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PREFACE 

The spectacular geology of Yellowstone country was the stimulus for the cre
ation of our first national park; yet its bears, and more recently wolves, have played 
an integral part in making Yellowstone one of our best loved destinations. Now 
that wolves have been reintroduced, it is fitting that we look at the role of preda
tors in the Greater Yellowstone Ecosystem. Yellowstone is one of the few areas in 
the lower 48 states that appears to have all the top predators that occurred prior to 
European settlement. The landscape is of course very different today, and the abun
dance and distribution of organisms are also different, undoubtedly; yet it is rare 
to have the opportunity to study the relationship between such a diverse array of 
top predators, lower trophic level consumers, and producers. Some of the most 
globally important large carnivore research has been conducted in Yellowstone. 
In his summary address at the end of the conference, Dr. Mark Boyce said that the 
focus on "Greater Yellowstone's Predators strikes at the very core of what 
Yellowstone is all about" (Boyce this volume). The Greater Yellowstone Ecosystem 
will continue to be an exciting and instructive focus of scientific query as we seek 
ways to balance human uses and influences with the needs of wildlife and wild
lands. 

These proceedings of the "Third Biennial Scientific Conference on the Greater 
Yellowstone Ecosystem" offer a glimpse of the rich history of Yellowstone preda
tor research. Presentations over 2 days reflected a wide range of ecological themes, 
from demographics and behavior to systematics, and even included several social 
science studies. There was also a surprising number of predator species covered 
- e.g., ravens, salamanders, and spotted frogs!-though medium and large carni
vores predomfuated, as expected. For a more comprehensive view of carnivore 
research in Yellowstone, Carnivores in Ecosystems: The Yellowstone Experience (Clark 
et al. 1999, Yale University Press) is based on a special symposium on the third day 
of the conference. 

These proceedings are divided into 3 parts. Part I includes all but 1 of the 
keynote or invited talks from the conference (in the order in which they appeared). 
Paul Schullery' s talk sets the stage with his look at the evolving social and politi
cal views of Yellowstone bears. Stephen Herrero' s talk from the Superintendent's 
International Luncheon follows, in which he speaks of how "love of wild nahtre" 
keeps researchers, managers, and citizens working against difficult odds to pre
serve predators and other wild creatures. Next is a paper based on Steven French's 
talk and his research with Marilyn French and Ryk Ward, examining the potential 
of genetic research to help conserve Yellowstone's grizzly bears. We would have 
liked to include Daniel Janzen's keynote address about the role of predators in 
ecosystems around the world, but we were unable to translate his well-illustrated 
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slide presentation into an easily understood black-and-white transcript for the 
proceedings. Finally, Mark Boyce summarizes the many paths yet to explore as 
we seek a greater understanding of Yellowstone predators and become more adept 
at learning what they need to survive. 

Following the keynote and invited talks, Part II includes 15 of the 56 papers 
and posters that were presented at the conference and later submitted for inclu
sion in the proceedings. These papers underwent peer review by numerous dedi
cated reviewers who have chosen to remain anonymous. Thank you for all your 
help. Extended abstracts that summarize various papers and posters presented at 
the conference appear in Part III of these proceedings. 

On behalf of the 2 hosts of the conference, Yellowstone National Park and the 
Northern Rockies Conservation Cooperative, I would like to thank the people 
and organizations that made the conference and proceedings possible. The pro
gram committee (including a social sciences subcommittee) labored long hours to 
review submissions and put together a cohesive conference. Special thanks to Hank 
Harlow for his hard work as Chairman and moderator. Len Ruggiero, Mike Ivie, 
and Peter Gogan also went the extra mile by serving as moderators. The confer
ence and proceedings would not have been possible without the generous assis
tance of the many sponsoring organizations and individuals listed in the front of 
these proceedings. A matching grant from the National Fish and Wildlife Founda
tion was especially crucial for this project. 

I would like to offer special thanks and recognition to John Varley and Paul 
Schullery, who chose the conference theme and who, along with the staff of 
Yellowstone National Park's Center for Resources, work to support research and 
learning through programs such as the biennial Greater Yellowstone Ecosystem 
conferences. The following staff of Yellowstone National Park and the Northern 
Rockies Conservation Cooperative spent long hours helping to produce the con
ference and proceedings: Lisa Albert, Norm Bishop, Wayne Brewster, Sarah 
Broadbent, Bob Chambers, Tim Clark, Renee Evanoff, Mary Ann Franke, Carrie 
Gray, Bob Lindstrom, Lauryl Mack, Joy Perius, Julie Rehmer and Bo Ross. Renee 
Evanoff's beautiful cover art and Becky Woods' artistry with page design turned 
a bunch of manuscripts into appealing proceedings. Two people should receive 
special commendations for their work on the conference: Sarah Broadbent, for 
her logistical wizardry, and Paul Schullery, who was an inspired and inspiring 
maestro. 

A. Peyton Curlee 
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PART I: 
KEYNOTE PRESENTATIONS 

AND INVITED TALKS 



Yogi Lives: The Evolving Image of the 
Bears of Yellowstone 

Invited talk given evening of the Opening Reception 

September 24, 1995 

PAUL SCHULLER¥ 

Center for Resources •P.O. Box 168 
Yellowstone National Park, Wyoming 82190 

Our society has invested the bear with a mul- striking, such as the account published in William 
titude of personalities (Figure 1). The bear Lyman Underwood's book Wild Brother (Underwood 
is, among many other things, a cuddly 1921). Underwood told the story of a Maine logger 

childhood friend with a heart-shaped nose, a fighter who captured a newborn cub and gave it to his wife 
of forest fires, Wall Street excitement, the Russian to raise; the book features a photograph of the 
people, an outdoor magazine monster, and a filcher . woman nursing the cub alongside her own infant 
of picnic baskets. Most culhtres that l rr ·~\ daughter (Figure 2). 
have dealt with bears have done the / , }~ Native American relation-
same (Shepard and Sanders 1985, _ / o.j>( . ships with bears and their im-
Campbell 1988). Human culture ap- « , · ages of these animals are like-
parently finds a great deal to work wise complex and individual. 
with in the image or idea of the Though popular perception 
bear, and takes the symbolism of deals with these relationships 
bears many directions at once. in generalities, as in "Indians 

One of the foremost textbook considered bears to be their 
examples of this complex relation- brothers ... ," in fact, different 
ship is provided by the Ainu people groups and tribes developed 
of Northern Japan, who for centu- their own unique bear beliefs, 
ries, and as recently as the early de- which, though often containing 
cades of the 1900s, maintained an some common threads, are lo-
elaborate ceremonial relationship cally distinct (Rockwell 1991). 
with their native brown bears It seems sa£etoassumethatdis-
(Ursus arctos, Shepard and Sanders tinct regional ecological set-
1985, Campbell 1988). A newborn tings were an important factor 
cub was captured and given to one in the origination of local be-
of the women to nurse and raise Figure 1: Turn-of-the-century cartoon of liefs. 

Yellowstone bears (Smith I 909). 
with her own children. When it If we late 20th Century 
reached a certain age, it was then sacrificed in an Americans have inherited or absorbed any aspect 
involved ritual that concluded with the bear's re- of Native American attitudes toward bears, it may 
mains being the guest of honor at a feast of its own be the recognition of the bear's force as a spiritual 
meat. presence in wild country. Our own literature and 

At first glance, such a ritual may seem to us ei- folklore often has featured the bear as an almost 
ther bizarre or barbarous, but in the bear literature mythic creature (Utley et al. 1964). By the time of 
of North America there are episodes hardly less the publication of Thomas Bangs Thorpe's "The Big 
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Figure 2: Underwood's 1921 book featured 
this photograph of the backwoodsman's wife 
nursing her own child and an orphaned black 
bear cub. The woman's handwritten note 
reads "Mr. Underwood took this picture of 
Ursula and Bruno and me with my consent 
and 1 am glad to have him use it ·1n this book. 
Bruno's Foster Mother" (Underwood 1921). 

Figure 3: A woodcut illus.tration from Davy 
Crockett's Almanack (1837), showing a 
woodsman with dog using an axe to fight a 
werewolf·type bear (Schullery 1988). 

Bear of Arkansas" in 1841, the American bear story already had 
most of the elements it contains today: danger, humor, anthropo
morphism, convoluted adventure, and a bear of near-mythic stat
ure (Thorpe 1841). What has changed over time is not so much 
the various things the bear means to us as the relative emphasis 
we have placed on these things in our dealings with real bears. 

Euro-Americans have dealt with North American bears since 
the beginning of our settlement of the continent, but much of what 
became established as our own folklore, especially relative to the 
grizzly bear (Ursus arctos), originated with early survey parties 
and other explorers and adventurers. Lewis and Clark's encoun
ters with grizzly bears have been quoted and retold by genera
tions of historians and popular writers, with the foremost em
phasis on the aggressiveness of the bear. Lewis and Clark and 
other early writers portrayed the grizzly bear as almost invari
ably belligerent, attacking humans on sight. In fact, a review of 
the first-hand accounts of early 1911> Century travelers in grizzly 
bear country suggests that the bears usually only displayed such 
aggression after having been shot, or having been surprised at 
short range with food or cubs. Late 19th Century writers often 
claimed that grizzly bears "learned" to avoid white men's rifles 
and became less belligerent, but it is more likely that if any change 
did occur in bear behavior it was the result of the most aggres
sive bears being selected out of each generation by hunters, re
sulting in more cautious animals (Schullery 1988, Herrero 1985). 

The Bear as Evil Wilderness 

Of the many traits of the bear that were at work in stories like 
Thorpe's "Big Bear of Arkansas," the one that seems to have domi
nated 19th-Century thinking was its ferocity, or at least its animos
ity toward humans. At the hands and pens of many early writers, 
the bear lent symbolic evidence to the view of wilderness as a 
place of evil: an untamed, unsafe place that only a courageous 
and skilled band of Crocketts and Boones could claim for society 
by wiping out the menace. 

Published illustrations from the era when Crockett was spin
ning his tall tales and the frontier in question was the Mississippi 
Valley suggest the rich mixture of characteristics already given to 
the bear by our society. A woodcut from Davy Crockett's 
Almanack (Figure 3) captures much of this mood. While woods
men struggle to kill a huge bear, their friend in the lower right 
corner engages in a standoff of overwhelming symbolism. He 
faces the bear with his companion, a dog-the consummate 
"good" domesticated animal-by his side. His weapon of choice 
is the great symbol of the taming of the wilderness, the axe. Per
haps even more important, what in Tennessee and other mid
western states would be a black bear (Ursus americanus) becomes 
a creature of obvious demonic perso~ality. The elongated snout 
features crocodilian teeth, the eyes have lost the round neutrality 
of real bears' eyes, the ears are sharply pointed, and the paws 
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and claws are distorted into alarming and menacing proportions. 
But even at this early date, the bear was not simply a devilish 

monster. The various memoirs published under the name of "Griz
zly Adams," whose actual name was John Adams, revealed an 
animal susceptible to human control (Figure 4 ), if not entirely tam
able. Adams' stories, and those published in his name and about 
him, excited any number of young would-be bear hunters, in
cluding Wi1Ham Wright, who would later become both a legend
ary bear hurlter and one of tl1e first serious bear nah..tralists (\A/rig]1t 
1910, Schullery 1988). 

Even more convoluted was the image of the bear as portrayed 
in an extended article in Harper's New Monthly in October of 1855 
(Figures 5 and 6). In these images, bears are bipedal and obvi
ously sentient, capable of complex tasks of theft, and hold wil
derness "bear dances" as part of their ursine society. Presented in 
one of America's leading periodicals as straight-faced natural his
tory, such images contrast sharply with the sadder reality of what 
most people who lived in bear country felt about the animals: 
that they must be destroyed as rapidly as possible. 

Destruction was the watchword for most dealings with bears 
throughout the 19th Century, and the war on bears, whether con
ducted for sport or simply to rid the countryside of a trouble
some competitor, generated some remarkable figures of folklore 
if not history. The southern states, perhaps the leading sporting 
region in the United States prior to the Civil War, developed the 
bear hunt into an event only slightly less involved than the Ainu 
ritual described earlier (Figure 7). Bear hunts lasted weeks, and 
were supported by large numbers of slaves and other attendants 
in an event rather like a rough-and-ready version of the British 
foxhunt. The resemblance to the foxhunt was no coincidence, as 
many southern sportsmen felt a direct connection to their Old 
World forebears in matters of sporting technique and ethics. 
Among the many regional figures to emerge from this tradition 
was a former slave named Holt Collier (Figure 8), who in the clos
ing decades of the 19th Century became one of the most famous 
houndsmen in the South, and who was in on the kill of more than 
3,000 black bears (Schullery 1988). Collier witnessed the decline 
of the wilderness world of the southern black bear, attributed more 
perhaps to the destruction of habitat that accompanied settlement 
than to his sportsmanship and that of his friends. 

The Yellowstone ecosystem had its own famous bear hunter, 
Colonel William Pickett (Figure 9), a Confederate veteran who 
moved to the Greybull, Wyoming, area in 1876 and hunted griz
zly bears passionately and with devastating effect for more than 
20 years. Pickett killed more than 70 grizzly bears in his career, 
including 23 in 1881 alone (Schullery 1988). We are appalled at 
numbers like these today, thinking as we do in modern terms of 
an ecosystem in which every bear is precious. But we must re
member who Pickett was; he was a man of his time, doing what 
all of his neighbors certainly regarded as God's work. Grizzly 
bears were not only considered dangerous and competitors for 
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Figure 4: "Grizzly" Adams claimed that his 
tame grizzly bear defended him from a wild 
bear (Hittell 1860). 

Figure 5: A bipedal black bear stealing 
vegetables {Anonymous 1855). 
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Figure 6: A 
"bear dance," 

oHered as 
serious 

natural history 
(Anonymous 

1855). 

