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Although it is well known that humans are strong modifiers of their

environment, there is a need for greater understanding of human-wildlife interactions,

both historically as well as currently. Historical journals can help shed light on early

human-wildlife interactions, and the Lewis & Clark journals contain some of the

earliest and detailed written descriptions of a large part of the United States before

Euro-American settlement. I used the journal entries to assess the influence of humans

on wildlife distribution and abundance. Areas with denser human population, the

Columbia Basin and the Pacific Coast, had lower species diversity and abundance of

large mammals. The opposite was observed on the Plains. Overhunting before Euro-

American contact accentuated by the introduction of the horse may have been major

contributors responsible for the historic absence of some species that are present in the

archaeological record. The information gained from the Lewis & Clark journals shows

the considerable human influence on wildlife under relatively low human population



densities. This has major implications for conservation biology and ecological

restoration, since human influence is often underestimated when considering the pre-

settlement condition.

Species ranges are dynamic and change greatly over time. In order to identify

large-scale patterns in range contractions and/or expansions, I compared historic and

current geographical ranges of 43 North American carnivores and ungulates. Seventeen

of the species had undergone range contractions over >20% of their historic range. In

areas of higher human influence, species were more likely to contract and less likely to

persist. Species richness declined considerably since historic times, and the temperate

grasslands and temperate broadleaf/mixed forest biomes lost the highest average

number of species, while the boreal forest and tundra showed fewer numbers of species

lost. The study of species range changes contributed new quantitative information about

human influences on range contractions in North America. The results can be used to

improve our knowledge of historical reference conditions, for the creation of wildlife

reserves, and for wildlife re-introductions.
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Human Influences on Historical and Current Wildlife Distributions
from Lewis & Clark to Today

CHAPTER 1

INTRODUCTION

Background

Humans are strong modifiers of their environment and are often considered to be

one of the major factors of influence on ecological change. Historical reference

conditions are commonly used as a baseline for comparison with current and future

natural resource management regimes (Aronson et al. 1995), because we assume that

historical conditions were more sustainable than current ones due to less human

influence. However, there has been much debate about which point in time, what area

and what extent should be used as a reference condition (Wagner et al. 2000). The role

of humans is also often unclear. In Western belief, humans are often considered to be

distinct from nature, and an ecosystem is believed to be natural if it can maintain itself

with little of no human intervention. Indigenous people, on the other hand, believe that

humans are part of nature (White and Cronon 1998, Kimmerer 2000). Kay (1995)

considers Native Americans to be the ultimate keystone species.

In recent years, we have become more aware of the activities of Native

Americans, who had brought about changes to the environment long before they

encountered the first Europeans. Native people used fire, modified vegetation and
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influenced animal populations, leading to the conclusion that North America was not a

pristine wilderness (White and Cronon 1998). Regardless of the appropriateness of a

chosen reference condition, it is important to understand the past in order to properly

manage present and future ecosystems. It is also important to document current human

influences on ecosystems, since there is a limited area dedicated to wildlife reserves and

protected areas. For the most part, plants, wildlife and humans have to coexist, and

greater knowledge of those interactions is required.

For those reasons, there is a need for a greater understanding of human-wildlife

interactions, both historically as well as currently. Journals written by early explorers

can shed light on historical conditions, and the recent creation of continental and global

datasets for ecoregions and human influence are useful tools to assess changes in

species ranges and the contributing role of humans.

Human influences on wildlife distribution and abundance

The connection between human influence on the one hand and wildlife

distribution on the other is based on predator-prey interactions. Prey can escape

predators in the relative safety of a reflgium, where prey populations can increase

(Taylor 1984). Applied to human hunters, the theory is that wildlife may be able to

escape predation in a refugium, where the human population density and predation risk

are low. Several examples exist where wildlife has been observed to be more abundant

in so-called buffer zones, areas with low numbers of mammalian or human predators. In

a declining population of white-tailed deer, survivors were found almost exclusively
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along the edges of wolf territories; wolves avoided those zones to reduce encounters

with the neighboring packs (Mech 1977). Researchers studying trophic cascades

hypothesized that wolves could positively influence plant growth through a predation

risk effect by changing elk movement and browsing patterns (Ripple and Larsen 2000,

Ripple et al. 2001). Similar observations have been made with humans as predators. In a

buffer zone between the Chippewa and Sioux Indians in Minnesota, deer were plentiful

in the area between the warring tribes, however, once a truce had been established, the

buffer ceased to exist. Deer were hunted extensively again, declined rapidly and a

famine ensued (Hickerson 1965).

Another example is the demilitarized zone separating North and South Korea.

Numerous plant and animal species previously considered extirpated, endangered or

threatened thrive in this heavily fortified 4-km by 250-km long corridor, but are absent

from either side (Kim 1997). Areas between territories of warring native groups serving

as animal preserves existed on the central plains in the 1 820s and 1 830s. Different tribes

hunted in this area, but none was strong enough to control it. Therefore most of those

areas were not occupied year-round and animals were seeking out these refuges. With

the disappearance of the neutral zone, the bison decreased in numbers (West 1995).

Disease is another factor. Often, epidemics were followed by periods of wildlife

abundance, which may be the result of reduced Native human populations, allowing

wildlife to increase. Following the 1837 smallpox epidemic, the trader Pierre Chouteau

remarked that bison had never been so abundant since no Indians were around to kill

them (Sundstrom 1997). In fact, diseases had a major impact on human populations in



North America. From the 1 500s through the early 1 900s, human population size

dropped steadily (Ubelaker 1992). The most recent human population estimates at pre-

contact time in North America range from just under 2 million (Ubelaker 1992) to 3.8

million (Denevan 1992, McCann 1999). Population decrease within 100 years after the

arrival of Columbus may have been as high as 90% (McCann 1999), while population

levels in 1800 have been estimated at around 1 million people (Denevan 1992). This

sudden decrease of the human population may have allowed wildlife numbers to

increase, especially in areas that were left with low numbers of people, such as the

Plains. As Denevan (1992) put it: "A good argument can be made that the human

presence was less visible in 1750 than it was in 1492".

Some authors have attributed low numbers of game in some parts of North

America, such as the Columbia Basin and the Great Basin, to aboriginal overkill,

implying that humans either limited numbers and distribution of wildlife or were even

responsible for local extinction of some species (Kay 1994, Kay 1995, Martin and

Szuter 1 999b). The aboriginal overkill hypothesis states that humans migrating to the

North American continent during the Pleistocene were capable of reducing the existing

megafauna to extinction (Martin 1967). Kay (1994) used the aboriginal overkill

hypothesis to explain that predation by the native human population limited the

numbers and distribution of ungulates. According to his theory, humans were more

likely to kill prime-age female ungulates compared to carnivores that preyed on very

young or very old animals. This makes humans more efficient predators, allowing for a

greater impact on prey populations. Even if prey was reduced to low numbers, humans

4
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were able to switch to other prey or plant food. As a result, the human population was

not adversely affected, but the animal population might be reduced greatly. However,

others believe that climatic changes contributed more so than humans to the decreasing

number or absence of some species in certain regions (Lyman 1992, Lyman and

Wolverton 2002).

Early explorer journals can be of great use for assessing historic ecological

conditions, and the Lewis & Clark journals contain some of the earliest and detailed

written descriptions of a large part of the United States before Euro-American

settlement. President Thomas Jefferson gave Captain Lewis detailed instructions for the

expedition. The main mission was to find a waterway connecting the Missouri with the

Pacific Ocean, but Jefferson also instructed Lewis to collect information on animals,

plants, the indigenous population, geography, mineral productions, and climate

(Jackson 1978). Those specific objectives explain the detailed notes that Lewis & Clark

took; those writings can help us paint a picture of the ecological conditions that existed

200 years ago. For example, Lewis and Clark described 122 vertebrate species

previously undescribed by scientists (Cutright 1969).

It is well known that Lewis & Clark found an abundance of wildlife in the

Plains, but encountered little game in parts of the Rocky Mountains and the Columbia

Basin, where they often had to rely on dogs and horses for survival (Cutright 1969;

Ronda 1984). In fact, on August 29, 1806, Captain Clark summed up the expedition's

experience with regard to wildlife abundance: "I have observed that in the country
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between the nations which are at war with each other the greatest numbers of wild

animals are to be found. . ." (Moulton 1986).

Based on this information, other authors have studied the Lewis & Clark

journals with regard to wildlife. Martin and Szuter (1999b) examined Lewis & Clark's

wildlife observations at a broad scale, labeling areas where wildlife was abundant and

humans were not as war zones, and areas with abundant humans and less wildlife as

game sinks. Those authors concluded that human predation was responsible for the

observed wildlife distribution. Lyman and Wolverton (2002) re-examined the same data

and concluded that boundaries between war zones and game sinks were not abrupt, as

suggested by Martin and Szuter (1 999b), but rather gradual, and that there was variation

within each zone. Lyman and Wolverton (2002) attributed the wildlife distribution to a

combination of human predation, biogeographic history, habitat differences and

climatic influences. A spatially explicit analysis of human and wildlife encounters is

needed to describe the relationship between human influence and wildlife distribution

along the Lewis & Clark in greater detail.

Historic and current species ranges

Information about changes in species ranges is important for conservation

biology, maintenance of biodiversity and species re-introductions. Species ranges can

be dynamic and previous studies have focused on the expansion of introduced species

(Andow et al. 1990; Hastings 1996), investigations of species range shapes (Brown and

Maurer 1989), the relationship between species distribution and abundance (Gaston
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1990), and the relationship between range size, latitude and elevation (Pagel et al. 1991,

Brown et al. 1996). Patterns of range dynamics have also been studied, with some

authors concluding that contractions occurred towards the center of the species' historic

range (Lawton et al. 1994, Brown et al. 1995), while others determined that species

ranges contracted towards the edges (Lomolino and Channell 1995, Channel! and

Lomolino 2000a, 2000b).

Most of those authors acknowledged that humans were the most likely reasons

for range contractions. However, there is little quantitative information about how

human influence and species range contractions correlate. This knowledge could be

crucial for developing predictions for further range contractions, to help design wildlife

reserves and to assist in the management of dec!ining species.

Based on the global distribution of 173 mammals, Ceballos and Ehrlich (2002)

estimated that collectively, those species had lost over 50% of their historic range.

Towns and Daugherty (1994) found that in New Zealand, direct human influences had

affected range contractions of reptilians and amphibians, but that indirect human effects

due to the introduction of dogs, cats, and rats were the primary factor for extinctions. In

a global study, Kerr and Currie (1995) determined that human population density

strongly influenced the proportion of threatened bird species, but that the per capita

Gross National Product was the variable more important for mammal extinctions.

In a study conducted in West Africa, Brashares et al. (2001) determined that

there was a strong positive relationship between human population size and the

extinction rate of mammal species. Mattson and Merrill (2002) analyzed relationships
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between landscape parameters, human influence and persistence of grizzly bears in

North America and determined that humans were a major factor in the decline of the

grizzly bear range. This decline was most likely where grizzlies were associated with

bison, salmon, pinyon pine and areas of high human density.

Although it is well known that humans have altered their environment, until

recently, there have been few quantitative studies that have assessed the degree of

human influence, especially on a continental or global scale (Hannah et al. 1994,

Dobson et al. 2000, Sanderson et al. 2002). The reason is that datasets describing

ecoregions (Olson et al. 2001), land cover (Loveland et al. 1999), human population

density (Dobson et al. 2000), and other human impacts (Sanderson et al. 2001) on a

global scale have only recently become available. Such digital datasets are needed to

investigate human-ecosystem interactions at a broader scale.

Studies of human-wildlife interactions often use human population density as

the human impact variable, but population density is only one factor of human

influence, and the correlation between population density and human influence is not

well known (Sanderson et al. 2002). Land conversions from native grasslands and

forestlands to agriculture and urban areas also should be considered, since land

transformation represents one of the biggest threats to biodiversity due to habitat loss

and fragmentation (Vitousek et al. 1997). Roads are another factor of human impact,

because roads are known to have a negative effect on ecological integrity, affecting

changes in species composition, population sizes and various ecological processes

(Trombulak and Frissell 2000). For those reasons, the dataset that best represents human
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influence globally is the recently developed "human footprint" map (Sanderson et al.

2002). This map was created by incorporating 4 types of data representing human

influence: population density, land transformation, accessibility by roads and rivers, and

electrical power infrastructure. The result is a map showing the human influence index

ranging from 0 (low influence) to 100 (high influence).

Historic and current species ranges have been described in many wildlife

reference books (Hall and Kelson 1959, Chapman and Feldhamer 1982, Wilson and

Ruff 1999, Demarais and Krausman 2000, Kays and Wilson 2002). However, in some

cases, species ranges from several sources are not in complete agreement. There are

certain problems associated with determining geographic ranges of species, since most

maps just depict outlines, omit holes in those ranges and don't show islands along the

perimeter. Maps of historical ranges usually include all locations where the species has

been found in the past, and areas that have been colonized relatively recently (Brown et

al. 1996). In addition, species are not evenly distributed throughout their habitat (Brown

1984). Some other problems with studying range maps are use of different spatial

scales, the fact that there are many techniques to measure range size of a species, and

the difference between extent of occurrence and area of occupancy (Gaston 1996).

Range maps are also not updated frequently, but may still appear in reference works as

depicting the current range of a species. To prevent some of these issues, it is important

to use the same source for all historic and all current species range maps if possible.

For this study, historic species range maps were taken from "The Mammals of

North America" by Hall and Kelson (1959), whose maps were based on actual field
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sightings dating back to the 18th and 19th century. Therefore the maps represent the

species' distributions before large-scale human encroachment. Map sources for current

species ranges were "The Smithsonian Book of Mammals" (Wilson and Ruff 1999) and

"Mammals of North America" (Kays and Wilson 2002).

Study objectives

The main goal of this research was to determine human influences on wildlife

distribution in historic and current times. The first chapter is an analysis of human

influence on wildlife distribution and abundance based on Lewis & Clark's journal

entries. Specific objectives of this study were:

To use Lewis & Clark's journal entries to map the expedition's encounters with

wildlife and the Native population.

To determine human influence on wildlife distribution and abundance along the

Lewis & Clark trail.

The second chapter is a comparison of historic and current species ranges and an

assessment of the human influence on species range changes. Specific objectives of this

study were:

To develop historic and current range maps for 43 North American carnivores

and ungulates.

To determine large-scale patterns in range contractions, expansions and

persistence and assess the degree of human influence on species range changes.
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To describe changes between historic and current species ranges with respect to

biomes and elevation classes.

It was my goal to conduct those investigations in a spatially explicit context,

using geographic information systems (GIS), and to produce maps suitable for future

ecological studies. The information provided by this research is expected to advance

current knowledge of human-wildlife interactions. Specifically, I hope to refine our

understanding of human influences on wildlife distribution and abundance in North

America before widespread Euro-American settlement. The research into human

influences on species range changes should be of use to conservation biologists and

restoration ecologists to develop predictions for further range contractions, to help

design wildlife reserves, assist in the management of declining species, and provide up

to date information for wildlife re-introductions.
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Abstract

The Lewis & Clark journals contain some of the earliest and detailed written

descriptions of a large part of the United States before Euro-American settlement. We

used the journal entries to assess the influence of humans on wildlife distribution and

abundance. Areas with denser human population, the Columbia Basin and the Pacific

Coast, had lower species diversity and abundance of large mammals. The opposite was

observed on the Plains. We believe that overhunting before Euro-American contact

accentuated by the introduction of the horse may have been major contributors

responsible for the historic absence of some species that are present in the

archaeological record. The results show the considerable human influence on wildlife

under relatively low human population densities. This has major implications for

conservation biology and ecological restoration, since human influence is often

underestimated when considering the pre-settlement condition.

Introduction

Historical reference conditions are often used as a baseline for comparison with

current and future natural resource management regimes (Aronson et al. 1995). Human

influence also has to be considered, since indigenous people had brought about changes

to the environment long before they encountered the first Europeans. Native people

used fire, modified vegetation and influenced animal populations, leading to the

conclusion that North America was not a pristine wilderness (White and Cronon 1998).

Although there may be much debate about which point in time, what area and what
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extent should be used as a reference condition (Wagner et al. 2000), it is important to

understand the past in order to properly manage present and future ecosystem

conditions. One way to assess the past is the use of first-hand explorer journals. The

Lewis & Clark journals of the 1804-1806 expedition provide us with the earliest and

most detailed written descriptions of a large part of the United States before Euro-

American settlement as well as geographic coordinates of daily campsites.

