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Abstract 

This thesis analyzes actual and potential long-distance use of the dog-pulled travois in western 

North America by developing a Geographic Information Systems (GIS) suitability model. The travois, 

consisting of a wooden A-frame sled originally pulled by dogs and, later, horses, was widely used across 

the North American Great Plains to facilitate the transport of supplies and trade goods. However, the 

absence of archaeological evidence makes it difficult to evaluate imperfect ethnographic data and assess 

how widespread travois use was, or could have been, in ancient times. Historic and experimental data 

indicate several shortcomings to travois transport based on the terrain it is being used on and the mass 

and physiology of the dogs used to pull it. Archaeological, historical, and experimental accounts of travois 

performance are reviewed to model the topographical and ecological limitations of travois-assisted 

transport. Limitations include, but are not restricted to, the slope (terrain) over which travois can be 

hauled, the temperature at which the draft dogs become unproductive and overheat, and the 

effectiveness of travel over specific types of vegetation. GIS modeling is used to assess the large-scale 

suitability of terrain for travois travel based on these projected limiting factors, and to calculate least-cost 

paths between select locations on the Great Plains and Intermountain West. Finally, the models produced 

by these analyses are compared with existing research on travois use and long-distance exchange in the 

western US to assess concordance with current evidence, elucidate gaps in ethnographic data, and 

generate predications for regions of possible dog-facilitated travois use. Beyond the enhancement of the 

limited available ethnographic accounts, this exploratory thesis provides guidance for future investigations 

of domestic dog use; especially as a template for detailed site-level analyses of travois and dog use on the 

local landscape, identifying prospective areas for survey and excavation of further archaeological 

evidence, and refining the understanding of trade interactions and human-dog relationships within and 

beyond the Great Plains. 
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Chapter 1: Introduction and Background 

The Great Plains, as both a cultural and ecological area, is characterized by the expansive open 

plains that cover much of the continental interior of North America, extending from the Upper Mississippi 

River Valley west to the Rocky Mountains, and from the Saskatchewan River Valley in Canada as far south 

as the Rio Grande River. The grasslands and prairies of the region made ideal conditions for large game 

animals such as the American Bison (Bison bison bison), which provided a rich, if highly mobile, resource 

for Indigenous peoples of the Plains and adjacent regions to take advantage of. The landscape and ecology 

of the Great Plains encouraged movement among its inhabitants, thus, the tools that facilitated that travel 

have become extremely important to anthropological study of the region.  One such tool, the dog-pulled 

travois, is the focus of this thesis. The travois consists of an A-frame style sled, pulled originally by 

domesticated dogs (Canis familiaris), and later, by domesticated horses (Equus ferus caballus). It has been 

ethnographically documented as a major travel tool used throughout the Great Plains during colonial 

contact and into the 20th century, with ethnographic accounts asserting even greater time depth to its use 

(Wilson 1924). Despite the ethnographic attestation, little archaeological evidence currently exists to 

clarify the antiquity of travois use on the Great Plains and beyond. Existing archaeological identifications 

of dog travois are often ambiguous or conjectural due to the use of organic materials that are not 

obviously travois-related (Gebhard et al. 1964; Grey 1963), with the most compelling evidence coming in 

the form of a possible travois basket from the Promontory caves in Utah on the northern margin of the 

Great Salt Lake (Goldberg et al. 2022). Promontory lies beyond the bounds of the Great Plains, leading to 

questions regarding when and how dog-pulled travois may have been effective in other region given its 

historic distribution. This thesis aims to address this apparent limitation in ethnographic and 

archaeological evidence through the creation of a Geographic Information System (GIS) based suitability 

model and least cost paths (LCP) analysis based on the ethnographically and experimentally reported 

limitations of the dog-travois. This model will provide an independent evaluation of landscapes of 
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potential travois use, even without the presence of these other data, and especially if compared with 

other data such as faunal records of domesticated dogs in the past. Ethnographic accounts (e.g., Wilson 

1924) and experimental archaeology (Henderson 1994) identify several restrictions to travois travel based 

on the physical characteristics of the travois as a sled and the physiology of the dogs used to pull the 

travois. Most notably, travois have difficulty scaling steep slopes of even a few meters, are severely slowed 

by vegetation and muddy ground, and are easily affected by the need to rest overheating and exhausted 

dogs. For this thesis, these limitations were quantified and mapped to geographic variables such as slope, 

landcover, and average temperature to model the possible range of precontact travois use. The questions 

informing creation of this model thus include: What is the theoretically maximum usable range for dog 

travois transport in the western United States? How does the modeled extent compare with current 

archaeo-faunal and ethnographic data, especially in areas beyond the accepted travois use area within the 

Great Plains? Beyond the enhancement of limited archaeological and ethnographic evidence, this thesis 

provides guidance for future archaeological investigations of travois use, human-dog relationships, and 

long-distance travel and trade. 