Figure 7: Bear 
hunting in the 

Old South was a 
rough-and-ready 

version of the 
British fox hunt 

with a large 
supporting cast 

of slaves and 
attendants and 

extended chases 
through rugged 
country (Meyer 

1883). 
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wild game, they were seen as an intolerable threat to livestock 
(Figure 10). Pickett was greatly admired, and no less a conserva
tionist and naturalist than George Bird Grinnell praised him as 
the ideal of the American sportsman (Grinnell 1913). 

The Bear as a Test of Manhood 

Emerging in these hunting experiences, we see a new bear 
with a new use. As the remaining bears became less abundant 
and less a threat to human society, their pursuit took on a differ
ent meaning; elements that were not previously regarded as pri· 
mary became so. Hunting large carnivores has been a test of man
hood for many cultures and successful bear hunts have probably 
always resulted in a fair amount of human male strutting in North 
America; sport hunting must be nearly as old as subsistence hunt
ing and the two are probably often indistinguishable. After it was 
no longer an agricultural necessity to kill bears, the value of the 
bear hunt to the hunters changed. The veneer of killing bears for 
the good of society remained, but by the time Theodore Roosevelt, 
William Wright, and a host of .lesser-known sportsmen were en
gaged in their various bear hunts in the dosing years of the }9th 

Century, it was mostly a sporting proposition (Figure 11). 

The Bear as Furry Person 

In fact, Roosevelt's hunting career serves as a convenient 
benchmark in the evolution of the bear's image from that of a 
simple, evil, wilderness-dwelling beast to something more in
volved, with Roosevelt himself contributing an extraordinary new 
element to the American relationship with bears. As a hunter-natu
ralist, Roosevelt wrote a book's worth of thoughtful natural his
tory and lively adventure material about bears (Schullery 1983), 
but it was one unsuccessful hunt that distinguished him as a part 
of bear lore. In 1902, at the invitation of the governor of Missis
sippi, Roosevelt participated in a bear hunt that caused him con
siderable public embarrassment because he did not get a bear. To
ward the end of the hunt, some of the other participants managed 
to capture an adult bear and rope it to a tree, and then brought the 
President to it expecting him to shoot the bear. In their sporting 
tradition, the hunt, especially the chase, with hounds and horses, 
was the main part of bear hunting; they did not exactly under
stand the public furor over the President's failure to kill a bear, 
but they aimed to please. They were quite surprised then when 
Roosevelt refused to shoot the bear under what he regarded as 
unsporting circumstances. For him, fair chase demanded a free 
animal that could only be tracked and killed through good wood
craft and shooting skill. 

The press loved this story and a prominent Washington, D.C., 
cartoonist, Clifford Berryman, produced a cartoon for the Wash
ington Post (Figure 12) that showed the President refusing to shoot 
a Mickey-Mouselike bear cub. The caption read "Drawing the 
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Figure 8: Holt Collier about 1900 (Courtesy 

of Harley Metcalfe Ill). 

Figure 9: William Pickett's portrait from the 

frontis to Grinnell (1913). 
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Figure 10: "Grizzly killing a steer" 
(Roosevelt 1893). 

Figure 11: "The death of the grizzly" 
(Roosevelt 1893). 

line in Mississippi." According to various historical accounts, the 
President was in the south dealing with Louisiana~Mississippi 
boundary issues ("boundary line") and race issues ("color line"), 
so the caption had multiple meanings besides the obvious one of 
drawing the line between fair and unfair sport (Wilson 1969, 
Schullery 1988). But the cartoon has other lessons. The actual bear 
in question was apparently an old one, of about 235 pounds, rather 
than a cute cub with absurdly large ears. Also of interest, the man 
holding the bear-indeed, the man who had chased it into a lake 
and single-handedly subdued and roped it-was none other than 
the legendary Holt Collier, mentioned earlier. But in the cartoon, 
an anonymous white man holds the rope. 

Perhaps most entertaining for modern bear enthusiasts, how
ever, is that shortly after the hunt a Brooklyn merchant introduced 
a new toy based on the President's adventure; that was the birth 
of both the Teddy bear and the Ideal Toy Company. The Teddy 
bear became the symbol of a dramatic new popularization and 
commercialization of bears as gentle childhood friends, also evi
dent in a flood of children's books, from the "Roosevelt Bears" 
book series in this country to the Pooh books in England. The bear 
as furry person had arrived. 

The Ambivalent Bear 

By 1900, there were still many rural areas of the United States 
in which bears were a ·nuisance or even a threat to human safety, 
but for the vast majority of Americans, the bear was something 
remote, rarely seen outside of zoos and circuses, or in anthropo
morphic children's books and sensational outdoor magazines. It 
was into that confused atmosphere, in which the bear was already 
a bit unreal, that Yellowstone introduced its bears. 

Yellowstone National Park was established in 1872, primarily 
to protect its spectacular geological and geothermal features 
(Haines 1977). The Organic Act did stress the need to protect the 
wildlife from "wanton destruction," but foresaw no unusual role 
for them. Widespread market hunting and other abuses, however, 
resulted in eventual restrictions on public hunting in 1883 
(Schullery and Whittlesey 1992). By 1886, when the U.S. Cavalry 
assumed responsibility for protecting the park, Yellowstone was 
well on its way to becoming one of the world's premier wildlife 
reserves (Hampton 1971, Schullery 1992). 

The Bear as Cheap Entertainment 

The army, with the endorsement of the Secretary of the Inte
rior, took an active approach to park management, killing preda
tors, fighting fires, initiating massive fish-stocking, and manipu
lating conditions to suit the day's best notions of what a "healthy,'' 
well-managed park should be. The bears, once protected, became 
regular denizens of the park's many small garbage dumps, and 
soon became an important tourist attraction (Figures 13 and 14). 
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Thousands of tourists, year after year, enjoyed the sight of several 
(and eventually dozens) of black or grizzly bears rummaging 
through a garbage pile, and the symbol of the bear took on a new 
twist, "from wilderness personified to wilderness enfeebled'' 
(Schu.llery 1992:254). Generation after generation of visitors would 
learn to appreciate the bears of Yellowstone and of other parks in 
this way, as fuzzy garbage disposals~round, slow-moving, and 
apparently harmless bums. 

In August 1902, Acting Superintendent Jolm Pitcher issued a 
formal proclamation reminding all park visitors and residents that 
it was illegal for anyone to feed the bears: "The bears of the Park, 
while absolutely wild, are perfectly harmless, but when rendered 
tame by being fed-in any other way except at the regular gar
bage piles at the various hotels-lose all fear of human beings 
and will enter kitchens and camps in search of food, thereby fre
quently doing considerable damage to property and provisions" 
(Pitcher 1902). This statement reveals much of the confusion that 
characterized attempts to regulate bears and humans in Yell
owstone through much of the Z01h Century. The bears could be 
"perfectly wild" at the same time that they were "rendered tame." 
Today, we would say they were "wild but habituated" rather than 
tame, a distinction that Pitcher may have actually understood. His 
certainty that feeding bears at the garbage piles was somehow 
different from other feeding by humans reminds us, forcefully, of 
a similar conviction expressed by the Craighead research team 
many years later. They also believed that bears fed at dumps by 
humans somehow saw the food gained there as different from the 
human food available in park developments (Craighead 1979, 
Craighead et al. 1995). The distinction Pitcher made between dump 
food and other human food sources did not make much sense 
then, and it should have been equally unconvincing when the 
Craigheads made it many years later. It is now generally agreed 
among bear researchers and managers that access to any human 
food, regardless of its location, is inevitably bad for a bear popu
lation (Herrero 1985, Brown 1996). 

Meanwhile, public attention given to Yellowstone's bears was 
not lost on thoughtful, creative visitors, one of whom was the 
popular nature writer and naturalist Ernest Thompson Seton. His 
Biography of a Grizzly (1899) was a bestseller for many years. The 
book was the story of the orphaned grizzly bear cub Wahb (the 
rancher William Pickett, mentioned earlier, was featured as the 
killer of Wahb's family), who roamed the country in and around 
the park (Figure 15). Park visitation was still small at this time, 
amounting to an average of less than 25,000 visitors during the 
period from 1906 to 1915, and so relatively few people were di
rectly exposed to the park's bears. But books like Seton's, and a 
continual flow of popular articles, made the bears of Yellowstone 
famous very quickly. 

A second Seton bear character, a small black bear named 
Johnny Bear, made less of a literary splash, but probably helped 
contribute to the growing enthusiasm for these remarkable wild-

9 

Evolving Image of Bears, Schullery 

Figure 12: "Drawing the line in Mississippi," 
the most famous of several cartoons by 
Clifford Berryman, based on Theodore 
Roosevelt's misadventure during a southern 
bear hunt in 1902 (Bull 1970). 

Figure 13: By the 1920s, black bears were 
routinely fed by visitors along park roads and 
in park developments, such as on the porch 
of Roosevelt Lodge (National Park Service 
photo, Yellowstone National Park archives). 



Greater Yellowstone Predators: Ecology and Conservation in a Changing Landscape 

Figure 14: The bear show reached its most 
official and expansive in the 1930s, as hun
dreds of visitors gathered nightly at the 
feeding grounds near Canyon (National 
Park Service photo, Yellowstone National 
Park archives). 

Figure 15: Seton's (1899) portrayal of 
"Wahb," a huge grizzly bear that ruled the 
wilderness around Yellowstone National Park 
at the turn of the century, may be the best
selling of all American bear books. 

tame animals that anyone could watch and enjoy (Seton 1909). 
A more meaningful contribution to bear knowledge, William 

Wright's The Grizzly Bear (1909), contained an extended tale of 
the author's experiences with flash photography in Yellowstone 
National Park. Wright, a skilled, self-made naturalist, took a per
sonal interest in Yellowstone's bears, even complaining to the su
perintendent in 1908 about the alleged killing of bears by irre
sponsible soldiers (Wright 1908). His book and other writings 
probably added significantly to public awareness of the 
Yellowstone bears. 

The Bear as National Mascot 

By 1925, then, when Milton Skinner published his Bears in the 
Yellowstone, it was natural for him to entitle the first chapter, "Why 
Yellowstone Bears are Famous_" The bears of Yellowstone, espe
cially the black bears, were well on their way to being national 
pets, or mascots. Some time after 1900, as tourist traffic increased 
enough to justify a roadside presence, a few black bears began 
cautiously hanging out along the roads for handouts (Figure 16). 
After cars were allowed in the park in 1915, however, black bears 
became regular roadside features and continued to be so for more 
than half a century. 

Though still only a small percentage of Americans visited 
Yellowstone, the bears were so often photographed (Figure 17) or 
written about (Allen 1925, Yeager 1933, Albright 1928, 1945) that 
their fame grew until they were an expected part of the 
Yellowstone experience, firmly ensconced in the trademarks and 
commercial promotion of park concessionaires and interpreted 
by National Park Service naturalists soon after that agency was 
created in 1916. The price the bears paid for this popularity was 
high. Between 1930 and 1970, an average of more than 24 black 
bears was killed each year, mostly by managers or by collisions 
with cars, because of the roadside bear show (Schullery 1992, 
Gunther 1994). Hundreds of property damage cases (Figure 18) 
and hundreds of injuries (most minor but some quite serious) 
were reported, and it can be assumed that many more were not. 
America's romance with the bears of Yellowstone looked great in 
the magazines and postcards, but was pretty rough for the par
ticipants. 

The new National Park Service elevated many of the hus
bandry techniques and environmental manipulations initiated by 
the army to higher levels. For t..1-i.e bears, this meant the formaliz
ing of the bear-feeding grounds, concentrating public attention 
especially at the Otter Creek dump site south of Canyon, where 
hundreds of carloads of visitors gathered nightly to watch griz
zly bears in surprising numbers fight over food scraps (Figure 
19). But the public ·was no longer uniformly pleased with this 
treatment of national park wildlife. Schullery (1992) and Wright 
(1992) reviewed the growing dissatisfaction among scientific or
ganizations and conservation groups with this demeaning treat-
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ment of wild animals. The National Park Service took advantage 
of the visitation hiatus of World War II to dose the Otter Creek 
dump site to public visitation, so that, except for a few research
ers and privileged gawkers, the grizzly bears of Yellowstone 
would enjoy their garbage in privacy (Schullery 1992). It is an 
interesting feature of the uneven progress of our esthetic of bear 
watching that we judged it inappropriate to watch park bears at 
garbage dumps a quarter of a century before we judged it inap
propriate for park bears to eat garbage. 

The roadside bear show (featuring black bears) only got more 
popular, however, and in the years following World War II, the 
"bear jams" became mile-long traffic obstacles. A survey of visi
tors conducted in the early 1950s revealed that 95% knew that 
feeding bears was illegal, but its tacit acceptance by park staff 
was sufficient approval for most visitors (Bock 1953). 

The Bear as Folk Hero 

The rise of television, and especially of television cartoons, 
opened a whole new avenue of interpretation and celebration of 
the bears of Yellowstone. Of the many park bears that emerged 
from the cartoon world, none was as famous or as durable as 
Yogi, a Hanna Barbera creation of the late 1950s (Figure 20). Yogi 
embodied all the loveable characteristics, so enjoyed from a dis
tance, that made the bears of Yellowstone such an unforgettable 
part of the park experience. He has become a part of our folklore, 
"as valid a part of our culture as Mother Goose or Aesop" 
(Schullery 1992:206). Yogi misinformed millions of people about 
what bear life was really like in Yellowstone, but it was hardly 
the fault of a 1.:artoon, or of a cartoon's creators, that people did 
not understand wild animals. 

Meanwhile, the real bears of Yellowstone were about to be 
abruptly and painfully divorced from many decades of traditional 
use of human foods. In 1959, Ors. John and Frank Craighead and 
their associates began a pioneering study of the grizzly bears of 
Yellowstone. Though its findings have been improved upon or 
modified by many later studies of other grizzly bear populations, 
the Craighead study was perhaps the most important single griz~ 
zly bear study in history because so much of modern grizzly bear 
research methodology was first attempted or developed during 
the 11 years of their study. 