It is well known that Lewis & Clark found an abundance of wildlife in the

Plains, but encountered little game in parts of the Rocky Mountains and the Columbia

Basin, where they often had to rely on dogs and horses for survival (Cutright 1969,

Ronda 1984). On the basis of those observations, we hypothesized that predation due to

humans was a factor responsible for the observed wildlife distribution and abundance.

This hypothesis leads to the prediction that wildlife would be less abundant closer to

human settlements and more abundant farther away from humans. In this paper, we

assess the role of humans and other underlying causes for the observed wildlife

distribution and abundance along the Lewis & Clark trail.

Buffer zones and predation

Prey can escape predators in the relative safety ofa refugium, where prey

populations can increase (Taylor 1984). Applied to human hunters, the theory is that

wildlife may be able to escape predation in a refugium, where the human population

density and predation risk are low. Several examples exist where wildlife has been

observed to be more abundant in so-called buffer zones, areas with low numbers of
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mammalian or human predators. In a declining population of white-tailed deer,

survivors were found almost exclusively along the edges of wolf territories; wolves

avoided those zones to reduce encounters with the neighboring packs (Mech 1977).

Researchers studying trophic cascades hypothesized that wolves could positively

influence plant growth through a predation risk effect by changing elk movement and

browsing patterns (Ripple and Larsen 2000, Ripple et al. 2001). Similar observations

have been made with humans as predators. In a buffer zone between the Chippewa and

Sioux Indians in Minnesota, deer were plentiful in the area between the waning tribes,

however, once a truce had been established, the buffer ceased to exist. Deer were

hunted extensively again, declined rapidly and a famine ensued (Hickerson 1965).

Another example is the demilitarized zone separating North and South Korea.

Numerous plant and animal species previously considered extirpated, endangered or

threatened thrive in this heavily fortified 4-km by 250-km long corridor, but are absent

from either side (Kim 1997). Areas between territories of warring native groups serving

as animal preserves existed on the central plains in the I 820s and 1 830s. Different tribes

hunted in this area, but none was strong enough to control it. Therefore most of those

areas were not occupied year-round and animals were seeking out these refuges. With

the disappearance of the neutral zone, the bison decreased in numbers (West 1995).

Disease is another factor. Often, epidemics were followed by periods of wildlife

abundance, which may be the result of reduced Native human populations, allowing

wildlife to increase. Following the 1837 smallpox epidemic, the trader Pierre Chouteau

remarked that bison had never been so abundant since no Indians were around to kill
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them (Sundstrom 1997). On August 29, 1806, Captain Clark summed up the

expedition's experience with regard to wildlife abundance: "I have observed that in the

country between the nations which are at war with each other the greatest numbers of

wild animals are to be found..." (Moulton 1993).

The Lewis & Clark expedition

The Lewis & Clark expedition was the brainchild of President Thomas Jefferson.

On June 20, 1803, Jefferson gave Captain Lewis specific instructions for the expedition.

The main mission was to find a waterway connecting the Missouri with the Pacific

Ocean:

"The object of your mission is to explore the Missouri river, & such
principal stream of it, as, by it's course and communication with the waters
of the Pacific ocean, whether the Columbia, Oregan, Colorado or any other
river may offer the most direct & practicable water communication across
this continent for the purposes of commerce" (Jackson 1978).

However, Jefferson was also interested in "other objects worthy of notice":

"You will therefore endeavor to make yourself acquainted, as far as a
diligent pursuit of your journey shall admit, with the names of the nations &
their numbers;... the soil & face of the country, it's growth & vegetable
productions, the animals of the country generally, & especially those not
know in the U.S.; the remains and accounts of any which may be deemed
rare or extinct" (Jackson 1978).

Other objectives of the expedition included geography, mineral productions, and

climate. Those specific objectives explain the detailed notes that Lewis & Clark took on

their journey, notes that can help us paint a picture of the ecological conditions that
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existed 200 years ago. For example, Lewis and Clark described 122 vertebrate species

previously undescribed by scientists (Cutright 1969).

Meriwether Lewis, William Clark and the rest of the Corps of Discovery left St.

Louis, Missouri on May 20, 1804. They spent the winter of 1804/1805 at Fort Mandan

in North Dakota, traveled to the Pacific Coast and spent the winter of 1805/1806 at Fort

Clatsop in Oregon. They began their return trip in the spring of 1806, arriving in St.

Louis on September 23, 1806.

An overview of the study

Others have studied the Lewis & Clark journals with regard to wildlife. Martin

and Szuter (1 999b) examined Lewis & Clark's wildlife observations at a broad scale,

labeling areas where wildlife was abundant and humans were not as war zones, and

areas with abundant humans and less wildlife as game sinks. Those authors concluded

that human predation was responsible for the observed wildlife distribution. Lyman and

Wolverton (2002) re-examined the same data and concluded that boundaries between

war zones and game sinks were not abrupt, as suggested by Martin and Szuter (1999b),

but rather gradual, and that there was variation within each zone. Lyman and Wolverton

(2002) attributed the wildlife distribution to a combination of human predation,

biogeographic history, habitat differences and climatic influences.

We examined the role of humans in greater detail and expanded on previous

work in several ways. First, from the Lewis & Clark journals (Moulton 1983-1997), we

collected daily information on number and species of wildlife killed and observed, and
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the location of human settlements. We recorded information about 9 mammals, since

they were reported consistently and were also hunted by the expedition's members.

Those species include white-tailed deer (Odocoileus virginianus) and mule deer

(Odocoileus hemionus), elk (Cervus elaphus), bison (Bison bison), pronghorn antelope

(Antilocapra americana), bighorn sheep (Ovis canadensis), grizzly bear (Ursus arctos),

black bear (Ursus aniericanus), wolf (Canis lupus), and beaver (Castor canadensis).

White-tailed deer and mule deer were combined, because Lewis & Clark were not

always specific about which species they encountered.

Second, we determined the degree of human influence with 2 variables:

distance to nearest occupied human settlement and density of occupied human

settlements within a 50-km radius around each campsite. Third, we performed a spatial

analysis using a Geographic Information Systems (GIS) by tying each observation to

the coordinates of that day's campsite. Finally, we determined the abundance of wildlife

and humans for 5 major ecoregions (Bailey 1994).

Assessing human influence

The study area encompasses the Lewis & Clark trail from St. Louis, Missouri, to

the Pacific Coast and back (Fig. 2.1). Lewis & Clark's daily observations were linked

with the 506 campsites along the trail. A campsite was only counted as a human

settlement if Lewis & Clark actually passed through it and if it was inhabited by the

Native population or by white settlers (near St. Louis), but not by the expedition

members, since they represented a constant influence along the trail. References to
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abandoned villages and settlements at a distance from the trail were not included,

because Lewis & Clark did not see those locations. Since we wanted to assess the

influence of humans on wildlife seen or killed at each campsite for a particular time

(one day's travel), we decided to count settlements only if they were occupied at the

time Lewis & Clark passed through.

For each of the nine species, we recorded whether an animal was present and/or

how many had been killed at that campsite. If the party remained at the same campsite

for several days, we divided the number of animals killed by the days spent at that site.

We also calculated the species richness by adding the number of species seen at each

campsite. All observations were linked to the location of the daily campsites in a spatial

database.

We used ArcGIS (ESRI 1999) to calculate the distance to the nearest occupied

settlement from each campsite. Settlement density was assessed by calculating the

number of known occupied settlements located along the trail within a 50-km radius of

each campsite. We assumed that greater settlement density was associated with higher

human population density. The distance to nearest settlement and the settlement density

variables were divided into 3 categories. For distance, we chose 0-1 1cm, 1.1 - 50 km,

and 50.1 - 460 km. For the number of settlements within a 50-km radius, we used 0, 1 -

6, and 7-13 settlements. Since there was much variation, this helped to smooth the data.

We chose class boundaries to categorize the degree of human influence. The first

boundary was set at I km based on the assumption that the primary activities at a

settlement encompassed that distance. A histogram of the distances also showed a
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natural breakpoint at 1 km. The cutoff point for the second class was based on

comments in the journals. For example, while at Fort Mandan, the hunting parties had

to travel 48 - 64 km to reach good hunting grounds. Also, the hunters' camp in that area

was located 48 km away from their home base (Moulton 1987).

In order to determine abundance for each species, we calculated the percentage

of the campsites in which each species was present, and grouped those results by the 3

distance categories and the 3 settlement density categories. We then calculated the odds

ratio for encountering each species in adjoining distance and settlement density

categories. Since this is a retrospective study, the odds ratio is the appropriate way of

comparing two groups of binary responses from a retrospective study. The odds ratio is

the cross product ratio calculated from a contingency table (Ramsey and Schafer 1997).

Human settlement density

The relationship between wildlife and human settlement is illustrated best with a

map. In general, the number of species present was highest in areas with little human

settlement, in the west central portion of the Plains (Fig. 2.1). Conversely, the fewest

species were seen in areas of higher settlement density, the Columbia Basin and the

Cascades! Pacific coast. Even within the Plains, areas of human settlements were

typically associated with fewer species present. The results for mean number of animals

killedlday showed the same pattern. One exception to this pattern was observed in parts

of the Rocky Mountains along the Lob Trail, where Lewis & Clark found very little

game and no settlements. One possible explanation for the lack of game may be the
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higher elevation (1600 m at Lob Pass) and the time of year. In 1805, Lewis & Clark

passed through this area in the middle of September, with cold and snow hampering

their progress. The following year, they covered the same area during the middle/end of

June and had to turn back once due to snow. We assumed that some wildlife species

avoided those high elevation areas during that time due to weather.

The human population density is reflected in the distribution of campsites in the

various distance and settlement density categories (Fig. 2.2). The highest settlement

density was encountered in the Columbia Basin and Cascades/Pacific Coast, while the

Plains and Parkland had the lowest settlement density. The high settlement density in

the Columbia Basin may have been a result of the presence of salmon. The Rocky

Mountains were in an intermediate position, with fewer settlements in the eastern

portion and more settlements in the west. The farthest distance to nearest settlement was

33 km in the Columbia Basin, and 11 km for the Cascades/Pacific Coast. On the other

hand, in the Plains, 70% of the camps were located between 50 km and 460 km away

from the nearest settlement (Fig. 2.2).

Wildlife abundance in relation to human settlements

Mammals generally became abundant with increasing distance from the nearest

settlement and with decreasing settlement density. This trend was more pronounced

with relatively common species such as deer, elk, bison, antelope and beaver. Due to

smaller sample sizes and lack of observation in some classes, the trend was less

pronounced with bighorn sheep, grizzly, and black bear (Fig. 2.3). Nevertheless, the
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odds of encountering animals were always higher with increasing distance from humans

and with lower settlement density. The exceptions to this pattern were due to low

sample size, which was reflected in the larger confidence intervals (Table 2.1). The

trend for mean number of animals killed/day was identical to the presence data (Fig.

2.4). Our results did not show strong differentiations between beaver, a relatively

sedentary species, compared to mammals with greater seasonal movement. In fact, the

odds ratios for beaver were similar to pronghorn and elk.

Deer, black bear, beaver as well as humans were found in all 5 ecoregions.

Bison, elk, grizzly and wolves were predominantly found in the Plains, while no elk,

antelope, bison, bighorn sheep or wolves were encountered in the Columbia Basin. In

ecoregions with higher proportions of humans, fewer animal species were observed and

vice versa (Fig. 2.5).

Our results are consistent with the prediction that wildlife would be less

abundant closer to human settlements and more abundant farther away from humans.

The results are more pronounced for species with a larger sample size, i.e. those that

were more abundant as well as a source of food for the expedition members, such as

deer, elk, bison, antelope and beaver. The pattern was nearly identical for animal

sightings as well as kills. We did not expect to see such a strong relationship between

the animal sightings and the kill data, because the expedition members only killed what

was needed for food or clothing (with the exception of some grizzly bears killed out of

self-defense). This suggests that the proximity to humans had an effect on the hunters'



Table 2.1 Odds ratios and confidence intervals (in brackets) for comparing the odds of encountering species in adjoining
distance and settlement density classes. If the odds ratio was 2, for example, then the odds of encountering a species in
the second distance category were twice the odds of encountering that species in the first distance category. Blank cells
indicate no observations in that class. Breakdown of distance and settlement density classes followed by sample size in
parentheses: Distance class 1: 0-1 km (148), class 2: 1.1-50 km (94), class 3: 50.1-460 kin (264). Settlement density class
(number of lodges in 50-km radius): class 1: 0 lodges (264), class 2: 1-6 lodges (161), class 3: 7-13 lodges (81).

Odds ratios and confidence intervals (in brackets)

Comparison of distance classes Comparison of settlement density classes

lto2 2to3 lto3 lto2 2to3 lto3

Deer 1.0
(0.6-1.8)

2.7
(1.6-4.3)

2.8
(1.8-4.2)

3.0
(1.9-4.4)

0.8
(0.5-1.4)

2.4
(1.4-4.0)

Elk 3.0
(1.5-6.0)

2.0
(1.2-3.4)

6.0
(3.4-10.6)

3.2
(2.0-5.1)

1.5
(0.7-3.1)

4.6
(2.3-9.1)

Bison 8.5
(2.8-26.0)

2.7
(1.6-4.9)

23.4
(8.4-65.1)

4.3
(2.6-7.3)

12.Oa

(1.6-90.9)
52.Oa

(7.1-379.5)

Pronghorn 2.7
(1.1-6.5)

2.5
(1.4-4.7)

6.8
(3.3-14.1)

3.1
(1.8-5.3)

3,7a

(1.1-12.8)
11.5a

(3.5-37.5)
Bighorn 20.3a 22.la
sheep (2.7-150.0) (3.0-163.2)



Table 2.1 (continued)

a indicates cell values in 2 x 2 table were < 5.

Odds ratios and confidence intervals (in brackets)

Comparison of distance classes Comparison of settlement density classes

lto2 2to3 lto3 lto2 2to3 lto3

Grizzly 0.8 a

(0.1-8.8)
17.6 a

(2.4-129.7)
13.8 a

(3.3-57.9)
30.3 a

(4.1-222.2)
o.3a

(0.1-2.8)

75a
(1. 8-3 1.6)

Black bear 1.3

(0.6-2.7)
14.6 a

(1.9-109.0)
0.1 a

(0.0-0.4)
0.7

(0.3-1.7)

Wolf
5a

(1.0-25.2)
2.4

(1.0-5.9)
11.9 a

(2. 8-50. 1)
3.6

(1.6-8.3)
3.6 a

(0.4-30.1)
13.0 a

(1.8-96.6)
Beaver 3.3 1.5 5.0 2.1 3.4 7,0

(1.4-7.4) (0.9-2.7) (2.5-10.0) (1.2-3.4) (1.1-10.1) (2.5-19.7)
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ability to find and kill animals, indicating that human influence was a factor responsible

for the wildlife distribution and abundance. The, relationship between humans and

wildlife is also reflected in the need to kill and consume horses and dogs in areas with

higher human population and lack of game. A total of 11 horses were killed for food in

the Rocky Mountains and in the eastern portion of the Columbia Basin. The Lewis &

Clark party also consumed 195 dogs, all in the Columbia Basin and the

Cascades/Pacific Coast, the area of densest human population. Although it is possible

that dogs were purchased to rely less on hunting and save time, the strong relationship

between wildlife numbers killed and seen suggests that purchasing dogs was at least

partly necessary due to lack of game, since few animals were sighted along this section.

An exception to the general trend on the relationship between humans and

wildlife was found in the Cascades/Pacific Coast ecoregion, where more elk were killed

in areas of greater settlement density. This could be traced to one campsite at Ft.

Clatsop. This location had 12 settlements within a 50-km radius, and elk was the main

food source for the expedition's members. While at Ft. Clatsop, elk were reported to be

numerous on several occasions; however, there were also several reports of game being

scarce, of the Corps living on spoiled elk meat, and of the hunters being away from

camp for several days without killing anything. With regard to large game, the hunters

killed 116 elk and 14 deer between December 1, 1805 and March 20, 1806. Considering

Lewis's statement (on July 13, 1805) that they required either 4 deer, or 1 elk and 1

deer, or 1 bison to "supply us plentifully 24 hours" (Moulton 1987), the amount of
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game killed at Ft. Clatsop was not extraordinary and was comparable to Ft. Mandan and

Camp Chopunnish, two other sites where the Corps remained for extended periods.