 

A Brief Discussion of Dogs 

Dogs have accompanied humanity’s dispersal across the planet to almost every corner of the 

globe. They have stood by humans’ side for at least 15,000 years, and up to 23,000 years according to 

current genetic studies (Perri et al. 2021), and have become one of the world’s most populus animals with 

an estimated population of 900 million in 2020 (Fiore and Lugli 2023). With the ubiquity of dogs in human 

cultures, one would expect a plethora of historical and archaeological evidence of their roles in human 

societies, but a surprisingly small past record of humans’ “best friend” seems to be available. Issues that 

plague archaeology in general, such as preservation bias, are compounded by ambiguity in distinguishing 

between domestic dogs and wild canids such as coyotes and wolves through skeletal remains. One 
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especially poorly studied history is that of Indigenous North American dogs, who, despite likely ranging 

the entire continent, were largely wiped out in favor of European dogs during the period of colonization 

(Bergström et al. 2020; Castroviejo-Fisher 2011; Ni Leathlobhair et al. 2018; Perri et al. 2021; Roberts 

2022). 

 Genetic research on modern and archaeological dog specimens indicates that indigenous canines 

most likely traveled with the first peoples who arrived in North America while crossing the Bering Land 

Bridge (Perri et al. 2021). From there they would have accompanied the ancestors of Indigenous groups as 

they spread across the continent. Some of the earliest archaeological evidence of indigenous dogs in the 

Americas dates to approximately 10,000 years ago (Perri et al. 2019, 2021), and current and upcoming 

research is likely to push that date further back alongside the human settlement of the continent. What 

record we have of dogs in the Great Plains, however, mostly comes from later archaeological eras and 

post-contact ethnography (Bozell 1988; Callahan 1997; Segura 2022). Ethnography and early colonial 

records indicate the presence of two distinct types of dogs in the Great Plains, called the Sioux Dog, and 

the Plains Indian Dog by Allen (1920). The Sioux dog reported on the Northern Great Plains was larger and 

more wolf-like, while the Plains Indian Dog reported from the Southern Great Plains was smaller and more 

similar to the coyote, though this bimodal classification has been critiqued for oversimplifying actual 

morphological variation in Plains dog populations (Welker and Byers 2019). 

Identifying the role of dogs in ancient societies is a particularly interesting theme of study for 

archaeology, with their use as traction animals most relevant to this thesis (i.e., animals used to pull or 

carry). In North America, dogs were widely used to carry loads. Driver and Massey (1957) provide a 

summary map of known ethnographic usage of canine traction as defined by the presence/absence of the 

practice in particular tribal territories (Figure 1). Perhaps the most well-known method, dogs were and are 

used in teams to pull large sleds over snow and ice in the arctic and northern reaches of the continent 

(Driver and Massey 1957; Vitale et al. 2023; Welker 2021). Dog packing, on the other hand, involved 
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smaller loads directly strapped to dogs using saddle bags and belts, and could be used over more rugged 

terrain, such as throughout the Rocky Mountains and Intermountain West (Driver and Massey 1957; Eiselt 

2022). The third major traction role of dogs in north America is the focus of this thesis: the travois. 

Typically, a travois is constructed by two long poles of wood, bound together at one end, and spanned by 

a basket or platform about halfway down the poles in order to form an overall “A” shape. Travois cargo 

would be secured to the basket and the bound point would be attached to the dog near the shoulders via 

a harness while the two legs of the “A” would be left to drag along the ground. Figure 2 shows a modern 

guide to creating dog-harnesses that succinctly illustrates these three methods of dog traction (Hunt 

2014). 
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Figure 1. Driver and Massey’s (1957) distribution map of dog-traction. 
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Figure 2. A modern do-it-yourself guide for creating basic dog harnesses (Hunt 2014) 

Figure 2. A modern do-it-yourself guide for creating basic dog harnesses (Hunt 2014). 
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The Archaeological and Ethnographic Context of Travois Usage 

The most extensive ethnographic coverage of travois use comes from the accounts of Buffalo Bird 

Woman (born circa 1840), as recorded in Wilson’s (1924) ethnography “The Horse and the Dog in Hidatsa 