The Craighead study may have been the only study of griz
zly bears to contribute significantly to the public image of the 
grizzly bear. The Craigheads were excellent publicists, and the 
National Geographic Society portrayed them and their remark
able lives in films and publications, but that attention alone would 
not have given their study its reach in the American mind. Out of 
their study, and out of changing National Park Service policies, 
grew a controversy that is now well into its second generation of 
participants, and that greatly complicated the image of the bears 
of Yellowstone. 
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Figure 16: The habituation of black bears 
through roadside feeding resulted in count
less "close encounters" with motorists, many 
amusing and some harmful to both people 
and bears (National Park Service photo, 
Yellowstone Natione,I Park archives}. 

Figure 17: "Barney," a black bear cub raised 
by Dorr Yeager and his family at Mammoth 
Hot Springs in 1931, became well known 
through published accounts of his exploits 
(National Park Service photo, Yellowstone 
National Park archives). 

Figure 18: A cloth-top sedan at Fishing 
Bridge in 1932 exhibits the effects of a bear's 
efforts to reach food locked inside (National 
Park Service photo, Yellowstone National 
Park archives). 



Greater Yellowstone Predators: Ecology and Conservation in a Changing Landscape 

Figure 19: Ranger-naturalist talk at the Can
yon feeding grounds, 1936 (National Park 
Service photo, Yellowstone National Park ar
chives). 

Figure 20: Smarter than the average bear 
(Cour!E!SY of Hanna-Barbera). 

Figure 21: By the 1970s, the grizzly bear 
was the foremost symbol of the Greater 
Yellowstone Ecosystem, the boundaries of 

. which were first tentatively defined in terms 
of grizzly bear habitat (Courtesy of the 
IGBST). 
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The Bear as Scientific Sore Point 

In a sense, some of those who worked to save the bear be
came folk heroes themselves in this period; an odd twist on thou
sands of earlier generations of humans whose heroes were people 
who killed, rather than saved, bears. On the other hand, those 
who were perceived as opposed to grizzly bear conservation be
came, for the first time, villains. Unfortunately for public under
standing as well as for the bears, everybody had their own set of 
heroes and villains. The scientific issues were complex and usu
ally oversimplified by the media (and by some scientists), so that 
the public had little confidence in most information. As a result, 
the controversy over grizzly bear management that developed in 
the late 1960s did change the image of the bear. Perhaps most im
portant, it added a new dimension to what the bear means to many 
people, or, perhaps, it added different elements to the image, and 
people chose which element they wanted. For som~, the grizzly 
bear became a symbol of science's failure to clarify the bear's sta
tus. For many, it became a symbol of government inefficiency or 
mismanagement of an important resource. But perhaps the most 
enduring image-changing legacy of the grizzly bear controversy 
was that the grizzly bear became a symbol of its home; no other 
species has so continually driven the debates over the future 0£ 
greater Yellowstone (Figure 21). 

The Bear as Good Wilderness 

Out of this controversy came an increasingly heightened 
awareness not only of the bear's plight, but also of the significant 
threat to its habitat. By the 1970s, for the conservation conununity 
at least, the bear was completely converted from its 191h-Century 
image as the symbol of evil wilderness. It became instead the sym
bol of something precious and threatened with destruction. That 
something was the Greater Yellowstone Ecosystem, one of the last 
great wild places in the lower 48 states and a conservation battle
ground of growing importance. More recently, as ecosystem man
agement has become a byword of the environmental movement, 
the far-ranging grizzly bear has become a symbol of the need for 
better coordination of interagency management of wildlands, and 
the need for preservation of ecologically whole wild areas. The 
grizzly bear is invoked in many discussions relating to modern 
ecological and social thinking, whether about wildlife migration 
corridors, minimum population size viability, or sustainable re
source use. 

The Bear as Political Hammer 

From this new stance, the conservation community and the 
grizzly bear's various defenders saw the bear as a valuable and 
essential tool in the struggle to save wild country. The bear, 
through its protection under the Endangered Species Act, became 
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a hammer with which to bludgeon land managers 
and land-use practices that were no longer as popu
lar or easily appreciated as they once had been. It 
could be argued that this use of the grizzly bear as a 
device to address a variety of perceived problems 
has backfired on the bear, for the grizzly bear in mod
em Greater Yellowstone is surely suffering to some 
extent from its image as an obstacle. For example, 
one of the most persistent objections to wolf (Canis 
lupus) recovery was that "We don't want another 
grizzly bear" (see Urbigkit and Urbigkit this volume). 

New Images of All Kinds 

From this even more ambivalent image, the 
bears of Yellowstone have launched into all manner 
of unusual or surprising directions in broadening 
their image. The fires of 1988 challenged several de
cades of almost simple~minded devotion among 
Americans to the lessons Smokey taught us, espe
cially the idea that all fire was bad (Morrison 1976). 
Suddenly, at least for most urban Americans, fire was 
a little more confusing and Smokey found himself 
symbolizing the ill-advised suppression of a natu
ral, wilderness process. Smokey, a product of a beau
tifully effective U.S. Forest Service promotional cam
paign that even in the 1960s or 1970s seemed unim
peachably correct, was at last bound up in the power 
and reach of Yellowstone and its real bears. 

At the same time, the bear continued its long 
march down the corridors of marketing history. 
Since early in the centu1y, the bears of Yellowstone 
had been used countless times to sell eve1ything 
from burgers to beer to baby slippers, and the im
age has had extraordinary durability as a market
ing device. 

Science itself contributed to the richness of the 
bear' s image. Under the leadership of Dick Knight, 
the Interagency Grizzly Bear Study Team (IGBST), 
now with more than 20 years in the field, is prob
ably the longest-running, most scientifically produc
tive grizzly bear research project ever. Through 
many popular articles (by journalists and other writ
ers) and several books, usually based in good part 
on the work of the IGBST, the wonder and complex
ity of the grizzly bear's world is celebrated anew. 
Even if the article or book is mostly about the con
tinuing controversy, it serves to awaken some read
ers to the magic of bear appreciation as well. Steve 
and Marilyn French (see French et al. this volume) of 
The Yellowstone Grizzly Foundation (now with 
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more than 10 years in the field) have proven to be at 
least as effective publicists on behalf of the bear as 
were the Craigheads, and have contributed enor
mously to this growing public sense of wonder 
through their many presentations, publications, and 
films. This may be one of the most hopeful signs for 
the bear, for as long as it primarily invoked images 
of bitter political or scientific acrimony, it might have 
attracted some public interest, but it had garnered 
little public affection. What we should learn from 
the Frenches, as we should have learned from the 
Craigheads, is that when science reaches beyond its 
empirical conservatism and presents a warmer, more 
personal view of the grizzly bear (or even of grizzly 
bear biologists), it brings the bear to life for a public 
that is ripe to learn and anxious to help. 

More recently, the wolf recovery program has 
again affected the image of the bear. The thousands 
of people who have watched wolves in the park 
since 1995 often saw them interact with or occupy 
habitat with grizzly bears. Thus, the bear has been 
recognized, more clearly than before, as a member 
of a community of predators. It always shared the 
park with a number of highly effective carnivores. 
But the wolf alerted people to a new kind of rela
tionship between the bear and its fellow wild mam
mals. 

The Grizzly Bear as Hope 

It seems improbable that we have reached any 
stable state in our continuing quest for understand
ing grizzly bears. We will continue to exercise our 
imaginations to express what the bear means to us, 
and we will continue to create new images and ideas 
around the real bears of Yellowstone. The bear will 
almost certainly become a key figure in a number of 
ongoing social processes in this country, as it already 
has been in the conservation movement for many 
years, and more recently in the ecosystem manage
ment debates. The Yellowstone Lake crisis, which 
threatens the native cutthroat trout (Onchorhynchus 
clarki) population (see Gunther et al. and Reinhart 
et al. this volume), will find the grizzly bear again 
occupying a starring role as a consumer of the trout. 
The fate of the grizzly bear will be highlighted as 
global warming becomes a more undeniable reality. 
If grizzly bear recovery should advance to the point 
of delisting, any state proposing a grizzly bear hunt 
will surely be confronted with animal rights or other 
anti-hunting groups that will recognize and take 
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advantage of the extraordinary public concern over 
the fate of this charismatic animal. The combination 
of the charisma of the grizzly bear and Yellowstone 
will continue to be a powerful public relations tool 
for any individual or group who can find a way to 
put it to use. 

At the same time, we will draw on the tradi
tional image of the bear for education, entertain
ment, and inspiration. We will continue to find enor
mous amusement in the antics of cubs, and rare and 
unfamiliar humility in the power of adult bears. The 
bear's entire symbolic armament will be available 
to us. The bear' s defenders are repeatedly drawn 
back to earlier images, such as the bear as spiritual 
presence, which we mix with more recent creations, 
such as the bear as the symbol of good wilderness. 
Steve Herrero suggested that the stimulation the 
bear brings to our imagination-the way it seems 
to demand new views and new ways of seeing
should ultimately be recognized as the most impor
tant reason we should ensure the survival of bears 
in Yellowstone: "We should preserve grizzly bear 
populations, not because their ecological function 
is critical, but because of what they can do for hu
man imagination, thought, and experience" (Herrero 
1976:140). 
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I 've been asked to speak on "some global aspect of 
park research and management." I began this as

signment by asking myself, "What is, to me, the most 
important international aspect of national park re
search and management?" My inner voice quickly 
answered, "the dedication and commitment of re
searchers, managers, and users." Even thoU,gh you 
act as proper scientists and managers and try to jus
tify your actions rationally, for many of you it is your 
love of wild nature-wild love-that has gotten you 
into this in the first place. It is also what keeps you 
going through cold, rain, snow, and the more ag
gressive attacks on your work, drawn out commit
tee meetings, and other interpersonal challenges. 

This love of nature is global and I believe it is 
widespread among researchers and managers who 
work to protect natural areas. I first directly experi
enced the international character of the love of na
ture in Abruzzo National Park in the Apennine 
Mountains of central Italy. In 1971 I was hired by 
the park's director, Franco Tassi, to begin ecological 
research on the park's remnant brown bear (Ursus 
arctos) population. My family and I arrived in the 
park mid-afternoon on May 1st. We had just driven 
across Western Europe. I was introduced to the 
park's only naturalist/biologist, Franco Zunino. He 
spoke little English, and I even less Italian. But, af
ter gesturing and "talking" for several hours, we 
agreed to begin fieldwork the next day at 3:30 am 
so we could be in position by 4:30 or 5:00 to possi-

bly see bears foraging in the earliest pre-dawn light. 
Imagine going to a new job you didn't love and vol
untarily going to work in pitch dark with someone 
you hardly knew and with whom you could barely 
speak. 

Zunino and I worked together productively, 6 
days a week, all that spring and summer. Together 
we launched the first scientific study of brown bears 
in Abruzzo National Park. I think each of us knew 
from that first early morning that the other had a 
similar love of natural environments, and a commit
ment to try to understand and protect them and one 
of their most challenging-to-maintain components, 
brown bears. 

Why did I so love wild nature? This is not a ques
tion I asked then, but a few years later. Not my 
mother, father, nor any close childhood friends 
shared this love, but I can look back on what I think 
was my earliest bonding with nature. I spent my 
childhood years in San Carlos, California, on the 
edge of San Francisco Bay. At that time, there were 
millions of shorebirds that wintered on the bay. On 
homemade wooden rafts or on foot I played in 
sloughs and was immersed in the myriad numbers 
of birds whose names I only learned later in univer
sity. I remember the sense of exploration, discovery, 
and absorption I felt as I pushed off on my make
shift raft, sometimes flushing a sky full of birds. 

In my 20s, during the turbulent 1960s in Berke
ley, California, I had an opportunity to revisit one 
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of the major San Francisco Bay marshes, Bay Farm 
Island, as a student in a zoology class. My connec
tion with the wintering shorebirds was quickly re
newed and expanded as I learned to recognize spe
cies and to understand the ecology and significance 
of the marsh as a wintering area. 

Within 2 years of my connection with this new 
marsh, however, it was gone. Drained dry, every bit 
of it. The emergent plants, the great flocks of shore
birds, and the owls that preyed on them were gone 
too. The entire marsh was drained for housing de
velopments. When I went home to San Carlos I 
found the same thing had happened to the marshes 
I loved as a child. A sea of houses replaced a bay of 
wild birds. 

Somehow related to those and similar experi
ences, my love of nature became part of my core and 
I started to work to protect what I loved. Yes, I had 
excellent training as a scientist in my Ph.D. program 
at Berkeley, but throughout my career I have sought 
to apply science in the context of trying to under
stand and maintain wild nature. 

Love of Wild Nature has been the Mainspring 
of Many Great Naturalists 

"Nature never did betray the heart that loved 
her," nor did William Wordsworth ever betray na
hlre. Wordsworth's ebullient, poetic celebrations of 
the beauty he found in nature led to his proposing 
in the 1820s that the government establish one of 
the world's first protected narural areas. "The au
thor has been induced to speak. .. by a wish to pre
serve the native beauty of this delightful district" 
(the Lakes District of northern England). 
Wordsworth perceived a " sort of national prop
erty, in which every man has a right and interest 
who has an eye to perceive and a heart to enjoy." 

No one who has read John Muir could doubt 
that it was his overflowing love of wild nature that 
made him such a successful conservationist. On the 
8th of May 1871, while camped in his beloved 
Yosemite, his diary reflected his heart: "Nature loves 
man, beetles, and birds with the same love. With her 
storms of snow, hail, volcanic fire, and lightning, she 
seems to scatter firebrands, arrows, and death 
among her creatures, and so she does, but they are 
scattered as the stars are scattered in the heavens, 
each in its place, singing together in faithful har
mony" (Wolfe 1938:66). 

To many people, Charles Darwin is the most hal-
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lowed scientist and naturalist, the person who first 
understood the evolutionary significance of species 
and the environments in which they evolved. Occa
sionally Darwin was so awed by nature that he re
corded his feelings. For example, when he first en
countered tropical forest near Rio de Janeiro he 
wrote, "wonder, astonishment & sublime devotion, 
fill & elevate the mind" (Wilson 1984:27). 

