the river was not navigable. Ganong (1899:238) states that his map 

“does not by any means mark all of the navigable rivers, but only those which formed 

parts of through routes of travel.” Additionally, he states that many of the portage paths 

“have been long disused, and have been more or less obliterated by settlement, or by the 

roads which follow them” (Ganong 1899:237).  

 

Multiple lines of evidence suggest that the Digdeguash is currently navigable for 

paddling and would have been in the past. BhDs-6 is listed in the New Brunswick 

database of archaeological sites (document on file at NB Archaeological Services Unit) 

as a “general pre-contact activity area,” and is situated along the Digdeguash halfway 

between the modern towns of McMinn and Elmsville. This suggests that ancestral 

Wabanaki peoples navigated at least part of the river during the Maritime Woodland 

period. In modern times, the river is navigable during high water conditions. A Google 

search of “Digdeguash River Paddling” returns multiple Youtube and Vimeo GoPro 

videos of paddlers traversing whitewater conditions in the Digdeguash via kayaks.  
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The decision to follow this route compared to an alternative one could have been 

influenced by a variety of factors, including water levels, resource needs, social 

obligations, or cosmological aspects of landscape. The location of the Diggity site (BjDu-

17) at the nexus of multiple interconnected river and lakes systems suggests that it may 

have been a stopping place for making travel assessments. Cook (2007 [1985]:2–3) 

provides an apt metaphor when he states that the river and lake network was like a 

highway system for indigenous canoeists. Expanding on this metaphor, the Diggity site 

(BjDu-17)—and others like it located at the junction of multiple waterways—may have 

been like a gas station. It could have provided a stopping place for multiple groups of 

travelers to regroup, assess their needs, and make future travel decisions. A hearth feature 

at the Diggity site (BjDu-17) has been radiocarbon dated to the Late Maritime Woodland 

period (Deal and Gaunce 1984), suggesting that it was used for overnight camping during 

this period.  

 

In Binford’s (1980) formulation, this hypothesized site function is reminiscent of a 

logistical campsite. It also shares similarities with a station defined as areas where 

information is shared. Mapping a Binfordian mobility pattern onto this route reveals ways 

that the riverine-oriented mobility via birchbark canoes complicates terrestrially oriented 

formulations of mobility. Many rivers—especially rivers with high rapids—would have 

been akin to one-way streets. When planning routes to acquire resources, it would have 

been important to weigh the conditions of local rivers, which would have also served as 

proxies for estimating the conditions for river segments farther along long-distance 
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routes. Logistical movement, therefore, would have needed to be planned multiple stages 

ahead so that paddling conditions served as an advantage, rather than an impediment.   

 

Planning routes along low-cost pathways modeled in Circuitscape that included 

seasonally available lower order rivers, such as a hypothesized route via the Digdeguash 

River, would have required intimate knowledge of local landscapes. Passamaquoddy-

Maliseet place names lend some evidence to this, as smaller river and lakes contain place 

names, some of them alluding to paddling conditions or portage areas (Soctomah et al. 

2004). In elucidating a model of long-distance hunter-gatherer mobility and trade in the 

sub-arctic, McCaffrey (2011) posits that knowledge of the landscape may have been a 

form of social power among neighboring hunter-gatherer groups. This model could be 

extended to knowledge of riverine navigation in this study area, which would have 

become increasingly specific on smaller geographic scales.   

 

5.1.1.2 Social Gathering at Eqpahak (BlDq-1) and Goddard (ME 30.42) 

 

The higher availability of potential routes during spring freshets would have been an 

advantageous time for ancestral Wabanaki groups to embark on extended visits to sites 

that served as meeting places. These visits, whether lasting for periods of days, weeks, or 

months, would have been enabled by favorable downriver paddling conditions, and 

would also have served an important social role for reinforcing long-distance 

relationships through trade, alliances, and ceremonial activity.  
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An example of a gathering place noted in the ethnohistoric record is the Eqpahak Island 

site on the Saint John River west of Fredericton. This site was highly eroded by flooding 

associated with the Mactaquac dam and is a multi-component Maritime Woodland site. 

Wolastoqiyik elders shared memories of continued use of Eqpahak Island during the 

Jemseg Archaeological Project (Blair and Perley 2003) during the 20th century, attesting 

to its continued importance as a regional gathering place. As an island site located along 

the Saint John River, it is intersected by multiple LCPs within the freshet scenario, as 

well as in the other two scenarios modeling lower water levels. Like the Diggity site 

(BjDu-17) in the St. Croix waterway, it lies at the nexus of multiple converging 

watercourses. In addition to serving as a meeting place, it may have also acted as a station 

(cf. Binford 1980) for planning future trips, such as to the Washademoak chert source 

downriver, or to other island sites such as Fulton Island (BlDn-12; Foulkes 1981).  

 

Extra-regional travel is an additional factor to consider in light of the high-connectivity 

among watersheds modeled by Circuitscape during the freshet. The lower cost of 

traversing downstream and higher cost of traversing upstream would have led to a 

temporary influx of visitors to the coastal population, occurring at large social gathering 

places such as Goddard (Bourque and Cox 1981) or Melanson (BgDb-7) (Nash and 

Stewart 1990). Speculatively, feasts would be had, resources would be exchanged, and 

alliances renegotiated as terrestrially oriented hunters shifted temporarily towards 

maritime-oriented subsistence. Perhaps the coastlines of Northern Maine and New 

Brunswick were but a brief stopping point for interior groups from even further to the 

north, who took advantage of the freshet paddling conditions from interior to coast to 
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embark on extended north to south long-distance journeys. These journeys may have 

been circuitous around the Bay of Fundy, culminating in travel to Goddard, or even 

further south along the east coast. Such a scenario would partially explain the flow of 

non-local lithic materials from northern sources to more southerly and westerly sites, 

such as from the Ramah chert source in Labrador and from Washademoak Lake to sites 

in the Quoddy Region. Northern Wabanaki and sub-arctic groups could have then 

returned to their interior locales during the low water of mid-summer to early fall, when 

downstream surface velocities along major water routes would have been less difficult to 

paddle against.  
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5.1.2 Low Headwater Stream Conditions (Stream Order 4–8 Navigable) 

Figure 5.2. Circuitscape results modeling conditions where larger headwater streams were 

unavailable. Fewer vector LCP routes are present for traversing between watersheds compared 

with freshet conditions. Areas among watersheds are still accessible via larger water courses but 

require a higher proportion of terrestrial travel.  
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The low headwater stream scenario models riverine navigation conditions for slightly 

lower waters, when small headwater streams were less navigable, but most small/medium 

rivers (4th order and above) could still be efficiently traveled. The results of this analysis 

show slightly less connectivity between watersheds (see Figure 5.2). These conditions 

may have been present from summer to fall, or during spring during a particularly dry 

year. The greatest difference between these conditions and freshet conditions is that some 

portages would have had to be longer as the navigable limits of smaller watercourses 

decreased. Vector LCPs show routes that are less linear among destinations, with greater 

differences between Euclidean distances and LCP distances and a lower diversity of 

routes. For example, most routes follow the St. Croix, Saint, Magaguadavic, and 

Oromocto rivers.  

 

Similar results in terms of trade, hunting trips, and social interaction are to be expected 

compared with freshet conditions, but the higher cost of moving between watersheds may 

have shortened some trips into the interior. Movement patterns would have been similar 

as during freshet conditions, but would have taken longer, with more circuitous routes 

necessary. Interaction among neighboring groups would have continued to be sustained 

and elevated compared to low water conditions, although these conditions would be 

slightly less favorable for beginning long-distance travel to distant social gathering sites. 

Downstream paddlers would experience slightly slower speeds in response to the lower 

surface velocities of large river systems.  
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5.1.3 Low Waters (Stream Orders 6–8 Navigable) 

 

Figure 5.3: Circuitscape results during low water/dry conditions. LCPs are confined to 

major routes that were likely still accessible during low-water conditions in the late 

summer/fall. Traversing to the interior would have been a higher-cost activity due to a lower 

availability of low-resistance routes along watercourses. Terrestrial forms of traversal would 

have been more important, and canoes may have been stored at river junctions for the 

impending winter. 
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Low water conditions would have been most prevalent from the late summer through fall, 

when water levels dropped to the point that most canoe travel would have been confined 

to large river systems. The areas of lowest resistance and highest connectivity surround 

these large systems, with areas suitable for portaging concentrated in areas where these 

large systems come together. The routes most advantageous for travel under these 

conditions are aligned with Ganong’s (1899) province-wide map of major routes with 

associated place names and long-term use, with the St. Croix and Saint John riversheds 

serving as the primary routes (see Figure 5.3). These routes would have been more 

accessible during lower waters but were also less direct and provided few options for 

multi-directional travel to adjacent watersheds. For example, the upper reaches of the 

Oromocto are of a lower-order stream and, therefore, not included as navigable in this 

scenario. This decreases the efficacy of routes from coastal areas to the interior between 

the Saint John and St. Croix rivers, leading to less direct LCPs between sites. The ratio of 

LCP distance to Euclidean distance for traveling from the McAleenan site (BhDr-1) in 

Passamaquoddy Bay to the Eqpahak (BlDq-1) is 2.9, while this same ratio is 2.1 for the 

low headwater stream and freshet scenarios.  

 

Low water conditions might have impeded social interaction as far-ranging interior 

hunting trips necessitated a greater proportion of terrestrial travel. One form of interior 

travel that may have been easier, however, was paddling upstream along major routes. If 

water levels were not too low in large river systems—facilitating rapids and dangerous 

segments—lower surface velocities would have provided less resistance to upstream 
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paddlers. These conditions may have been beneficial for interior groups to return inland 

for the winter. 

 

5.1.4 Ganong’s Historic Map 

 

I compared the modeled routes for all three scenarios computed using Circuitscape to 

Ganong’s (1899) historic map of canoe routes. For the most part, the routes overlap. The 

red lines, showing the locations of the routes Ganong recorded, overlap the routes 

modeled in all 3 of the scenarios. The one point of contrast is the higher diversity of 

routes modeled for freshet conditions (stream order 3–8) and the low headwater stream 

(stream order 4–8) scenario. These include some routes that diverge from the routes 

recorded by Ganong because they follow rivers that reach destinations more directly. It is 

possible that these routes, despite theoretically being navigable due to width and depth 

requirements, would be too arduous to travel under most hydrological conditions. 