Culture.” She details how travois were constructed, the travois’ use in moving camp supplies, by hunting 

parties to carry meat back from bison kills, to transport wood fuel to camps, and their occasional use as 

shelter poles and drying racks when not in use for hauling loads. Noted in Buffalo Bird Woman’s account 

and throughout the literature is the idea that dogs on the Great Plains tended to be women’s charges 

(Eiselt 2022; Lupo 2021; Wilson 1924), though both men and women were involved in the construction 

and use of travois technology.  In the Intermountain West there are also several notable ethnographic 

examples of travois use, the most relevant of which for establishing geographic range of travois use being 

the Culture Element Distribution survey data that indicate travois use by the Umatilla on the Columbia 

Plateau (Kroeber 1941; Ray 1942), the Bannock in Southern Idaho, and Shoshone by the Great Salt Lake 

(Kroeber 1941).  

Each of these ethnographic reports builds on those that came before, eventually allowing more 

recent researchers, such as Henderson (1994), to attempt experimental archaeological reconstruction of 

the technology. Henderson’s physical recreation of a dog travois is based on Buffalo Bird Woman’s 

description and specifications, which Wilson (1924) recorded in detail. His observations during use of that 

reconstructed travois, and Buffalo Bird Woman’s reports of her own use, provide the basis for 

understanding the physical limitations and ideal conditions that travois technology would have required of 

the landscape, which become the defining variables of the GIS modeling performed in this thesis. In their 

work, they especially noted constraints based on the steepness of hills and gullies (going both uphill and 

downhill), how different terrain and vegetation affected the travois, and the difficulties faced due to the 

canine haulers of travois. The travois was found to work best on flat ground with minimal changes in 

slope, while requiring extra effort to be made when encountering steep slopes, such as the sharp banks 
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that sometimes surround water courses. Snow and grassland ground-cover provided the best terrain for 

travois, while shrub and brush could be somewhat detrimental. Dense vegetation, such as forest, and wet 

ground conditions, i.e., marshland, could mar progress significantly. Besides the terrain limitations of the 

travois itself, Henderson also reported significant issues with the physiology of the dogs that pulled 

travois, namely that they overheated unexpectedly easily. These observations are summarized in Table 1, 

as follows. 

 

 

 

In the archaeological record, travois use has been harder to identify. Travois would have been 

made with perishable materials, such as hide/leather and wooden poles, which preserve in only rare 

occasions in the archaeological record and may often have served multiple purposes that could confuse 

their identification if they did survive (e.g., travois poles doubling as tent poles and then deposited in the 

Variable Description of Constraint Source & Pages 

Slope Steep slopes, such as gullies, require extra 
effort such as tacking back and forth or 
unhitching of the travois and/or load and 
carrying them up separately 

Henderson 1994: 153 
Henderson 2001: 55 

Landcover Snow cover provides best travois 
performance 

Henderson 2001: 52 
Wilson 1924:208-209, 227  
 

Native prairie and grassland were very good 
for travois 

Henderson 1994: 154 
Henderson 2001: 59 

Tall grass and short brush could be pulled 
through without too much effort 

Henderson 1994: 153-154 

Areas of dense vegetation, such as forest, 
was difficult to navigate and sometimes 
needed trimming to allow passage 

Henderson 1994: 157  
Henderson 2001: 33   
Wilson 1924:207-208, 248 
 

Moist and soft ground slowed progress Henderson 1994 
Henderson 2001: 58-59 

Temperature Dogs overheat quickly during exertion, at 
lower temperatures than humans 

Henderson 1994: 154--157 
Henderson 2001 

Table 1. Summary of landscape-based observations on travois suitability. 
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archaeological record without the basket and/or bindings that would help in identifying their use in 

travois transport). As such, excavations that have documented potential travois remains tend to find these 

materials in caves, due to their unique preservation properties, but have not had much success in positive 

identification of travois. For example, possible travois remains have been reported in Wyoming by Grey 

(1963) at the Turk Burial Site, where pole fragments with worn ends were found, and by Gebhard et al. 

(1964) at Horned Owl Cave, who reported a wooden pole displaying wrapping marks similar to those used 

in travois construction. These identifications are ambiguous, however, and were given little attention in 

these reports. The current and most compelling identification of travois in an archaeological context 

comes from the analysis of perishables from the Promontory caves, Utah, from which a probable travois 

basket is identified (Goldberg et al. 2022). This cave, among other dry caves on the shores of the Great 

Salt Lake, includes artifact assemblages characteristic of bison hunting (and likely travois using) peoples of 

the Great Plains, rather than those of the surrounding Great Basin peoples (Ives and Janetski 2022). 