Nature and children are both part of a small list 
of things that inspire awe in adults. In the Namib 
Desert, one of the driest areas in the world, a highly 
improbable plant exists. Improbable because of its 
up to 2-meter spread in such an arid environment, 
and because it is sometimes found where few other 
plants exist. In 1859 or 60, when Austrian botanist 
Friedrich Welwitsch became the first scientist to dis
cover Welwitschia mirabilis in southern Angola, he is 
said to have fallen onto his knees, hardly daring to 
touch it. He recognized how unique it was. It be
longs to the cone bearing gymnosperms, but it also 
contains characteristics of the angiosperms. It is 
therefore considered to be a link between both {Cra
ven and Marais 1986). 

What is Wild Love? 

Love of nature is the integration of our emo
tional-inhlitive dimension with our rational-logical 
dimension into feelings, thoughts, and actions re
flecting our deep connection, wonder, respect, con
cern, and caring for nahlre. Love leads to long-term 
commitment. I doubt if divorce is possible. 

Erich Fromm {1956), in his classic work, The Art 
of Loving, says that love's basic elements are care, 
responsibility, respect, and knowledge. Love, as he 
understands it, is not something that is easily in
dulged in by anyone. It requires a mature, well-de
veloped person. It requires focus, courage, faith, and 
discipline. When love is applied to nature the re
wards can be enormous. "In the act of giving, I ex
perience my strength, my wealth, my power. Giv
ing means being rich" (Fromm 1956). 

Love of nature can also be a celebration of the 
abundance of nature, of its potential for all life, in
cluding people. Paul Shepard (1995) eloquently pre
sents the case that bears are one of the pinnacles of 
nature's abundance. When a bear presents itself to 
a hunter, the hunter is blessed with plenitude. So is 
a person who experiences a bear in a national park. 
The more one understands natural systems and 
what species like bears and wolves (Canis lupus) rep-



resent, the more one is emiched by the experience 
of such an animal in its natural environment. 

Wild Love and Biophllia 

In 1984, E. 0. Wilson hypothesized that people 
have "an innate tendency to focus on life and life
like processes." We have a natural affinity for things 
living-"biophilia." Wilson believes that we distin
guish life from the inanimate and move toward life 
"like moths to a porch light." (Wilson 1984:1). 

Wilson looked at the biological evolution of our 
species, nearly all of which took place in natural en
vironments over which people exerted little control. 
Certainly, our ancestors experienced a fabric of life, 
a living world that was substantially unaltered. In 
this context, he hYPothesized that biophilia evolved 
because it enhanced genetic fitness. Patterns that 
were incorporated into our genes during our evolu
tion, he believes, affect our feelings of awe versus 
aversion, peace versus fear. He grants that biophilia 
may exist simply as weak learning mles, but even 
this, he argues, is important. 

Wilson sees loss of biodiversity as the environ
mental problem, robbing us of environments in 
which we are genetically predisposed to be relaxed 
and inspired. For Wilson (l993): 

• Biodiversity is the creation (the source, 
the origin .. . ). 

• Other species are our kin. 
•The biodiversity of a country is part of its 

national heritage. 
• Biodiversity is the frontier of the future. 

Wilson is a leading scientist who dearly expresses 
his understanding and beliefs and their implications. 

Relevant to our conference theme of predators 
is the obvious but fundamentally important point 
that ecosystems that still maintain their full comple
ment of naturally evolved predators have most of 
their recently evolved biodiversity. Such complex 
systems should have tremendous potential for ex
pressing and developing biophilia. 

I hypothesize that biophilia can function as a pre
built genetic pathway leading to the development 
oflove for nature. This doesn't necessarily mean that 
people who live close to nature will love individual 
animals. Jared Diamond (1993), after working for 
more than 30 years in New Guinea and other south
west Pacific islands, concluded that there was little 
evidence of love or other "tender feelings for indi
vidual wild animals." However, love of individual 
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animals may simply be biophilia run amok in mod
em societies where immersion in wild nature is no 
longer a part of life, yet people are left with geneti
cally predisposed attractions to living things. The 
overly pampered poodle may represent as much of 
a genetically predisposed malady as does a song 
sparrow raising a cowbird's parasitic offspring. A 
broader look at the relationship between hunter-gath
erer peoples and wild animals better suggests dimen
sions of biophilia in this context. 

In functional hunter-gatherer societies people's 
relationship to wild living things may be indistin
guishable from their being. PeterSteinha1t (as quoted 
in Nabhan and St. Antoine 1993:239) expressed this 
oneness: "Animals are far more fundamental to our 
thinking than we supposed. They are not just a part 
of the fabric of thought: they are part of the loom." 
Karl Luckett also captures this oneness with a state
ment made to him by a Navajo elder (as quoted in 
Nelson 1993:204): "Animals are our food. They are 
our thoughts." Richard Nelson (1993:205) makes an 
eloquent case that, among indigenous peoples, vir
tually all aspects of culture and tradition emanate 
from the natural environment. "Among hunter-gath
erer peoples, the intricate weaving together of na
ture and culture is like the exchange between living 
cells and their surroundings." Many writers who love 
wild nature agree that by alienating ourselves from 
nature, we industrialized people "have created for 
ourselves a profound and imperiling loneliness" 
(Nelson 1993:223). 

Wild Love and Human Well Being 

A deep love of wild nature actively expressed 
can Jead to a richly rewarding, albeit constantly 
threatened, life. For those who find inspiration, 
beauty, and joy in nature have witnessed the dismem
berment of so many ecosystems-the source of their 
joy. The pain can be numbing, but it can also cata
lyze action. 

To love life, the community of both living and 
non-living things, is to extend yourself, to commit 
yourself to loving something that you do not own 
and cannot control. If you love your dog you can 
treasure it, sequester it, feed it steaks or bonbons
shelter jt from life's vicissitudes. But if you love wild 
nature and you extend yourself into wolf packs and 
grizzly bears, if your spirit travels across expansive 
wild.lands with the wolverine (Gula gulo), then your 
being shares their vulnerability. It is you, as well as 
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they, who lose a home to the developer's bulldozer, 
whose forest is flattened because "we have got to 
make a living." 

Recently, a new field called ecopsychology has 
evolved to attempt to understand our attitudes, feel
ings and actions toward nature. Among other things, 
some ecopsychologists see nature as a healer. "Na
ture tops the list of potent tranquilizers and stress 
reducers," said physician Patch Adams. With the 
study of ecopsychology and biophilia, I see evidence 
that science is trying to understand the roots of the 
human-induced biodiversity crisis. 

Joseph Sax (1980), in his book Mountains With
out Handrails, argues that national parks offer out
standing opportunities to develop our potential as 
human beings. To him, a national park is a symbol 
of nature's pace and power, and offers outstanding 
opportunities to get to know nature. According to 
Sax, when one chooses to set his or her own agenda 
in nature, profound feelings of satisfaction and a very 
positive state of well being can result. 

What is Wild Love? 

Though our understanding of wild nature and 
of the feelings of love it evokes is as yet incomplete, 
we still clearly have people that love wild nature. 
For those of you whose business it is to manage natu
ral systems, no doubt your jobs would be easier if 
more people loved wild nature. So how do we culti
vate wild love? How are biophiliacs made? 

The most obvious way to form a deep and pro
found bond between people and wild nature is to 
be raised as a hunter-gatherer, much like our ances
tors were-directly dependent on and daily im
mersed in nature. But we of the industrial/ teclmo
logical societies are not and cannot become indig
enous peoples. How then can we establish strong 
bonds with wild nature? How can we learn to love? 
David Orr (1993) suggests 8 steps that could lead 
individuals in this direction: 

1) The capacity for love begins early in life. 
Therefore, intimate exposure to nature should be
gin early and last through the formative years of 
childhood. According to Orr, at age 2 Jane Goodall 
slept with earthworms beneath her pillow. John 
Muir reveled in the wonderful wildness around his 
Wisconsin home. Ideally, nature is viewed as a 
friendly place filled with excitement, discovery and 
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adventure. 

2) A love of the wild requires easily accessible, 
safe places where it might take root and grow. For 
E.O. Wilson (as quoted in Orr 1993:428) it began 
during his youth by exploring "woods and swamps 
in a languorous mood ... (forming) the habit of qui
etude and concentration." But how many cities still 
offer such places for a young person to spend time 
in and learn to appreciate? 

3) The development of the capacity to bond to 
wild nature requires nurturing and continued stew
ardship on the part of parents, relatives, teachers, 
and other caring adults. And, in so doing, adults may 
reap the benefits of rediscovery of their own sense 
of wonder and love of wild nature. 

4) Love of the wild flourishes in coherent com
munities, places where the relationship between 
people and nature is already respectful, already 
nurturing. In other words, love begets love. 

5) Orr thinks that based on the work of theolo
gian James Nash, love has 6 ecological dimensions: 
beneficence (e.g., kindness to wild creatures), other
esteem (the rejection of the domination of nature), 
receptivity to nature (e.g., being capable of awe), 
humility (the understanding that there isn't neces
sarily a technofix for everything), knowledge of ecol
ogy and how nature works (e.g., Wilson argues that 
love of nature is greatly expanded through knowl
edge), and communion (the reconciliation or har
mony between humankind and nature). 

6) Love of nature cannot grow amidst poverty 
and other forms of human desperation. Nor can it 
easily grow in the cocooned withdrawal of the very 
rich. 

7) Orr (1993:429) cites Erich Fromm, whom I 
have already mentioned, as stating that love requires 
"discipline, concentration, and patience throughout 
every phase of life." Recognizing that we must daily 
take from the earth to support ourselves, love tells 
us to do this with as little impact as possible. 

8) Finally, Orr (1993:430) suggests that a mature 
love of nature requires something like m.etanoia
the transfom1ation of one's whole being. He sees this 



as constituting more than a paradigm shift (which 
we know is hard enough), but rather a deepening of 
our "loyalties and affections to life (which) in time 
alters the character of our entire civilization." 

Wild Love for Scientists and Managers of 
Environmental Reserves 

If you have read this far, you probably agree that 
love of nature is a topic worthy of scientific and hu
manistic study. Like most important but complex 
topics, scientists have avoided it, at least in their pro
fessional lives. 

I can share some personal experience. Prepar
ing this address has required me to examine the in
terrelationship between my feelings and my research 
regarding nature. At least for myself, the myth that 
science is value free has been rejected. The problems 
I choose to study and the methods I use are influ
enced by my love of nature. Once problem and meth
ods are chosen, then the traditional image of science 
as objective and capable of producing replicable re
sults is upheld. 

Science can be the means by which some people 
express their love for nature. Scientific method can 
be applied to an infinite number of questions. As 
applied to knowing and protecting wild nature, it 
can be an act of love. 

Extending the Boundaries of Our Ethics 

We need guideposts and mentors to lead us in a 
manner that protects the living things of planet earth. 
Aldo Leopold (1966) wrote and lived the bible of 
conservation, A Sand County Almanac. Leopold said 
that we abuse land (i.e., nature) because we regard 
it as a commodity belonging to us. "The land rela
tionship is still strictly economic, entailing privileges 
but not obligations .... When we see land as a com
munity to which we belong, we may begin to use it 
with love and respect.. .. That land is a community is 
the basic concept of ecology, but that land is to be 

, loved and respected is an extension of ethics." 
If we believe that only people count, then we 

are diminished. If we shirk our stewardship respon
sibilities, then we limit our understanding and our 
ability to be a supportive part of life on earth. We, 
instead, choose to exploit nature for individual, 
short-term gain. The conservation ethic is evolving, 
and it is exciting and deeply rewarding to partici-

21 

~ W[ld Love, Herrer9 

pate in this evolution of actions that emanate from 
respect and love of nature. What actions are appro
priate toward other living entities? That is the ethi
cal question. Do we have the right to extirpate an 
estimated 50,000 species a year (Wilson 1993)? Even 
if we have the right, can this rate of removal possi
bly be in humankind's best interests? "We must look 
at the very roots of our motivation and understand, 
why, in what circumstances, and on which occasions, 
we cherish and protect life. The elements from which 
a deep conservation ethic might be constructed in- . 
elude the impulses and biased forms of learning 
loosely classified as biophilia" (Wilson 1993). 

We have options. We can become, and perhaps 
we already are, some of the developed world's lead
ers in terms of trying to live with nature and trying 
to restore some of what we have dismembered. We 
can act on our love of nature. Restoring wolves in 
Yellowstone then becomes not just an act of science
based ecosystem restoration, but rather an act of love 
for the wild. 
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Abstract 

The threatened Yellowstone grizzly bear (Ursus arctos) represents a bellwether popu
lation for many other endangered species of predators. The successful long-term con
servation of this population requires 2 crucial pieces of information: managers need to 
know the number of grizzly bears in the ecosystem and they need an accurate assess
ment of the population trend over time. They also need to ensure that the population 
does not suffer from a loss of genetic diversity. Our project is designed to apply the 
techniques of molecular genetics to aid the conservation of grizzly bears in the 
Yellowstone Ecosystem. The primary aims of the project are to assess the degree of 
genetic diversity of the Yellowstone population and to use molecular techniques to 
develop a non-invasive system to accurately monitor the number of grizzly bears in the 
ecosystem. In this paper, we place the project in an evolutionary context by reviewing 
recent data on the genetic relationship between Yellowstone grizzly bears and other 
North American brown bears (Ursus arctos ). We then outline some of the directions that 
we expect this project will take as we apply molecular technology to practical problems 
in the field. Overall, we anticipate that the techniques developed by this project will 
not only aid the long term survival of the Yellowstone grizzly bear population, but will 
also be applicable to the conservation of other threatened species. 