Lewis reported that the Natives of this area appeared to subsist mostly on fish

and roots, less on "the flesh of the Elk when they happen to be fortunate enough to

procure it which is but seldom" (Moulton 1990). Lewis & Clark observed the Natives

either driving elk into pits or using dogs to hunt elk. The expedition members were

probably somewhat more successful than the local inhabitants for several reasons: they

had reliable firearms and sufficient ammunition, they had a hunting party devoted

strictly to that purpose, and they preferred meat to any other food, making hunting a

priority. In addition, the dense forests and marshes of the area acted as refugia, enabling

the elk to escape their pursuers.

Animal behavior described by Lewis & Clark

Lewis & Clark's descriptions of animal behavior also indicate whether animals

had either been hunted by humans extensively or had encountered few humans before.

Areas with reports of "wild" of "shy" animals were located in the eastern part of the

Columbia Basin, in the Cascades region near Portland, Oregon, in the central parts of

the Rocky Mountains, and near Fort Mandan, all locations close to human settlement.

Areas where wildlife was described as "gentle" were located on the Plains, in central

South Dakota and in eastern Montana.

In eastern Montana, Lewis wrote: "the whole face of the country was covered

with herds of buffalo, elk & antelopes; deer are also abundant, but keep themselves
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more concealed in the woodland. The buffalo elk and antelope are so gentle that we

pass near them while feeding, without appearing to excite any alarm among them, and

when we attract their attention, they frequently approach us more nearly to discover

what we are, and in some instances pursue us a considerable distance apparently with

that view" (Moulton 1987).

Clark added, "antelope are curious and will approach any thing which appears in

motion near them" (Moulton 1987). When the first European hunters arrived in this

area, it was common practice to attract antelope by waving a flag or creating other

movements; however, Theodore Roosevelt reported that in the 1 880s few places existed

where the antelope were still tame enough to fall for this (Roosevelt et al. 1903). This

shows that with increasing human population, the animals displayed predator-

avoidance. Other authors have shown that prey unfamiliar with predators for 50-130

years was highly vulnerable but was also capable of learning how to avoid predators

within a single generation (Berger et al. 2001).

Grizzly bear density

Unlike today, 200 years ago grizzlies, wolves and elk were found predominantly

on the Plains, the predators following the abundant prey animals living in this

ecoregion. Lewis also reported differences in behavior displayed by grizzlies in

different areas. On the Plains, he observed that grizzly bears "feed principally on flesh,

liked the wolf.. .", while he noticed that the grizzlies encountered at camp Chopunnish

in Idaho were "not as ferocious as those on the plains..." Lewis believed that this was
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due to lack of game and the fact that the animals were mostly living on roots and

berries.. ."(Moulton 1991).

Since encounters with grizzlies were a dramatic event for the Corps and were

documented in detail, we were able to estimate the historic grizzly density. Our estimate

was based on the method used by Botkin (1995), who assumed that the expedition was

able to see an average distance of one mile on the Plains. Botkin used earlier editions of

the Lewis & Clark journals and arrived at a count of 37 grizzlies on the westbound

journey. He estimated the grizzly density at 3.7 bears per 100 square miles (1.4 bears

per 100 square km) by dividing the total number of grizzlies encountered by the

distance traveled and multiplying by 1 mile. Using grizzly observations for the

westbound and eastbound journey, we determined that the expedition killed 43

grizzlies. In addition, Lewis & Clark reported 42 grizzlies seen, as well as 2 instances

where they reported "many" and 4 instances reporting "some" grizzlies. By counting

"some" and "many" as 2 grizzlies each, we estimated that a minimum of 97 grizzly

bears was encountered.

By using our numbers of grizzly encounters, we arrived at a grizzly density of

3.1 animals per 100 square km. For comparison, current grizzly density in the Greater

Yellowstone Ecosystem is estimated at 1.1 animals per 100 square km (Craighead

Environmental Research Institute 2002). Even though these may be rough estimates, we

concluded that historical grizzly density was considerable higher than the current

density. It is possible that increased human population numbers have driven most of the



species Lewis & Clark found in the Plains to the higher elevations in the Rocky

Mountains.

Lack of species in the Columbia Basin

Although it seems apparent that humans had a strong influence over wildlife

distribution and abundance along the Lewis & Clark trail, the question remains whether

humans were actually responsible for the apparent lack of some species in certain

ecoregions. Although no antelope were reported seen or killed in the Columbia Basin,

Lewis wrote while at Fort Clatsop that "The antelope is found in the great Plains of the

Columbia" but is "by no means as plenty on this side of the Rocky Mountains as on the

other" (Moulton 1990).

One has to consider the possibility that the habitat in the Columbia basin was not

conducive to supporting large numbers of mammals, although there was an abundance

of fish, which attracted humans. In that case, the relationship between humans and

mammals might be spurious. For that reason, we examined the archaeological record.

Archaeological digs in the Columbia Basin have unearthed remains of elk,

antelope, bison and bighorn sheep (Lyman 1992, Dixon and Lyman 1996). Between

500 B.C. and A.D. 1500, small herds of bison were relatively common in Eastern

Washington. Between 1500 A.D. and 1800 A.D., bison populations decreased

considerably, although there is uncertainty associated with the later time period due to

smaller sample size. Similar to the bison, the pronghorn became locally extinct during

the later period (Schroedl 1973). Elk were also present in the Columbia Basin during
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the last 5000 years, and appeared to be more widespread in that area before the 19th

century than after that time; however, detailed changes in distribution and abundance

are not available due to lack of dated archaeological data and an uneven distribution of

archaeological sites (Dixon and Lyman 1996). Using archaeological data to estimate

historic human and animal populations can have its drawbacks. A lack of such data may

mean that humans or animals were not present, or that data has not been unearthed yet.

A good summary of using archaeological data with regard to human-animal interactions

can be found in Grayson (2001).

Climatic changes may have been one reason for the decreasing number of some

wildlife species (Lyman 1992, Lyman and Wolverton 2002), but a lack of detailed local

climatic data (Butler 2000) prevents us from drawing more definite conclusions. It is

possible that human hunting influenced wildlife numbers, especially if wildlife were not

very abundant in this region. Some authors have attributed the low numbers of game in

the Columbia Basin and the Great Basin to aboriginal overkill, implying that humans

either limited numbers and distribution of wildlife or were even responsible for local

extinction of some species (Kay 1994, 1995, Martin and Szuter 1999a). We agree with

those authors to the extent that human hunting may have been at least one factor in the

continuing decline and eventual local extinction of those species, if local elk and bison

populations were already low or in decline.
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Optimal foraging theory and prey switching

When a predator relies on only one prey species, the prey cannot be forced to

very low levels or extinction, because the predator's population will also be reduced as

food supplies decline (Truett 1996). Following this reasoning, the Native population

could not overhunt the bison to extinction in the Plains, since that species was their

main prey. However, if an alternate prey or food source is available, the predator can

maintain itself at relatively high densities. This can lead to a rapid decline or even

extinction of some prey species. Such prey switching has been observed with moose,

caribou and wolves, where moose became alternate prey by moving into an area. The

result was increased wolf numbers and a rapid decline in caribou. (Bergerud and Elliot

1986).

Prey switching by humans has been observed in the archaeological record. As

human populations increased, the proportion of larger species to smaller species

decreased (Redford 1992, Truett 1996). By extending the optimal foraging theory to

humans, it has been shown that low-ranked resources such as plants and fish are usually

consumed to a greater extent when high-ranked resources are either rare or non-existent

(Grayson 2001).

If ungulate numbers had in fact decreased due to overhunting in prehistoric

times, humans could prey-switch to salmon, allowing them to maintain or even increase

their population numbers, while still hunting the now scarce prey. Once diseases began

to reduce the human population in the Columbia Basin during the end of the 18th



century, higher ranked species were able to rebound again. Such a subsistence change

has in fact been observed in the Lower Columbia river region (Butler 2000).

Human population size

It is also possible that humans have influenced wildlife for a much longer time

than we previously believed. Kay (1994) argued that the lack or small proportion of

large mammals in archaeological sites could be due to the fact that higher ranked food

items are seldom part of a diet if those species are being overexploited, leading Kay

(1994) to the conclusion that, except for refugia, most ungulate species were quite rare

for the past 10,000 years in the intermountain West. Based on what we know about

predator-prey cycles, it is reasonable to assume that prey populations may have

increased as the human population decreased due to diseases.

From the 1 500s through the early 1 900s, human population size dropped

steadily (Ubelaker 1992). The most recent human population estimates at pre-contact

time in North America range from just under 2 million (Ubelaker 1992) to 3.8 million

(Denevan 1992, McCann 1999). Population decrease within 100 years after the arrival

of Columbus may have been as high as 90% (McCann 1999), while population levels in

1800 have been estimated at around 1 million people (Denevan 1992).

The explorer La Verendrye estimated the Mandan Indian population in 1738 at

approximately 15,000-20,000 people. A smallpox epidemic occurred in 1781-1782 and

reduced the Mandan to around 1800 people in 1804/05, as reported by Lewis & Clark.

Another smallpox wave in 1837 killed between 10,000-25,000 members of the Arikara,
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Fig. 2.6. Native American population estimates for people inhabiting the "Great Plains
culture" and "Plateau culture" areas from 1700 to 1900 (after Ubelaker 1988).
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Minnetare, Assiniboin, Crow, and Blackfeet tribes (Jensen 1972). Boyd (1999)

estimated the pre-white population of the Columbia basin at around 87,000, although he

conceded that "the number may be much higher". In the Columbia Basin and Pacific

Coast, the first smallpox epidemics occuned in 1770, with later outbreaks happening in

1801 and 1824, followed by measles and/or fever. From 1805-1855, population

decrease in the lower Columbia has been estimated at 90% (Boyd 1999). Fig. 2.6 shows

general Native American population estimates by Ubelaker (1988) before and after

white contact for people inhabiting the "Great Plains culture" and "Plateau culture"

areas. The Great Plains culture area stretches from the Mississippi River to the Rocky
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Mountains, and from the southern parts of Manitoba, Saskatchewan and Alberta to

southern Texas. The Plateau culture area includes eastern Washington, northeastern and

central Oregon, southeastern British Columbia, northern Idaho, western Montana and

portions of northern California.

This sudden decrease of the human population may have allowed wildlife

numbers to increase, especially in areas that were left with low numbers of people, such

as the Plains. However, we need more reliable archaeological data to establish a solid

link between human and animal populations to further investigate this hypothesis.

The influence of the horse

Competition from horses (Equus caballus) may have been another factor in

historic wildlife distribution and abundance. In archaeological studies in the Columbia

Basin, horse bones have been found alongside bison bones (Osborne 1953), indicating

that bison were hunted in the Columbia Basin at the same time that horses were present,

after approximately 1720-1730 (Haines 1938). We hypothesize that the introduction of

the horse eventually led to the extinction of the bison in the Columbia Basin in two

ways: by the horse acting as a direct foraging competitor for the bison, and by

improving hunting efficiency of the Native Americans. Christman (1971) also

suggested that the extinction of the bison coincided with the time of horse acquisition.

Horse and bison diets have considerable overlap (Salter 1978, Chapman and

Feldhamer 1982, Flores 1991, Crane et al. 1997), and competition for forage may have

been high as horse numbers increased over time. Bison have been described as a "weed
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species" on the Plains, occupying a niche left by Pleistocene extinctions of mammals

(Flores 1991). We would argue that horses acted in a similar way in the Columbia

Basin. Once introduced, they could increase, especially since few predators were

present. Many Columbia Basin tribes were rich in horses, and the Nez Perce were well-

known horse breeders and owned large numbers of horses (Haines 1955). Sergeant Gass

commented on April 25, 1806 that the Walla Walla tribe had "a great many horses", and

on May 19, 1806, he stated: "Between the great falls of the Columbia and this place

[Camp Chopunnish in Idaho], we saw more horses, than I ever before saw in the same

space of country" (Moulton 1991). Estimates of the number of horses per person for the

Nez Perce, Cayuse, Walla Walla and Umatilla tribes have been estimated to range from

4.3 to 11.7 (data from 1874). Many tribes, however, had acquired their maximum

number of horses between 1800 and 1825 (Ewers 1955).

Aside from the numerous Native owned horses, Lewis and Clark mentioned

wild horses (Moulton 1991), and although there are no numbers for wild horses in the

Columbia Basin for that time, it has been estimated that there were about 2 million feral

horses between south Texas and the Arkansas River in the mid l9 century (Flores

1991). We assume that horse numbers had increased in a similar fashion in the

Columbia Basin, and that the horses competed for forage with native wildlife.

Conclusion

It is likely that human influence was a factor in the distribution and abundance

of wildlife observed in Lewis & Clark's time. However, the lack of some species in
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certain ecoregions is not as easily explained. The current lack of detailed local climatic

data and the incomplete archaeological record do not allow us to differentiate clearly

whether climate changes or human hunting alone were responsible for the observed lack

of some species in the Columbia basin. We believe, however, that the introduction of

the horse as well as overhunting by humans may have been contributors. If relatively

low population densities, such as those existing 200 years ago, could affect wildlife

distribution and abundance, we hypothesize that the denser population prior to Euro-

American contact and disease introduction had an even greater effect on wildlife.

We hope that this insight into human-wildlife interactions offers a better

understanding of the historical reference condition, with major implications for

conservation biology and ecological restoration. It underlines the point that we need to

carefully consider the time, location and spatial extent of the chosen reference condition,

and that we have to familiarize ourselves with the degree of human influence. We also

encourage a greater collaboration between ecologists, historians, archaeologists and

anthropologists to broaden our understanding of the interactions between people and

ecosystems.
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Abstract

We compared historic and current geographical ranges of 43 North American

carnivores and ungulates to identify large-scale patterns in range contractions and/or

expansions. Seventeen of the species experienced range contractions over >20% of their

historic range. In areas of higher human influence, species were more likely to contract

and less likely to persist. Species ricimess also declined considerably since historic

times. The temperate grasslands and temperate broadleaf/mixed forest biomes lost the

highest average number of species, while the boreal forest and tundra showed fewer

numbers of species lost. The results of this study can be used to improve our knowledge

of historical reference conditions and to provide input for the creation of wildlife

reserves and for wildlife re-introductions.

Introduction

Species ranges are dynamic and knowledge of range contractions and

expansions and their underlying causes are important for conservation biology and

maintenance of biodiversity. Studies of species range changes have focused on the

expansion of introduced species (Andow et al. 1990, Hastings 1996), investigations of

species range shapes (Brown and Maurer 1989), the relationship between species

distribution and abundance (Gaston 1990), and the relationship between range size,

latitude and elevation (Pagel et al. 1991, Brown et al. 1996). Patterns of range dynamics

have also been studied, with some authors concluding that contractions occurred

towards the center of the species' historic range (Lawton et al. 1994, Brown et al.
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1995), while others determined that species ranges contracted towards the edges

(Lomolino and Channel! 1995, Channell and Lomolino 2000a, 2000b). Those authors

acknowledged that humans were the most likely reasons for range contractions.

Although it is well known that humans have altered their environment, until recently

few quantitative studies have assessed the degree of human influence, especially on a

continental or global scale (Hannah et al. 1994, Dobson et al. 2000, Sanderson et al.

2002). Likewise, we do not have much information about how human influence and

species range contractions correlate. This knowledge could be crucial for developing

predictions for further range contractions, to help design parks and reserves and to assist

in the management of declining species.

Based on the global distribution of 173 mammals, Ceballos and Ehrlich (2002)

estimated that collectively those species had lost over 50% of their historic range.

Towns and Daugherty (1994) found that in New Zealand, direct human influences had

affected range contractions of reptilians and amphibians, but that indirect human effects

due to the introduction of dogs, cats, and rats were the primary factor for extinctions. In

a global study, Kerr and Currie (1995) concluded that human population density

strongly influenced the proportion of threatened bird species, but that the per capita

Gross National Product showed the strongest correlation with mammal extinctions.

In a study conducted in West Africa, Brashares et al. (2001) determined that

there was a strong positive relationship between human population size and the

extinction rate of mammal species. Similar results were found in North America.