Analysis of these assemblages indicates even wider-reaching connections throughout the Intermountain 

West and Great Plains, including interpretation as materials used by ancestral Apachean language-

speaking groups of the Southwest. For instance, Metcalfe et al. (2022) use isotopic evidence to link bison 

hide moccasins to source areas as far south as northern Arizona, while Goldberg et al.’s (2022) perishables 

analysis suggests technological connections to the Pacific Coast, Columbia Plateau, and Great Plains.  

The archaeological remains of travois dogs themselves are also limited. Zooarchaeological 

methods have not proved successful so far in identifying work-related pathology in dogs that might be 

used as proxy for travois use (Janssens et al. 2019; Latham 2016). Welker’s (2021) biomechanical study 

employed the Field Processing Model to assess the use of dog-travois in transporting meat from bison 

kills. The Field Processing Model involves the use of mathematical methods in order to predict whether 

foragers will spend extra processing time on food in the field rather than bringing the entire resource to 

camp, as based on the estimated economic cost of processing and travel techniques. In this case, travois 
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hauling of meat was indicated as an effective processing strategy for short distance travel requiring 

multiple trips, while long-distance transport indicated little difference between travois aided travel and 

human-only transport. Estimation of dog body sizes from archaeological skeletal remains has also been 

conducted in the hopes of identifying dogs capable of pulling ethnographically recorded travois hauling 

weights. These calculations concluded that at least some dogs would have been capable of effectively 

pulling the weights reported in the ethnographic record as early as 3,000 years ago (Welker and Byers 

2019). These suitably sized dogs are mostly reported from the Great Plains, with fewer reported in the 

Northeastern Great Basin from rock shelters in the Birch Creek Valley (Welker and Byers 2019; Welker and 

Semanko 2023). Further research needs to be done taking into account a larger sample size of dogs 

throughout Western North America. Such widespread study of dog remains is possible, but has not yet 

been undertaken, providing a potential avenue of further travois study as more research is done and 

additional data becomes available. 

 

GIS Suitability Modeling and Least Cost Paths  

Ethnographic and archaeological data may be limited in utility for understanding the full scope of 

travois use, but they do provide a suitable explanation of the physical constraints that would have affected 

travois transportation. These physical restrictions can be approximated using concrete landscape-based 

data, which allows the opportunity to apply Geographic Information Systems methods such as suitability 

modeling to the study of travois. GIS has been a valuable tool for archaeological analysis since its 

inception, especially for understanding human interaction with the landscape. Suitability modeling in GIS 

uses spatially defined data in order to identify the best area for a particular goal, such as identifying the 

best habitat for a particular animal based on its environmental needs, or the best location for a school 

building based on demographic distribution. In the case of this thesis, spatial variables are used to 

determine the best areas for travois travel. Suitability modeling generally follows this process:  
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1. Determine the relevant criteria (variables) and prepare that data for the analysis. 

2. Transform the values of each criterion to a common scale. 

3. (optionally) Add weight to the variables based on their importance to the goal. 

4. Combine those criterion values to create a suitability model.  

 

Alongside suitability modeling, least cost paths (LCPs) also provide a valuable tool in GIS. LCPs 

calculate a path from a starting point to a destination by following the areas within a cost surface with the 

lowest values. The cost surface is represented by a grid of pixels called a raster, with each pixel containing 

the cost-value of that area. In the case of this thesis, the suitability model created will act as the cost 

surface, with the cost path accumulating the lowest (i.e., most suitable) pixels in the model. The specifics 

of these GIS methods are discussed in further detail in the following materials and methods section. 

 

Thesis Outline 

Chapter two covers the process of creating the model and least cost paths analysis, especially the 

defining of variables and measures of suitability used for the model. Chapter three presents a general 

description of the model and the resulting maps yielded by the model. Chapter four discusses the 

implications of the model through comparison with the available archaeological and ethnographical 

evidence. Two case studies allow for a multiscalar examination of the suitability model. One case 

examines the possibility of travois as a tool in the movement of early Native Americans from Alaska to the 

lower 48 states, while the second provides a proof of concept for the use of high-resolution data for more 

detailed modeling, focusing on Promontory Point, Utah, where travois transport is implicated by a possible 

travois basket and evidence for a bison-focused economy in the 13th century AD. Finally, Chapter 5 

includes a discussion of the major implication derived from the model, potential future model 
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refinements and consideration of the present study’s limitations. The model demonstrates that 

landscapes well beyond the Great Plains would have been suitable for travois use. 
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Chapter 2: Materials and Methods - GIS Modeling 