Conversely, it is possible that a greater diversity of navigable routes would have been 

available before the period of European contact due to higher overall water levels. This 

ambiguity is unresolvable without a way to estimate how much water levels have 

dropped due to land use changes since European contact. The fact that most modeled 

routes and historically recorded routes are similar, however, suggests long-term 

continuity in route selection. It is probable that the geomorphology of rivers and streams 

changed throughout the Maritime Woodland period and continue to change, but the effect 

of this is also difficult to gauge.  
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Figure 5.4: LCP locations compared to Ganong's (1899) routes. There is considerable overlap 

between Ganong’s routes and least cost paths modeled in Circuitscape. Some additional routes 

deviate from Ganong's when lower-order watercourses are available for travel. 
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5.2 Travel Time Cost Surface Mapper (TTCSM) Results  

Figure 5.5: TTCSM results for travel upstream at a 2 mph/3.2 km/h pace. This pace corresponds to 

Cook’s (2007 [1985]) estimate of 2 mph for upriver paddling. Rate of travel contours show a slight 

increase around river systems at this rate.  
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Figure 5.6: TTCSM results for upstream travel at a 4 km/h pace. Travel speed is slightly above 

Cook’s (2007 [1985]) estimate but within range of Livingood’s (2012) ranges of paddling speed for 

upriver travel. This scenario simulates conditions when the surface velocity downriver is less arduous 

to paddle against. The effect of increased rate of travel surrounding rivers and lakes is slightly 

exaggerated compared to the 2 mph upstream paddling speed.
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Figure 5.7: TTCSM results of downstream travel at a 6 mph/9.7 km/h pace. Ganong (1899: 234) 

claims that Wabanaki canoeists could travel at a rate of 100 miles/day downriver on the Saint John 

during a spring freshet. Ganong does not specify what he means by a day of travel. Taken literally as 

a function of daylight hours, 6 mph is an estimate for a journey of ~100 miles in late May if all hours 

of daylight are used. Rate of travel contours dramatically hug rivers, reflecting the ways achieving a 

fast-downriver speed increases speed. 
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Figure 5.8: TTCSM results for downstream travel at 8 mph/12.9 km/h pace. If Ganong (1899) meant 

that 100 miles/day down the Saint John River represents 10–12 hours paddling, then 8 mph is a 

reasonable estimate for downstream travel rate. At this speed, increased travel speed contours 

surrounding rivers and lakes is further accentuated.   
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The results of the Travel Time Cost Surface Mapper (TTCSM) reveal the speed that 

ancestral Wabanaki could have traversed based on input paddling speed over varying 

terrain, including canoe travel along rivers, lakes, and coastlines, and terrestrial portaging 

speed. Contour maps of rate of travel reveal areas of the landscape that would have 

facilitated quicker travel compared to areas that would have been of higher resistance.  

 

TTCSM maps (Figures 5.6–5.9) show that the travel distance in hours between Maritime 

Woodland period archaeological sites would have been less for downstream travel 

compared to upstream, a difference that would have either been large or slight based on 

traveling conditions and the directions of individual watercourses. These maps 

demonstrate the way that speed of travel shifted along a continuum based on 

environmental conditions, with travel distances among sites varying as well.  

 

As can be observed in the upstream maps, maritime travel could have enabled year-round 

close communication among the inhabitants of Passamaquoddy Bay, with each site 

situated within 1–2 hours of paddling between one another assuming a 5 km/h pace. 

Increases in upstream paddling speed impact the distance that coastal peoples could have 

traveled towards the interior during a given period of time. The necessity of fighting the 

surface velocity during freshet conditions may have decreased the use of these major 

routes for upstream travel during these periods.  
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The differential cost of traversing upstream and downstream demonstrates the way travel 

routes would have had to be planned in anticipation of or in response to hydrological 

conditions at different times of the year. For example, the Washademoak Lake chert 

source (Black and Wilson 1999) located within the study area would have been an 

advantageous location to procure raw materials when traveling to Passamaquoddy Bay 

during the freshet season, rather than the opposite direction, as the resistance of the river 

velocity decreases rate of travel when paddling upstream. This may help to explain the 

high quantities of Washademoak chert excavated from sites in Passamaquoddy Bay, 

compared to lower quantities found upstream of the source (Blair 2004; Gilbert et al. 

2006 a&b; Gilbert 2011). At the same time, however, the location of these lithic raw 

materials along lacustrine shorelines may have made them inaccessible during very high 

water, potentially limiting this benefit during some freshet seasons (Black and Wilson 

1999).  

 



 

107 

 

Figure 5.9: Start locations for travel time analysis. TTCSM runs were performed to compute the 

time in travel-distance among these starting locations and coastal/interior sites. Black’s Harbour was 

chosen as a starting location for modeling upriver travel speeds because it requires paddling upriver 

from this location to access interior sites. Grand Lake was chosen for modeling downriver paddling 

because the opposite is true.  
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Table 5.1: Travel times from starting locations to coastal Maritime Woodland period sites for 

varying travel speeds. Shows time in hours from starting destinations (depicted on Figure 5.10) to 

archaeological sites rounded to the nearest tenth of an hour. This chart helps estimate travel times 

between coastal locations as well as traversing from the interior (Grand Lake) to coastal sites 

downriver. Values for travel to coastal sites are mostly the same for differing riverine travel 

conditions as travel is primarily accomplished via coastal routes. Coastal travel is assumed in the 

model to proceed at an average rate of 5 km/h. 

Site 
Number 

Site Name 3.2 km/h 
(2 mph) 
Riverine 
Travel Rate 
Starting 
from 
Black's 
Harbour 

4 km/h (2.5 
mph) 
Riverine 
Travel Rate 
Starting 
from Black's 
Harbour 

9.7 km/h (6 
mph) 
Riverine 
Travel Rate 
From Grand 
Lake 
Downstream 
to Coastal 
Sites 

12.9 km/h (8 
mph) 
Riverine 
Travel Rate 
From Grand 
Lake 
Downstream 
to Coastal 
Sites 

BhDr-1 McAleenan 5.8 5.8 22.1 17.3 

BgDr-5 Carson 5.4 5.4 22.1 17.1 

ME111.5 Oxbow 
Stream 

9.7 9.7 17.7 13.6 

BgDr-11 Teacher's 
Cove 

5.1 5.1 21.6 16.6 

BgDs-6 Sand Point 6.9 6.9 18.5 14.1 

BgDs-10 Minister's 
Island 

5.0 5.0 20.8 16.1 

BgDs-4 Eidlitz 5.2 5.2 19.5 15.0 

BgDs-1 Pagan Point 4.8 4.8 20.4 15.7 

BgDq-7 Northeast 
Point 

0.7 0.7 22.9 17.9 

BgDq-5 Ledge 0.8 0.8 22.8 17.8 

BgDq-6 Weir 0.8 0.8 22.9 17.9 

BgDq-4 Camp 0.9 0.8 22.9 17.9 

BgDr-38 Pendleton 
Passage 

3.1 3.0 21.3 16.5 

BgDr-60 Lighthouse 
Cove 

1.3 1.3 22.6 17.7 

BgDr-61 Pintlowes 
Cove 

1.3 1.3 22.8 17.9 

BgDr-48 Partridge 
Island 

2.6 2.6 21.7 16.9 
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Table 5.2: Travel times from starting locations to coastal Maritime Woodland period sites for 

varying travel speeds. Shows time in hours from starting destinations (depicted on Figure 5.10) to 

archaeological sites rounded to the nearest tenth of an hour. This chart helps estimate travel times 

between interior locations as well as traversing from coast (Black’s Harbour) to interior sites 

upriver.  

Site 

Number 

Site 

Name 

3.2km/h (2 

mph) 

Riverine 

Travel Rate 

from 

Black's 

Harbour 

Upstream 

to interior 

Sites 

4km/h (2 

mph) 

Riverine 

Travel Rate 

from 

Black's 

Harbour 

Upstream 

to Interior 

sites 

9.7km/h (6 

mph) 

Riverine 

Travel Rate 

from Grand 

Lake  

12.9km/h (8 

mph) Riverine 

Travel Rate 

from Grand 

Lake  

CaDu-8 Cronkite 50.9 43.9 8.8 7.5 

BlDq-1 Eqpahak 

Island  

52.8 46.5 21.5 18.3 

BlDn-12 Fulton 

Island 

44.9 40.0 23.1 18.5 

BlDo-4 Bull Frog 45.3 40.0 20.8 16.7 

BkDw-5 Mud 

Lake 

Stream 

39.7 35.8 4.0 3.1 

BjDu-17 Diggity 34.1 30.1 7.3 5.7 

 

 

 

 

BeDq-11 Newton's 
Point 

9.6 9.6 30.3 25.2 

BdDq-3 Baird 10.1 10.1 30.8 25.7 

ME61.17 Great Spruce 
Island 

18.0 18.0 34.0 28.7 
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5.2.1 Travel Times to Destinations 

 

Tables 5.1 and 5.2 show differences in travel times based on traveling speed that increase 

more dramatically for archaeological sites further from the starting point where 

intermediate riverine routes are available. Traveling from Grand Lake downriver to the 

Carson site on Passamaquoddy Bay, for example, takes approximately 22.1 hours when 

traveling 6 miles/hour, and approximately 17.1 hours when traveling 8 miles/hour; this is 

a difference of 4 hours. On the other hand, the difference between these paces when 

traveling from Grand Lake to Great Spruce Island along Chandler Bay in Maine is 

approximately 6.3 hours. This demonstrates that the higher availability and geographic 

distance of riverine routes available between sites leads to greater differences in travel 

times based on riverine traveling conditions. This effect is especially accentuated for 

downriver travel, where it was possible to achieve much higher speeds during the freshet.  

 

This increased difference in travel times based on speed for long-distance travel has 

implications for understanding seasonal social gathering at coastal sites. Because further 

distances accentuate the impacts of differential travel speeds on total travel times between 

sites, which are influenced by seasonally variable river velocities, long-distance travel 

would have been a seasonally influenced activity. If traveling to Passamaquoddy Bay or 

even further south to the Goddard site from distant locations in Northern New Brunswick 

or the sub-arctic, it would have been useful to take advantage of the seasonal freshet. The 

timing and intensity of the freshet, therefore, would have influenced yearly social 

activities along riverine and coastal meeting places. At the same time, very long-distance 
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travel could have also been accomplished via maritime travel along shorelines, 

potentially limiting the increased social interaction associated with the freshet to local 

landscapes.  

 

5.2.2 Implications for Territoriality 

 

The travel time maps presented in this study have implications for understanding aspects 

of ancestral Wabanaki social worlds through a catchment-based approach to territoriality. 

I previously defined territoriality after Zedeño (1997) as “spatial units that result from the 

cumulative use of land and resources through time.” Catchment-analysis, defined as 

analysis of resource-use areas, is close to this definition, but territory must also include 

non-physical aspects of landscapes such as place names, social interactions with 

neighboring Indigenous groups, and relational ontologies that govern relationships with 

animals and the natural world. Catchments, conversely, are limited to geographic units 

that are measurable using archaeological data.  

 

Blair (2004:370) cautions about the limits of catchment-based analysis derived from 

material culture such as lithic materials: “catchment-based modeling of human behaviour 

underplays the permeable nature of human boundaries. Indeed, a decrease in the size of a 

territory may have been concomitant with an increase in interaction between territories.” 

Catchment-based approaches, therefore, relate to cultural/ethnic territories and boundary 
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maintenance in the sense that they represent borders where human interaction may have 

taken place, but should not be conflated with territories. 

 

Archaeological catchments, in absence of material culture with iconographic or otherwise 

symbolic information, are necessarily limited in the types of conclusions that can be 

drawn from them relating to ancestral Wabanaki social worlds. Archaeologists have 

employed GIS in various ways to attempt to glean information relating to territoriality 

from catchment-based approaches. Aagesen (2010) used GIS-based spatial clustering to 

analyze Paleoindian territoriality under the assumption that different point styles correlate 

to cultural groups. Other researchers have used visibility-based GIS-methods to conceive 

of shared social landscapes by examining the concept of inter-visibility, or the ability to 

both see and be seen from the vantage point of archaeologically significant places (e.g. 

Van Dyke et al. 2016). A combination of approaches can also be employed to create GIS-

based site-catchments that model hunter-gatherer land use (e.g. Surface-Evans 2012).  