Introduction 

Recent advances in molecular genetics have pro
vided new techniques that have revolutionized a 
number of areas in evolutionary biology, such as 
phylogeography, forensics, population genetics, and 
demographics (Avise et al. 1987, Avise 1989, Jeffreys 
and Morton 1987, Jeffrey et al. 1986). As all of these 
areas are fundamental to conservation biology, the 
application of molecular techniques to study threat
ened and endangered populations will help put con
servation biology on a firmer scientific footing (Cohn 

1990). With a primary interest in the conservation of 
the Yellowstone grizzly bear (Ursus arctos ), we have 
begun to explore how these techniques might be 
applied to enhance management of this threatened 
species. The development of specific molecular strat
egies, and their successful application to the 
Yellowstone situation, is likely to provide some in
structive data for developing molecular protocols to 
aid the conservation of other threatened species. 
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Background 

The brown bear is the most widely distributed 
of bear species in the world, occurring from north
ern arctic tundra to dry desert habitats in Europe, 
Asia, and North America. Since the mid-1800s its 
range has been significantly reduced worldwide, 
primarily by human occupation or alteration of its 
habitat and coincident with the advent of modern 
firearms (Servheen 1989). 

The brown bear in North America is commonly 
referred to as the grizzly bear and once occupied 
most of western North America from the Arctic down 
to the central highlands of Mexico (Trevino and 
Jonkel 1986) (Figure 1). In the early 1800s an esti
mated 50,000 to 100,000 grizzly bears were found 
west of the Mississippi River in the area that would 
soon become the United States. Increased human 
encroachment that began in the mid to late 1800s 
severely reduced the available habitat and, along 
with the direct killing of bears, led to a rapid decline 
in the grizzly population. By the early 1900s only 
small, scattered populations remained (Figure 2) 
(Merriam 1922), and most of these became extinct 
within the following 2 decades (Brown 1985). 

In 1975 the U.S. Fish and Wildlife Service listed 
the grizzly as a threatened species in the lower 48 

Figure 1: Historical distribution of brown bears in North America 

Figure 2: Distribution of brown bears in the United States, circa 
1922. 
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states where it was estimated that less than 1,000 
bears remained. Six ecosystems were identified for 
recovery with 4 of these containing grizzly popula
tions contiguous with Canadian populations: the 
Cascade, Selkirk, Cabinet-Yaak, and Northern Con
tinental Divide Ecosystems (Figure 3). The Selway
Bitterroot Ecosystem had no verifiable grizzly bears 
at that time, but was selected for recovery because 
its habitat was considered suitable to sustain a vi
able grizzly population. 

Be.cause of human encroachment and subse
quent development, the grizzly population in the 
Greater Yellowstone Ecosystem (GYE) represents a 
biogeographic island population. As a result, it has 
probably been genetically isolated from other popu
lations for more than 50 years. To reverse the poten
tial loss of genetic diversity, the U.S. Fish and Wild
life Service (1993) currently recommends the intro
duction of grizzly bears from another ecosystem pe
riodically. 

Small wildlife populations are at risk of losing 
genetic diversity through a variety of mechanisms, 
including inbreeding and genetic drift (Frankel and 
Soule 1981, Schonewald-Cox et aL 1983, Shaffer 1983). 
These factors potentially affect the Yellowstone griz
zly population. However, the exact size of this popu
lation has never been known, and an accurate scien-
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Figure 3: Distribution of brown bears in the United Stales, circa 
1975. 

tific method to determine it has remained elusive. 
The Yellowstone grizzly population was reported to 
be about 230 bears during the 1960s, based on counts 
of individual bears feeding at the Park's open-pit 
garbage dumps (Craighead et al. 1974, National 
Academy of Science 1974). Estimates ofthe minimum 
grizzly population during the early 1990s has var
ied from 200 to 250 bears based on the observations 
of unduplicated females with young (R.R. Knight, 
pers. cornmun. 1995). Although the exact number of 
bears in this ecosystem is unknown, it is probably 
less than 400. Another concern with this 
biogeographical.ly isolated and relatively small popu
lation is the possible loss of genetic diversity due to 
a population bottleneck of unknown magnitude that 
occurred during the early 1970s. A significant por
tion of the Yellowstone grizzly population had fed 
at the Park's open-pit garbage dumps beginning in 
the late 1880s (Schullery 1986). When the garbage 
dumps were phased out during the late 1960s, bears 
were forced back to natural forage for survival. Some 
sought out foods in human developments and many 
were subsequently killed. From 1970 through 1972 a 
total of 137 grizzly bears were known to have been 
removed from the Yellowstone ecosystem (Craighead 
et al. 1988). 

The small population sizes that tend to charac
terize the majority of endangered species can lead to 
a number of long-term problems, of which the most 
critical is the ultimate reduction of genetic diversity. 
In the field of conservation biology there is increas
ing recognition of the potential importance of mea
suring genetic diversity as an effective aid in man
aging populations of endangered species. In a very 
real sense, the degree of genetic diversity found in 

an endangered population is an important indica
tion of its "evolutionary health." 

Significant reductions in the levels of genetic di
versity not only imply that the population has passed 
through a demographic bottleneck, but also indicates 
an increased probability of inbreeding with an at
tendant decline in fertility. Reduction of heterozy
gosity also increased the potential susceptibility of 
the entire population to decimation by epizootic 
pathogens, and similar environmental insults, as 
appears true for the cheetah (Acinonyx jubatus) 
(O'Brien et al. 1985). For this reason, when carrying 
out captive breeding for species with reduced diver
sity, such as the Speke's gazelle (Gazella spekei), spe
cially designed mating schemes are used to ensure 
that the negative effects of inbreeding depression are 
minimized (Templeton and Read 1984). 

Because of these general principles it is usually 
. presumed that reduced levels of genetic diversity in 

natural populations of endangered species represent 
a warning signal and indicate that special measures 
should be taken to enhance (augment} levels of ge
netic diversity, such as importing individuals from 
geographically distinct populations. However, evalu
ating genetic diversity in natural populations and de
termining the long-term implications of apparent 
reductions in genetic diversity are far from simple. 
Importing an animal from a different population may 
actually have a detrimental impact on the threatened 
population by breaking down adaptive gene com
plexes that developed over thousands of years in re
sponse to local environmental pressures. Therefore, 
it is vital that observed levels of genetic diversity, as 
well as specific gene types, are interpreted in the con
text of the evolutionary histo1y of that population 
and the ecological niche in which it has evolved. 

Objectives For Consel'.vatlon Biology 

From a genetic standpoint there are 3 basic kinds 
of information that need to be determined before 
conservation and management can be put into proper 
evolutionary perspective. We stress that since the 
evolutionary history of each species is unique, these 
data cannot be guessed at but must be defined in 
terms of properly collected scientific data. Molecu
lar biology provides the tools to collect this informa
tion in a relatively non-invasive manner, and yet still 
have sufficient data to develop an adequate manage
ment strategy. 
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1. Identify genetic subpopulations (breeding iso
lates). 

Virtually no species exists as a single panmictic 
population. Instead, species tend to be composed of 
a series of local populations, each tending to have a 
unique genetic profile that reflects evolutionary ad
aptations to local environmental conditions. Since 
this local genetic diversity (genetic micro
differentiation) is an important component of over
all species diversity, it becomes important to iden
tify local populations that are genetically distinct. Ge
netically distinct populations may need preservation 
in their own right, while genetic adaptations that 
characterize a local population may preclude the 
ability to transfer an individual from that local popu
lation to another. 

Characterizing the existence of local breeding 
isolates requires the development of representative 
genetic markers that are sufficiently diverse to yield 
accurate estimates of genetic relationships within and 
between populations. 

2. Define overall levels of genetic diversity. 

Maintenance of adequate levels of genetic diver
sity is vital to the long-term survival of any popula
tion. Lacking genetic diversity, populations will have 
a diminished ability to respond to environmental 
change and are particularly likely to be susceptible 
to the inroads of infectious agents. Maintaining al
lelic diversity at a number of genetic loci helps en
sure development homeostasis to buffer the popu
lation against the impact of environmental degrada
tion. Allelic diversity also has a significant effect on 
the population's ability to survive infectious agents 
and parasites. 

Populations that are monomorphic for immune 
response alleles have diminished capacity to respond 
to virulent pathogens, as exemplified by the ability 
of a single epizootic to virtually wipe out the 
Ngorongoro population of Serengeti lions (Panthera 
leo) (Packer et al. 1991 }. 

The problem is exacerbated for most endangered 
species because the demographic changes that re
sulted in their diminished population size are fre
quently associated with marked loss of genetic di
versity. Further, without adequate genetic manage
ment strategies, the process of genetic drift means 
that the reduced population size characterizing en
dangered species will inevitably lead to a more ex-
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tensive and a more rapid loss of genetic diversity 
than would occur with larger populations. In order 
to assess the magnitude of the problem, comprehen
sive genetic surveys of endangered species are re
quired. These surveys should be based on a repre
sentative set of genetic markers so that a realistic es
timate can be gained of the amount of genomic di
versity at the level of the entire population. These 
data can then be used to increase the long-term ef
fectiveness of management strategies. 

3. Identify genetically distinct individuals within 
populations. 

Ultimately, successful management practices for 
endangered populations must be defined in terms 
of the individual organism. This requires knowledge 
of the distribution of ecological ranges of individu
als and an assessment of how breeding patterns vary 
as a function of population size, population density, 
and existence of sub-groups within the primary 
population. Other sociological factors, such as breed
ing behavior, also come into play for many species 
of animals. Lastly, detailed life histories, in terms of 
fertility and survivorship, need to be defined for as 
many individuals as possible. Only by acquiring such 
knowledge will it be possible to develop effective 
management strategies that take account of the re
productive success of individuals, in conjunction 
with their ability to utilize portions of the ecosys
tem, and also to monitor the buildup of genetic kin
ship and mating between related individuals. While 
a variety of methods such as visual ear tags and ra
dio-telemetry have been used to identify individu
als, the accurate definition of reproductive success 
(or failure} requires genetic identification of individu
als (Morin et al. 1994). 

Molecular Techniques Applied 
To Conservation Biology 

While a variety of genetic techniques are avail
able to address the above biological issues, there is 
usually a need to carry out the assays as non
invasively as possible. Although direct sampling of 
individual animals is not always ruled out, there is 
also a need to obtain samples indirectly. In the case 
of mammals, this can most effectively be accom
plished by sampling hair or scat. With the advent of 
the polymerase chain reaction (PCR), it has become 
possible to amplify polymorphic nuclear markers 
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from single hairs (von Beroldingen et al. 1989) and 
from scat (Hoss et al. 1992). This strategy has been 
successfully used to define the biological relation
ships between chimpanzees (Pan troglodytes) in the 
Gombe reserve by sampling hairs from individual 
nests (Morin et al. 1994). It has also been used in a 
more limited manner to assess the distribution of 
endangered European brown bears (Taberlet and 
Bouvet 1994, Kohn et al. 1995). Hence, the utiliza
tion of PCR offers the promise of successfully carry
ing out an intensive genetic survey of Yellowstone 
grizzly bears and using this information to enhance 
the management of this population. However, there 
is still the issue of what sort of genetic markers should 
be developed for this strategy. 

At present, there are 3 main types of genetic di
versity that are amenable to amplification by PCR. 
Each type has distinct advantages and disadvan
tages. In general, a well-rounded program will uti
lize data from 2 or more distinct types of genetic di
versity because a single type may lead to biased 
conclusions. Below is a brief summary of the 3 types 
of genetic markers. 

1. Mitochondrial DNA (mtDNA) variability. 

By virtue of the fact that there are many copies 
of mtD NA in every single cell (as opposed to a single 
copy of nuclear DNA), mtDNA is most highly suited 
for PCR amplification. Also, because it is inherited 
only through the maternal line, it is most ideally 
suited for construction of molecular phylogenies. It 
mutates (evolves) rapidly because it lacks error-de
tection and repair mechanisms. Another favorable 
characteristic of mtDNA is what is referred to as a 
built-in molecular clock (Avise et al. 1987). Each re
gion of the mtDNA molecule evolves at different 
rates creating multiple levels of resolution. There
fore, when comparing mtDNA between bears, dif
ferences in the nucleotide sequences in regions that 
evolve more rapidly yield better information about 
recent evolutionary events, while differences in the 
nucleotide sequences in regions that evolve slowly 
yield better information about ancient events. 

Hence, mtDNA sequence analysis can identify 
evolutionary clades within populations, and this in 
turn can be used to obtain a perspective of evolu
tionary affiliations between populations that stretch 
back hundreds, if not thousands of years. MtDNA 
can also be used to give perspective on the distribu
tion of maternal lineages over broad geographic ar-

eas, and can be used to define maternal affiliation 
within and between populations. Even with the high 
resolution afforded by sequence analysis, mtDNA 
lineages contain insufficient variability to be used for 
individual identification within brown bear popula
tions 

2. l\1inisatellites. 

These highly variable loci are well suited for de
fining individual affinities within populations (hence 
their use in forensic science). However, because rela
tively long stretches of nuclear DNA (nDNA) are re
quired to properly characterize allelic variability at 
these loci, they are less suitable for PCR strategies. 
This is particularly true for attempts to amplify 
nDNA from scat, and similar materials, where the 
DNA is likely to be degraded and hence present only 
in small fragments. Apart from this single but im
portant caveat, minisatellites have potential prom
ise for bear conservation genetics, and at some stage 
efforts should be made to develop these markers in 
brown bears. Once minisatellite markers have been 
developed, the opportunity exists to develop the 
"minisatellite fingerprinting" strategy, first devel
oped in 1985 Oeffreys et al. 1985). This strategy has 
the potential to allow unambiguous identification of 
individual bears from a single locus, provided the 
problem of PCR amplification can be overcome. 