The study area for this thesis consists of a polygon encompassing the Great Plains and 

Intermountain West, as generally bounded by the Pacific coast to the West, the Mexican-American border 

to the South, the northernmost point of the Great Plains environmental region in the North, and an 

arbitrary boundary line approximately 250 miles to the east of the Mississippi River (Figure 3). The far-

eastern U.S. does not appear to have been a major region for travois use based on Driver and Massey’s 

(1957) ethnographic review and so is not considered in this thesis. Several case study areas were also 

investigated besides the Great Plains focus area. These case studies cover possible travois travel from 

Alaska down through the Rocky Mountains to the northern Great Plains, and a focused investigation of the 

area immediately around Promontory Cave using higher resolution data than the main model. These 

models will be discussed in detail in Section 4, but both follow the same modeling process as the main 

suitability model discussed in the following sections. 
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Figure 3. The study area and case study areas used in this thesis. 
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The initial stage of suitability modeling is to define the variables to be used to determine 

suitability. In this thesis, accounts from Henderson (1994, 2001) and Wilson (1924) provided the main 

sources for deciding the limiting variables of the model (see Table 1). Thus, the GIS data variables used for 

the model were defined as the steepness of slope, landcover classification, and temperature. Maps 

displaying these variables are presented in Figures 4 and 5.  

With the variables chosen, the data was then sourced and prepared for the modeling process. 

Slope data is a derived product calculated from elevation data. Thus, elevation data was sourced from the 

United States Geological Survey’s (USGS) Global Multi-resolution Terrain Elevation Data 2010 

(GMTED2010; Danielson and Gesch 2011). The GMTED2010 has an approximately 30-meter pixel 

resolution (each pixel representing a 30-meter square area in the real world), which is the highest 

resolution data of the three model variables and will define the resolution for the main suitability model. 

Slope was then calculated using ArcGIS Pro’s Slope tool to create the base slope data (Figure 4, bottom). 

Both the landcover and temperature data were sourced from the Commission for Environmental 

Cooperation’s (CEC) North American Environmental Atlas database, which houses combined 

environmental data for Canada, the U.S., and Mexico. The temperature variable chosen for this model is 

derived from modern average July temperatures, as hotter summer temperatures are more restrictive on 

travois travel than cooler winter conditions, thus providing the greatest restricting effect on the model. 

Winter temperatures might provide better conditions for dogs and travois, with less chance of canine 

overheating and increased area of beneficial snow/ice ground cover, but would have included other less 

easily modeled limitations such as having to haul additional supplies and maintain access to firewood. 
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Figure 4 The base digital elevation model (DEM) used for this thesis (above), and the slope data derived from the DEM using 
ArcGIS Pro's geoprocessing tools. 
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Figure 5. The base temperature (above), and landcover (below) data. 
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Landcover data was initially taken from the North American Land Change Monitoring System 

(NALCMS) 2021 dataset (Dewitz 2023). Unfortunately, these contemporary data are not ideally suited for 

modeling ancient behavior due to the widespread replacement of North America’s natural landcover with 

agricultural and urban use (Figure 6). Therefore, the NALCMS data needed to be modified to create a 

suitable approximation of pre-modern landcover data. Several existing models of ancient landcover were 

evaluated, but none met the level of detail or range coverage necessary for this thesis’ model. These 

models were either too simplistic in their categorization, as in the History Database of the Global 

Environment (HYDE) model, which only differentiated between “anthropogenic” and “wild” landcover 

(Klein Goldewijk 2023), or did not cover the geographic range necessary for this project, as in the HIStory 

of LAND changes (HISLAND-US) model which has a suitable classification system, but only covers the 

Coterminous United States (CONUS; Li et al. 2023). Instead, a simple model of pre-modern landcover was 

developed from the modern NALCMS data by removing the urban and agricultural landcover classes and 

replacing them with the most likely natural land class based on the EPA Ecoregion description of the area 

(Omernik 1995). For example, the urban area of Denver, Colorado, lies in the 9.4.1 High Plains EPA level III 

ecoregion, which is typified as having mainly grassland habitat, therefore the pixels with urban values in 

this area were reclassified to grassland values.  Unfortunately, this simple replacement method is likely not 

as accurate as more sophisticated models developed by others that consider more detailed environmental 

variables, such as those from climate models derived from tree ring series, and demographic variables, 

such as population density estimates (Chang-Martínez 2015; Goldewijk 2001; Li et al 2023). Any model of 

past landcover is, of course, an estimation based on modern evidence and theory, and may differ from 

actual past reality. Despite these caveats, the generalized pre-urban landcover data created is sufficient 

for this exploratory analysis. 