 

The travel time contours presented in this thesis also act as resource catchments, using 

cost-weighted time contours rather than material culture such as lithic material 

distribution as a form of catchment sizes. Rate of travel from a single settlement location 

can be conceptualized as a measurable unit of territory, with overlapping travel contours 

within a period of hours representing possible nexuses of social interaction. The extent of 

this overlap over different travel time intervals can be used as a relativistic measurement 

of the ease and frequency of social interaction among contemporaneously occupied sites. 

A remaining ambiguity, however, is how far indigenous peoples would typically travel 
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from each individual site. It is perhaps impossible to estimate a “maximum range,” 

though if 8-12 hours represented a day of travel, these maps could be used to estimate 

how many travel days it would take to traverse between sites.  

 

This form of catchment-based analysis does not require conceptualizing land use as 

culturally and ethnically determined, but rather, as fluctuating travel time from 

archaeological sites. Travel time catchments reveal possible locations of social 

interaction without defining specific territories, which addresses social questions without 

explicitly defining ethnically and/or culturally determined territories—an ambiguous 

enterprise during the Maritime Woodland period as has previously been discussed.   

 

The fact that travel time contours vary based on environmental conditions that are 

seasonally influenced suggests that levels of regional integration and social interaction 

were also seasonally influenced—an effect that manifests on multiple scales. This can be 

observed by considering where travel time contours among sites intersect when traveling 

at different speeds. For Passamaquoddy Bay, for example, each Maritime Woodland 

period site is within 1–2 hours of another site assuming a 5km/hr rate of travel could be 

maintained throughout the year. This suggests high levels of trade, social interaction, and 

organized use of Passamaquoddy Bay resources among closely affiliated neighbors 

throughout the year, although tidal dynamics would have some impact on the efficacy of 

traveling throughout the bay in various directions. Travel time contours for movement 

between coast and interior expand further around river systems—an effect that is 

accentuated at greater speeds. This demonstrates why rivers were a natural meeting place 
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for both local and neighboring Indigenous groups, their flow facilitating social gathering 

by allowing faster and further travel. Figure 5.10 demonstrates these hypothesized 

effects, showing the way that inputs of water into the hydrological network may have 

caused subsequent changes in social interaction along waterways.   

 

The changes in maximum distance traveled for a 10-hour/1-day journey are subtle in 

some locations and noticeable in others based on paddling speed and direction of travel. 

Modeling long-distance journeys over multiple days including destinations outside of the 

study area would accentuate subtle changes, leading to far greater variation in travel time 

during different times of year. Although beyond the scope of this present study, it would 

be interesting to model the intersection of travel time contours over larger geographic 

areas to understand long-distance traversal and trade. This type of project would be 

especially feasible for the early contact period, where the locations of occupied Wabanaki 

sites and trading posts are well-established, and the ethnohistoric record delineates 

Indigenous territories more clearly.  

 

It is important to note that these interpretations assume contemporaneity among site 

occupations, which cannot be determined using carbon dating alone. At the same time, it 

is well-established that the entire study area—including both Passamaquoddy Bay and 

the interior surrounding the Saint John watershed—was extensively occupied during the 

Maritime Woodland period. Even if these exact sites were not occupied 

contemporaneously, other, either discovered or undiscovered, nearby sites would have 

been. The purpose of these maps is to show the extent to which different paddling 
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speeds—influenced by hydrological conditions—would have impacted the rate of 

Indigenous canoe travel; the exact starting locations are less relevant assuming this study 

area was occupied throughout the Maritime Woodland period. 
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Figure 5.10: Chart summarizing conclusions in modeled route selection and travel time analysis. In this model, water acts as a catalyst for 

social activities

High connectivity among 
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5.3 Gauge Station Analysis 

 

The results of the gauge station analysis help address two questions related to seasonal 

variability in hydrological conditions: 1) what times of year were most advantageous for 

canoe travel upstream/downstream, and 2) how much do hydrological conditions 

fluctuate from expected patterns over a long timescale? These questions both relate to the 

variability in water level seasonally and annually. Modern gauge station data cannot 

directly model Maritime Woodland period conditions as modern dam building and land 

use have altered river systems. It can, however, reveal the degree of variability that 

occurs seasonally and annually, providing an indirect analog for understanding variability 

in river conditions. The gauge stations analyzed in this study are listed in Figure 5.11.  

 

An obvious result affirmed by the gauge station data is that the spring freshet is the time 

of greatest river velocity. This phenomenon is especially pronounced along some river 

systems, where the mean of average monthly discharge makes up around half of the total 

of the year when the averages for each month are added together (see Figure 5.12). These 

results show that the surge in river velocity during this time of year is dramatic, aligning 

with Ganong’s (1899) assertion that the spring freshet greatly increased downriver 

paddling speeds.  
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The more surprising result, however, has to do with the variability within the data. 

During some years, the mean river discharge during spring is closer to conditions that 

would be expected for the summer and fall seasons. Conversely, there are wet periods 

during the summer and fall months during some years which mimic freshet conditions. 

The standard deviation in mean monthly discharge is highest for the spring months 

compared to the total of all the averages/month, suggesting that these were the months 

with the highest variability in paddling conditions (see Figure 5.13).  

 

The presence of outlier conditions and the short-term impacts of storm events, unusually 

dry seasons, ice jams that do not break up at the usual time, or other environmental 

variables, necessitates a model of Maritime Woodland period seasonal mobility that 

incorporates contingency in addition to predictable seasonal patterns. Outlier conditions 

would have been “read” and responded to by ancestral Wabanaki paddlers in ways that 

differed based on local landscapes. 

 

The results of the gauge station analysis of surface velocity on the St. Croix River in 

Baring, Maine, demonstrate this. After determining the highest and lowest surface 

velocity values for each season, these were used with Dudhia’s (2008) paddling speed 

formula to determine how these velocities would impact upstream paddling speed in the 

channel where this gauge station is located. The effect of these high/low conditions on a 

base speed of 3.6 km/h (2 mph) is dramatic, with surface velocities of 5 km/h during the 

spring high likely prohibiting upstream paddling. Conversely, the surface velocity is low 

enough during other times to have little impact on paddling speed (see Table 5.3).  
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5.3.1 Seasonal Settlement Patterns and Variability 

 

In terms of mobility and seasonal subsistence practices, variability in travel patterns 

complicates processual models derived from site-level proxy data. On small geographic 

scales, differential access to rivers and variability in seasonal patterns would have led to 

forms of movement that likely transcended dichotomous terms such as coast–interior or 

warm season–cold season. Understanding the ways travel may have been unpredictable 

as environmental variables changed annually can help partially explain spatial and 

temporal variability in season of occupation in clusters of coastal shell-bearing sites.  

 

Black (2002), for example, observes temporal variability in season-of-occupation faunal 

indicators at the Partridge Island (BgDr-48) and Weir (BgD-q6) sites, located to the 

southeast of Passamaquoddy Bay. Rather than demonstrating consistent patterning, these 

multicomponent shell-bearing sites vary in season-of-occupation indicators throughout 

the Woodland Period (Black 2002: 307, 309). Both sites appear to reverse in season of 

occupation from the Early to Late Maritime Woodland, with warm season occupation in 

the Early Woodland, cold season occupation in the Middle Maritime Woodland, and 

warm season occupation again in the Late Maritime Woodland. Black describes a few 

structural changes that may have occurred to precipitate this, including a shift towards 

permanent villages and residential mobility, participation in long-distance exchange, and 

a shift in climate (Black 2002:313–314). Related to this may have been changes in the 

efficacy of canoe travel and/or the social landscape, leading to settlement patterns that 

were adjusted based on travel conditions. Decisions relating to spring and fall travel 
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would have been especially sensitive to this, as these were times when hydrological 

conditions tended to change dramatically, but variably. A similar explanation can be 

applied to shell-bearing sites in Passamaquoddy Bay and Maine, which have both warm 

and cold season indicators (Sanger 1996). 

 

Considering differential costs in accessing resources depending on upstream and 

downstream travel also has implications for conceptualizing transhumance and logistical 

forays on smaller geographic scales. Rather than a stark division between coastal and 

interior sites, and between coastal and interior activities, the nuances of riverine 

landscape features facilitate settlement and movement patterns that differ by watershed. 

The direction of major arterial rivers as well as the direction and navigability of smaller 

watercourses influences traversal practices in ways that transcend these linear divisions. 

Moran (2015) argues that idiosyncratic movement practices on small geographic scales 

add complexity to regional-scale analysis, which fails to account for the embodied 

experience of movement as well as knowledge of local landscapes. Although the least 

cost analysis and travel time contour GIS maps included in this thesis are limited by the 

resolution of the data inputs, modeled route availability and travel times show the ways 

landscape features within this study area may have led to regional variability in 

movement practices.  



 

 

 

1
2
1
 

 

Figure 5.11: Water stations used in the analysis. Data derive from GeoNB and the Canadian Historical Hydrological Dataset (HYDAT 2018). 

Selected gauge stations 
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Figure 5.12. Mean monthly discharge at selected channels derived from historical hydrological data. Each pie chart represents the 

total of the average mean monthly discharge at each station for the duration of available data. The spring months, especially April 

and May, have the highest mean monthly discharge at all river stations. The station at Grand Lake does not show this trend. 
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Figure 5.13: Standard deviation in mean monthly discharge at selected channels derived from historical hydrological data. Each pie chart 

represents the total of the average standard deviation in mean monthly discharge for the duration of available data.  
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Figure 5.14. Maximum and minimum mean monthly discharge at selected stations, demonstrating variability in mean monthly 

discharge during the spring freshet. 
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Figure 5.15. Minimum and maximum mean monthly discharge for river stations near the Mactaquac Dam. 
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Table 5.3: Table demonstrating the impact of river surface velocity on upstream paddling along the St. Croix river near Baring, Maine, 

according to Dudhia (2008). If traveling at 3.6 km/h (2 mph) as a base speed, the downriver surface velocity either acts as a slight or major 

impediment depending on the time of year and hydrological conditions.  

 

 

Description 
Measurement 
Date Month 

Gauge 
Height (m) 

Discharge 
(m/s) 

Channel 
Area (m³) 
 

Channel 
Velocity 
(km/h) 

3.6km/hr base 
speed 
adjusted (hrs) 

Spring High 4/17/2017 April 3.51 2615.18 83.25 5.94 -2.34 

Spring Low 5/28/2010 May 1.44 291.69 23.13 1.28 2.32 

Summer High 6/16/2009 June 2.01 923.54 27.72 3.40 0.20 

Summer Low 7/31/2002 July 1.41 287.43 91.75 0.33 3.27 

Autumn High 9/13/2011 September 1.90 743.71 34.83 2.17 1.43 

Autumn Low 9/7/2017 September 1.37 226.47 24.99 0.92 2.68 
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5.4 Socially and Cosmologically Factors in Traversal 

 

The discussion I have presented thus far has focused on how hydrological conditions may 

have impacted ancestral Wabanaki canoe route selection, as revealed through GIS 

models. It is important to also discuss how interpretations of these models are limited by 

Wabanaki cultural preferences. Supernant (2017) argues that GIS trail models—when 

divorced from specific cultural contexts—can lead to limited interpretations of travel. She 

further argues that incorporating knowledge of specific Indigenous practices is a way to 

help remedy this. In this section, I review evidence of Wabanaki cultural preferences that 

complicate the conclusions suggested by GIS trail modeling. These lines of evidence 

simultaneously expand possible interpretations of seasonally contingent modeled routes 

and travel times while also suggesting ways in which computer-generated trails 

conceptually limit and overdetermine Indigenous travel practices. It is not necessarily 

possible or useful to artificially separate the logistics of canoe travel from culturally—or 

cosmologically—embedded practices.  