Mattson and Merrill (2002) analyzed relationships between landscape parameters,
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human influence and persistence of grizzly bears, and determined that humans were a

major factor in the decline of the grizzly bear range. Even before widespread European

settlement in North America, humans had an influence on wildlife abundance and

distribution (Hickerson 1965, Martin and Szuter 1999, Laliberte and Ripple 2003).

The purpose of this study was to compare historic and current species ranges

and to identify large-scale patterns in range contractions andlor expansions. Our

objectives were 1) to determine the degree of human influence on species range

changes, 2) to compare the changes between historical and current species ranges with

regard to biome and elevation, and 3) to describe changes in species richness. We

hypothesized that human influence was positively associated with areas of species range

contractions, and negatively associated with areas of species persistence. Descriptive

statistics and maps were used to show changes that occurred in species ranges with

regard to biome and elevation.

Species, study area and input variables

The study area comprised Canada, the United States and Mexico. Our source for

historic species ranges was "The Mammals of North America" by Hall and Kelson

(1959), whose maps are based on actual field sightings dating back to the 18th1 and l9

century. Therefore the maps represent the species' distributions before large-scale

human encroachment. Map sources for current species ranges were digital versions of

maps from "The Smithsonian Book of Mammals" (Wilson and Ruff 1999) and

"Mammals of North America" (Kays and Wilson 2002).
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We used ArcGIS (ESRI 1999) to digitize the historic and current range maps for

32 carnivores and 11 ungulates (Table 3.1) and to conduct further spatial analysis. We

did not include the bison in our species list, because the bison had lost 99% of its

historical range by 1889 (Hornaday 1889), and most of today's animals exist only in

parks and reserves. Tropical cats were also not included. The current range maps for

ocelot (Leoparduspardalis) and jaguarundi (Puma yagouaroundi) in our source (Kays

and Wilson 2002) only showed parts of Mexico, and no current range maps were

included for margay (Leopardus wiedii) and jaguar (Panthera onca). The margay's last

record in Texas was from 1852, and the jaguar has been considered extinct in the US,

although there were some recent sightings in Arizona (Kays and Wilson 2002). The

current range maps do not include all recent re-introductions of species, such as wolves

in the northern Rocky Mountains of the U.S.

Other digital input data included a map of the "human footprint" (Sanderson et

al. 2002), a map of North American biomes (Olson et al. 2001), and a digital elevation

model of North America (Land Processes Distributed Active Archive Center

(LPDAAC) 2002) (Fig. 3.1). The human footprint map was created by incorporating 4

types of data representing human influence: population density, land transformation,

accessibility by roads and rivers, and electrical power infrastructure. The result is a map

showing the human influence index ranging from 0 (low influence) to 100 (high

influence).

We chose the human footprint for assessing human influence on species range

changes, because this map has several advantages over a map showing only human



Table 3.1. North American carnivores and ungulates included in this study.

Common name Scientific name

Carnivores Black bear Ursus americanus
Grizzly bear Ursus arctos
Polar bear Ursus maritimus
Gray wolf Canis lupus
Coyote Canis latrans
Swift fox Vulpes velox
Kit fox Vulpes macrotis
Arctic fox Alopex lagopus
Red fox Vuipes vulpes
Gray fox Urocyon cinereoargenteus
Cougar Puma concolor
Lynx Lynx canadensis
Bobcat Lynx rufus
Ringtail Bassariscus astutus
Raccoon Procyon lotor
White-nosed coati Nasua narica
River otter Lontra canadensis
American mink Mustela vison
Marten Martes americana
Fisher Martes pennanti
Wolverine Gulo gulo
Badger Taxidea taxus
Least weasel Mustela nivalis
Ermine Mustela erminea
Long-tailed weasel Mustelafrenata
Black-footed ferret Mustela nigripes
Western spotted skunk Spigolale gracilis
Eastern spotted skunk Spigolaleputorius
Western hog-nosed skunk Conepatus mesoleucus
Eastern hog-nosed skunk Conepatus leuconotus
Striped skunk Mephitis mephitis
Hooded skunk Mephitis macroura

Ungulates Moose A ices alces
Elk Cervus elaphus
Mule deer Odocoileus hemionus
White-tailed deer Odocoileus virginianus
Muskox Ovibos moschatus
Caribou Rangfer tarandus
Mountain goat Oreamnus americanus
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Table 3.1. (continued)

Common name Scientific name

Dali's sheep Ovis dalli
Bighorn sheep Ovis canadensis
Pronghorn Antilocapra americana
Collared peccary Pecan tajacu
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population density. First, the correlation between human influence and population

density alone is not well known (Sanderson et al. 2002). Second, land transformation

represents one of the biggest threats to biodiversity due to habitat loss and

fragmentation (Vitousek et al. 1997, Wilcove et al. 1998). Third, roads are known to

have a negative effect on ecological integrity, affecting changes in species composition,

population sizes and various ecological processes (Trombulak and Frissell 2000). For

those reasons, the human footprint map is well suited for our purpose. The creators of

this map stated that "we expect that where human influence is highest, ecosystems will

be most modified and species under the most pressure from human activity" (Sanderson

et al. 2002). We wanted to test this hypothesis with regard to species range changes.

Potential error sources

There are certain problems associated with delineating geographic ranges of

species, since many maps just depict outlines, may omit holes in those ranges and may

not show islands along the perimeter. Maps of historical ranges usually include all

locations where the species has been found in the past as well as areas that have been



Fig. 3.1. Input data used in the analysis. (a) Human footprint map depicting the human
influence index ranging from 0 (low) to 100 (high). The map is based on population
density, accessibility, land transformation and satellite nighttime lights. (b) Biomes of
North America. (c) Digital elevation model of North America.
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colonized relatively recently (Brown et al. 1996). In addition, species are not evenly

distributed throughout their habitat (Brown 1984), thus information on species density

is not portrayed. Some other problems with studying range maps are use of different

spatial scales, the fact that there are many techniques to measure range size of a species,

and the difference between extent of occurrence and area of occupancy (Gaston 1996).

Range maps are also not updated frequently, but may still appear in reference works as

depicting the current range ofa species.

A map can only give a snapshot in time, and different mapmakers often display

slightly different ranges for the same species. After comparing several sources for range

maps of the same species, we came to the conclusion that it was difficult to find

complete agreement about exact range boundaries. For those reasons and for sake of

consistency, we decided it was important to use maps from the same source for each

time period chosen. We caution that the range boundaries are not "set in stone", and that

those boundaries should be considered to be rather "fuzzy" than distinct. It is also

assumed that not all areas within a species' geographic range are occupied. We are

aware that species ranges are dynamic, and that there may have been contractions and

expansions between the two time periods we considered. We stress that this study was

conducted on a relatively coarse scale, and that we examined broad changes. Our maps

were not designed to be used and interpreted at a smaller than continental scale.
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Range contractions, expansions and areas of persistence

The historic and current range of each species was overlayed in the GIS to

determine areas of range contraction, expansion and persistence for the 43 species. In

general, large carnivores and ungulates experienced considerable loss of area compared

to their historic range (Table 3.2). However, species well adapted to live close to

humans, such as raccoon and coyote, showed range expansions of 18% and 40%

respectively.

Since we wanted to determine the degree of human influence on species range

changes, we were concerned with potential error sources in the data. Most species that

underwent range contractions also showed areas of expansion, which led us to

scrutinize the maps in greater detail. As we already discussed, it was assumed that

species range maps were not always entirely accurate. We were especially skeptical

about small slivers of expansion areas around the edges of the range of those species

that had experienced large degrees of range contractions. We assumed that those

differences could be attributed at least in part to the different map sources. After closely

examining the areas of contraction, expansion and persistence of each species, we

decided to use a threshold value that would represent a safe margin of error. We

determined to only analyze the relationship between range contractions and human

influence for those species that had experienced range contractions over more than 20%

of their historic range (Table 3.2). We assumed that choosing this threshold accounted

at least in part for the inaccuracies in the original maps and for potential digitizing

errors.



Table 3.2. Areas of contraction, expansion, persistence, and net loss or increase for 43
North American carnivores and ungulates. Areas of contraction, expansion and
persistence are expressed as percent of the species' historical range. Net loss and net
increase is the difference between % area of contraction and % area of expansion.
Species are sorted from largest net loss to largest net increase.
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Area of
Species contraction

(%)

Area of
expansion

(%)

Area of
persistence

(%)

Area of net loss (-)
or increase (+)

(%)

Black-footed ferret 100 0 0 -100
Elka 77 3 23 -74
Pronghorna 64 0 36 -63
Swift fox' 68 8 32 -60
Dali's sheep a 64 10 36 -54
Grizzly beara 55 2 45 -53
Fisher a 50 3 50 -47
Gray wolfa 42 0 58 -42
Lynxa 40 1 60 -39
Black beara 41 2 59 -39
Wolverine a

39 2 61 -37
Cougar a 40 4 60 -36
Muskoxa 35 4 65 -31
Mountain goata 43 12 57 -30
River otter a 25 0 75 -25
Bighornsheepa 40 15 60 -25
Caribou a

24 0 76 -24
Marten' 21 2 79 -19
Redfox 4 17 96 -13
American mink 13 1 87 -12
Moose 15 4 85 -11
Mule deer 14 6 86 -8
Polar bear 6 0 94 -6
Arctic fox 10 5 90 -5
Bobcat 10 5 90 -5
Long-tailed weasel 0 0 100 0
E. hog-nosed skunk 0 0 100 0
Collared peccary 0 0 100 0
W. hog-nosed skunk 3 4 97 +1
Striped skunk 1 1 99 +1
Ermine 0 1 100 +1
E.spottedskunk 9 11 91 +2
Ringtail 5 7 95 +2
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a
indicates species with areas of contraction >20% of their historic range. Those species'

ranges were further analyzed for human influence.

Our list of species with range contractions >20% does not exclude any species

of high interest for conservation efforts. The range changes for the 17 species with

range contractions over more than 20% of their historic range are shown in Figure 3.2.

Large carnivores (black bears, grizzly bears, gray wolf, cougar and wolverine) all lost

considerable portions of their historic range. A potential effect of range contractions of

large carnivores is a mesopredator release (Soule and Terborgh 1999), the increase and

resulting overabundance of small to mid-sized predators. In fact, our study showed that

the ranges of smaller predators (f. ex. coyotes and raccoons) expanded from historical

times (Table 2). Concern is growing on the importance of large carnivore conservation

because of cascading effects on lower trophic levels (Terborgh et al. 1999) and loss of

species interactions leading to simplified or degraded ecosystems (Soulé et al. in

Table 3.2. (continued)

Area of Area of Area of Area of net loss (-)
Species contraction expansion persistence or increase (+)

(%) (%) (%) (%)

White-nosed coati 2 5 98 +2
Gray fox 3 8 97 +5
White-tailed deer 1 7 99 +6
W. spotted skunk 4 10 96 +6
Least weasel 0 8 100 +8
Hooded skunk 1 11 99 +10
Kit fox 12 28 88 +16
Badger 1 18 99 +17
Raccoon 0 18 100 +18
Coyote 0 40 100 +40



Fig. 3.2. Areas of contraction, expansion and persistence based on historic and current
species ranges for 17 species that experienced range contractions over >20% of their
historic range.
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press). Vegetation communities can be profoundly diminished by ungulates when top

predators (wolves) are removed from ecosystems (Ripple and Larsen 2000).

It appears that 12 of the 17 species contracted towards the edge of their historic

range, while 5 species (lynx, marten, fisher, bighorn sheep, pronghorn) appeared to

have contracted more towards the center of their historic range. A contraction towards

the north was especially noticeable for species whose historic range covered a large part

of North America, i.e. black bear, grizzly bear, gray wolf, and wolverine. Others

(Lawton et al. 1994, Brown et al. 1995, Channel! and Lomolino 2000a) have analyzed

patterns of range contractions in more detail. Our interest was focused on determining

the degree of human influence on range dynamics.

Assessing human influence on species range changes

We hypothesized that a species was more likely to persist in areas of lower

human influence and more likely to contract in areas of higher human influence. We

applied the human footprint map to areas of persistence and contraction, although we

acknowledge that the human footprint map was compiled from recent information,

thereby being more correlated to persistence than to contraction. In applying the human

footprint to areas of contraction, we assumed that human encroachment and impacts had

occurred over time just as animal contractions had occurred over the same time period.

This applies especially to land conversions. For example, from 1860 to 1920, North

American land areas converted to regular cropland increased from 25,000 to 1.6 million

square km (Richards 1984).
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In the GIS, we clipped the species' areas of contraction and persistence out of the

human footprint map and calculated the proportional areas in each of the 8 human

influence index classes. We then calculated an electivity index for each human

influence index class in areas of contraction and areas of persistence in order to

compare occupied with available range. We used Ivlev's electivity index (Ivlev 1961),

which compares the proportion of area used by the species to the proportion available.

Ivlev's electivity index ranges from Ito +1; negative values suggest avoidance (or

lower concentration than expected by chance alone), positive values suggest preference

of the resource (or higher concentration than expected by chance alone), and 0 indicates

neutral or a proportion equal to availability (Manly et al. 1993). The proportion used

corresponded to the proportional area in each human influence class, while the

proportion available was the proportion of the combined areas of persistence and

contraction in the same human influence class. Bonferroni confidence intervals were

constructed to determine if preference or avoidance was statistically significant (P <

0.01). A hypothesis of no preference or avoidance of the proportional range in each

human influence class caimot be rejected, if the Bonferroni confidence interval includes

the availability proportion (White and Garrott 1990).

For nearly all species, electivity values for areas of persistence decreased with

increasing human influence index (Fig. 3.3), indicating that those species were less

likely to persist in areas of higher human influence. Species exhibiting this trend also

showed a high electivity value in the lowest human influence index class. This suggests

that these species were more likely to persist in areas of low human influence. In
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Fig. 3.3. Electivity index graphs for 17 species that experienced range contractions over
>20% of their historic range. Electivity indices are shown for areas of contraction and
persistence for each species in each of 8 human influence index classes (x-axis). Ivlev's
electivity index is calculated as (P - Pa)/( Pu + Pa), where P, is the proportion of area
used by the species, and Pa is the proportion of the area available. The index ranges
from Ito + 1; negative values suggest avoidance (or lower concentration than expected
by chance alone), positive values suggest preference of the resource (or higher
concentration than expected by chance alone), and 0 indicates neutral or a proportion
equal to availability. Bonferroni confidence intervals (P < 0.01) were constructed to
determine if preference or avoidance was statistically significant. A hypothesis of no
preference or avoidance of the proportional range in each human influence class cannot
be rejected, if the Bonferroni confidence interval includes the availability proportion.
* indicates not statistically significant.
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contrast, the areas of contraction minored the areas of persistence, with species more

likely to contract in areas of higher human influence, and less likely to contract in areas

of lower human influence.

Species that showed a pronounced trend for persistence in areas of lower human

influence had electivity values closer to --1 than to 0, and included grizzly bear, gray

wolf, marten, wolverine, muskox and caribou, species associated with sensitivity to

human disturbance. The highest electivity values for areas of contraction were close to

0.5 and were exhibited by those same species. Although electivity values for the

remaining species were lower, most of them showed the same trend: for areas of

persistence, electivity values decreased with increasing human influence, and for areas

of contraction, electivity values increased with increasing human influence. Thisshows

that the majority of the species examined displayed some degree of response to human

influence.

The lines for contraction and persistence tended to converge at 0 electivity in

the human influence index class of 2-10 (Fig. 3.3). This indicates that species were

found in this human influence class at a concentration close to the expected availability.

It appears that areas with a human influence index of 2-10 were not strongly associated

with either contraction or persistence of most species. It follows that those locations

represent areas where humans have little or no influence on range contractions. In North

America, areas with a human influence index of 2-10 are found predominantly in

Canada, Alaska, and in the western U.S.



72

A comparison of the human influence map (Fig. 3.1) and the map of the species'

range changes (Fig. 3.2) will clarify some of the responses shown in the electivity

graphs, because many species lost a large part of their ranges in areas of higher human

influence (gray wolf, grizzly bear, black bear, elk, cougar, wolverine). The pronghorn

did not show strong responses to human influence, although it lost 64% of its historical

range. The relationship with human influence was assumed to be weak for pronghorn,

because the historic and current ranges were comparable in terms of the human

influence index. Pronghorn contracted towards the center of their historic range, while

species such as the grizzly bear and gray wolf contracted towards the north, an area

considerably lower in human influence.