Similar caveats are present in any GIS model, as these techniques include a measure of 

unavoidable error that is inherent to the process (Chrisman 1991). In the case of modeling past human 
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behavior, it should be noted that all data used in this thesis are derived from modern observation and 

projected historical data leading to possible accuracy error in these variables. The use of raster grids to 

represent continuous data surfaces also introduces inherent resolution error. For instance, an elevation 

raster measured in 30-meter pixels (1 pixel is equivalent 30 meters square in the real world) will miss any 

variation in elevation that is smaller than this threshold, rendering some elevation variation invisible. 

Meanwhile, projection of real-world three-dimensional data onto a two-dimensional surface also 

potentially adds errors through distortion. All GIS data are simplifications of real-world geography, and this 

must be kept in mind when trying to model those scenarios with that data. In most cases, the GIS model 

can create a “good enough” simulation, even if it does not necessarily account for every aspect of a real-

world scenario. In the case of this exploratory analysis, a rudimentary model using the variables discussed 

is still sufficient to investigate effective travois range because these three variables seem to cover the 

majority of limiting factors in dog-travois travel. Identifying and incorporating additional variables may 

improve the ultimate accuracy of the model, but would not significantly affect the overall outcome of the 

suitability modeling process.  
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Figure 6. The North American Land Change Monitoring System’s 2021 landcover data.  
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Variable Reclassification and Model Creation 

Now that the base data are prepared, they need to be reclassified to a common scale. This scale is 

an ordinal one, rating the suitability for dog-travois transport of the data with the lowest number being 

best and highest number being worst for dog-travois (e.g., 1 is best, 5 is worst). In order to define what is 

the best and worst suitability for each variable, Henderson’s experimental observations (1994, 2001) and 

Wilson’s (1924) ethnographic report, were again referenced to assign the base data to suitability 

categories (see Table 1). An approximation of Henderson’s route was created in ArcGIS Pro based on both 

the 1994 journal article and the 2001 account of the journey (Figure 7). Then, the values from the three 

model variables were extracted from along this line to provide a general guide to the range of values 

Henderson was able to cover with his travois (Figure 8). These ranges were then combined with his 

observations, ethnographic records, and veterinary sources (Jordan et al. 2016) to define the suitability 

categories to be used in the model. Henderson covered slope values between 0 and 53 degrees, with 

values clustering at the flattest slope values (Figure 8, top). The temperature extracted from the base data 

puts the average July temperature at 18 to 19 degrees Celsius, and Henderson reports a range of 

temperatures from 8.5 to 27 degrees Celsius in his summer trial, and 4.5 to -15 degrees Celsius in his 

winter trial (Figure 8, bottom). Finally, the landcover data extracted along Henderson’s route indicate 

crossing five land cover classes, Forest, Grassland, Shrubland, Water, and Wetland, with Grassland being 

the most frequently crossed landcover class (Figure 9, middle). 
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Figure 7. Approximate fall and summer routes for Henderson’s (1994) experiments. 
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Figure 8. Suitability variables extracted per Henderson’s (1994) routes. 
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 With the extracted data from Henderson’s route, and observations from other sources, the base 

data layers were reclassified using the following schema: 

 

 

 

 

 

 

 

 

 

 

 

 

 According to Henderson (1994, 2001), the travois had the most difficulty with wetland areas, 

where the mud and vegetation slowed the travois, dog, and human significantly. The best landcover, on 

the other hand, was native prairie grassland and snow, both of which allowed a near frictionless glide of 

the travois poles. Barren land such as gravel roads and exposed ground were also decent for travois travel 

but increased the wear on the travois pole ends. Henderson also reports being able to pull through 

shrubby vegetation up to 1 m in height, earning the shrubland landcover class a manageable 

categorization. Heavily vegetated areas such as forest were best avoided, as the travois required a large 

turning radius that had difficulty maneuvering through the trees; Buffalo Bird Woman reported that the 

handlers would have to physically pick up/or unhitch the dog and travois and turn them around manually 

in order to turn back along a forest trail when collecting firewood (Wilson 1924). Water was given an 