 

The bulk of this evidence derives from the ethnohistoric record, making it impossible to 

definitively trace these practices to ancestral Wabanaki during the Maritime Woodland 

period. However, these practices almost certainly have analogs in at least the Late 

Maritime Woodland period (1350–550 BP) or earlier, as evidenced by both the early 
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dates of the practices I discuss (e.g., ceremonies were noted by the earliest European 

observers) and through corroboration with archaeological evidence.   

 

Communication and social gathering among various Wabanaki groups is recorded in 

early historical descriptions and oral histories of ceremonies and song (Spinney 2010). 

These ceremonies were an occasion for meeting and renewal of social ties among 

geographically dispersed peoples and were recorded by the earliest European explorers to 

the region (Spinney 2010:23). There was often a reciprocal aspect to many of these 

ceremonies, including mutual visiting and feasting (Spinney 2010: 95). While ceremonies 

may have changed after the period of European contact to accommodate the formation of 

the Wabanaki Confederacy, the existence of this practice was already firmly in place, 

suggesting the importance of social obligation and reciprocal exchange when determining 

travel routes. Routes that GIS analysis considered more “costly” may sometimes have 

been necessary to maintain alliances—even when paddling conditions were unfavorable 

due to water levels.  

 

Wabanaki hunting practices as recorded in the ethnohistoric record also provide insight 

for understanding aspects of ancestral Wabanaki travel that is not amenable to LCA (e.g., 

Martin 1978). In contrast to modern views of hunting animals, which revolve around 

tactile martial abilities such as tracking and shooting, eastern Algonquin language 

speakers of the eastern woodlands viewed hunting success as a manifestation of the 

harmonious contractual bond between humans and Manitou guardian beings, maintained 

through the proper treatment and disposition of animal remains. Hunting was patterned in 
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the sense that it involved ceremonial practices such as physical deprivation, premonitory 

dreaming, and divination techniques; it was contingent in that these practices resulted in a 

degree of unpredictable movement through and use of the landscape. Archaeologists 

working in the Maritime Peninsula have attempted to glean evidence of these practices 

from the archaeological record, especially in the patterned ways hunted animals were 

transported, butchered, consumed, and deposited (Sanger 2003; Hrynick and Betts 2017). 

This aspect of Wabanaki hunting is important in the context of trail modeling, as it 

emphasizes that digitally modeled canoe trail locations and travel times represent routes 

that may have been followed when seasonally available; the exact timing and use of 

trails—especially terrestrial travel—varied for reasons that are inherently unknown to 

modern archaeologists.  

 

Models—including those generated by GIS—are ultimately starting points for analysis, 

rather than constituting analysis on their own. They may be true some of the time, but not 

all the time, or be useful for answering certain questions, but not others. The models I 

have employed in this thesis are intended to specifically address seasonally influenced 

canoe travel on the geographic scale specified by the maps I have presented. On a 

theoretical level, they reflect on questions of hunter-gatherer mobility, seasonal 

transhumance, and notions of territory as framed in the archaeological literature. These 

anthropological concepts as I have framed them in this thesis necessarily limit 

interpretations of the cultural experience of travel—what those in the landscape 

archaeology field call “phenomenology” (after Tilley 2010)—because the algorithmic 

structures embedded in GIS methodologies would not do justice to the cultural 



 

130 

 

experiences of those who lived in the past. Questions relating to the cultural meaning of 

canoe travel are better left to ethnography and ethnohistory, which benefits from the 

richness afforded by storytelling and emic framing of the relationship between Wabanaki 

and the landscapes of the Maritime Peninsula. GIS modeling is but one of many 

approaches to the question of birchbark canoe travel and should be considered alongside 

parallel methods and perspectives.  
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6 Chapter 6: Conclusions and Future Directions 

 

6.1 Summary of Conclusions 

 

GIS-based models of seasonally fluctuating riverine canoe routes and travel times, 

combined with analysis of variability in hydrological conditions, help reveal the way 

ancestral Wabanaki settlement and mobility patterns were influenced by the unique 

dynamics of birchbark canoe travel. In contrast to many static terrestrial study areas 

where GIS-based trail modeling is employed to answer archaeological questions, the 

costs of riverine-oriented traversal varied both seasonally and annually. This variability—

simultaneously patterned and unpredictable—influenced travel practices in ways that 

complicate regional models of hunter-gatherer transhumance. I advocate that GIS 

modeling should both be shaped by and interpreted in the context of relevant 

archaeological and ethnohistoric data relating to travel, which further adds regional and 

cultural specificity to modeled results.   

 

The results of this study can be summarized as follows: 

• Higher water levels and access to navigable smaller rivers during the spring 

freshet and other times of high water increased the variety of canoe routes 

available to ancestral Wabanaki paddlers, thus increasing ease of travel by canoe 

from individual sites or altering route selection. Connectivity among watersheds 

was also higher.  
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• Fluctuating speeds of travel for movement between sites can be used as a proxy 

for contributing to understanding ancestral Wabanaki social cohesion. Spring 

freshets increased the speed of travel from interior to coast, facilitating the travel 

of interior groups to coastal environments to socialize, trade, and reinforce 

alliances. Travel upriver along major routes would have been more favorable 

during the summer and fall on average, facilitating interior travel during this time 

along major routes.  

• Modern gauge station data reveals variability in hydrological conditions annually, 

with mean monthly discharge showing considerable variability within the data 

samples. Models of seasonal transhumance should account for contingency in 

environmental conditions and the ability of ancestral Wabanaki to adapt their 

travel practices dynamically to these changes.  

 

  

6.2 Future Directions 

 

6.2.1 Ground Truthing 

 

GIS-based studies of archaeological landscapes—especially LCP and travel time 

modeling—benefit greatly from the use of ground truthing to refine the accuracy of 

model inputs. For this thesis, travel speeds were estimated based on ethnographic 

examples derived from the regional literature, as well as analogous study areas. While 
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these examples are useful for making general estimates, the nuance and detail of the 

results using these model inputs cannot exceed the resolution of the original data. This 

requires making assumptions and generalizations that would benefit from greater data 

resolution. For example, the travel time maps used in this study show the rate of travel 

paddlers could achieve if maintaining a fixed rate of travel on all navigable rivers. This 

could be refined by measuring travel times while paddling different rivers during varying 

hydrological conditions.  

 

Testing these models by traveling via canoe on modeled paths would provide multiple 

forms of data which would enhance the level of detail and accuracy of future models. 

Paddling the same riverine route during different times of year and under varying 

hydrological conditions for routes where gauge station data are available could help 

establish the relationship between water level, discharge, and travel speed. Carrying a 

GPS device—standard in most cell phones—during these trips could also help reveal the 

differing velocities of river systems with greater geographic precision, which could be 

used to design travel time models that take these differing speeds into account. 

Establishing these relationships for different river systems could help create more 

accurate estimates of how water level and velocity impact base travel speeds in rivers of 

different sizes and gradients.  

 

Ground truthing could also be useful for testing the efficacy of headwater streams 

included in this study as navigable. For paddling these routes, very small changes in 

water level could greatly impact travel speeds, as very low water levels affect the 
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frequency of portages. The navigability of some of these small streams under differing 

hydrological conditions would calibrate the model scenarios, as even streams of the same 

order may not be equally navigable due to factors such as gradient or riverbed conditions.  

 

6.2.2 Public and Indigenous Archaeology 

 

GIS-based relational databases are increasingly recognized as an opportunity to engage 

the public, as well as a valuable tool for collaborating with Indigenous communities to 

share knowledge and perspectives on archaeological phenomena (see Gupta and Devillers 

2017). As these databases can be hosted online and continuously updated by multiple 

stakeholders, they represent an ideal format for creating long-term studies over broad 

swaths of land. These types of large, public projects are subsumed under methodologies 

known as “citizen science,” and have been used in fields such as wildlife biology to 

harness public interest in contributing to scientific research.  

 

For example, the iNaturalist smartphone app (www.inaturalist.org) tasks users with 

photographing, geotagging, and identifying flora and fauna, and has been used by 

conservation agencies including US National Parks to study the distribution of wildlife. 

The Mi’kmaw Place Names Digital Atlas and Web Site is another example of a web 

hosted relational database that houses knowledge contributed from multiple sources, 

including modern Indigenous communities. These projects leverage the skills and 

knowledge that the public and Indigenous communities willingly seek to contribute to 
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academic research, and similarly, produce results that are of interest to these 

communities. This feedback loop continues to generate further interest in these projects, 

sustaining a robust long-term user-base. 

 

The skills and interests of modern New Brunswickers and First Nations peoples could 

similarly be harnessed for a project studying canoe travel routes. As the locations and 

Indigenous place names of these routes are revived through Indigenous, academic, and 

public sector projects, modern canoeists could participate in ground truthing routes and 

travel times through the creation of a web-app and/or smart phone app. With the advent 

of personal GPS devices and GPS-enabled smartphones, many members of the public 

already possess the capability to record canoe journeys. Unlike for some forms of 

archaeological data like site locations, which could endanger the long-term preservation 

of cultural resources through human impacts if published, canoe route locations do not 

carry this same risk. Developing a platform for knowledge-sharing would shed further 

light on the dynamics of canoe travel in this region as data relating to travel under 

varying hydrological conditions accumulate. Travel via canoe has been an iconic and 

enduring aspect of Maritime regional identity for thousands of years and will continue to 

grow as interest in outdoor activities and regional history experiences resurgence in the 

public consciousness.  
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8 Appendix I: Passamaquoddy Maliseet Words Describing Water 

Flow 

 

Appendix I: Results of queries in the Passamaquoddy-Maliseet Online Dictionary for “flow” and 

“water” (Francis et al. 2008). Many words exist to describe river conditions, attesting to the diversity 

of rivers and navigation techniques practiced by ancestral Wabanaki when traveling in the study 

area.   