Dali's sheep, bighorn sheep, and mountain goats also did not display very

strong responses to human influence. We assume this is because the historic as well as

the current ranges of those species were located in areas of relatively low human

influence (western U.S., Canada and Alaska). This can be verified by comparing the

human influence map with the species range change maps.

Changes within biomes

Due to the large changes observed between historic and current species ranges,

it was expected that some species might not be found today in biomes that they had

occupied historically. We were interested in documenting the changes between historic

and current species ranges by biome, because this information is applicable to wildlife

conservation and species re-introductions. For all of the 17 species, we summarized the
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historical and current ranges by biome and calculated the percentage of the historic

range lost by biome (Table 3.3). The results show not only how much area was lost in

each biome, but also how the biome composition of the range changed over time. Some

species lost more than 50% of their historic range, while the biome composition of their

range did not change much. For example, the pronghorn lost 55-68% of its historic

range in the 3 biomes it occupied (temperate coniferous forests, temperate grasslands,

savannas, shrublands, and deserts and xeric shrublands). However, the proportion of

each biome in the historic or current range remained similar. A look at the pronghorn

range contraction map (Fig. 3.602) shows a spatial representation of those changes.

Although it is known that pronghorn occur mainly in grasslands and shrublands

(Yoakum and O'Gara 2000), our analysis showed that the pronghorn's range included

temperate coniferous forests. We assume that there is an overestimation of this biome

for pronghorn due to map scale and accuracy and due to the fact that not all areas in a

species' geographic range are occupied. However, the historical range map by Hall and

Kelson (1959) contains at least 11 marginal records that fall within the temperate

coniferous forest biome, which indicates that pronghorn may have occupied smaller

grassland areas within this biome historically.

Other species lost portions of their historic range while the biome composition

of their range also underwent large changes. The grizzly bear's historic and current

ranges show very different biome structures: historically, the temperate grasslands

contributed 21% to the entire range, while currently there are only 4% of the entire

range in this biome. The grizzly also lost all of its range in the desert and xeric



Table 3.3, Areas of species' historic range, current range, and percent of historic range lost summarized by biome. Included
are 17 species experiencing range contractions over >20% of their historic range. Biomes with <5% of total historic or
current range are not shown, but are included in the calculations.

Species Biome Area in 1000 sq km
Historic Current

Area as % of total
Historic Current

% of historic
range lost

Temperate broadleaf mixed forests 2,807 1,396 18 15 50
Temperate coniferous forests 2,252 1,638 14 17 27

Black bear Boreal forests/taiga 4,846 4,750 31 50 2
Temperate grasslands, savannas, shrublands 3,039 392 19 4 87
Tundra 1,079 865 7 9 20
Deserts and xeric shrublands 1,361 327 9 3 76

Temperate coniferous forests 1,690 797 15 16 53
Boreal forests/taiga 2,771 2,160 25 42 22

Grizzly bear Temperate grasslands, savannas, shrublands 2,293 212 21 4 91
Tundra 2,075 1,909 19 37 8
Deserts and xeric shrublands 1,778 1 16 0 100

Temperate broadleaf mixed forests 2,296 503 13 5 78
Temperate coniferous forests 1,850 831 10 8 55

Gray wolf Boreal forests/taiga 5,071 4,884 28 47 4
Temperate grasslands, savannas, shrublands 2,965 438 16 4 85
Tundra 3,704 3,681 20 35 1

Deserts and xeric shrublands 1,942 1 11 0 10

Temperate coniferous forests 50 63 3 9 25 a

Swift fox Temperate grasslands, savannas, shrublands 1,621 597 91 84 63



Table 3.3. (continued)

Species Biome Area in 1000 sq km
Historic Current

Area as % of total
Historic Current

% of historic
range lost

Deserts and xeric shrublands 106 51 6 7 51

Tropical/subtropical coniferous forests 473 473 4 7 0
Temperate broadleaf mixed forests 2,565 66 23 1 97

Cougar Temperate coniferous forests 2,072 1,716 19 25 17
Temperate grasslands, savannas, shrublands 2,514 1,294 23 19 49
Deserts and xeric shrublands 2,329 2,329 21 34 0

Temperate broadleaf mixed forests 1,712 770 13 10 55
Temperate coniferous forests 1,417 859 11 11 39

Lynx Borealforests/taiga 5,068 4,712 38 59 7
Temperate grasslands, savannas, shriiblands 1,609 441 12 5 73
Deserts and xeric shrublands 2,983 1,065 23 13 64

Temperate broadleaf mixed forests 2,813 2,102 18 18 25
Temperate coniferous forests 2,222 1,941 14 17 13

River otter Boreal forests/taiga 5,062 4,963 33 43 2
Temperate grasslands, savannas, shrublands 2,861 637 19 5 78
Tundra 1,546 1,499 10 13 3
Deserts and xeric shrublands 768 339 5 3 56

Temperate broadleaf mixed forests 1,361 535 15 7 61
Marten Temperate coniferous forests 1,453 1,255 16 17 14

Boreal forests/taiga 4,818 4,468 52 60 7



Table 3.3. (continued)

Species Biome Area in 1000 sq km
Historic Current

Area as % of total
Historic Current

% of historic
range lost

Tundra 1,041 886 11 12 15

Temperate broadleaf mixed forests 1,858 820 29 24 56
Fisher Temperate coniferous forests 1,194 847 19 25 29

Boreal forests/taiga 2,660 1,554 42 45 42
Temperate grasslands, savannas, shrublands 548 129 9 4 77

Temperate broadleaf mixed forests 1,356 0 11 0 100
Temperate coniferous forests 1,450 742 11 9 49

Wolverine Boreal forests/taiga 5,037 3,410 39 42 32
Temperate grasslands, savannas, shrublands 1,158 69 9 1 94
Tundra 3,466 3,703 27 46 7a

Temperate broadleaf mixed forests 1,889 43 23 2 98
Temperate coniferous forests 1,493 1,026 19 49 31

Elk Boreal forests/taiga 980 82 12 42 92
Temperate grasslands, savannas, shrublands 2,825 289 35 14 90
Deserts andxeric shrublands 827 662 10 31 20

Boreal forests/taiga 444 131 19 8 70
Muskox Tundra 1,742 1,341 76 85 23

Rock and ice 112 112 5 7 0



Table 13. (continued)

a
indicates % increase over historic range

Species Biome Area in 1000 sq km
Historic Current

Area as % of total
Historic Current

% of historic
range lost

Temperate broadleaf mixed forests 870 0 8 0 100
Caribou Temperate coniferous forests 662 235 6 3 64

Boreal forests/taiga 5,051 4,324 47 53 14
Tundra 3,656 3,435 34 42 6

Mountain Temperate coniferous forests 728 480 50 47 34
goat Boreal forests/taiga 395 320 27 32 19

Tundra 267 127 18 13 52

Temperate coniferous forests 69 208 4 25 203a
Dali's sheep Boreal forests/taiga 753 252 43 31 67

Tundra 905 342 51 41 62

Bighom Temperate coniferous forests 1,041 630 32 26 39
sheep Temperate grasslands, savannas, shrublands 467 704 14 29 sla

Deserts and xeric shrublands 1,638 1,053 50 43 36

Temperate coniferous forests 613 225 11 11 63
Pronghom Temperate grasslands, savannas, shrublands 2,352 1,057 43 53 55

Deserts and xeric shrublands 2,156 700 39 35 68
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shrublands, which historically contributed 11% to the total. The gray wolf showed a

response similar to that of the grizzly bear. For example, both species lost all of their

historic ranges in the desert and xeric shrublands, they lost large portions in the

grasslands, and proportionally both species have now more range in the boreal forest

and tundra. Although both wolves and grizzlies were probably never as common in the

desert and xeric shrublands as in other biomes they occupied, wolves are thought to

have occupied all habitats that supported ungulate populations (Ballard and Gipson

2000). In addition, marginal records in the distribution maps by Hall and Kelson (1959)

show several locations where grizzly bears and wolves were recorded in the desert and

xeric shrubland biome, although it is possible that those sites are located in riparian

areas and in close proximity to mountain ranges where sufficient food resources could

be found.

The decline of grizzlies in the Plains has been associated with the decline of

bison, one of their main food sources in that biome (Mattson and Merrill 2002). In

addition to the loss of the bison, large herds of elk, pronghorn and deer were also

reduced on the plains. We presume that the decline of prey led in turn to the loss of their

main predators, the wolves and grizzlies. In addition, humans also contributed to

extermination of niany predators.

We believe that it is of concern if a species experienced a loss of its historic

range, and if the historic and current range structures also differed considerably. The

first would lead to a general loss of populations; the second could possibly result in the

extinction of certain subspecies adapted to particular biomes. Some species lost 100%
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of their historic range in some biomes; for example grizzly bears and gray wolves lost

all of the range in the desert and xeric shrublands, and wolverine and caribou lost all the

temperate broadleaf/mixed forests range.

In addition to a decrease or loss in areal extent, degradation of a biome has to be

considered. For example, relatively little of the sagebrush steppe has been converted to

urban areas, but 95% has been affected by various influences, such as exotic plant

invasion, altered fire regimes and livestock grazing (Noss et al. 1995).

We also observed increases in the current range compared to the historic range.

The Dali's sheep, for example, experienced an increase in the temperate coniferous

forest, specifically in the north central part of British Columbia. A subspecies of the

Dalis' sheep, the stone sheep (Ovis dalli stonei), lives in this area, which supports most

of the world's population of stone sheep. Although the range of the stone sheep extends

southward to north central British Columbia, the largest population would be found in

the northern portion of the province, with fewer individuals living near the southern

boundary of the current range (Ministry of Environment, Lands and Parks 2000). Based

on this information, it is possible that the Dali's sheep current range does not extend

quite as far south as shown. Therefore the increase in range should be interpreted with

caution and demonstrates a potential problem associated with outlining species ranges.

Likewise, the bighorn sheep showed an increase in the temperate grasslands, mainly in

Alberta. Again, we believe that the map boundaries probably extend too far into the

eastern part of Alberta, since the bighorn sheep is mostly found in mountainous regions

(Krausman and Shackleton 2000).
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The Swift fox showed an increase in the temperate coniferous forest, but

historically this biome only contributed 3% to the entire range. We are also skeptical of

this increase, since it lies around the boundary of the range, and could be attributed to

differences in map creation. Since we only considered the 17 species that had

experienced areas of contractions of 20% or more, we would be equally cautious about

interpreting overall expansions that were smaller than the 20% threshold, as shown for

Dali's sheep (10%), Bighorn sheep (15%), and Swift fox (8%) (Table 3.2).

Changes within elevation zones

We summarized changes between historic and current ranges by species and

elevation classes as well (Table 3.4). Again, we saw a general loss of the species'

historic ranges, and observed shifts in elevation classes. For example, cougar, elk, and

Dalls' sheep lost considerable areas in the lower elevations and shifted their ranges to

the upper elevation classes. Although the grizzly bear lost 35% of its historic range in

the lowest elevation class, the proportion of that class is actually higher in the current

than the historic range. This is due to the large loss of high elevation range, particularly

in the United States, and a much smaller loss of low elevation classes in Canada. The

only remaining areas of grizzly bear range in the US above 2000 m are in northwestern

Wyoming, northwestern Montana, and northern Washington (Fig. 3.2).



Species Elevation Area in 1000 sq km Area as % of total % of historic
Historic Current Historic Current range lost

0-500 8,912 5,611 56 58 37
501-1000 3,233 1,889 20 20 42

Blackbear 1001-1500 1,773 942 11 10 47
1501-2000 1,162 639 7 7 45

>2000 838 519 5 5 38

0 - 500 4,294 2,787 39 54 35
501 - 1000 2,772 1,207 25 23 56

Grizzly 1001 -1500 1,902 719 17 14 62
bear 1501-2000 1,303 360 12 7 72

>2000 863 133 8 3 85

0-500 10,559 7,237 57 68 31
501 - 1000 3,541 2,070 19 19 42

Graywolf 1001-1500 1,973 840 11 8 57
1501-2000 1,420 385 8 4 73

>2000 987 105 5 1 89

0-500 280 10 16 1 96
501-1000 886 209 50 29 76

Swiftfox 1001-1500 400 297 23 42 26
1501-2000 109 117 6 16 7a

>2000 101 78 6 11 23

0-500 5,100 1,478 47 21 71
501 -1000 1,890 1,443 17 21 24

Cougar 1001 - 1500 1,632 1,639 15 24 0
1501-2000 1,308 1,357 12 20 4a

>2000 1,029 1,033 9 15 0

0-500 8,506 5,019 64 61 41
501 - 1000 2,757 1,756 21 22 36

Lynx 1001-1500 1,078 761 8 9 29
1501-2000 591 432 4 5 27

>2000 403 195 3 2 52
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Table 3.4. Areas of species' historic range, current range, and percent of historic range
lost summarized by 5 elevation classes. Included are 17 species experiencing range
contractions over >20% of their historic range.



Table 3.4 (continued)

Species Elevation Area in 1000 sq km Area as % of total % of historic
Historic Current Historic Current range lost

0-500 9,524 7,804 61 66 18
501 - 1000 3,098 2,027 20 17 35

Riverotter 1001-1500 1,380 1,015 9 9 26
1501-2000 932 613 6 5 34

>2000 648 303 4 3 53

Marten

0-500 5,784 4,338 62 57 25
501-1000 1,821 1,619 19 21 11

1001-1500 836 809 9 11 3
1501-2000 525 495 6 7 6

>2000 430 323 5 4 25
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0-500 4,268 2,146 66 62 50
501-1000 1,245 645 19 19 48

Fisher 1001 - 1500 462 352 7 10 24
1501-2000 315 226 5 7 28

>2000 199 98 3 3 51

0-500 8,342 5,558 64 68 33
501-1000 2,654 1,508 20 18 43

Wolverine 1001 - 1500 988 738 8 9 25
1501-2000 552 347 4 4 37

>2000 416 82 3 1 80

0-500 3,705 273 46 13 93
501-1000 1,972 285 24 14 86

Elk 1001-1500 1,053 438 13 21 58
1501-2000 755 537 9 25 29

>2000 620 575 8 27 7

0-500 2,096 1,381 90 87 34
501-1000 164 148 7 9 10

Muskox 1001 - 1500 49 47 2 3 4
1501-2000 18 17 1 1 1

>2000 1 1 0 0 0



Table 3.4 (continued)

Species Elevation Area in 1000 sq km Area as % of total % of historic
Historic Current Historic Current range lost

0-500 7,804 6,223 72 75 20
501 - 1000 1,933 1,408 18 17 27

Caribou 1001 - 1500 719 457 7 5 37
1501-2000 339 195 3 2 42

>2000 92 28 1 0 70

0-500 151 144 10 14 5
Mountain 501 - 1000 359 280 25 27 22
goat 1001 - 1500 493 298 34 29 39

1501-2000 329 206 23 20 37
>2000 131 89 9 9 32

0-500 635 68 36 8 89
501-1000 522 308 30 37 41

Dall'ssheep 1001-1500 375 285 21 34 24
1501-2000 191 141 11 17 26

>2000 42 24 2 3 42

0-500 222 157 7 6 29
Bighorn 501-1000 557 563 17 23 Ia
sheep 1001 - 1500 925 686 28 28 26

1501-2000 862 598 26 24 31
>2000 697 448 21 18 36

0-500 1,152 142 21 7 88
501-1000 1,471 644 27 32 56

Pronghorn 1001-1500 1,168 516 21 26 56
1501-2000 953 386 17 19 59

>2000 725 318 13 16 56

a
indicates % increase over historic range
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Historic and current species richness

Aside from individual species responses, we were interested in investigating

how species richness had changed over time. In the GIS, we added the historic ranges

and the current ranges for the 17 species that had undergone range contractions over

more than 20% of their historic range. This resulted in two maps showing how species

richness had decreased and shifted over time (Fig. 3.4 a, b). We repeated this process

separately for carnivores (Fig. 3.4 d, e), and ungulates (Fig. 3.4 g, h). In order to

visualize how many species were lost, we then subtracted the current from the historic

species richness map for the 17 species (Fig. 3.4 c), for carnivores (Fig. 3.4 f), and for

ungulates (Fig. 3.4 i).