Reclass # Reclass Category Included Land Classes

1 Ideal Grassland, Snow/Ice

2 Manageable Barren, Shrubland, Agricultural Land

3 Difficult Forest, Urban

4 Very Difficult Wetland

50 Water Water

reclass # reclass category Temperature Range (Celsius)

1 Ideal less than -8

2 Good -8 to 8

3 Manageable 8 to 20

4 Difficult 20 to 25

5 Very Difficult 25 to 30

6 Overheating 30+

Landcover

Temperature

Slope
Slope was left uncategorized, under the assumption that 

difficulty for travois is directly proportional to the degree of 

slope (0 degree is best, with worsening suitability as slope 

increases)

Table 2 The reclassification scheme used for this thesis 
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especially high class of its own in order to facilitate the Least Cost Paths analysis to be discussed in the 

following section, and to indicate the difficulty of crossing with travois and dogs without a major time 

delay (this effect is described in more detail in the following LCP section). Temperature was reclassified 

using Henderson’s observations (1994), as well as veterinary recommendations for dog kennel 

temperatures and overheating in working dogs (Jordan et al. 2016). They both generally recommend 

colder temperatures for peak canine performance since dogs are more susceptible to overheating than 

humans, with temperatures below freezing even benefiting the dogs during work. 

The ArcGIS Pro Reclassify tool was then used to apply these suitability categories to the variable 

data. These reclassed variables are shown in Figure 10, with darker green being the more suitable and 

redder being less suitable. Finally, these reclassed data were combined using the raster calculator tool to 

add the value of each overlapping pixel of the data. The result is a suitability model where each pixel 

depicts a numerical value, with the lowest values being the most suitable for dog-travois. The final model 

map is displayed in the following results section. 
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Figure 9. Temperature and landcover data reclassified by dog-travois suitability. 
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Least Cost Paths Analysis 

 Now that a suitability model is complete, that model can be used as the basis for Least Cost Paths 

(LCP) analyses. Least cost paths are calculated by ArcGIS by looking at each pixel in a cost surface (in this 

case, the suitability model) from a starting point and moving to the next lowest cost pixel from the last. 

This process is iterative, and eventually generates a line that passes through the lowest accumulated cost 

on the raster. In this analysis, slope was additionally added as a restraining barrier to the model, to 

investigate how restricting high slope levels might affect the LCPs generated. The general workflow used in 

this thesis is shown in Figure 10. The highest traversed slope by Henderson (1994) was approximately 53 

degrees (Figure 8, upper). This was likely to have been either a route approximation error on my part, or a 

point in Henderson’s travel in which he unhitched the travois and carried it over a gully or up a steep hill. 

With this maximum slope in mind, barriers of 45 degrees, 30 degrees, and 15 degrees were used to limit 

the LCPs created. This means that any suitability pixel that sits above each of these slope thresholds will 

be treated as impassable by the LCP process, with 45 degrees being the most lenient and 15 degrees the 

most stringent restriction. Further study into slope limitations of dogs hauling weight would be necessary 

to provide more accurate slope cut-offs, and it may be possible that the actual manageable slope for 

travois may be even less than the most restrictive cut-off used in this model. Lakes were also blocked as 

an impassable route as crossing large bodies of water with travois seems implausible and would have 

likely been avoided; modern ideas of implausibility and efficiency bias, however, may be affecting this 

assumption. These barriers are fed into the process as their own surface, as shown in Figure 11.  
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Figure 10. ArcGIS Pro Model showing the general Least Cost Paths analysis process used in this thesis. 
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Figure 11. Limiting barriers used in the Least Cost Paths analysis. 
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 Crossing rivers required particular effort for travois travel and would likely have been avoided, if 

possible (similar to lake crossings), and was thus given a very high value in the suitability model in order to 

deter the LCPs from crossing water unless absolutely necessary. Henderson (1994) reported issues with 

his experimental dog hating the water and refusing to cross the river at all; but ancient dogs would have 

been better used to, and arguably trained for, these situations. Henderson (1994:154) writes of his own 

experience and summarizes Buffalo Bird Woman’s 

accounts of crossing water: 

“Serge had a mild phobia towards water 

and was an unwilling swimmer. This is 

typical of northern dogs, but perhaps not 

of Plains dogs. Wilson (1924) describes 

how the Hidatsa would ford a river by 

holding up the dragging end of the travois 

above the water while the harnessed dog 

swam across [Figure 13]. This proved 

impossible with Serge and I had to unload 

and carry all gear across the Qu'Appelle 

River myself, including, lastly, an 

unenthusiastic Husky.” 