3. Microsatellites. 

From our point of view, microsatellites represent 
the most logical type of genetic marker to develop. 
Microsatellites are highly polymorphic, simple repeat 
sequences of nDNA that are ubiquitous in mamma
lian genomes (Tauz 1989, Stallings et al. 1991). 
Microsatellites reflect genetic diversity because they 
are evenly dispersed throughout the genome, occur
ring approximately every 500 kb (Weber 1990). Each 
microsatellite provides an independent assessment 
of genetic variation so examination of multiple loci 
increases the accuracy of genetic variation estimates. 
And because of their molecular structure, 
microsatellites are technically easier to study, mak
ing the costs of developing assays more economical. 
Their small size makes them ideally suited for PCR 
amplification (Weber and May 1989), which is essen
tial in analyzing small amounts of tissues with de
graded nDNA. Microsatellites have been used to 
identify genetic diversity of a variety of mammalian 
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species, including pilot whales (Globicephala melas, 
Delphinidae) (Amos et al 1993), chimpanzees (Morin 
et al. 1994), black bears (Ursus americanus) (Paetkau 
and Strobeck 1994), and ants (Myrmica taboensis) 
(Evans 1994). 

The rapid mutation rate of microsatellite loci re
sults in a high degree of allelic variability, which 
makes them ideal for assessing population affinities 
over short time depths (a few tens of generations). 
While a single locus is insufficient to specify indi
vidual identity, a series of about 30 independent 
microsatellite loci should give ample precision 
(Bowcok et al. 1994). Once developed, this strategy 
can be used to assess the distribution of genetically 
identified individuals (Quellar et al. 1993) and re
construct pedigrees within the Yellowstone popula
tion, and hence assess the breeding success and sub
sequent dispersal of selected individuals. The ulti
mate application of this technology is to develop a 
method to accurately and non-invasively determine 
the number of bears in a population. 

A Phylogenetic Perspective Of 
Grizzly Bears 

To determine the phylogenetic makeup of extant 

bears, 6 regions of mtDNA from 2 unrelated indi
viduals from each of the 8 bear species was se
quenced. To maximize information at the root and 
tips of the bear tree respectively, 480 nucleotides (nt) 
were sequenced from the slowly evolving 16s rRNA 
gene and 260 nt of the rapidly evolving control re
gion (D-loop). Parts of 4 genes with intermediate 
rates of evolution were also sequenced: NADH de
hydrogenase subunit 5 (243 nt), NADH dehydroge
nase subunit 4 (223 nt), cytochrome B (257 nt), and 
cytochrome oxidase II ( 453 nt ). A consensus tree rep
resenting the phylogeny with the highest likelihood 
and the maximum parsimony was determined. 

To examine the phylogeographic distribution of 
brown bears, 319 brown bears (127 from Europe, 9 
from Asia, 183 from N orthAmerica) and 4 polar bears 
(from different regions of their circumpolar distri
bution) were sampled comparing the mtDNA se
quences from the 2 most variable genes, the control 
region (D-loop) and the cytochrome B gene. 

To determine the distribution of maternal lin
eages in North America, 266 brown bears were 
sampled from 9 regions: 5 from Alaska, 1 from north
ern Canada, 1 from southern Canada, and 2 from the 
lower 48 states. The highly variable control region 
was analyzed to determine unique maternal lines. A 

Figure 4: Evolution of current bears based upon recent molecular DNA analysis (Waits and Ward, 1995}. 
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maternal line was defined as unique when there was 
at least a single nucleotide difference from previously 
sampled bears. 

Interspecific Phylogeny: 
The Evolutionary History of Bears 

The combined data set of 1,916 nucleotide se
quences from 6 regions of mtDNAmolecule was used 
to construct the evolutionary relationship among 
bears (molecular phylogenies) as shown in Figure 4 
(Ward and Waits 1995). The group of sea carnivores 
called the pinnapeds, which includes sea lions, wal
ruses, and seals, where found to be the closest living 
relative to the bear family. This finding was con
firmed independently by another group of molecu
lar researches who compared the mtDNA among 
several mammalian families (Vrana et al. 1994). 

The panda bear (Ailuropoda melanolena) is the old
est living bear species and first emerged about 9 mil
lion years ago (MYA). The spectacled bear (Tremarctos 
arnatus) was the next species, with its divergence 
from the panda bear line about 6 MYA. The sloth 
bear (Ursus ursinus) diverged next, about 4.5 MYA 
followed by the occurrence of 3 species about 4 MYA, 
the American black bear (Ursus americanus), the sun 
bear (Ursus malayanus), and the asiatic black bear 

(Ursus thibetanus). The brown bear (Ursus arctos) lin
eage occurred about 1.5 MYA with the appearance 
of the polar bears (Ursus maritimus) radiating from 
within the brown bear line about 0.7 MYA. 

Intraspecific Phylogeny: The Evolutionary 
Relationship of Brown/Polar Bears 

The close relationship between brown bears and 
polar bears was determined by comparing the 
rntDNA from more than 300 brown bears from 
around the world and 4 polar bears from different 
parts of their range (Watts et al. 1995). There are at 
least 4 major evolutionary groups ( clades) of brown/ 
polar bears, with 3 migrations into North America 
(Figure 5). The oldest group is currently found in 
western Europe and dates back to about 1.1 MYA. 

The second brown bear group occurred about 
0.9 MYA with descendants now living on the Admi
ralty, Baranof, and Chichigof (ABC) islands of Alaska. 
The polar bear emerged from this brown bear group 
about 0.7 MYA. 

The third and fourth major brown bear groups 
emerged about the same time around 0.5 MYA. One 
of these groups led to current brown bears in north
ern Europe, Asia, and Alaska, including the brown 
bears on Kodiak Island, commonly referred to as 

Table 1: Distribution of unique maternal lines identified in North American brown bears. 

MATERNAL LINES (n) 

POPULATION (N) a b c d e f g h i j k I m n 0 p 

ANWR 14 g 5 

Seward Penn. 17 17 

Kodiak Island 73 73 

Katmai 21 2 19 

Kluane 14 1 2 6 3 1 1 

Ban ff 40 1 39 

NCDE 36 17 3 3 12 1 

Yellowstone 46 42 4 
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Kodiak bears. The fourth brown bear group led to 
the brown bears now living in southern Canada and 
the states of Wyoming and Montana. 

This high resolution of brown bear phylogeny 
reveals several interesting things. First is that the 
brown bears of the ABC islands are more closely re
lated to the polar bear than they are to any brown 
bears in the world. The second is that the brown bears 
in Alaska are more closely related to the brown bears 
in Europe and Asia than they are to the brown bears 
in the lower United States. This research indicates 
that the grizzly bears in the lower 48 states have ge
netically separated from brown bears in Alaska for 
about 500,000 years, although this separation obvi
ously took place long before each group migrated 
into North America. In other words the grizzly bears 
in the lower 48 states represent a unique subpopula
tion of brown/ grizzly bears. This unique genetic 
makeup represents their response (adaptions) to dif
ferent ecological conditions for several thousands of 
years 

Forensic Applications 

A technique for unambiguous genetic identifi
cation of bear species by unique mtDNA nucleotide 
sequences has been developed (Waits and Ward 

1995). Each of the 8 bear species contain unique se
quences that can be used to differentiate it from other 
species. Because this technique involves small por
tions of the mtONA molecule, this test can be used 
to evaluate small portions of degraded DNA from a 
variety of bear tissues. 

Phylogeography: the Location of 
Distinct Genetic Subpopulations 

MtDNA analysis clarified the distribution of 
maternal lines over broad geographic areas and de
fined maternal affiliations within and between popu
lations. A total of 261 bears were sampled from 8 
geographic regions from Alaska down to the lower 
48 states. Sixteen unique maternal lines were identi
fied and distributed as shown in Table 1. Kluane 
National Park was the most diverse with 6 different 
maternal lines, followed by 5 in the Northern Conti
nental Divide Ecosystem (NCDE), 2 in Katmai Na
tional Park, the Arctic National Wildlife Refuge 
(ANWR), and the Yellowstone Ecosystem, and only 
1 maternal line was found in the bears sampled from 
Kodiak Island and the Seward Peninsula. 

Kluane and Katmai National Parks contained 
maternal lines unique to their regions but a signifi-

Figure 5. Evolution of brown/polar bear genetic groups and their current dlstrubtion (Waits and Ward, 1995). 
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cant amount of overlap occurred among the other 
regions sampled. Kodiak lsland and the Seward Pen
insula each contained the same maternal line that 
was also found in 36% of the bears sampled in 
ANWR. Even more overlap occurred among the 
southern most regions sampled. The most common 
maternal line found in the Banff Ecosystem (97.5%) 
was also the most common one found in the 
Yellowstone Ecosystem (91.3% ), but this maternal 
line was only found in 8.3% of the bears sampled 
from the NCDE. The most common maternal line 
found in the NCDE (47.2%) was also found in the 
Banff Ecosystem, but only represented 2.5% of the 
bears sampled. 

Genetic Variation in Yellowstone 

In the first phase of this study, we used DNA 
extracted from whole blood. The age, sex, geographic 
origin, and bear species was recorded for each blood 
sample collected. DNA was extracted, catalogued, 
and stored. A complete description of the molecular 
techniques and protocols involved has been reported 
(Ward and Waits 1995, Waits et al. 1995, Waits et al. 
1995, Wooding and Ward 1995). 

We have begun to assess the distribution of 
microsatellite variability in various populations of 
brown bears. At this stage the only loci available are 
8 microsatellites developed from a black bear ge
nomic library Although these loci may not be as fully 
informative as loci developed from a grizzly bear 
genomic library, they provide an assessment of the 
degree of variability to be expected in grizzly bear 
populations. 

The most diverse grizzly bear population sur
veyed with these black bear loci are those of the 
Brooks Range and the Richardson Mountains of 
Alaska (Waits et al. 1995). These populations have 
an average of 7.5 alleles per locus, and an overall 
heterozygosity of 74% at these 8 loci. By contrast the 
Northern Continental Divide population exhibits 6.7 
alleles per locus with 69% heterozygosity, while the 
47 Yellowstone bears exhibit 4.38 alleles per locus 
with a heterozygosity of 55%. The Kodiak popula
tion has the least variability of all, with only 2 alleles 
per locus and a heterozygosity of 26%. These figures 
contrast with data from black bear populations that 
tend to show 8.5 alleles per locus and a hetetozy
gosity in excess of 80%. 

Current Research 

Molecular Techniques 

These preliminary data indicate the feasibility 
of using microsatellites for individual identification 
within the Yellowstone population, but suggest that 
around 30 loci need to be developed to give unam
biguous identification, especially since it will be nec
essary to distinguish between related individuals as 
opposed to randomly selected individuals. Devel
oping 30 loci will also give a fail safe margin for 
analysis of scat samples, where a certain degree of 
random amplification failure is expected, resulting 
in increased numbers of "null" alleles (Callen et al. 
1993). We also feel that these loci should be devel
oped from a brown bear genomic library to maxi
mize the degree of variability that will be contained 
within each locus. Part of the higher variability in 
black bears compared to brown bears is likely to be 
attributable to the fact that the 8 loci used were all 
developed from a black bear genomic library. 

A genomic library will be made from DNA 
which was extracted from a portion of a grizzly 
bear liver collected from the Yellowstone popula
tion. Once the library has been created, clones will 
be plated out and screened for the presence of 
potential microsatellites by a variety of probes. All 
possible dimers will be probed using individual 
12-mer oligonucleotide probes, as will the 8 most 
likely tetramers (chosen on the basis of their abun
dance in the human genome). We anticipate that 
upwards of 200,000 clones will have to be screened 
by all 16 oligonucleotides in order to obtain the 
30 loci we desire. 

Clones that give unambiguous positive results 
will be cultured, and each strand of the insert se
quenced with standard primers. All inserts found to 
contain a microsatellite sequence with a minimum 
of 8 repeats (to maximize the possibility of 
polymorphork locus) wm be considered to be a po
tential polymorphic marker, and flanking primers 
will be synthesized to enable PCR amplification of 
the repeated region. Once primers have been devel
oped for an insert, DNA from a pool of 10 randomly 
chosen Yellowstone bears will be amplified and the 
distribution of alleles scored in terms of band size 
and intensity. Loci that give a minimum of 4 alleles 
in this initial screen will be retained for further analy-
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sis, while less informative loci will be discarded. 
Following this strategy, we expect to obtain 30 highly 
informative microsatellite loci, of which we antici
pate 10 will be tetranucleotide repeats, and the re
maining 20 will be dinucleotide repeats. The flank
ing sequence data for these loci will be deposited in 
the GOB international computerized data base for 
access by other researchers. The Yellowstone Griz
zly Foundation will distribute these primers to all 
bear researchers free of charge. 

Once the 30 loci have been developed, we will 
screen all Yellowstone samples in our possession, 
with a special emphasis on bears for which the fa
milial relationship is known. Screening related indi
viduals, such as mother-cub pairs, represents an in
dependent assessment of the validity of the genetic 
variability that we have developed. Once all samples 
have been genotyped, we will attempt to determine 
the probability of identifying in di vid uals in terms of 
the level of discrimination of each locus. The maxi
mally informative loci for the sample will be used 
for the next phase of the study, which is based on 
obtaining genetic profiles from scat or hair roots. 

In addition to determining which loci are re
quired for individual identification, we will use the 
combined data on all loci to estimate the degree of 
genetic diversity within the Yellowstone population 
and assess whether distinct subpopulations exist 
within the Yellowstone ecosystem. These data will 
also provide important information about the mag
nitude of the reduction of genetic diversity that has 
occurred as a consequence of the reduced size of this 
population. 

The greatest challenge in obtaining reliable data 
from scat and hair roots is in obtaining adequate 
amounts of high molecular weight DNA. Hence, we 
will experiment with a number of extraction proto
cols, especially those developed by Hoss et al. (1992), 
in order to define a protocol that will maximize yield 
without sacrificing quality. We will then adjust PCR 
protocols (Innis and Gelfand 1990) so that the effect 
of primer mispairing and primer dimerization is 
minimized (Chou et al. 1992). Initially we wilt work 
with hair specimens, ideally from a bear that has al
ready been typed. Each individual locus will then 
be amplified in order to gain a perspective about the 
probability of "mis-amplification" and whether this 
problem is randomly distributed with respect to in
dividual loci. 