To a large degree, the results mirrored the human influence map (Fig. 3.1), with

species losses generally occurring in areas of higher human influence. The northern part

of the Rocky Mountains stood out as an area of higher species richness, both

historically and currently. The impact of land conversion can also be seen on the species

richness map. The temperate grasslands biome was especially impacted by species

losses and the carnivores examined in our study were almost completely absent from

this biome in the current species richness map (Fig. 3.4 e).

We calculated the average number of species lost in each biome by weighting

the number of species lost by the proportional area over which 1, 2, 3 etc. species were

lost in that biome. The average number of species lost was highest for the temperate

grasslands, savannas and shrublands, where an average of 5 species was lost (Fig. 3.5).

This is not surprising, because this biome has been converted extensively. Only 43% of
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Fig. 3.4. Historic and current species richness and number of species lost over time. The
maps in columns I and 2 show historic and current species richness for all 17 species
that experienced range contractions >20% of their historic range (a, b), for 10
carnivores (d, e), and for 7 ungulates (g, h). The maps were created by combining the
historic or current range maps for the species. The maps in the last column show
number of species lost or gained over time for all 17 species (c), for carnivores (f), and
for ungulates (i). The maps were created by subtracting the current from the historic
maps.



Number
of species
(g, h)
LII o

T1 2
3
4
5

g

f

All species

Carnivores

Historic Current Change

Fig. 3.4.

Species
lost (i)[ii
LJ2

3
4

86

1)
C

)

ll
ILlIlU

0
C

'J t)

-
-

41)
eJ 01

U
I C

D

LE
E

IILiLI



12

10

__
__

__
__

__
j 8

8

7

T
em

pe
ra

te
 g

ra
ss

la
nd

s,
 s

av
an

na
s,

 s
hr

ub
la

nd
s 

(1
4.

8%
)

T
em

pe
ra

te
 b

ro
ad

le
af

/m
ix

ed
 f

or
es

ts
 (

13
.6

%
)

D
es

er
ts

 a
nd

 x
er

ic
 s

hr
ub

la
nd

s 
(1

1.
2%

)

T
em

pe
ra

te
 c

on
if

er
ou

s 
fo

re
st

s 
(1

0.
9%

)

M
ed

ite
rr

an
ea

n 
fo

re
st

s,
 w

oo
dl

an
d,

 s
cr

ub
 (

0.
6%

)
-

T
ro

pi
ca

l/s
ub

tr
op

ic
al

 c
on

if
er

ou
s 

fo
re

st
s 

(2
,3

%
)

Fl
oo

de
d 

gr
as

sl
an

ds
/s

av
an

na
s 

(0
 1

%
)

i2
B

or
ea

l f
or

es
ts

/ta
ig

a 
(2

4.
3%

)
74

T
ro

pi
ca

l/s
ub

tr
op

ic
al

 g
ra

ss
la

nd
s,

 s
av

an
na

s,
 s

hr
ub

la
nd

s 
(0

.4
%

)
2

1

T
un

dr
a(

17
.8

%
)

3

R
oc

k 
an

d 
ic

e 
(0

.8
%

)
4

T
ro

pi
ca

l/s
ub

tr
op

ic
al

 d
ry

 b
ro

ad
le

af
 f

or
es

ts
 (

1.
8%

)
4

T
ro

pi
ca

l/s
ub

tr
op

ic
al

 m
oi

st
 b

ro
ad

le
af

 f
or

es
ts

 (
1.

3%
)

2

M
an

gr
ov

es
(0

.l%
)

2

M
on

ta
ne

 g
ra

ss
la

nd
s/

sh
ru

bl
an

ds
 (

<
0.

1%
)

1

0
1

2
3

4
5

6

M
ea

n 
an

d 
m

ax
im

um
 n

um
be

r 
of

 s
pe

ci
es

 lo
st

Fi
g.

 3
.5

. M
ea

n 
an

d 
m

ax
im

um
 n

um
be

r 
of

 s
pe

ci
es

 lo
st

 in
 e

ac
h 

bi
om

e.
 B

ar
s 

in
di

ca
te

m
ea

ns
 a

nd
 n

um
be

rs
 f

ol
lo

w
in

g 
ba

rs
in

di
ca

te
 m

ax
im

a.
 M

ea
ns

 w
er

e 
ca

lc
ul

at
ed

 b
y 

w
ei

gh
tin

g 
th

e 
nu

m
be

r 
of

sp
ec

ie
s 

lo
st

 in
 e

ac
h 

bi
om

e 
by

 th
e 

pr
op

or
tio

na
l a

re
a

ea
ch

 o
cc

up
ie

d 
in

 th
at

 b
io

m
e.

 P
er

ce
nt

ag
es

 a
ft

er
 b

io
m

e
na

m
es

 in
di

ca
te

 th
e 

pr
op

or
tio

na
l a

re
a 

of
 N

or
th

 A
m

er
ic

a 
fo

r 
ea

ch
bi

om
e.



88

this biome remains in native vegetation, while 41% has been converted to agriculture

and 6% to urban areas (White et al. 2000).

The area with the highest number of species lost was located in southern

Manitoba and northeastern North Dakota in the tallgrass prairie, which is one of the

highly altered grassland in the world (White et al. 2000) (Fig. 3.4 c). Only 9% of the

original tallgrass prairie remains, while 71% has been converted to cropland and 18% to

urban areas. Since 1830, the tallgrass prairie has decreased by 97%, and Manitoba and

North Dakota have each lost 99.9% of this prairie type. Overall, the North American

prairies have declined by an average of 79% since the early 1 800s (White et al. 2000).

In addition to this quantitative decline, a qualitative decline also has to be

considered. Noss et al. (1995) found that among ecosystems showing the greatest

decline in terms of land conversion and degradation (decline > 98%), grasslands

andsavannas experienced the greatest losses. This explains why the temperate

grasslands biome showed a high level of species loss. The removal of native vegetation

followed by cropping led to soil exposure and subsequent wind and water erosion.

Addition of fertilizers and pesticides changed the soil composition and the moisture

regime of the area. In addition, the fire regime of the former grassland was changed

drastically. All of this affected plants and in turn many animals species that failed to

survive or thrive in those areas.

In the temperate broadleaf and mixed forest biome, an average of 4 species was

lost, which can be explained by the relatively high human population as well as land

conversions from native to managed forests and/or to agriculture in this biome. Deserts
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and xeric shrublands, and temperate coniferous forests lost approximately 3 species on

average. Biomes that lost a relatively low number of average species (approx. 2 species

or less) included boreal forests and tundra as well as tropical/subtropical moist and dry

broadleaf forests, and mangroves (Fig. 3.5).

Similarly, Hannah et al. (1995) determined that on a global scale, temperate

biomes were more disturbed than tropical biomes, while in North America undisturbed

grasslands were especially rare. However, this has to be interpreted with regard to the

species we included in this study. Most of our species occupied the northern half of

North America historically, and contracted to the northern portion of the continent in

current times (Fig. 3.2). We investigated few species that occupied a large portion of the

tropical/subtropical biomes (i.e. tropical cats); therefore our conclusions are limited for

those biomes.

Historically, only 4% of North America was occupied by one species, while

currently that area has risen to 21%. In turn, the area occupied by 9 species has

decreased from 17% historically to 4% currently. In general, a larger proportion of

North America was covered by a greater number of species historically than currently.

This result was seen for both carnivores and ungulates (Fig. 3.6).

Ceballos and Ehrlich (2002) created similar global maps of mammal species

losses, and found that for 18 species in North America, the highest percentage losses

were in the densely populated eastern United States. The differences in maps can be

attributed to the fact that Ceballos and Ehrlich (2002) investigated different species

including several whose ranges were located further south.
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Conclusions and recommendations

Human influence was definitely related to areas of contraction and persistence

for nearly all species examined in this study. In areas of higher human influence,

species were both more likely to contract and less likely to persist. Species losses were

greatest for the temperate grasslands, savannas and shrublands biome, which is an area

that has undergone substantial land conversion from native vegetation to agricultural

lands. It is not surprising that humans have influenced species range dynamics,

however, little information was previously available on human influences on species

range changes in North America. We greatly benefited from the use of the human

footprint map (Sanderson et al. 2002) and the map of biomes (Olson et al. 2001), parts

of a global dataset which has only recently become available. As our maps show,

species ranges cross regional and country boundaries, and it is imperative that

conservation biologists apply datasets that cross those same boundaries. Often, political

boundaries hinder or limit conservation efforts (Ceballos and Ehrlich 2002).

Knowledge of historical species ranges is important for work with endangered

species, because recovered or recovering species have been found to occupy a greater

percentage of their historic range than declining species (Abbitt and Scott 2001).

Although endangered species are often the focus of many conservation biologists, the

loss of populations is of equal concern (Ehrlich and Daily 1993, Hobbs and Mooney

1998, Ceballos and Ehrlich 2002). Ifrange contractions are large, the loss of

populations can be considerable, and if range fragmentations occur as well, species may

well move to the brink of extinction.
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In this study we did not consider species abundance within the range, although

we realize this is an important factor because range contractions often occur in areas of

high species abundance (Rodriguez 2002). For conservation strategies, this means that a

small decrease in geographical area may result in a considerable loss of animals. Further

studies would benefit from including this information, although we recognize that

acquiring species abundance at the scale of North America may be a difficult task. Our

study of species range changes and the relationship to human influence was done at a

relatively coarse scale. We also acknowledge the shortcomings ofthe historic and

current species range maps, which led us to only investigate those species that had

experienced range contractions over >20% of their historic range.

Nevertheless, our study- shows that species contractions are a major result of

Euro-American settlement and post-settlement development in North America. The

effects have been widespread and indicate a rapid collapse of species distributions over

the course of only a century or two. Unless human impacts and concerns for native

species change in the coming years and decades, further range contractions are assured.

We envision that our research into human influences on species range changes

will be of use to conservation biologists and restoration ecologists to develop

predictions for further range contractions, to help design parks and reserves, assist in the

management of declining species, and provide up to date information for wildlife re-

introductions.
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CHAPTER 4

CONCLUSION

In the previous chapters, I have analyzed human influences on historic and

current wildlife distributions and determined broad-scale changes in the geographic

ranges of selected North American mammals. The data collected from the Lewis &

Clark journals show a definite relationship between humans and wildlife, with species

becoming more abundant with increasing distance from the nearest human settlement

and with decreasing settlement density. Species richness was highest in areas of lowest

human settlement density (Chapter 2). The results from the study of species range

changes (Chapter 3) were similar with regard to human-wildlife interactions. Range

contractions were more likely and selected species were less likely to persist in areas of

higher human influence. In areas of lower human influence, species tended to persist

more and were less likely to contract. Species losses were highest in biomes with high

human influence.

Most researchers generally agree that humans have considerable impact on their

environment (Kerr and Currie 1995, Brashares et al. 2001, Ceballos and Ehrlich 2002,

Mattson and Merrill 2002), but the role of humans before Euro-American settlement in

North America has often been debated in restoration ecology (Kay 1995, White and

Cronon 1998, Kimmerer 2000, Wagner et al. 2000). Some studies include humans in

the reference condition, others exclude humans, and some include Native Americans,
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but not white settlers (Wagner et al. 2000). This study (Chapter 2) shows that relatively

low human population densities, as they existed 200 years ago, could affect wildlife

distribution, abundance and species richness. This supports the concept that humans

should not be excluded from the definition of a chosen reference condition, since people

shaped their environment in various ways by burning, harvesting and hunting.

Lewis & Clark found a great abundance of wildlife as well as a great number of

different species in the Plains, while animal numbers and species richness was lower in

the Columbia Basin, where the human population was the densest along the

expedition's route. Human influence was likely one of the factors in the distribution and

abundance of wildlife, but probably not the only one. Our data are not sufficient to

establish why there was a lack of some species in certain ecoregions. Archaeological

data indicate that those species were present in prehistoric time, but often the

archaeological record is too incomplete to clearly establish wildlife presence and

abundance for most regions. The introduction of the horse as well as overhunting by

humans may have contributed to the disappearance of some species from some regions.

This is especially applicable to the bison in the Columbia basin. Further research into

this topic is needed, and it is hoped that future archaeological work will uncover more

detail about species presence and abundance.

This study shows, as others have pointed out before, that North America was not

a pristine wilderness. However, it is difficult to assess the degree of human impacts, and

we have to be cautious about replacing the myth of the pristine landscape (Denevan

1992) with the myth of the humanized landscape, but rather find a middle ground (Vale
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1998). We have to recognize that population densities, impacts on resources and

ecological effects of humans were highly variable in space and time (Russell 1997).

Some areas may have been heavily altered, while others may have been characterized to

a greater degree by processes of nature rather than people (Vale 1998).

The use of histoncal journals for this type of research was very successful, and it

is recommended that other historical material and early explorer journals be used more

extensively in ecological research. This material holds a wealth of information with

regard to vegetation, wildlife, climate and indigenous populations. As such, it can

contribute to a better understanding of the reference condition we use in ecological

research. In addition to wildlife data, the Lewis & Clark journals contain valuable

information about vegetation along the expedition route. Lewis & Clark described many

plant species that were previously unknown, and it would be worthwhile to map the

distribution of various species and possibly investigate vegetation changes over time.

The study of species range changes (Chapter 3) contributed a wealth of new

information. Species range changes for North American mammals had not been

compiled before in a spatially explicit maimer Likewise, this was the first study that

analyzed human influences on range contractions for a number of species at the scale of

North America. It was not surprising that humans played an important role in species

range contractions and persistence, but this was the first study that examined this

quantitatively and in a spatial context. As the maps show, many species' ranges cross

regional and country boundaries, and it is imperative for conservation biologists to
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apply datasets that cross those same boundaries. Often, political boundaries hamper or

limit conservation efforts (Ceballos and Ehrlich 2002).

In the past, such coarse scale research was hindered by lack of data or the

inability to combine several small datasets. However, in recent years, global datasets of

human influences (Sanderson et al. 2002) and biomes (Olson et al. 2001) have become

available, making continental level research of this type possible. However, more

detailed maps of historic and current species ranges are needed, especially if this

research were to be applied at a finer scale, since species range maps are dynamic and

become outdated quickly.

The study of range contraction dynamics shows that species contractions are a

major result of Euro-American settlement and post-settlement development in North

America. The effects have been widespread and indicate a rapid collapse of species

distributions over the course of only a century or two. Unless human impacts and

concerns for native species change in the coming years and decades, further range

contractions are assured.

This research into human-wildlife interactions should be of interest to

conservation biologists and restoration ecologists. It is expected to further our

understanding of historical conditions, underscoring the point that we need to carefully

consider the time, location and spatial extent ofa chosen reference condition. It is not

enough to acknowledge that humans were part of the historical landscape, but we

should consider the degree of human influence in a particular location. The information

about species range dynamics can be used to help design wildlife reserves, assist in the



102

management of declining species, and provide up to date information for wildlife re-

introductions.

Furthermore, landscape changes should be interpreted in conjunction with

cultural, social and demographic changes, as the map of the human footprint clearly

shows. In order to broaden our understanding of the interactions between people and

ecosystems, we need an interdisciplinary approach with more collaboration between

wildlife biologists, ecologists, historians, archaeologists, and anthropologists. Two-

hundred years ago, Lewis & Clark set out on their historic journey of discovery. A lot

has changed since then, and the explorers would have a hard time recognizing some of

the sites they passed. In today's environment, we should remember the words of (White

1992): "Our capacity to alter has outrun our capacity to discover. Losing nature, not

finding it, has become our main concern".
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Pronghom

Deer

Bighorn
sheep

Appendix 1. Locations where bison, elk, pronghorn, deer, and bighorn
sheep were encountered along the Lewis & Clark trail
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Grizzly bear

Black bear

Gray wolf

Appendix 2. Locations where grizzly bear, black bear, gray wolf, and
beaver were encountered along the Lewis & Clark trail
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Appendix 3. Locations and dates of Lewis & Clark's 506 campsites, number of animals killed and seen at each site, and
presence of human settlements. Animals seen were placed in 4 categories (some, many, lots, covered (coy.)), based on the
following journal descriptions: some = some, few, several; many = many, a number; lots = great many, great number,
plenty; covered = the prairie is covered, immense numbers.