Entry Definition Notes 

Acicuwon (liquid) the direction of its flow changes 
 

Akuwicuwon it forms eddy 
 

Amonicuwon (water) it flows around something (e.g., 

island, sandbar,) 

 

apsqecuwon (water) it eddies, forms whirlpool 
 

astuwicuwon (water from two sources or currents) it 

flows together 

 

ckuhpehe the tide is coming in 
 

ckuwhute (lake, river) it extends or flows toward 

here 

 

ecicuwon (liquid) it leaks through, flows through 
 

Ehetuwiw Nutecuwok to, at Telos Lake, Maine literally, where it flows 

out on both ends; i.e., lake 

has two outlets 

emehkecuwon (water) it flows or runs down below 
 

kakawicuwon it flows fast, there is a strong current 
 

kcitahkecuwon (water) it flows downhill 
 

kepcicuwok narrows, strait (between two lakes, in river, 

etc.); narrowing of current 

 

kiwtahqecuwon (water) it eddies, it forms whirlpool 
 

kiwtahqicuwon (water) it revolves, its flow moves 

clockwise or counterclockwise (e.g., in 

whirlpool, large eddy, tidal current) 

 

ksicuwon it flows rapidly, it is strong current 
 

ktansecuwon (water) its flow slows and suspended 

matter settles out of it; it filters through 

(leaving sediment behind) 

 

matawamkiye (water) it flows out over gravel or sand 
 

matawaskiye (water) it flows out over grass or reeds 
 

milapskicuwon (water) it flows many different ways over 

rocks 

 

mocapskicuwon it is difficult rocky stretch in river (i.e., 

hard to canoe through) 

 

mocicuwon (current, water) it flows unfavorably or 

dangerously 

 

mulahkecuwon, mulkecuwon (water) it cuts into ground as it flows, 

erodes bank, etc. 
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Entry Definition Notes 

newicuwon it flows in four directions or channels (e.g., 

stream dividing into four branches) 

 

niktuwicuwon (river, stream) it forks, it divides or comes 

together 

 

Niktuwicuwonuk in, at, to Whiting, Maine literally, at the place 

where river forks 

nutecuwon it flows out (of something) 
 

oloqicuwon it flows in that direction 
 

pasicicuwon (water) it flows over (something) 
 

pihcicuwon (current) it flows against direction of boat 

travel; it flows far 

 

pistoqehe (river, tidal inlet) it flows in 
 

pomicuwon it flows along 
 

poneqicuwon (liquid) it flows down 
 

qolopicuwon (water, tide) its flow reverses, it flows in 

opposite direction (from the way it was 

flowing) 

 

'samicuwon (flowing water or tide) the current is too 

fast 

 

sapicuwon (liquid) it flows through 
 

sehtacuwon (water) it flows back or backward (e.g., 

reversing falls, backwash on beach) 

 

sikicuwon (water) it flows roughly, flows with 

difficulty 

 

sinkolacuwon (liquid) it drains 
 

sissecuwon (liquid) it flows everywhere, flows in all 

directions 

 

skituwi (skituw-) over, draped over, flowing over 
 

skituwicuwon (liquid) it flows over (something; e.g., 

water over dam) 

 

skituwiw over, draped over, flowing over 
 

tolicuwon (liquid) it is flowing, it is running 
 

tucicuwon it flows by; it flows so fast 
 

wahqapakuwiyak, 

wehqapakuwiyak 

tide, ebb and flow of tide 
 

weskituwicuwok waterfall; place where water flows over 

something (e.g., flat rock in stream) 

 

wesuwecuwon (water, current) it flows back (in direction 

from which it came) 

 

wiwonicuwon it flows around (in circle); it is eddy; 

(current) it swirls; (liquid in system) it 

circulates 

 

wiwoni-pisicuwon it forms whirlpool 
 

wolatokot (something string-like) it is well formed, 

well stranded or braided, nicely arranged; 

(story) it flows nicely 

 

wolicuwon it flows well; (current) it is favorable (e.g., 

to canoe paddler) 

 

wolicuwonoma, wolicuwonome s/he has favorable current (for sailing, 

canoeing, etc.) 

 

  



 

160 

 

 

9 Appendix II: Distances Between Sites During Varying Hydrological 

Conditions   

 

The following tables show Euclidean and LCP distances between archaeological sites in 

the study areas with different watercourse stream orders available for navigation. 

Euclidean distances directly connect sites in straight lines, passing through any landscape 

features. LCP distances, conversely, provide a more accurate representation of travel 

distances between sites by accounting for landscape features that travelers needed to 

navigate (e.g., hills, rivers, etc.). The ratio of LCP distances compared to Euclidean 

distances gives a measure of the directness of routes between sites and is included in the 

Tables below. Each Table is sorted by this ratio from lowest to highest.  

 

Many LCP routes remain consistent throughout the study area, as they are positioned to 

follow major rivers such as the St. John and the St. Croix. Other routes, however, are 

longer and more circuitous when fewer watercourses are navigable for travel. These 

charts can be used to gauge the social connectivity between sites in the region by 

comparing how far away they are in travel distance. At the same time, these distances 

represent single routes among many available options for traveling between sites. They 

should be used as a general estimate rather than taken literally. 
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I also include two additional ratios for estimating travel conditions: 1) Cost Weighted 

Distance to Euclidean Distance; and, 2) Cost Weighted Distance to LCP length ratio. The 

Cost-Weighted Distance to Euclidean Distance ratio is a measure of the overall efficiency 

of a route. It compares the cost-weighted distance—the numerical value which is the sum 

of the cost of traversing a route (see Table 4.1 in methods chapter)—to the Euclidean 

distance. Factors impacting this ratio include the extent to which a route deviates from 

Euclidean distance while following rivers, lakes, and coastlines, which are weighted as a 

low cost, as well as the contribution of terrestrial travel, which is weighted as a higher 

cost due to the encumbrance of portaging, slower terrestrial travel speeds, and increased 

energy expenditure. Values close to 1 are considered the most efficient, as they are both 

relatively direct and low cost. Conversely, higher values require more circuitous routes 

and additional portaging, making them higher cost.  

 

The second ratio, cost-weighted distance to LCP length, is a measure of the extent of 

terrestrial portaging required in a route, which is additionally weighted based on the slope 

of the terrain. Values close to 1 require little to no portaging, while higher values require 

either longer portages, more frequent portages, or portages over steeper terrain. 

Additionally, this ratio is an indicator of settlement patterns, as most sites are positioned 

to provide ready access to major watercourses and therefore require infrequent portaging. 

The exception is for travel between some interior sites, as well as travel that utilizes 

routes in the area between the St. Croix and St. John rivers, where it would have been 

necessary to use portage paths while moving between smaller rivers. It is important to 

note, however, that this ratio may not directly correlate with portaging in all situations. 
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Since Wabanaki often stored canoes near major rivers, it would have been possible to 

move between sites and rivers without portaging, decreasing the cost of these portions of 

routes.
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Appendix II, Table 1: LCP travel distances under freshet conditions compared to Euclidean  distances rounded to the nearest km. LCP lengths 

represent the cost-distance of moving between sites, providing a more realistic estimate of travel distances than Euclidean  distances. Under 

freshet conditions the differences between these measurements is less, as there is a greater diversity of routes available. LCPs represent single 

possible routes among all available low-resistance corridors.  

 

Starting 

Site 

Starting Name Destination 

Site 

Destination 

Name 

Euclidean  

Distance 

Cost 

Weighted 

Distance 

LCP 

Length 

LCP Length 

to Euclidean  

Distance 

Ratio 

Cost-Weight 

Distance to 

Euclidean  

Distance 

Ratio 

Cost 

Weighted 

Distance to 

LCP Ratio 

BgDr-61 Pintlowes Cove BgDr-66 Loyalist 0.348 0.350 0.350 1.005 1.005 1.002 

BgDr-48 Partridge Island BgDr-60 Lighthouse 

Cove 

5.373 5.450 5.450 1.014 1.014 1.000 

BgDr-38 Pendleton 

Passage 

BgDs-10 Minister's 

Island 

10.012 10.190 10.190 1.018 1.018 1.000 

BgDr-60 Lighthouse 

Cove 

BgDr-61 Pintlowes 

Cove 

0.030 0.031 0.031 1.031 1.031 1.031 

BgDq-4 Camp BgDq-6 Weir 0.030 0.031 0.031 1.031 1.031 1.031 

BgDq-5 Ledge BgDq-7 Northeast 

Point 

0.030 0.031 0.031 1.031 1.031 1.031 

BgDq-6 Weir BgDq-7 Northeast 

Point 

0.030 0.031 0.031 1.031 1.031 1.031 

BgDq-5 Ledge BgDr-61 Pintlowes 

Cove 

1.481 1.554 1.554 1.049 1.049 1.001 

BgDq-4 Camp BgDq-5 Ledge 0.349 0.368 0.368 1.054 1.054 1.003 

BdDq-3 Baird ME61.17 Great 

Spruce 

Island 

63.377 66.931 66.931 1.056 1.056 1.000 

BgDr-48 Partridge Island BgDr-66 Loyalist 5.463 5.799 5.799 1.061 1.061 1.000 

BgDr-38 Pendleton 

Passage 

BgDs-1 Pagan Point 7.789 8.321 8.321 1.068 1.068 1.000 
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Starting 

Site 

Starting Name Destination 

Site 

Destination 

Name 

Euclidean  

Distance 

Cost 

Weighted 

Distance 

LCP 

Length 

LCP Length 

to Euclidean  

Distance 

Ratio 

Cost-Weight 

Distance to 

Euclidean  

Distance 

Ratio 

Cost 

Weighted 

Distance to 

LCP Ratio 

BgDr-38 Pendleton 

Passage 

BgDr-5 Carson 13.553 14.483 14.483 1.069 1.069 1.000 

BgDq-5 Ledge BgDr-48 Partridge 

Island 

7.576 8.115 8.115 1.071 1.071 1.000 

BdDq-3 Baird BgDq-4 Camp 42.540 45.623 45.623 1.072 1.072 1.000 

BdDq-3 Baird BgDq-7 Northeast 

Point 

43.451 46.628 46.628 1.073 1.073 1.000 

BdDq-3 Baird BgDq-6 Weir 42.995 46.182 46.182 1.074 1.074 1.000 

BgDr-38 Pendleton 

Passage 

BgDr-48 Partridge 

Island 

1.182 1.277 1.277 1.080 1.080 1.000 

BgDr-11 Teacher's Cove BgDr-38 Pendleton 

Passage 

12.752 13.774 13.774 1.080 1.080 1.000 

BgDr-38 Pendleton 

Passage 

BgDr-66 Loyalist 7.079 7.651 7.651 1.081 1.081 1.000 

BgDr-11 Teacher's Cove BgDs-1 Pagan Point 8.156 8.834 8.834 1.083 1.083 1.000 

BgDr-38 Pendleton 

Passage 

BgDs-4 Eidlitz 10.080 10.924 10.924 1.084 1.084 1.000 

BgDq-5 Ledge BgDr-66 Loyalist 1.379 1.501 1.501 1.088 1.088 1.000 

BgDs-4 Eidlitz BgDs-6 Sandy Point 7.156 7.800 7.800 1.090 1.090 1.000 

BgDq-4 Camp BgDr-61 Pintlowes 

Cove 

1.381 1.506 1.506 1.090 1.090 1.001 

BgDq-4 Camp BgDr-60 Lighthouse 

Cove 

1.985 2.173 2.173 1.095 1.095 1.000 

BgDq-5 Ledge BgDr-38 Pendleton 

Passage 

9.096 9.967 9.967 1.096 1.096 1.000 

BeDq-11 Newton's Point ME61.17 Great 

Spruce 

Island 

60.702 66.534 66.534 1.096 1.096 1.000 

BgDr-11 Teacher's Cove BgDs-10 Minister's 

Island 

6.021 6.676 6.676 1.109 1.109 1.000 
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Starting 