Once an informative and efficient set of proto
cols have been developed, we will begin to assay hair 
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roots collected in the field Our initial focus will be 
on developing a genetic census for bears ascertained 
through a hair collection study such as described 
below. A primary focus will be on the group of bears 
that have been observed to prey on moths in alpine 
habitats during the summer, since it is currently un
known whether they form a distinct sub-population. 
As the knowledge base increases and more bears be
come genotyped by this non-invasive procedure, we 
envisage ultimately starting to define a genealogy 
for the entire Yellowstone population. 

Non-Invasive Collection of Genetic Material: 
A Hair Sample Strategy 

The most significant challenge once the 
microsatellites have been developed Js to collect DNA 
non-invasively from as many grizzly bears as pos
sible. Collecting bear scat is the most readily avail
able source of DNA, but the techniques to extract 
DNA from scat are currently difficult and time con
suming, making its application prohibitively expen
sive as a routine procedure. 

Consequently, our initial focus will be on a sys
tem to collect grizzly bear hair. Our preliminary field 
studies indicate barbed wire is very effective for this 
purpose. We constmcted a triangular corral with a 
single strand of barbed wire about 2 feet frorn the 
ground wrapped around 3 trees. The objective was 
to attract bears into the corral where, in the process, 
hair was extracted from their backs by the barbs 
when they walked under the wire. 

Not surprisingly, we found that a carcass was 
the most efficient attractant. An average of about 20 
hair samples were collected each day the carcass was 
being consumed. 

Since the carcasses are not always available, ei
ther in time or location, we needed to develop simple, 
inexpensive methods that could be used in selected, 
remote locations to attract bears into a hair-trap cor
ral. The most successful method to date was to sus
pend a scent bag containing fish oil out of reach above 
the corral and painting the fish oil on the base of a 
tree within a corral. Other attractants, such as blood 
bait and turpentine, will be tried in the future. 

Based upon these preliminary experiments to 
capture hair, we will attempt to collect hair from as 
many different bears as possible within a subunit of 
the ecosystem, such as a large valley or a single river 
drainage. We will then design a hair-trap system in 
an attempt to sample all bears within the ecosystem. 

- - - - - - - --- -



Molecular Genetics to Enhance Grizzly Bear Survival, French et al. 

Future Research Projects 

Historic Genetic Profile 

Human intrusions and developments around the 
Yellowstone Ecosystem during the past 150 years 
have decreased both the numbers and distribution 
of bears in this area. Did this also decrease the ge
netic stock in this population? What was the level of 
genetic diversity and what maternal lines existed 
prior to the expansion of western civilization? These 
questions can be answered by genetic analysis of 
museum specimens since DNA can be retrieved from 
dental pulp from teeth in skulls and the hair roots of 
pelts. 

If these studies indicate there is a need to geneti
cally augment the Yellowstone grizzly population to 
historic levels to ensure long term viability, then the 
same teclmiques can be used to define the genetic 
makeup of the bear to be used for augmentation in 
terms of its potential genetic contribution to the 
population, and where such a bear is likely to be 
found. The same technology can also monitor the ef
fectiveness of a genetic augmentation program 

Historic Genetic Subpopulations 

It is commonly assumed that grizzly bears were 
parunictic prior to the westward settlement of Euro
Americans. As this study has already demonstrated, 
we know that this assumption for brown bears in 
North America is wrong, particularly between brown 
bears in Alaska compared to those in the lower 48 
states. But were there distinct subpopulations of griz
zly bears that were genetically isolated 100 years ago 
in the lower 48 states? In other words, did habitat 
and topography serve to isolate bears into geneti
cally distinct units? Was the California golden bear, 
the Plains grizzly, or the grizzly of the southwest ge
netically distinct? Again, by analyzing museum speci
mens we can address these questions. 

Conclusions 

This study demonstrates that a comprehensive 
project using a variety of molecular DNA techniques 
provides information vital to the conservation of 
small populations of grizzly bears, and that these 
same techniques can be applied to other small popu
lations of wild animals. In all likelihood, more ad-

vanced molecular techniques will be developed in 
the future that will further add to our effort to con
serve wildlife populations. Therefore, DNA samples 
should be cataloged and stored appropriately for fu
ture use. 
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M y charge is to provide an overview of this 
conference on predators in the Greater 
Yellowstone Ecosystem (GYE). I have no 

intention of reiterating key points made by various 
authors during the course of the meeting. The inter
ested reader can quickly skim the contributions of 
this volume. Instead, I will use this forum to sug
gest why I believe we are having this conference. 
While listening to the 2 full days of papers on preda
tors, I found it easy to lose perspective and to be
come engrossed in the fascinating details of natural 
history. About halfway through the conference, I 
challenged myself to think how this meeting differed 
fundamentally from a garden club meeting. If one 
steps back to view the big picture, the reason for 
this meeting is obviously much more than natural 
history. Indeed, "Greater Yellowstone's Predators" 
strikes at the very core of what Yellowstone is all 
about. 

Yellowstone is about preserving nature. This 
was the spirit of the original legislation that estab
lished Yellowstone National Park (YNP) as our first 
national park in 1872. And it has pervaded the spirit 
of national park management philosophy since then, 
even though the particulars of how to accomplish 
the preservation of nature have varied (e.g., 
Pritchard this volume). In the context of modern 
views on ecosystem management, I believe that pre
serving nature entails the preservation of ecological 
processes. Such ecological-process management has 
"the objective to allow ecological processes of nu
trient cycling, plant succession, fire, decomposition, 

competition, predation, symbiosis, birth, and death 
to operate unimpeded by human intervention" 
(Boyce 1991:190). 

We seek to preserve nature because we believe 
that nature has value. Wagner (1996) argues that na
ture does not have intrinsic value (contra Callicott 
1989), but that values emerge from society. While 
Wagner's arguments appear logical, I believe that a 
large contingent of modern society recognizes value 
in maintaining areas like Yellowstone, where human 
influences are minimized and where natural ecologi
cal processes are allowed to run their course. This 
societal value attached to wildness carries over to 
benefit science because we need ecological baseline 
preserves with which to compare other areas domi
nated by human influences (Sinclair 1983). Granted, 
we do not know how to avoid all human influences 
such as exotic species, atmospheric changes, and 
contaminants encountered by migratory species out
side the GYE (e.g,, Harmata and Montopoli this vol
ume). The best that we can do is to minimize such 
influences and restore natural ecological processes 
based on our current understanding. 

The Role of Predators 

Appreciating the importance of predators in the 
GYE requires perspective on how predators can be 
crucial in shaping ecosystem structure and function. 
Ecologists are learning that predators are often key
stone species in natural ecosystems, i.e., that they 
have significance much greater than is indicated by 
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their relative abundance (Power and Mills 1996, 
Power et al. 1996). Many mechanisms allow preda
tors to achieve disproportionate importance. Experi
ments with marine invertebrates demonstrated that 
predators can reduce competitive dominance, and 
thereby enhance species diversity (Paine 1966). In 
contrast, introduced predators on islands can be dis
ruptive and cause selective extinction of prey with 
a net result of reduced species diversity (Schoener 
and Spiller 1996). Predators appear to dominate 
ecosystem dynamics on Isle Royale National Park 
where wolves (Canis lupus) impose top-down con
trol of moose (Alces alces) populations that, in turn, 
has major consequences for the vegetation on which 
they feed (McLaren and Peterson 1974). Predators 
can also shape the spatial distribution of prey (Mech 
1976, Nelson and Mech 1981). Increasingly, preda
tors are recognized as agents shaping ecosystem 
composition, structure, and function, although their 
ability to do so has frequently been disrupted by 
human activities (Estes 1995). 

Begon et al. (1996: 802-803) present the view that 
predators are agents that disturb community equi
libriums. Such a view emerges in part because 
trophic-level interactions, like predator-prey or para
site-host, are often unstable. Models of such inter
actions can indeed be perpetually dynamic-always 
changing and creating disequilibriums. In this way, 
predators may be viewed as agents of change in eco
systems similar to fire, flooding, climatic perturba
tions, and other disturbances (Boyce and Payne 
1997). Again; we see how predators can be funda
mental to the structure and function of ecosystems. 

Predators and Natural Regulation 

Predators figure prominently in the ongoing dis
cussions over Yellowstone's natural regulation man
agement. When first proposing the notion of natu
ral regulation management, Cole (1971) hypoth
esized that herbivore populations were largely lim
ited by vegetation, and predators simply facilitated 
natural regulation. Cole maintained that vegetation 
ultimately regulated ungulate populations in 
Yellowstone and, following Errington's (1946, 1971) 
rationale, suggested that predators usually only 
killed animals that were predisposed to natural mor
tality. In other words, if predators had not killed the 
prey they would have died anyway from other 
causes. 

Cole's (1983) interpretation of his study of elk 
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( Cervus elaphus) in the Madison-Firehole area of YNP 
seemed to support Errington' s view. Although about 
50% of elk mortality was attributed to predators, 
Cole argued that many of these animals were likely 
to die anyway and that predators were only facili
tating natural regulation, i.e., removing the annual 
surplus before the animals died due to starvation in 
late winter. Recent studies of predation on ungulates 
in Yellowstone substantiate Cole's observations on 
the levels of predation on elk prior to wolf reintro
duction (Singer et al. 1997) and, like Cole, Singer et 
al. (1997) suggest that predation mortality may be 
compensatory. 

Although both of these studies present results 
that are consistent with the possibility that preda
tion is compensatory within a year, neither study 
permits rejection of the alternative hypothesis that 
at least part of the predation mortality is additive. 
Indeed, demonstrating an effect of predation re
quires a prey population response (Seip 1992). Even 
if compensation occurs within a year, ultimately this 
is due to density dependence, albeit seasonally dis
tributed. The question is whether prey abundance 
is reduced below levels that would occur by plant
herbivore interactions. 

Errington' s ideas about predators only cropping 
the nonessential annual surplus of prey populations 
appear to be challenged by recent studies in Alaska 
demonstrating that wolves can indeed have major 
long-term consequences to ungulate abundance 
(Gasaway et al. 1992, Boertje et al. 1996). This is par
ticularly true when confounded with human exploi
tation of native ungulate populations (Messier 1994, 
Van Ballenberghe and Ballard 1994). 

Models of wolves and ungulates for Yellowstone 
suggest that wolves may cause significant declines 
in the abundance of some ungulate populations 
(Boyce 1992). Elk numbers are anticipated to decline 
by 10-30% and even larger reductions in long-term 
abundance can be anticipated for moose and mule 
deer (Odocoileus hemionus). Much remains to be done 
to reliably predict wolf-ungulate dynamics. Work 
reported here by Moorcroft and Crabtree (this vol
ume) on spatial relationships in Yellowstone's North
ern Range promises to refine these predictions. 
Emerging data on wolf predation in multi-prey sys
tems like Glacier National Park (Kunkel and 
Pletscher this volume) and Yellowstone (Smith and 
Phillips this volume) afford a wonderful opportunity 
to evaluate alternative models for multiple-species 
functional responses. 



Cole (1983) was explicit about how he viewed 
science interfacing with his natural regulation hy
pothesis. He articulated how he believed the sys
tem to work, presented this as a hypothesis to be 
tested, rejected portions of the hypothesis based on 
the results of his analysis, and presented a revised 
hypothesis as an improved statement of his view of 
natural regulation. This is how science works, and 
Cole's presentation is remarkably similar to adap
tive management (Walters 1986). Cole (1971) and 
Houston (1976) had some details of the natural regu
lation hypothesis wrong, e.g., they believed that veg
etation should not change appreciably as a conse
quence of plant-ungulate interactions. A restatement 
of the hypothesis was necessary as we learned more 
about the dynamics of plant-herbivore interactions 
(Boyce 1991). Developing our understanding of how 
natural regulation works is an ever-changing pro
cess, requiring continued monitoring (e.g. Crabtree, 
et al. this volume), research, and reevaluation. 

I agree with Peek (1980) that Cole (1971) and 
Houston (1976) probably underestimated the role of 
predators in the system. The verdict on the signifi
cance of wolf predation on ungulate populations in 
Yellowstone is still out, but I believe that ecologists 
agree that wolves were an integral and crucial ele
ment of the system that needed to be replaced. Pre
suming that someone does the research, during the 
next few years we will learn much as wolves be
come established in the GYE (see Smith and Phillips 
this volume). 

Ecosystem Management 

Ensuring that predation as an ecological process 
is maintained and restored in the GYE is a difficult 
task that requires management intervention. The 
National Park Service's natural-regulation manage
ment has been berated as no management at all, and 
a laissez faire approach allowing nature to take its 
course. In many instances, this is as it should be, 
allowing natural ecological processes to prevail. 
However, in the case of predators, the Park Service 
has taken several actions that are certainly not laissez 
faire. Most obvious is the reintroduction.of wolves 
into YNP in 1995. Similarly, aggressive management 
was implemented in 1983 under the advice of the 
Interagency Grizzly Bear Committee to reduce griz
zly bear (Ursus arctos) mortalities in the GYE 
(Servheen 1993). Finding new and better ways to 
minimize bear conflicts with humans will be a con-
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tinuing challenge (see Biel et al., Renkin and 
Gunther, Gunther et al. this volume). How to preserve 
the predator-prey interactions focused on cutthroat 
trout (Oncorhyncus clarki) in Yellowstone Lake (griz
zly bears, for example, Reinhart et al. this volume) 
promises to be an enormous challenge for the Na
tional Park Service in the future; recently discovered 
lake trout (Salvelinus namaycush) in the lake threaten 
to decimate the cutthroat population (Gresswell et 
al. 1995). 