Deer Elk Bison Pron_hom Bi_hom shee'Jjl bear Black bear Gra wolf Beaver Horse Do_ HumanID Date Latitude Lon_itude killed seen ktlled seen killed seen killed seen killed seen -.--, killed - killed - - killed killed killed Settlement26 1804-05-20 :: 90.47
Yes27 1804-05-21 38.74 90.51

28l804-05-22
180405-23

38.69

38 59

90.70

-

Urn, Yes

Yes
90.78 1

90.931804-05-24 3854
31 Yes

91.051804-05-25 38.61
Yes32 1804-05-26 38.70 91.29

:33 1804-05-27/28 38.68 91.55 2

34 1804-05-29 38.69 91.60
35 1804-05-30/31 38.68 91.86 1

36 1804-06-01/02 38.57 91.98
37 1804-06-03 38.56 92.07 r

38 1804-06-04 38.68 92.34
39 1804-06-05 38.82 92.41

40 1804-06-06 38.94 92.53
41 1804-06-07 38.98 92.71

42 1804-06-08 39.01 92.89

43 1804-06-09 39,18 92.90
44 1804-06-10/11 39.28 92,95 3 many

2
45 1804-06-12 L39'33 93.06
46 1804-06-13 3943 93 16 1

1

47 1804-06-14 1 93.20 1 man
48 1804-06-15 39.25 93,34

49 1804-06-16 39.22 93.5! 2 2
50 1804-06-17/18 39.22 93.52 7 man many man

4,,180406l9
52 1804-06-20

3921 93,78 man -

39 16 93.96
53 1804-06-21 39.19 94.01 1

54 1804-06-22 39.17 94.15 i

1



72 1804-07-13

73 1804-07-14

74 1804-07-15

75 1804-07-16/17

76 1804-07-18

77 1804-07-19

78 1804-07-20

Appendix 3. continued

tD Date Latitude Lontude
Elk Bison

killeJ1ie'fseen

40.21 95.47

40.28 95,55

40,36 95.64 some
40.53 95,65 5

40.63 95.77 2

40.73 95.87

some . some

40,84

Deer

killed seen

I Prm horn 4Bt9horn sheep' Grizzly bear Black bear ,,f Gray wolf Beaver Horse
killed seen killed seen ; killed seen killed seen killed seen killed seen killed

:::1804-07-22/26 41.17 16

81 1804-07-27 41.30 95.88 2

82

83

84

1804-07-28

1804-07-30/31

.804-07..294i.47996
41.37

41.45

95.91 1

2

,,,J,, Yes

96,01

112

55 1804-06-23 3920 94.18 2

6

57 1804-06-25 39.15 94.43
58 1804-06-26/28 39.12 94.60
59 1804-06-29 39.16 , 94.66

j,,,l804-06-3O 39.20 94.79,,,,,,, 9 lots
61 1804-07-01 39.32 94.89 lots
62 1804-07-02 39.42 94.95,,,4,, lots I

63 1 1804-07-03 39.50 95,02

64 1804-07-04 39.61 95.08 many many
65 1804-07-05 39.66 94.98 some man some
66.1 1804-07-06 39.73 94.98 3

67 1804-07-07 39.80 94.90

Doe

killed

Human

Settlement

68

69

70

7

1804-07-08 39.90 95.00

1804-07-09 39.91 95.19

1804-07-10 39.98 95.29

1804-07-11/12 40.04 95.37



Appendix 3 continued

ID Date Latitude Lon8Jtu kiid
1

Deer:
seen killed

Elk

seen killed

Bison

seen killed
Pros94Biornsheep

seen killed

'1"
seen

Grizzh'

killed

bear

seen

11

BlackbearGraywo
'1 killed sees killcd cccii killed

Beaver

seen

Horse

killed

Do

killed

Human

etilement

'

90 1804-08-07 41.76 96.13

92
9..L

804-08-09 42.03

96.l6
96.15

I

sonic
,,,, ......................................................................................................

1

....
93

94

1804-08-10,,,,....................

1804-08-11

42.09.-,,,..,,...-,,.,,-
42.14

96.26
....................

96.21
,,,,,,,,,. sonic

.L
.. ............................................................................................

sam'

many

manyi5 1804-08-12 42.23 96.31
Iota

96 1804-08-13/19 42.33 96.40 L' 2 Yes97 1804-08-20 42.48 4 J96.39

98 1804-08-21 42.53 96.58 1

99 1804-08-22 ,,,,,,,,,,42.68 96.76 many
lOt)

101

1804-08-23

1804-08-24

j,,,,42.72 96,84 4 3 I

"-'-Ii I
42,73 1 96.94 1 2 2

102 l804-08.25 ,,4 42,76 96.99 5 1 lots lots
103 ,,1804-08-26 4278 9713

1804-08-27 42.871041 97.31
Yes1804-08-28/3

I Yes
1 42.85 97.45 I

l06 1804-09-01 42.84 97,69 1

,1804-09-02 42,85 97.75 41i8O3 42,80 97.92 lots lots +some

110 1804-09-05 42.87 98.24 4 some 2 1 some
111' 1804-09-06 42.89 98.36 2 lots some -112 1804-09-07 42.93 98,44

-
-e- -

113 1804-09.08 43.08 98,69 1 2 lots many
114 1804-09-09 43,19 98.88 3 man 4
115 1804-09-10 43.31 99,07 1 lots 3 j lots
116 1804-09-11 43.45 99,27 4 1 2

3,,,117 1804-09-12 43.49 99,31

118 1804-09-13 43,64 99.34 -.-------,,,,,--,

119

l20
1804-09-14 43.68 99.47

3

1804-09-15 43,78 99.41 1 1

121 , 804-09-16/17 43.79 99.39 24 lots lots 5 lots 1 many
1221 1804.09-18 43.87 99.32 10 many my many

manl23j,,,,,, 1804-09-19 44.05 99.52 5 J,,,,,, 1 35 3 many



Appendix 3. continued

IT) Date

241 1804-09-20

I25 1804-09-2

12 1804-09-2

1271 1804-09-1

128 l804-09-

130 1804-09-26

1311 1804-09-2

l32 1804-09-2

1804-09 -3

1804-10-C

l35 804-10-C

136 1804-10-C

I37, 1804-10-0

138 1804-10-U

139 804-10-0

140 1804-10-0

141 1804-10-08

142 1804-10-10

1431 1804-10-1

144 1804-10-

145 1804-10-I

146 1804-10-I

147 1804-10-I

148 1804-10-1

149 1804-10-1

,150 1804-10-1

151 1804-10-2

152 1804-10-2

153 1804-10-2

154 1804-10-2

155 1804-10-2

1804-10-2

1804-10-2

1804- 10-27\

11 9978 1

99.89 2

/27 iU0sL
8 44.46 100.50

9 44.54 100.51

0 44.72 100.62

1 44.78 100.61

44,83 100.45

3 100.43

4 4502 10039

5 45 15 100 ') 1

6 1 45.31 100.31

7 45.53 100.44 1

'09 45.62 100.42

'11 45,67 100.42

2 45.71 100.30

3 45.91 100.43 1

4 46.02 100.57

5 46.13 100.63

6 46,29 100.58

7 46.39 100.56 7

8 46.56 100.55 6

9 46.63 100.73 7

0 46.79 100.83 13 Iota

1 46.84 100.85

2 46.98 100,93

3 47.18 100.99

4 47,26 100,99

5 47.25 101.20

6 47.28 101.31

31 47,33 101.35

Elk

killed seen4ji
some

man

lots

many

lots

some 2 some

EEc

many

-

many

1 3 lots

man coy.

many 4 coy.

lots lots

lots I lots

.. ..........---- *.....Bi9h,p Grizz' bear Black bear Gray wolf Beaver, orse Dog
killed4,,,een killed, seen killed seen killed seen killed seen,jJdlled killed

Yes

2 many Yes

3 100.13

4 100.35

Deer

Latitude Longitude killed seen

44.17 99.69 1 some

44.14

44.24

44.32

44.35

44.41

Bison Prongho

killed
Human

Sctticment

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes



Appendix 3. continued

killed

Deer Elk Bison

seen L!!ed4i4Iflilled seen billed

Pront,horn

seen

Bighorn sheep

killed scen

Grizzly

killed

bear

seen

Black

killed

bear

seen

Gray wolf

killed seen killed

Beaver

seen

Horse

killed

Dog Human

killed ttlement
ID Date Latitude LonJtude
160 l804-ll-02\30 47.28 101.28 118 47 J,54 3 3 lots 2,4 IL I Yes
166 1805-04-07 47.31 101.34

167 1805-04-08 47.46 101.43
j Yes

168 1805-04-09 47.55 101.60 Yes
16) 18050410

,-.---.,".,-...e
47 101 83....................--- ,-
4757 .102.16 l

.,,, mIss...........................................
4

.,,,.,-..
T .................... Yes

171 1805-04-12 47.61 102,25 1
L '

....- -.- -.... -....

I

-....--
172 1805-04-13 47.79 102.37 some 8 2 3 J
173 1805-04-14 47.84 102,65 1 1 some 2

174 1805-04-15 48.08 102.67 some some man

tl75 180504164t 48.13 102.91 man mJI manl I I many
1761 1805-04-17 48.06 103.25 some lots 2 lots 1 lots som9L

l8O5-04-l8l9 48.04 l03.42J 1 2 I
,,,,,,,................ -,

177 l F 2
3 some178

179

180

1805-04-20 48.00 103.48 4

many

6

2

2 lots

1805-04-21 48.10 103.63 7 lots coy 5 coy, lots
,-,---_-

1805-04-22 48.07 103.76 coy coy coy
181 1805-04-23/24 47.99 103.82 7 m 2 some 1

1821

183

1805-04-25

1805-04-26 47.97

.
103.98 some

.......... ... ,

184 1805-04-25 47.99 103.91
J,,

47.97 1185 1805-04-26 103.98 2 lots lots 4 lots lots I lots
1805-04-27 48.0Qjj,6

48.05 104.35

lots lots,,,

lots

lots
187 1805-04-28 1 lots lots lots 7 lots
188 1805-04-29 48.14 104.63 1 lots lots lots man 1 many

: :i:i :: : 1

many

2

19] 1805-05-02 48,07 105.00 2 2'4 . 4
192 1805-05-03 4808 105,22 lots 1 lots lots

]
lots lots

193J .1805-05-04 4809 lPS.422any many lots Imany ,,,. I' 2many
I14, 1805-05-05 4806 105.61 1 2 lots 1 J,,j,2s - .L lots I

1805-05-06 4801 105.95 lots 2 lots lots .fis _4 I 3 many
196 1805-05-07 4804 106.12 1 3

f,,, 8
97

198

1805-05-08

1805-05-09

1

2

lots lots

lots 3

lots lots I
48.06

,J,
106,35

106.50
lots 4 lots

lots lots



Appendix 3. continued
Deer Elk Bison Pronghorn Bhom sheep Grizzly bear Black bear Gray wolf Beaver Horse Dog Human

ID Date Latitude Longitude killed seen killed seen killed seen kjLj,seen killed seen killed seen killed seen killed seen killed killed Settlerneni
199 1805-05-10 47.93 106,49 3 many 2 some J,,,,, 3 5
200 1805-05-Il 47.83 106.55 4 lots lots 2 lots

j,
lots

'y

4 i083
lots Iota 4J ..

i805--i3
203 1805 05 14/15 47.66 107.07 lots lots 2 lots. jots, 1 4 1

204 1805-05-16 4766 107.17 lots 2 Iota
205 1805-05-17 47.62 107.47 some 1 lots som4,,,,,,.,,,,,,,, 1

206 1805-05-18 47.61 107.71 4 man lots lots many many
207 1805-05-19 47.51 107.86 7 1 1 I -
20$ 1805-05-20 47.45 107.90 6- 2 I -'0) 18050521 4759 i08 some 24J
210 1805-05-22 47.58 108.18 1 J,,
2ll L2iQ:21 4761 .,Ji5-- 4 many I rn 2 I 5

212,
2131

1805-05-24 4795 108.74 I

.

some
108.92 ........

214 l805-05-,94,,,78
1805-05-27 47.75

109.17 sonic I 2 sonic
,

I IIL109.36 1 2 some t
216 1805-05-28 47.74 109.62 1 1 manyf,,,

-
1805-05-29 47.72 109.85 1

2
4,,,,,,,,,,,,,,

217

218
lots ,

. lots 2
1805-05-30 47.76 109.92 3

219 1805 05 31 4792 11005 some 1 some 2 some IIJ, 2 1 lots
f,,

I "l
220 1805-06-01 48.01 110.27 1 ' some 1 some
221 18050602 4793 11048 2 6 2

i" Ir' I

222 1805-06-03 47.93 110.48 12 8 i3j,,, 7 lots 2 ma,
,,,,,,,,,J,, man some

223 1805-06-04 48.13 110,66 7 lois lots
,,,,,,,,J,,

I lots I

224

225.

226

1805-06-05 48.27 110.84 1 5 lots lots
,

j

lots
I8O5O6:O6

1805-06-07

489
48.03

11061

110.66 6

2
,, t

228 1805-06-04

229 1805-06-05

4735

47.84

li0l
110.74 2

many

lots 2 lots

many

lots

many

ma 3

I rnan

soilic some
232i80506-1 1 47.87 110.59 4 iliany

233 l8OSOt5i24 47.73 110.95 3 msiiv 1 lots I 2 many
234 1805-06-13/15 47.57 111,12 4 coy.

,,

.L......
I

235 1805-06-16 47.62 111.04 L '"It I



Appendix 3. continued
Deer Elk Bison ,,j_n

coy.

,killed

±'
,

3l1F
Pronghom

8.-.-4,nany

seen

'Bighorn

killed

sheep

seen

.

Grizzly

killed

bear

seen

Black

killed

bear

-

3 -

seen__jjjj,led

1

Glf
seen killed

Beaver

seen

Horse Do9

killed killed

Human
4ID Date Latitude

47.85

47.77

47.73

47.54

47.46

47i'ril.04

Lon9jtude

110.57

110.94

111.18

111.29

110.77.-
killed

1

seen killed

2

14

4

seen

.-some

2

24

2

Settlement
236 1805-06-12

23To5-Oó-i3
2381 1805-06-14 2

.......

.4...-
.4

3

1

2421

243

247

250

254

258

240["7805.06.l6
1805-06-17

1805-06-18/19

12

23
............ .-.

som.e 20

21805-06-23 47.52 111.42

1805-06-28/30 47.53 111.08
--1
2

5
J, covj,,,.-,,

--'
1

1805-07-13 47.43 111.41 11

1805-07-16
JL------

47.18 111.81 1 1 lots '

.-i...-..-....j.- ........ ..-------- ,....-...

259i 1805-07-16 47.23 111.74
-4.----..

some
1

260 1805-07-17 47.13 111,89
.

261 1805-07-18 46.91 112.01
sian

262 1805-07-19 46.67 111.82

C

1

2 2

I

263 1805-07-20 46.50 111.56

264 1805-07-21 46.51 111 56 3 some ' some some some
S

265

266

1805-07-22 46.48 11154 2

1

11805-07-18 46.98 111.99 many

t

soniC
267

'268

1271

272

.273

:274

275

276

277

278

2.L,.