Site 

Starting Name Destination 

Site 

Destination 

Name 

Euclidean  

Distance 

Cost 

Weighted 

Distance 

LCP 

Length 

LCP Length 

to Euclidean  

Distance 

Ratio 

Cost-Weight 

Distance to 

Euclidean  

Distance 

Ratio 

Cost 

Weighted 

Distance to 

LCP Ratio 

BeDq-11 Newton's Point BgDq-4 Camp 38.680 42.975 42.975 1.111 1.111 1.000 

BeDq-11 Newton's Point BgDr-61 Pintlowes 

Cove 

38.053 43.307 42.934 1.128 1.138 1.009 

BgDs-1 Pagan Point BgDs-10 Minister's 

Island 

2.067 2.335 2.335 1.130 1.130 1.000 

BeDq-11 Newton's Point BgDr-60 Lighthouse 

Cove 

38.170 43.133 43.133 1.130 1.130 1.000 

BlDn-12 Fulton Island BlDo-4 Bull Frog 21.050 41.535 24.025 1.141 1.973 1.729 

BeDq-11 Newton's Point BgDr-48 Partridge 

Island 

39.709 45.381 45.381 1.143 1.143 1.000 

BeDq-11 Newton's Point BgDr-38 Pendleton 

Passage 

41.227 47.117 47.117 1.143 1.143 1.000 

BgDr-38 Pendleton 

Passage 

ME110.2   27.084 32.816 31.074 1.147 1.212 1.056 

BgDs-6  Sandy Point ME110.2   9.093 12.415 10.673 1.174 1.365 1.163 

BgDs-4 Eidlitz ME110.2   16.337 21.060 19.318 1.182 1.289 1.090 

BjDu-17 Diggity BkDw-5 Mud Lake 

Stream 

22.438 27.008 27.008 1.204 1.204 1.000 

BgDr-5 Carson BjDu-17 Diggity 62.569 129.772 75.688 1.210 2.074 1.715 

BhDr-1 McAleenan BjDu-17 Diggity 61.471 132.271 75.150 1.223 2.152 1.760 

BgDr-38 Pendleton 

Passage 

ME61.17 Great 

Spruce 

Island 

67.746 82.907 82.907 1.224 1.224 1.000 

BgDr-60 Lighthouse 

Cove 

BgDr-66 Loyalist 0.126 0.155 0.155 1.227 1.227 1.004 

BgDr-5 Carson BgDr-66 Loyalist 15.575 19.307 19.307 1.240 1.240 1.000 

Wash 

Lake 

Washademoak 

Lake Chert 

BdDq-3 Baird 131.218 170.641 170.641 1.300 1.300 1.000 

Wash 

Lake 

Washademoak 

Lake Chert 

BlDo-4 Bull Frog 40.749 63.592 54.084 1.327 1.561 1.176 
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Starting 

Site 

Starting Name Destination 

Site 

Destination 

Name 

Euclidean  

Distance 

Cost 

Weighted 

Distance 

LCP 

Length 

LCP Length 

to Euclidean  

Distance 

Ratio 

Cost-Weight 

Distance to 

Euclidean  

Distance 

Ratio 

Cost 

Weighted 

Distance to 

LCP Ratio 

BgDr-11 Teacher's Cove BgDr-5 Carson 3.370 4.530 4.530 1.344 1.344 1.000 

BgDq-7 Northeast Point BhDr-1 McAleenan 17.368 26.412 23.375 1.346 1.521 1.130 

BgDs-4 Eidlitz ME61.17 Great 

Spruce 

Island 

65.617 88.859 88.859 1.354 1.354 1.000 

BgDq-5 Ledge BgDr-5 Carson 15.856 21.623 21.623 1.364 1.364 1.000 

BgDq-7 Northeast Point BgDr-5 Carson 16.248 22.353 22.353 1.376 1.376 1.000 

BgDr-11 Teacher's Cove BhDr-1 McAleenan 4.024 8.590 5.553 1.380 2.135 1.547 

BlDo-4 Bull Frog CaDu-8 Cronkite 75.884 112.258 106.440 1.403 1.479 1.055 

BdDq-3 Baird BeDq-11 Newton's 

Point 

3.938 5.642 5.642 1.433 1.433 1.000 

BlDq-1 Eqpahak CaDu-8 Cronkite 57.438 129.680 85.108 1.482 2.258 1.524 

Wash 

Lake 

Washademoak 

Lake Chert 

BgDq-4 Camp 98.698 147.254 147.254 1.492 1.492 1.000 

Wash 

Lake 

Washademoak 

Lake Chert 

BgDq-6 Weir 98.336 147.074 147.074 1.496 1.496 1.000 

Wash 

Lake 

Washademoak 

Lake Chert 

BgDq-7 Northeast 

Point 

97.974 147.003 147.003 1.500 1.500 1.000 

Wash 

Lake 

Washademoak 

Lake Chert 

BlDn-12 Fulton 

Island 

25.245 42.280 38.590 1.529 1.675 1.096 

ME110.2   ME61.17 Great 

Spruce 

Island 

69.119 110.462 108.720 1.573 1.598 1.016 

BgDr-5 Carson ME110.2   22.788 38.050 36.308 1.593 1.670 1.048 

BlDn-12 Fulton Island BlDq-1 Eqpahak 37.927 100.090 60.888 1.605 2.639 1.644 

BgDq-7 Northeast Point BlDo-4 Bull Frog 92.501 174.463 150.968 1.632 1.886 1.156 

BjDu-17 Diggity CaDu-8 Cronkite 42.265 127.977 69.193 1.637 3.028 1.850 

BhDr-1 McAleenan ME110.2   22.799 42.110 37.331 1.637 1.847 1.128 

BjDu-17 Diggity BlDo-4 Bull Frog 75.630 207.671 132.894 1.757 2.746 1.563 
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Starting 

Site 

Starting Name Destination 

Site 

Destination 

Name 

Euclidean  

Distance 

Cost 

Weighted 

Distance 

LCP 

Length 

LCP Length 

to Euclidean  

Distance 

Ratio 

Cost-Weight 

Distance to 

Euclidean  

Distance 

Ratio 

Cost 

Weighted 

Distance to 

LCP Ratio 

BkDw-5 Mud Lake 

Stream 

ME110.2   67.731 121.625 119.882 1.770 1.796 1.015 

BgDr-5 Carson BgDs-6 Sand Point 13.989 24.790 24.790 1.772 1.772 1.000 

BgDs-6 Sand Point  BhDr-1 McAleenan 14.343 28.850 25.813 1.800 2.011 1.118 

Wash 

Lake 

Washademoak 

Lake Chert 

BhDr-1 McAleenan 94.601 174.090 171.053 1.808 1.840 1.018 

BgDq-5 Ledge BgDq-6 Weir 0.017 0.031 0.031 1.819 1.819 1.031 

BgDr-5 Carson BhDr-1 McAleenan 0.589 4.111 1.074 1.823 6.979 3.831 

BkDw-5 Mud Lake 

Stream 

ME61.17 Great 

Spruce 

Island 

124.506 227.854 227.854 1.830 1.830 1.000 

BgDs-1 Pagan Point BgDs-4 Eidlitz 1.824 3.363 3.363 1.844 1.844 1.000 

BjDu-17 Diggity ME110.2   51.177 97.133 95.391 1.864 1.898 1.018 

BgDr-5 Carson BlDo-4 Bull Frog 83.080 179.092 161.729 1.947 2.156 1.107 

BhDr-1 McAleenan BlDo-4 Bull Frog 81.805 183.151 162.752 1.990 2.239 1.125 

BjDu-17 Diggity BlDq-1 Eqpahak 62.850 230.417 127.062 2.022 3.666 1.813 

BkDw-5 Mud Lake 

Stream 

CaDu-8 Cronkite 38.646 107.460 79.279 2.051 2.781 1.355 

BlDo-4 Bull Frog BlDq-1 Eqpahak 17.940 71.314 37.987 2.117 3.975 1.877 

BgDr-11 Teacher's Cove BgDs-6 Sandy Point 9.861 21.276 21.276 2.158 2.158 1.000 

BgDs-10 Minister's 

Island 

BgDs-6 Sandy Point 6.735 14.983 14.983 2.225 2.225 1.000 

BhDr-1 McAleenan BlDq-1 Eqpahak 83.104 227.849 185.757 2.235 2.742 1.227 

BgDs-10 Minister's 

Island 

BgDs-4 Eidlitz 2.618 6.350 6.350 2.426 2.426 1.000 
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Appendix II, Table 2: LCP travel distances under non-freshet conditions compared to Euclidean  distances rounded to the nearest km. LCP 

lengths represent the cost-distance of moving between sites, providing a more realistic estimate of travel distances. Some LCP routes are less 

efficient compared to freshet conditions with a greater difference between Euclidean  and LCP distances. LCP distances represent single, non-

mutually exclusive routes among low-resistance corridors.  

 

Starting 

Site 

Starting Name Destination 

Site 

Destination 

Name 

Euclidean  

Distance 

Cost 

Distance 

LCP 

Length 

LCP 

Length to 

Euclidean  

Distance 

Ratio 

Cost 

Distance to 

Euclidean  

Distance 

Ratio 

Cost Weighted 

Distance to LCP 

Length Radio 

BgDr-61 Pintlowes Cove BgDr-66 Loyalist 0.348 0.350 0.350 1.005 1.005 1.002 

BgDr-48 Partridge Island BgDr-60 Lighthouse Cove 5.373 5.450 5.450 1.014 1.014 1.000 

BgDr-38 Pendleton 

Passage 

BgDs-10 Minister's Island 10.012 10.190 10.190 1.018 1.018 1.000 

BgDr-60 Lighthouse 

Cove 

BgDr-61 Pintlowes Cove 0.030 0.031 0.031 1.031 1.031 1.031 

BgDq-4 Camp BgDq-6 Weir 0.030 0.031 0.031 1.031 1.031 1.031 

BgDq-5 Ledge BgDq-7 Northeast Point 0.030 0.031 0.031 1.031 1.031 1.031 

BgDq-6 Weir BgDq-7 Northeast Point 0.030 0.031 0.031 1.031 1.031 1.031 

BgDq-5 Ledge BgDr-61 Pintlowes Cove 1.481 1.554 1.554 1.049 1.049 1.001 

BgDq-4 Camp BgDq-5 Ledge 0.349 0.368 0.368 1.054 1.054 1.003 

BdDq-3 Baird ME61.17 Great Spruce Island 63.377 66.931 66.931 1.056 1.056 1.000 

BgDr-48 Partridge Island BgDr-66 Loyalist 5.463 5.799 5.799 1.061 1.061 1.000 

BgDr-38 Pendleton 

Passage 

BgDs-1 Pagan Point 7.789 8.321 8.321 1.068 1.068 1.000 

BgDr-38 Pendleton 

Passage 

BgDr-5 Carson 13.553 14.483 14.483 1.069 1.069 1.000 

BgDq-5 Ledge BgDr-48 Partridge Island 7.576 8.115 8.115 1.071 1.071 1.000 

BdDq-3 Baird BgDq-4 Camp 42.540 45.623 45.623 1.072 1.072 1.000 

BdDq-3 Baird BgDq-7 Northeast Point 43.451 46.628 46.628 1.073 1.073 1.000 
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Starting 

Site 

Starting Name Destination 

Site 

Destination 

Name 

Euclidean  

Distance 

Cost 

Distance 

LCP 

Length 

LCP 

Length to 

Euclidean  

Distance 

Ratio 

Cost 

Distance to 

Euclidean  

Distance 

Ratio 

Cost Weighted 

Distance to LCP 

Length Radio 

BdDq-3 Baird BgDq-6 Weir 42.995 46.182 46.182 1.074 1.074 1.000 

BgDr-38 Pendleton 

Passage 

BgDr-48 Partridge Island 1.182 1.277 1.277 1.080 1.080 1.000 

BgDr-11 Teacher's Cove BgDr-38 Pendleton Passage 12.752 13.774 13.774 1.080 1.080 1.000 