This method of crossing obviously depended greatly on the size, depth, and current of the creek 

or river being crossed, but demonstrates the willingness of travois handlers to make river crossings if 

necessary. Traveling in winter might also negate any such water-based issues, as frozen rivers and lakes 

would actually be easier to traverse with travois. The third pre-requisite for LCP creation is the starting and 

ending points for the path. Several locations in the Great Plains and Intermountain West were chosen for 

Figure 12. Edward Goodbird’s illustration of assisting a dog and 
travois across a creek (Wilson 1924:241). 
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the analysis (Figure 14). The points were chosen to be general representations of areas of interest, rather 

than specific destinations for travel. They provide anchor points for the investigation of travois suitable 

routes, especially for the transitional areas between larger travois suitable regions; e.g., through the Rocky 

Mountains (Calgary, Saskatchewan, Manitoba, and Knife River Hidatsa), the Colombia Plateau (Vancouver), 

the Central Great Basin (Carson City), and the Colorado Plateau (Tucson and Pecos). Promontory Cave 

provides the only anchor point chosen on the probable physical presence travois, and is thus used as a 

central hub for the LCPs calculated.  With the slope and lake barriers in hand, a suitable difficulty assigned 

to short water crossings, and starting and ending points defined, the LCPs could be created. The LCPs 

generated will be discussed in the following results section.  
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Figure 13. Least Cost Paths starting and ending locations. 
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Chapter 3: Results 

 With the GIS processing complete, the final suitability map and LCP maps could be created. Figure 

15 shows the dog-travois suitability map, with greener areas being more suitable and orange to red areas 

being less suitable. Generally, the Great Plains are mostly ideal for travois travel, as would be expected 

from experimental and ethnographic accounts. There is a slight lessening of suitability as one travels 

further south, due to the increasing average temperatures that would limit the productivity of canine 

haulers; this also puts Henderson’s experiments in the best overall area for travois use in the northern 

Great Plains. The Rocky Mountains make a clear barrier to travois travel in the Intermountain West, 

though several pockets of suitable area are present in the Pacific Northwest (e.g., the southeastern part of 

Washington State), the Northern Great Basin (e.g., southern Oregon and Idaho), and the Central Valley of 

California. The model also shows a great deal of internal suitability throughout the rest of the Great Basin, 

in the valleys between the north-south oriented mountain ranges.  
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Figure 14. Dog-travois Suitability Model. 
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 The connectivity of these various areas is investigated in the LCP analysis, the results of which are 

reviewed in Figure 15; the Alaskan LCPs are discussed in the following section’s case study. Table 3 lists 

each LCP route generated, including its starting and ending points, the slope barrier used, its length in 

meters, the accumulated cost of the route, and a cost/meter calculation to allow for comparison between 

the routes. The missing values in this table represent LCP routes that could not be generated because of 

slope restraints (e.g., the Alaska to Vancouver 15 degree cut-off route, and the Vancouver to Promontory 

15 degree cut-off route), or where ArcPro program errors resulted in missing values that would require 

additional processing time to obtain (e.g., Hidatsa Knife River Village to Promontory 45 degree cut-off). 

Figures 16 through 20 provide more detailed views of the LCPs paths through obstacles such as the 

mountains east of Promontory Cave (Figure 16), from Vancouver through the Cascades and Northern 

Great Basin (Figure 17), through the central Great Basin (Figure 18), through the mountains north of 

Promontory Cave (Figure 19), and through the Colorado Plateau (Figure 20). Generally, the least cost 

paths follow straight routes in the open plains, with greater variation appearing when crossing 

mountainous terrain. The varying levels of slope restriction tend to differ only in restrictive mountainous 

areas, while overlapping in the more open areas of the Great Plains. This phenomenon is especially 

evident in the Knife River to Promontory LCPs where they must cross through the mountains east of the 

Great Salt Lake (Figure 16). The unrestricted route forces its way directly westward through the 

mountains, while the 45-, 30-, and 15-degree slope restrictions demonstrate increasingly circuitous routes 

to be able to pass through the area. This trend is repeated throughout the various LCPs. All of the LCPs, 

except the 15-degree Vancouver to Promontory, and 15-degree Alaska to Vancouver routes, were able to 

identify suitable paths to their destinations; e.g., the two that failed were found to be too restrictive for a 

successful path to be found and the LCP process was aborted. 