1805-07-19 46.83111,93
1805-07-20 4672 111.80

1805-07-21 4659 111.67 1

1

2

'..many

I some

niaIiy

some

1805-07-23 4621 111,49 4 some

1805-07-24 4602 111.43 1

1805-07-25 45.82 111.70 some I some

lots

sonic many
1805-07-26

1805-07-27

1805-07-23

1805-07-24

1805-07-25

45.81 111,65

45,92 !j,,52
46.37 111,52

46.24 111.48

46.12 111.41

5

1

18 4lots

lots

,,, 1 2 lots
2 *

"T""l'
'I1IIie

1

1 f

lots

sonic

many I

some

lots

I f.-,.-.-.-

-

1

*

.-L4
1

lots

some4
many

279 1805-07-26 45,99 111.44 many
i8O5O7.3O 45.84 111.65 some man

I
,j

lots

283 1805-07-31 45.80 111,80 some some ' I lots



Appendix 3. continued

ID Date Latitude

Deer

Lon8itude4 killed seen

Elk Bison

kil4een killed

4Pronghomr kJed
Bighom cheep Grizzly bear

seen killed sees RiliJseen1
Black bear Gray wolf

seen
4 Beaver Borse DogHuman

killed Settlementkilled seen killed killed C killed
284 1805-08-01 45.87 112.00 some 2 Jsome

---.-
some

285

286

1805-08-02

1805-08-03

45.75

45.56

112.18

112.32

1- 2 lots

,
I many '

,
lots I

many

-'---5 -
lots

many
...2.4728.1805-08.... 45.48 .some --.... , ..........................soie

288

289

1805-08-05 45,52 112,35 j
' 4

,

,,,, ............some
805-08-06 45.57 1 112,34 3

290 1805-08-01 45.87
1

111.94 5

- -'-
1

4...................................................................................
1

,

291 1805-08-02 45.86 112.05 many
-- -

292 1805-08-03 45.78 112.13 1 some some some lotssome
293 1805-08-04 45.68 112.28 2 some some '-jI,,, rnai
294 1805-08-05 45.57 112,35 2

296 1905-08-07 45,54 1 'II_ ' lots
207 1805-08-08 45,46 112,40 5 2 lots
298 1805-08-09 45.25 112.58

- -- ,,

1
L291 1805-08-10 44.99 112.95 1 4

300 1805-08-11 45,07 113.2! 1

301 1805-08-12 44.99 113.49
_,..__.__.__l.,

302 1805-08-13/14 45.05 113.68 4 Yes
303 1805-08-15 44.99 113,30

Yes
304 1805-08-16 44.99 112.86 3

,J,,,_,,, 1
1 Yes

112.86 16 4305 1805-08-17 4499
Yes

112.43306 1805-08-09 4539 2

307 1805-08-10 45.38 112.50 1

: ::i 45.31 112.57 3 some 1 some
1 many

310 180508 13 45.20 112,68 1 some some
311 1805-08-14 45.14 112.73 5 J,

I

1
, J lots

312 1805-08-15 45.07 112.79

313 1805-08-16 45.0! 112.85

3l, /805-08-24 44.99 112.98 Ys
3.L7 l-Q8-25 44.99 113.31 4

.,j
318 1805-08-26/294,,,,45.02 113.66 2_i,,,,

J Yes
319 1805-08-18 f,45.Ol 113.22 2_j,, Yes

,1 ...... .... ..j .i.....,,.,,.
Y.°i....



Appendix 3. continued
Deer Elk Bison jnhom Bighom sheep Grizzly bear Black bear Gray

3,,,,Jil1ed
wolf

seen killed.

Beaver

see3I11ed
HDo'

killed

Human

Settlement
ID

321,

Date

1805-08-20

Latitude Lo dekilled seen

45,09 113.73

killed seen killed seenjjilled seen killed seen killed seen killed

_.JIIJT4_ .......................
Yes21805-08-2143Iil3.9l

323 1805-08-22 45.41 114.02
Yes

1805-08-23 45.41 114.20 1
J,,

324
1'

325 1805-08-24 45.39 114.04
1

32t) 1805-08-25 45,31 113,91 l,,,,,J,,,,,,,
,,,,,,,,J,,,

9
1 Yes

327 1805-08-26/28 45.14 113.80 5 ,,,J Yes
1805-08-30 45.13 113.80 3.......L ---.---330 1805-08-31 45.35 113.86 1

4, Yes
331

332

1805-09-01

1805-09-02

45.47

45,59

113.99

113.97

I

j
1

...............................................................
2

.

Yes

333 1805-09-03 45.70 113.99

334

335

l80509-04M5

1805-09-06

453
45.88

113.97

114.06

1 some , ics

336 1805-09-07 46.15 114,16 2 1 . Yes
337

r338

339

1805-09-08 46.47 114.09 1 1

,

,

1805-09-09/10 46.75 114.09 4 ,
I ' Yes

1805-09-11 46.76 1-114.24 5
-1-340' 1805-09-12 46.57 1 114.52 4

1

-,,,,,,,,,,,,,,,,,-...,,,--,-- 1 '-

341 1805-09-13 46.62 114,57 1

1*

148
!. Yes

351 1805-09-19 46.39 115.48
...

J

-. ...................... .....,..
352 1805-09-20 46.31 115.63

353 1805-09-21 46.30 115.81

355 1805-09-23 46.34 115.94

4. .L...... Yes
35( 1805-09-24 46.47,,j, 116.24 5

L. Yes
357 1805-09-25/30 46.50 J116.33 6 1 j J I ] Yes



Appendix 3. continued
Deer Elk Bison Pronghorn Bi3hom shee, Grizzly bT[Black bear

killed seen

Gray wolf Beaver Human1
Settlement

ID Date Latitude Lon8itude
116.55

killed sees killed seen

-.
-

-

.L...

killed

,4,
1

,88i killed seen killed seen killed

.J.

seen

4

----j

killed killed seen killed killed
359 1805-10-07 4651
360

361

362

363

364

365

366

1805-10-08/09

1805-10-10

46,47 116.78

117.04
3

3

13

Yes

J
Yes

1805-10-1146.70,4
1805-10-12

1805-10-13

1805-10-14
, --

1805-10-15

11747
8 11810

46.58 118.40

46.51 118,62

- ........................ -"- .-.---

-

-

4'
L

Yes

'-'r' ........46.32 118,78
Yes

367 1805-10-16/17 46.20 119.04

45,77 120.15

.-. ......................................................... ..-.._ ..............................................................................
-4.-

-----ii----14.-.-.-.-.-..

.--'-'-'---

J

f

7

jT

Yes

--------

370 1805-10-20
Yes

Yes
37! 1805-10-21 45.71 120.73

,

-
372 1805-10-22/23 45.66 121.00

.373 1805-10-24 45.65 121.10 some
- some" Yes

374 1805-10-25/27 45.61 121.19 9 .

5

Ye

Ye
375 1805-10-28 45.66 12121 1

1

I

371)

378

379

380

t381

384

3/71805-10-30/31
.81029 45.7 12163

45.68 121.91
-

- 4,.-.-.- .-,.-.-.-,j,.-

,

19

3
-r

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

1505-11-01

1805-11-02

1805-11-03

45.66 121.91

1 ...............................

.-Jf

45.54 122.32

45,58 122,49 1

.Lj805
31j805-ll-06

1805-11-04

Il 05
,

1805-11-07

45.76 122.76 1

4607 12290 some II
46.15 123.27

-i-- ,

46.26 123.59 Yes--------
Yes

Yes

Yes

Yes

385

386

390

391

395

398

1805-11-08/09 46.28 123.76
,,,,,,,,,,J,,,, .-J,

394t805-ll-l8

1805-11-10 '13

1805-11-17

1805-11-14

1805-1 1-19

1805-11-25

1805-11-2646.17

46,25 123.86

46,25 123.91 J
46.25 123.,j,.-.-

15 j

J,,
46.29 124.06 j

-

Yes
46.32 124,02

46,26 123.58

U

1

--_ ............

...-L
.-.-...-.-J.

.-.-.-,J

-L

.........
.

.. .... t L Ye



Appendix 3. continued
Deer Elk

seen killed

Bison

seen

Pros

killed

ho fihornjJR3rizzly
seen,4,,seen,,Jjjed

bear

seen

Black

killed

bear

seen

Gray wolf Beaver Horse Do_ Human
ID Date Latitude Lonjtude killed seen killed killed i seen j' seen killed killed Settlement

400 1805-11-27/28 46.21 123.77 8 some
4.,,,

402 1805-11-30 46.13 123.87 6

407 1805-12-07 46.14 123.88 2

408 1805-12-08 46.13 123.88 7 110 50 1 2 5 Yes
409 1805-12-09 46.00 123.92 3 man - - Yes
412 1805-12-15 46,11 123.87

Yes

::jj
420 1806-01-09 45,98 123.94 1

Lj,,,j806-03-23 46.19 123.76 3 Yes
426J,, 1806-03-24 46.23 123,49 2

- - 1 Yes
427 1806-03-25 46.14 123.23 -----. r

,[,,,,,,,,,, Yes
1806-03-26 1 46.13 123.ti2 some some428

429
j,
4,

Yes
1806-03-27 46.00 122.87

1 Yes
[430 1806-03-28 45.99 122.85 10 100 ,,,j Yes
431 1806-03-29 45.83 122.76

12 Yes
432 1806-03-30 4562 12266 some some

. Yes
1806-03-31 4557 12235 12 many 9 some

5 Yes
4361 1806-04-02 4557 12272 ' j ,j 1 1 H Yes
439 1806-04-06/08 ] 45.57 122.16 some 5 2 Yes

121.95440 1806-04-09 45.64 J 7 Yes
441 1806-04-10/11 45.65 121.91 3

j
Yes

Lj,06-04-12
1806-04-13

45.67 121.91
4431 'es]

Yes
45.70 121.70 2

,,,,,,,,,,,,,J

,

3
444 1806-04-14 45.71 121.35 4

5 Yes
L44 1806-04-15 45,61 121.19 L. 4

, some
.

5 Yes
-18

1806-04-19

447

448

45.63

4565
121.13

121.10
4,,,,,- . ,, 3

2

Yes

Yes
.449 1806-04-21 45.66 120.93 j Yes
450 1806-04-22 4532l2o,72l
451 1806-04-23 45,70 120.43

4 Yes
452 1806-04-24 45.74 120.21 1

-I 3 ' YesII2L. ........................................ i.....L,,, .



Appendix 3. continued
Deer Elk Bison Pron_horn Bi_hornp Grizzly bear . Black bear Gray wolf Beaver Horse Dog Human

ID Date Latitude Lonitude killed killed - - killed seen killed seen killed seen killed seen killed seen killed - - killed seen killed killed Settlement
454 1806-04-26 45.92 119.40 1

455 1806-04-27/28 46.05 118.95
14 Yes

456 1806-04-29 46.07 118.92
2 Yes

457

45l

459

460

46lj

:

1806-04-30

180605

1806-05-02

46.20

4628
118.64

11823 1

1

some

some
J_JI
,4

r
1

Li.i
4.......J.....

3 Yes

46.34 117.86

117.48
J.3ylan

1806-05-03 46.47
Yes

1806-05-04 46.43
2 Yes

4_j806-05-05

::i:i
46.48 116.77

2 Yes

I-! some

4- IiI467

476

1800i02 4 4

lsome

47518O606I8/2O
1806-06-17

4639
46.37

4629
4634

:: ........I

-

some

I

,,4,,,,,

11550

115.45........
115,91

r

., IIIII

r

.....
.--

-

-

Yes

1806-06-21/23 .

::
l4

_

.480 1806-06-26 46.46 115.24 1

481 some

,

........

1

.L............

1

........

many

...

.-
......... -

483

484

486

488j

1806-06-29 46,73

1806..06.3046.75
l806-07-030

114.53 2

114.09 21 many

114,08

some

1 inc

some ,

.....L

"l'
j

t

4874,,j8060704,4,,,j,90
1806-07-05

113.75

147.03 113.23

4,,,,
4894

490!

1806-07-06 46.96 112.72 7 some

1806-07-07 47,25 112.35 3 mat ,,_,,J,,,,,, I ,,J, 2 many
J j



Appendix 3. continued
Deer Elk Bison Pron thorn Bighorn sheep Grizzly bear Black bear Gray wolf Beaver H.n,po

killed killed

Human

rSettlement
ID Date Latitude de killed seen killed seen killed seen killed seen killed seenkilled seen killed seen

491 1806-07-08 47.jjl
47.53

±7's....
47.47

1

111.48

111.31

1 many

many

,,,,,,,,,js
_j

3 many

some

lots

nov

lmsny1 many

lots

j 4. I,j' many
492

493
9P72

1806-07-10
.4................

I

many

loms

495
Z:LL........

1806-07-12
,, 1.....................................

49, 18060716

5061 1806-07-28 47.99 110.33 lots 7 lots 6 I

507 1806-07-29 47.72 109.85 some I . lots 9 many

1

508 1806-07-30 47.74 108.95 L
14 lots

1 2 .

myj

9

2

I 2
509

510

511

512

513

514

1806-07-31 47.58 108.38 15 lots
1806-08-01/02

180608 (13

47.55 107.79 7

29 lots

1

1

1

many '

lots

many

blots
1 1

tsornc f'T
.

2

1

2

4774 10673 some

some

lots some
1806-08-04 48.02 106.15 2

,,

1806-08-OS 48.04 105.71 5 many I

4

lots 1 1 man
1806-08-06 48.10 104.93 orne

515 1806-08-07 47.98 103.85 many 1 many 2 man
516 1806-08-08/09 48.06 103,73 1 2

518

519

520

521

80ô-O8-..

1806-08-12

1806-07-03

-

481210235
47.77

46,29

102.47

114.17

2 lots ..L I

3

1 lots

1806-07-04 45.93 114.14 6 JJ
..L I

some

"
--1------.

,,j,,,many

, ,522 1806-07-05 45.81 113.95 4

522 1806-07-06 45.58 113,61

524 18O607-O7 L. ........... ............ L..... .... ... ........................................



Appendix 3. continued

ID

'525

526

527

Date 4jDeerLatitude Lon9itude killed seen killed

Elk

seen

Bison

killeiP seen

..ronehom
killed

Bi9hom

seen killed

sp
seen

Grizzly bear

seen

Black

killed

bear

s4jlled
Gray wolf

seen killed

Beaver

seLkilled
orse Do9

killed

Human
killed Settlement

1806-07-08/09 44.99 112,86 2 I

lots

lots

4.....1806-07-10

1806-07-lI
45.31

45.58

112.58

112.34 2

lots

some
1.

many some
4,

528

529

1806-07-12

1806-07-13

45.80

45,89

11L75,j,
111.4!

2

8 some many some

man

,J,
I som4

2

many

lots
530 1806-07-14 45.67 110.95 3 lots man
531

532

1806-07-15

1806-07-16

45.73

45.82

110.4!

110.02

109.57 some

many

lots

some

lots

man iiiiiiiiIi 2

2
4,,,,,,,

lots

533 1806-07-17 45.72

534 1806-07-18 45.64 109.32 3

535 1806-07-19/23 45.61

45.82

108.92

108.42 lots

-

Iota

8

I

many

lots

some 2

,,,,.,,,,,,,,4,...,,,,,,,,

many

lots some
536 1806-07-24

537 1806-07-25

538 1806-07-26

46.00 107.93 lots 2 lots 4 mani lots
46.15 107.47 lots lots 2 lots lots

539 1806-07-27

540l806-07-28
46.29 106.84 1 some lots 4 lots I some .

46.28 106.18 2 coy. I I lots
5,!J26-07-29
542 1806-07-30

46,43 105.83 1 lots lots
46.75 105.44 lots 2 lots 1 man'1 some

- 1
some

543 1806-07-3! 47.11 I 104.78 lots lots lots 1 some

546$

550

18060803 s:e
lo some 2

!
1

1806 08 07/08 48 12 103 22 3

5l j

1552

553

555

1806-08-09/10 48.13 102.92 9 some

some

I some

some

j,,J,,,
t

,,,,4,

,,,,,,,4,,,,,,,,,,,

'4

Yes

1806-08-Il

1806-08-12

1806-08-13

48.00

47.77

47.57

102.57

102.47

101.40

1806-08-14/16 47.35 101.36
Yes

556 1806-08-17 47.27 101.02
Yes

557 1806-08-18 46.77 100.84 7

558 1806-08-19 46.67 100,74 12 4 some some



Appendix 3. continued
Deer Elk Bison Pronghom JBighom sheep

seen kille'n
Grizzly

killed

bear

seen

Black

killed

bear L- Gray wolf
' seen killed seen killed

Beaver

seen

Horse

killed

Dog 4uman
killed Settlemcnt

ID

559r
Date Latitude Lonitude killed seen killed seen killed seen killed

1806-08-20 45.92 100.43 some some 'tlots
560l 1806-08-21

56I 1806-08-22

1806-08-23

563 1806-08-24

564' 1806-08-25

45.65

45.50

100.36

100,38 1

... ....................................................................

1

............................... . ...

-

. Yes

_1l
44,75

44.36

.

100.54

3

5

some .

. ................
.,.[

.,4

J.
4 -

.............................................................................................

- -565 1806-08-26 44.13 99.78 2 some
566

567

568

569

1806-08-27 44.09 99.56 some 1 3 some

many
J,,,,

-,---,-----I II1.........._

1806-08-28 43.79 99.39 5 2

1806-08-2943.62
1806-08-30 43.43 99.18

9946some
3 2

some
-

Yes

9534

583 1806-09-13 39,68 94,95 4

584 1806-09-14 39.30 94,90 1

585

586

587

588

1806-09-IS

1806-09-16

1806-09-17

1806-09-18

39.22

39.25

39.38

38.98

94,26

93,63

93.19 1

92.83

some 1

1

1

:? I