BgDr-38 Pendleton 

Passage 

BgDr-66 Loyalist 7.079 7.651 7.651 1.081 1.081 1.000 

BgDr-11 Teacher's Cove BgDs-1 Pagan Point 8.156 8.834 8.834 1.083 1.083 1.000 

BgDr-38 Pendleton 

Passage 

BgDs-4 Eidlitz 10.080 10.924 10.924 1.084 1.084 1.000 

BgDq-5 Ledge BgDr-66 Loyalist 1.379 1.501 1.501 1.088 1.088 1.000 

BgDs-4 Eidlitz BgDs-6 Sandy Point 7.156 7.800 7.800 1.090 1.090 1.000 

BgDq-4 Camp BgDr-61 Pintlowes Cove 1.381 1.506 1.506 1.090 1.090 1.001 

BgDq-4 Camp BgDr-60 Lighthouse Cove 1.985 2.173 2.173 1.095 1.095 1.000 

BgDq-5 Ledge BgDr-38 Pendleton Passage 9.096 9.967 9.967 1.096 1.096 1.000 

BeDq-11 Newton's Point ME61.17 Great Spruce Island 60.702 66.534 66.534 1.096 1.096 1.000 

BgDr-11 Teacher's Cove BgDs-10 Minister's Island 6.021 6.676 6.676 1.109 1.109 1.000 

BeDq-11 Newton's Point BgDq-4 Camp 38.680 42.975 42.975 1.111 1.111 1.000 

BgDr-38 Pendleton 

Passage 

BgDs-6 Sandy Point 17.421 19.556 19.556 1.123 1.123 1.000 

BeDq-11 Newton's Point BgDr-61 Pintlowes Cove 38.053 43.307 42.934 1.128 1.138 1.009 

BgDs-1 Pagan Point BgDs-10 Minister's Island 2.067 2.335 2.335 1.130 1.130 1.000 

BeDq-11 Newton's Point BgDr-60 Lighthouse Cove 38.170 43.133 43.133 1.130 1.130 1.000 

BeDq-11 Newton's Point BgDr-48 Partridge Island 39.709 45.381 45.381 1.143 1.143 1.000 

BeDq-11 Newton's Point BgDr-38 Pendleton Passage 41.227 47.117 47.117 1.143 1.143 1.000 
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Starting 

Site 

Starting Name Destination 

Site 

Destination 

Name 

Euclidean  

Distance 

Cost 

Distance 

LCP 

Length 

LCP 

Length to 

Euclidean  

Distance 

Ratio 

Cost 

Distance to 

Euclidean  

Distance 

Ratio 

Cost Weighted 

Distance to LCP 

Length Radio 

BgDr-38 Pendleton 

Passage 

ME110.2   27.084 32.816 31.074 1.147 1.212 1.056 

BgDs-6 Sandy Point ME110.2   9.093 12.415 10.673 1.174 1.365 1.163 

BgDs-4 Eidlitz ME110.2   16.337 21.060 19.318 1.182 1.289 1.090 

BjDu-17 Diggity BkDw-5 Mud Lake Stream 22.438 27.008 27.008 1.204 1.204 1.000 

BlDn-12 Fulton Island BlDo-4 Bull Frog 21.050 51.760 25.670 1.219 2.459 2.016 

BgDr-38 Pendleton 

Passage 

ME61.17 Great Spruce Island 67.746 82.907 82.907 1.224 1.224 1.000 

BgDr-60 Lighthouse 

Cove 

BgDr-66 Loyalist 0.126 0.155 0.155 1.227 1.227 1.004 

BgDr-5 Carson BgDr-66 Loyalist 15.575 19.307 19.307 1.240 1.240 1.000 

Wash 

Lake 

Washademoak 

Lake Chert 

BdDq-3 Baird 131.218 170.641 170.641 1.300 1.300 1.000 

Wash 

Lake 

Washademoak 

Lake Chert 

BlDo-4 Bull Frog 40.749 63.592 54.084 1.327 1.561 1.176 

BgDr-11 Teacher's Cove BgDr-5 Carson 3.370 4.530 4.530 1.344 1.344 1.000 

BgDq-7 Northeast Point BhDr-1 McAleenan 17.368 26.412 23.375 1.346 1.521 1.130 

BgDs-4 Eidlitz ME61.17 Great Spruce Island 65.617 88.859 88.859 1.354 1.354 1.000 

BgDq-5 Ledge BgDr-5 Carson 15.856 21.623 21.623 1.364 1.364 1.000 

BgDq-7 Northeast Point BgDr-5 Carson 16.248 22.353 22.353 1.376 1.376 1.000 

BgDr-11 Teacher's Cove BhDr-1 McAleenan 4.024 8.590 5.553 1.380 2.135 1.547 

BlDq-1 Eqpahak CaDu-8 Cronkite 57.438 153.575 80.241 1.397 2.674 1.914 

BlDo-4 Bull Frog CaDu-8 Cronkite 75.884 112.258 106.440 1.403 1.479 1.055 

BdDq-3 Baird BeDq-11 Newton's Point 3.938 5.642 5.642 1.433 1.433 1.000 
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Starting 

Site 

Starting Name Destination 

Site 

Destination 

Name 

Euclidean  

Distance 

Cost 

Distance 

LCP 

Length 

LCP 

Length to 

Euclidean  

Distance 

Ratio 

Cost 

Distance to 

Euclidean  

Distance 

Ratio 

Cost Weighted 

Distance to LCP 

Length Radio 

Wash 

Lake 

Washademoak 

Lake Chert 

BgDq-4 Camp 98.698 147.254 147.254 1.492 1.492 1.000 

Wash 

Lake 

Washademoak 

Lake Chert 

BgDq-6 Weir 98.336 147.074 147.074 1.496 1.496 1.000 

Wash 

Lake 

Washademoak 

Lake Chert 

BgDq-7 Northeast Point 97.974 147.003 147.003 1.500 1.500 1.000 

Wash 

Lake 

Washademoak 

Lake Chert 

BlDn-12 Fulton Island 25.245 42.280 38.590 1.529 1.675 1.096 

BgDr-5 Carson CaDu-8 Cronkite 101.415 244.394 157.769 1.556 2.410 1.549 

ME110.2   ME61.17 Great Spruce Island 69.119 110.462 108.720 1.573 1.598 1.016 

BgDr-5 Carson ME110.2   22.788 38.050 36.308 1.593 1.670 1.048 

BlDn-12 Fulton Island BlDq-1 Eqpahak 37.927 125.376 62.099 1.637 3.306 2.019 

BhDr-1 McAleenan ME110.2   22.799 42.110 37.331 1.637 1.847 1.128 

BkDw-5 Mud Lake 

Stream 

ME110.2   67.731 121.625 119.882 1.770 1.796 1.015 

BgDr-5 Carson BgDs-6 Sandy Point 13.989 24.790 24.790 1.772 1.772 1.000 

BgDs-6 Sandy Point BhDr-1 McAleenan 14.343 28.850 25.813 1.800 2.011 1.118 

Wash 

Lake 

Washademoak 

Lake Chert 

BhDr-1 McAleenan 94.601 174.090 171.053 1.808 1.840 1.018 

BgDq-5 Ledge BgDq-6 Weir 0.017 0.031 0.031 1.819 1.819 1.031 

BgDr-5 Carson BhDr-1 McAleenan 0.589 4.111 1.074 1.823 6.979 3.831 

BkDw-5 Mud Lake 

Stream 

ME61.17 Great Spruce Island 124.506 227.854 227.854 1.830 1.830 1.000 

BgDr-5 Carson BlDo-4 Bull Frog 83.080 214.401 152.926 1.841 2.581 1.402 

BgDs-1 Pagan Point BgDs-4 Eidlitz 1.824 3.363 3.363 1.844 1.844 1.000 

BjDu-17 Diggity ME110.2   51.177 97.133 95.391 1.864 1.898 1.018 
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Starting 

Site 

Starting Name Destination 

Site 

Destination 

Name 

Euclidean  

Distance 

Cost 

Distance 

LCP 

Length 

LCP 

Length to 

Euclidean  

Distance 

Ratio 

Cost 

Distance to 

Euclidean  

Distance 

Ratio 

Cost Weighted 

Distance to LCP 

Length Radio 

BhDr-1 McAleenan BlDo-4 Bull Frog 81.805 218.461 153.949 1.882 2.671 1.419 

BkDw-5 Mud Lake 

Stream 

CaDu-8 Cronkite 38.646 136.725 78.437 2.030 3.538 1.743 

BgDq-7 Northeast Point BlDo-4 Bull Frog 92.501 197.194 191.377 2.069 2.132 1.030 

BgDr-5 Carson BjDu-17 Diggity 62.569 130.951 130.951 2.093 2.093 1.000 

BlDo-4 Bull Frog BlDq-1 Eqpahak 17.940 86.376 37.554 2.093 4.815 2.300 

BhDr-1 McAleenan BlDq-1 Eqpahak 83.104 278.221 176.521 2.124 3.348 1.576 

BhDr-1 McAleenan BjDu-17 Diggity 61.471 135.010 131.973 2.147 2.196 1.023 

BgDr-11 Teacher's Cove BgDs-6 Sandy Point 9.861 21.276 21.276 2.158 2.158 1.000 

BgDs-10 Minister's 

Island 

BgDs-6 Sandy Point 6.735 14.983 14.983 2.225 2.225 1.000 

BjDu-17 Diggity CaDu-8 Cronkite 42.265 163.589 100.029 2.367 3.871 1.635 

BgDs-10 Minister's 

Island 

BgDs-4 Eidlitz 2.618 6.350 6.350 2.426 2.426 1.000 

BjDu-17 Diggity BlDq-1 Eqpahak 62.850 317.617 180.724 2.875 5.054 1.757 
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Appendix II, Table 3: LCP travel distances for low water-level conditions compared to Euclidean  conditions, rounded to the nearest km. 

During times of especially low waters it would have been difficult to deviate from these major routes, increasing the LCP lengths to sites farther 

away from these riversheds. 

 

Starting 

Site 

Starting Name Destination 

Site 

Destination Name Euclidean  

Distance  

Cost-

Weighted 

Distance 

LCP 

Length 

LCP 

length to 

Euclidean  

Length 

Ratio 

Cost-

Weighted 

Distance 

to 

Euclidean  

Distance 

Ratio 

Cost 

Weighted 

Distance 

to LCP 

Ratio 

BgDr-61 Pintlowes Cove BgDr-66 Loyalist 0.348 0.350 0.350 1.005 1.005 1.002 

BgDr-48 Partridge Island BgDr-60 Lighthouse Cove 5.373 5.450 5.450 1.014 1.014 1.000 

BgDr-38 Pendleton Passage BgDs-10 Minister's Island 10.012 10.190 10.190 1.018 1.018 1.000 

BgDr-60 Lighthouse Cove BgDr-61 Pintlowes Cove 0.030 0.031 0.031 1.031 1.031 1.031 

BgDq-4 Camp BgDq-6 Weir 0.030 0.031 0.031 1.031 1.031 1.031 

BgDq-5 Ledge BgDq-7 Northeast Point 0.030 0.031 0.031 1.031 1.031 1.031 

BgDq-6 Weir BgDq-7 Northeast Point 0.030 0.031 0.031 1.031 1.031 1.031 

BgDq-5 Ledge BgDr-61 Pintlowes Cove 1.481 1.554 1.554 1.049 1.049 1.001 

BgDq-4 Camp BgDq-5 Ledge 0.349 0.368 0.368 1.054 1.054 1.003 

BdDq-3 Baird ME61.17 Great Spruce 

Island 

63.377 66.931 66.931 1.056 1.056 1.000 

BgDr-48 Partridge Island BgDr-66 Loyalist 5.463 5.799 5.799 1.061 1.061 1.000 

BgDr-38 Pendleton Passage BgDs-1 Pagan Point 7.789 8.321 8.321 1.068 1.068 1.000 

BgDr-38 Pendleton Passage BgDr-5 Carson 13.553 14.483 14.483 1.069 1.069 1.000 

BgDq-5 Ledge BgDr-48 Partridge Island 7.576 8.115 8.115 1.071 1.071 1.000 
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Starting 

Site 

Starting Name Destination 

Site 

Destination Name Euclidean  

Distance  

Cost-

Weighted 

Distance 

LCP 

Length 

LCP 

length to 

Euclidean  

Length 

Ratio 

Cost-

Weighted 

Distance 

to 

Euclidean  

Distance 

Ratio 

Cost 

Weighted 

Distance 

to LCP 

Ratio 

BdDq-3 Baird BgDq-4 Camp 42.540 45.623 45.623 1.072 1.072 1.000 

BdDq-3 Baird BgDq-7 Northeast Point 43.451 46.628 46.628 1.073 1.073 1.000 

BdDq-3 Baird BgDq-6 Weir 42.995 46.182 46.182 1.074 1.074 1.000 

BgDr-38 Pendleton Passage BgDr-48 Partridge Island 1.182 1.277 1.277 1.080 1.080 1.000 

BgDr-11 Teacher's Cove BgDr-38 Pendleton Passage 12.752 13.774 13.774 1.080 1.080 1.000 

BgDr-38 Pendleton Passage BgDr-66 Loyalist 7.079 7.651 7.651 1.081 1.081 1.000 

BgDr-11 Teacher's Cove BgDs-1 Pagan Point 8.156 8.834 8.834 1.083 1.083 1.000 

BgDr-38 Pendleton Passage BgDs-4 Eidlitz 10.080 10.924 10.924 1.084 1.084 1.000 

BgDq-5 Ledge BgDr-66 Loyalist 1.379 1.501 1.501 1.088 1.088 1.000 

BgDs-4 Eidlitz BgDs-6 Sandy Point 7.156 7.800 7.800 1.090 1.090 1.000 

BgDq-4 Camp BgDr-61 Pintlowes Cove 1.381 1.506 1.506 1.090 1.090 1.001 

BgDq-4 Camp BgDr-60 Lighthouse Cove 1.985 2.173 2.173 1.095 1.095 1.000 

BgDq-5 Ledge BgDr-38 Pendleton Passage 9.096 9.967 9.967 1.096 1.096 1.000 

BeDq-11 Newton's Point ME61.17 Great Spruce 

Island 

60.702 66.534 66.534 1.096 1.096 1.000 

BgDr-11 Teacher's Cove BgDs-10 Minister's Island 6.021 6.676 6.676 1.109 1.109 1.000 

BeDq-11 Newton's Point BgDq-4 Camp 38.680 42.975 42.975 1.111 1.111 1.000 

BeDq-11 Newton's Point BgDr-61 Pintlowes Cove 38.053 43.307 42.934 1.128 1.138 1.009 

BgDs-1 Pagan Point BgDs-10 Minister's Island 2.067 2.335 2.335 1.130 1.130 1.000 

BeDq-11 Newton's Point BgDr-60 Lighthouse Cove 38.170 43.133 43.133 1.130 1.130 1.000 

BeDq-11 Newton's Point BgDr-48 Partridge Island 39.709 45.381 45.381 1.143 1.143 1.000 
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Starting 

Site 

Starting Name Destination 

Site 

Destination Name Euclidean  

Distance  

Cost-

Weighted 

Distance 

LCP 

Length 

LCP 

length to 

Euclidean  

Length 

Ratio 

Cost-

Weighted 

Distance 

to 

Euclidean  

Distance 

Ratio 

Cost 

Weighted 

Distance 

to LCP 

Ratio 

BeDq-11 Newton's Point BgDr-38 Pendleton Passage 41.227 47.117 47.117 1.143 1.143 1.000 

BgDr-38 Pendleton Passage ME110.2   27.084 32.816 31.074 1.147 1.212 1.056 

BgDs-6 Sandy Point ME110.2   9.093 12.415 10.673 1.174 1.365 1.163 

BgDs-4 Eidlitz ME110.2   16.337 21.060 19.318 1.182 1.289 1.090 

BjDu-17 Diggity BkDw-5 Mud Lake Stream 22.438 27.008 27.008 1.204 1.204 1.000 

BlDn-12 Fulton Island BlDo-4 Bull Frog 21.050 51.760 25.670 1.219 2.459 2.016 

BgDr-38 Pendleton Passage ME61.17 Great Spruce 

Island 

67.746 82.907 82.907 1.224 1.224 1.000 

BgDr-60 Lighthouse Cove BgDr-66 Loyalist 0.126 0.155 0.155 1.227 1.227 1.004 

BgDr-5 Carson BgDr-66 Loyalist 15.575 19.307 19.307 1.240 1.240 1.000 

Wash 

Lake 

Washademoak 

Lake 

BdDq-3 Baird 131.218 170.641 170.641 1.300 1.300 1.000 

Wash 

Lake 

Washademoak 

Lake 

BlDo-4 Bull Frog 40.749 63.592 54.084 1.327 1.561 1.176 

BgDr-11 Teacher's Cove BgDr-5 Carson 3.370 4.530 4.530 1.344 1.344 1.000 

BgDq-7 Northeast Point BhDr-1 McAleenan 17.368 26.412 23.375 1.346 1.521 1.130 

BgDs-4 Eidlitz ME61.17 Great Spruce 

Island 

65.617 88.859 88.859 1.354 1.354 1.000 

BgDq-5 Ledge BgDr-5 Carson 15.856 21.623 21.623 1.364 1.364 1.000 

BgDq-7 Northeast Point BgDr-5 Carson 16.248 22.353 22.353 1.376 1.376 1.000 

BgDr-11 Teacher's Cove BhDr-1 McAleenan 4.024 8.590 5.553 1.380 2.135 1.547 

BlDq-1 Eqpahak CaDu-8 Cronkite 57.438 153.593 80.259 1.397 2.674 1.914 

BkDw-5 Mud Lake Stream CaDu-8 Cronkite 38.646 408.841 54.140 1.401 10.579 7.552 
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Starting 

Site 

Starting Name Destination 

Site 

Destination Name Euclidean  

Distance  

Cost-

Weighted 

Distance 

LCP 

Length 

LCP 

length to 

Euclidean  

Length 

Ratio 

Cost-

Weighted 

Distance 

to 

Euclidean  

Distance 

Ratio 

Cost 

Weighted 

Distance 

to LCP 

Ratio 

BlDo-4 Bull Frog CaDu-8 Cronkite 75.884 112.276 106.458 1.403 1.480 1.055 

BlDn-12 Fulton Island BlDq-1 Eqpahak 37.927 147.468 53.861 1.420 3.888 2.738 

BdDq-3 Baird BeDq-11 Newton's Point 3.938 5.642 5.642 1.433 1.433 1.000 

Wash 

Lake 

Washademoak 

Lake 

BgDq-4 Camp 98.698 147.254 147.254 1.492 1.492 1.000 

Wash 

Lake 

Washademoak 

Lake 

BgDq-6 Weir 98.336 147.074 147.074 1.496 1.496 1.000 

Wash 

Lake 

Washademoak 

Lake 

BgDq-7 Northeast Point 97.974 147.028 147.028 1.501 1.501 1.000 

Wash 

Lake 

Washademoak 

Lake 

BlDn-12 Fulton Island 25.245 42.280 38.590 1.529 1.675 1.096 

ME110.2   ME61.17 Great Spruce 

Island 

69.119 110.462 108.720 1.573 1.598 1.016 

BhDr-1 McAleenan ME110.2   22.799 42.110 37.331 1.637 1.847 1.128 

BgDr-5 Carson BgDs-6 Sandy Point 13.989 24.790 24.790 1.772 1.772 1.000 

BkDw-5 Mud Lake Stream ME110.2   67.731 121.959 120.217 1.775 1.801 1.014 

BgDs-6 Sandy Point BhDr-1 McAleenan 14.343 28.850 25.813 1.800 2.011 1.118 

Wash 

Lake 

Washademoak 

Lake 

BhDr-1 McAleenan 94.601 174.090 171.053 1.808 1.840 1.018 

BgDq-5 Ledge BgDq-6 Weir 0.017 0.031 0.031 1.819 1.819 1.031 

BgDr-5 Carson BhDr-1 McAleenan 0.589 4.111 1.074 1.823 6.979 3.831 

BgDs-6 Sandy Point BjDu-17 Diggity 57.895 105.651 105.651 1.825 1.825 1.000 

BkDw-5 Mud Lake Stream ME61.17 Great Spruce 

Island 

124.506 228.188 228.188 1.833 1.833 1.000 
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Starting 

Site 

Starting Name Destination 

Site 

Destination Name Euclidean  

Distance  

Cost-

Weighted 

Distance 

LCP 

Length 

LCP 

length to 

Euclidean  

Length 

Ratio 

Cost-

Weighted 

Distance 

to 

Euclidean  

Distance 

Ratio 

Cost 

Weighted 

Distance 

to LCP 

Ratio 

BgDs-1 Pagan Point BgDs-4 Eidlitz 1.824 3.363 3.363 1.844 1.844 1.000 

BjDu-17 Diggity ME110.2   51.177 97.468 95.726 1.870 1.905 1.018 

BgDq-7 Northeast Point BlDo-4 Bull Frog 92.501 197.220 191.402 2.069 2.132 1.030 

BlDo-4 Bull Frog BlDq-1 Eqpahak 17.940 116.427 37.276 2.078 6.490 3.123 

BhDr-1 McAleenan BjDu-17 Diggity 61.471 135.345 132.308 2.152 2.202 1.023 

BgDr-11 Teacher's Cove BgDs-6 Sandy Point 9.861 21.276 21.276 2.158 2.158 1.000 

BgDs-10 Minister's Island BgDs-6 Sandy Point 6.735 14.983 14.983 2.225 2.225 1.000 

BgDs-6 Sandy Point BlDo-4 Bull Frog 92.496 228.623 222.805 2.409 2.472 1.026 

BgDs-10 Minister's Island BgDs-4 Eidlitz 2.618 6.350 6.350 2.426 2.426 1.000 

BhDr-1 McAleenan BlDo-4 Bull Frog 81.805 224.281 215.427 2.633 2.742 1.041 

BhDr-1 McAleenan BlDq-1 Eqpahak 83.104 319.989 243.618 2.931 3.850 1.313 

BjDu-17 Diggity BlDo-4 Bull Frog 75.630 335.118 329.300 4.354 4.431 1.018 

BjDu-17 Diggity BlDq-1 Eqpahak 62.850 430.826 357.492 5.688 6.855 1.205 

BjDu-17 Diggity CaDu-8 Cronkite 42.265 426.674 426.674 10.095 10.095 1.000 
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