Managing to maintain nahtral predation in por
tions of the GYE outside YNP will be even more dif
ficult because large predators can come into conflict 
with livestock ranching and hunting. Currently, pre
dation on elk in the Jackson elk herd is only on calves 
(Smith and Anderson this volume), and expanding 
wolf populations in the GYE are likely to compete 
with hunters for prey (Boyce 1992). Also, forest man
agement can conflict with smaller predators, indud
ing martens (Martes americana), fishers (Martes 
pennanti), wolverines (Gula gulo) and lynx (Felis lyn.x) 
(Ruggiero et al. this volume). 

Because of conflicts with people having various 
priorities (e.g., livestock ranchers, hunters, loggers), 
managing for predators in the GYE will require 
strong public support from those who value nature. 
Public education can help. Predator ecology always 
captures the attention of our wildlife students and 
public alike. Predation somehow fascinates people. 
Obviousli predator management attracts political 
and media attention as witnessed by continuing 
publicity on wolves and grizzly bears. Predators 
indeed merit such attention because of the impor
tance of predation as an ecological process. I believe 
that it is worth the effort. I believe that we need large 
places like Yellowstone where nature takes priority, 
where we have a full complement of natural preda
tors, and where we can allow predation to run its 
course unimpeded. And Yellowstone is the only such 
place left. 
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Abstract 

In 1994, more than 3 million visitors toured Yellowstone National Park (YNP). 
These visitors, along with park concession and National Park Service administra
tive vehicles, burned more than 7.6 million gallons of gasoline and diesel fuel in 
the park. Pollution from vehicle emissions can have harmful effects on both hu
man and plant life. YNP, in cooperation with the Montana Department of Natural 
Resources and Conservation and the U.S. Department of Energy, Pacific North
west and Alaska Regional Bioenergy Program, is participating in a pilot project to 
explore and evaluate the use of 100% rape ethyl ester (biodiesel) as a low pollution 
alternative to diesel fuel in environmentally sensitive areas. Biodiesel emits fewer 
hydrocarbons and particulates than fossil-based fuels, is derived from renewable 
resources and contains negligible levels of sulfur, and reduces emissions of sulfur 
dioxide, one of the agents responsible for acid rain. Biodiesel is part of the natural 
cycle (i.e., assimilation of co2 by plants for growth and development), and could 
lead to zero net gain in oxides of carbon emissions. It is also biodegradable and 
will quickly break down, preventing long-term damage to soil or water in the event 
of a spill. YNP is an environmentally sensitive area that brings humans and wild
life, such as grizzly bears (Ursus arctos) and black bears (Ursus americanus), into 
close proximity. Biodiesel fuel is a vegetable oil derivative that smells similar to 
cooking oil. The exhaust from a diesel engine fueled by biodiesel smells similar to 
a french fry cooker and thus could act as a bear attractant. Having bears attracted 
to vehicles powered by biodiesel could draw bears into park developed areas and 
roadside corridors resulting in bear-human conflicts (bear-caused human injuries 
and property damages). This could lead to the potential removal of grizzly bears 
and black bears from the population. As a result of these concerns, tests were con
ducted to determine if the raw biodiesel fuel or its emissions were bear attractants. 
Captive bears were exposed to ambient air (standard) and to odor from raw 
biodiesel fuel, raw diesel fuel, deer meat/ dog food (a known bear attractant), 
biodiesel exhaust, and diesel exhaust. Of 5 grizzly bears and 5 black bears tested, 
all displayed a significant non-attraction response to ambient air and a significant 
attraction and investigation response to deer meat/ dog food. All bears were indif
ferent to biodiesel fuel and diesel fuel, but displayed a significant agitation/ ag
gression response to biodiesel exhaust and diesel exhaust. 
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Introduction 

Yellowstone National Park (YNP) was estab
lished March 1, 1872, and "dedicated and set apart 
as a public pleasuring-ground for the benefit and 
enjoyment of the people" and "for the preservation, 
from injury or spoilation, of all timber, mineral de
posits, natural curiosities, or wonders ... and their 
retention in their natural condition." 

In 1994, more than 3 million visitors toured YNP. 
These visitors, in combination with park concession 
and National Park Service administrative vehicles, 
burned more than 7.6 million gallons of fuel within 
the park. Fuel consumption for automobiles and 
over-the-snow vehicles included 2.5 million gallons 
of gasoline and 57,000 gallons of diesel fuel pur
chased by park visitors (H. Broadhead, Yellowstone 
Park Service Stations, pers. corn.mun.), 106,208 gal
lons of gasoline and 33,420 gallons of diesel fuel used 
by park concession vehicles (M. Vissage, TW Recre
ational Services, pers. commun.), and 186,354 gal
lons of unleaded fuel and 134,742 gallons of diesel 
fuel used by National Park Service vehicles (P. 
Starkweather, National Park Service, pers. 
commun.). 

Motor vehicles powered by gasoline and diesel 
fuels emit pollutants into the atmosphere. The ve
hicle pollutants of greatest concern to human health 
include carbon monoxide, nitrogen dioxide, and par
ticulate matter emissions (Environmental Protection 
Agency 1992). These pollutants can affect human 

health in several ways, including impaired lung 
function, lung damage, increased respiratory illness, 
cancer, and birth defects (Environmental Protection 
Agency 1992). In addition, vehicle emissions con
tribute to the greenhouse effect and can be injuri
ous to plant life, and reduce yields of agricultural 
crops and native plants and forests (Environmental 
Protection Agency 1992). 

YNP, in cooperation with the Montana Depart
ment of Natural Resources and Conservation and 
the U.S. Department of Energy, Pacific Northwest 
and Alaska Regional Bioenergy Program, is partici
pating in a pilot project to explore and evaluate the 
use of 100% rape ethyl ester (biodiesel) as a low pol
lution alternative to diesel fuel in environmentally 
sensitive areas. Biodiesel emits fewer hydrocarbons 
and particulates than fossil-based fuels and is de
rived from renewable resources (Peterson and Reece 
1995). Biodiesel contains negligible levels of sulfur 
and reduces emissions of sulfur dioxide, one of the 
agents responsible for acid rain (Peterson and Reece 
1995). Biodiesel is part of the natural cycle (i.e., as
similation of C02 by plants for growth and devel
opment), and could lead to zero net gain in oxides 
of carbon emissions (Peterson and Reece 1995). The 
fuel is also biodegradable and will quickly break 
down (96% in 21 days), preventing long-term dam
age to soil or water in the event of a spill (H. Haines, 
Montana Department of Environmental Quality, 
pers. commun.). YNP is an environmentally sensi
tive area that brings humans and wildlife, such as 
grizzly bears (Ursus arctos) and black bears (Ursus 

Table 1. Test materials and description of materials tested as bear attractants, biodiesel fuel bear attractant test, Washington 
State University, 1995. 

Test Material 

Ambient air 

Deer meat/ dog food 

Biodiesel fuel 

Diesel fuel 

Biodiesel exhaust 

Diesel exhaust 

Description 

Fresh outside air. Not expected to be a bear attractant. 

A mixture of deer meat and dog food, the standard foodstuff normally fed to the captive bears 
in the facility. The deer meat I dog food mixture is known to elicit a well defined, strong 
behavioral response by captive bears. 

A bowl of raw rape ethyl ester(biodiesel) fuel placed in a bucket. The fuel smells similar to 
cooking oil and could act as a potential bear attractant. 

A bowl of raw diesel fuel placed in a bucket. Diesel fuel has been used to power all diesel 
trucks in YNP for many years and is not known to elicit a response in bears in the wild. 

Exhaust from a biodiesel fuel-powered Dodge Cummins diesel truck. Odor from biodiesel 
exhallSt smells similar to thatof a french fry cooker and could act as a potential bear attractant. 

Exhaust from a diesel fuel-powered truck. Diesel exhaust is odorous and an eye irritant and is 
not knovm to act as a bear attractant in wild bears within YNP. 
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americanus), into close proximity. 
Biodiesel is a vegetable oil derivative 
that smells similar to cooking oil. The 
exhaust from a diesel engine fueled 
by biodiesel smells similar to a french 
fry cooker and thus could act as a bear 
attractant. Having bears attracted to 
vehicles powered by biodiesel could 
draw bears into park developed areas 
and roadside corridors, resulting in 
bear-human confrontations, bear
caused property damages, and/ or 
bear-inflicted human injuries. This 
could lead to the potential removal of 
grizzly bears and black bears from the 
population. As a result of these con
cerns, tests were conducted to deter
mine if the raw biodiesel fuel or its 
emissions were bear attractants. 

Table 2. Species, sex, age class, and location of origin of bears tested in Bodiesel 
Fuel Attractant test, Washington State University, 1995. 

Bear# Species Sex/ Age Class Location of Origin 

G-1 Grizzly Sub-ad ult Male Born in Captivity 
G-2 Grizzly Adult Male British Columbia 
G-3 Grizzly Adult Male British Columbia 
G-4 Grizzly Adult Female Near Glacier NP 
G-5 Grizzly Adult Female w/2 COY Near Glacier N P 

B-1 Bla<:k Bear Adult Female Yellowstone NP 
B-2 Black Bear Adult Female Alaska 
B-3 Black Bear Adult Female Ketchikan, Alaska 
B-4 Black Bear Yearling Male Born in Captivity 
B-5 Black Bear Yearling Female Born in Captivity 

Figure 1. Diagram of bear facilities used in Biodiesel Fuel A!!rac!ant Study, Wash
ington State University, 1995. 

Methods 

Ten captive bears (5 grizzly bears 
and 5 black bears) housed at Washing
ton State University at Pullman were 
used to test biodiesel fuel and 
biodiesel exhaust as potential bear at
tractants. As part of the test, the reac-
tion of bears to the odor of biodiesel 
fuel and biodiesel exhaust were com-
pared to that of a standard (fresh air) 
and a known bear attractant (deer 
meat/ dog food), as well as diesel fuel and diesel ex
haust (Table 1). Diesel fuel has been used in YNP 
for decades and has not been known to act as a bear 
attractant. 

The 10 bears tested consisted of both males (n = 

4) and females (n = 6), as well as various age classes 
and locations of origin (Table 2). Tests were con
ducted within each bear' s regular holding pen. Each 
pen consisted of a 2.4 m wide by 3.7 m long indoor 
room connected by an open door to a 2.4 m wide by 
5.6 m long outdoor kennel (Figure 1). Each pen 
housed from 1 to 3 bears of the same species. Each 
outdoor portion of the kennel could be opened to 
allow access to a 2.5-acre (1.0-hectare) outdoor ex
ercise area. However, during the tests access to the 
exercise area was closed. 

Test procedures were modified from those de
scribed by Cushing (1980, 1983) for testing menstrual 

Isa~ 
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odor as a bear attractant. Samples of biodiesel fuel, 
diesel fuel, and deer meat/ dog food were placed in 
a bowl in a 10-gallon (37.9-liter) bucket. The bucket 
was located approximately 6.8 m from the nearest 
pen and on the other side of a dnderblock wall (Fig
ure 1 ). A fan was placed on top of the bucket, which 
forced the odor from the sample being tested 
through a 15-c.m stovepipe into the indoor portion 
of each pen. For the standard test the fan was placed 
on an empty 10-gallon (37.9-liter) bucket and out
door air was forced through the stovepipe. To di
vert biodiesel and diesel exhaust from running 
pickup trucks to the pens, a 10 to 15-cm stovepipe 
converter was placed on the truck exhaust pipe, and 
then a 15-cm stovepipe was hooked up to this and 
run to the indoor portion of each pen. The trucks 
were located outside and were 3.7 m from the near
est outside pen (Figure 1). Duct tape was used to 
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seal the seams between the sections of stovepipe for 
all trials to prevent odor from leaking out before 
reaching the pen. 

Due to the small number of bears available (n = 
10) and the number of stimuli being tested (n = 6), 
the same bears had to be used to test more than 1 
stimulus. In addition, multiple bears were held in 4 
of the 5 pens used (Figure 1 ), thus tests in these pens 
were conducted on multiple bears at the same time. 
Due to these factors, tests did not meet criteria re
quired for being random or independent and non
parametric statistics were therefore used to test all 
hypotheses. 

Each test was run for 15 minutes at each pen 
with the bears' reaction to the test stimulus recorded 
at the start of each minute of the 15-minute trial pe
riod. The stovepipe was flushed with ambient air 
between each trial. A minimum of 34 (x= 358 ± 438 
SD) minutes elapsed between trials of different 
stimuli within the same pen. From 0 to 4 (x= 2.0 ± 
1.4 SD) tests were conducted per bear, per day. 

Each 15-minute trial was videotaped and the 
bears' reactions were recorded. Reactions were 
grouped into categories as follows: 
1) no attraction to the odor piped into the bear's 

pen as evidenced by the bear remaining in the 
outdoor kennel; 

Table3. 
Number of minutes 
gr'1zzly bears and black 
bears exhibited differ-
ent response behaviors 
to ambient air during 
15-minute trial period. 
Biodiesel Fuel Attrac-
tant Test, Washington 
State University, 1995. 

No At door 
Bear# Reaction a sniffed airb 

Gl 14 1 
G2 15 0 
G3 lS 0 
G4 1S 0 
GS 8 1 

Bl 13 0 
B2 6 9 
B3 14 0 
B4 lS 0 
BS 15 0 

x 13.0 1.1 
SD ±33 ±2.8 

a Exhibited no reaction to test stimulus. 
b Sniffed at door, but did not enter pen. 

2) the bear came to the door to sniff the air in the 
indoor pen; 

3) the bear entered the indoor pen to sniff the air; 
4) the bear entered the indoor pen and came up to 

the vent to sniff the odor emanating from the 
stovepipe; 

5) the bear entered the indoor pen and licked the 
vent, walls, door, or stovepipe, indicating a 
strong attraction to the odor; 

6) the bear became agitated and aggressive as evi
denced by pacing, vocalizations, and lunging at 
pen-mates or bears in adjacent pens. 
In summarizing analysis of the data, we use the 

terms no attraction, attraction/ investigation, and 
agitation/ aggression. We define ''no attraction" as 
bears that reacted to test stimuli as described in cat
egory 1 above. "Attraction/ investigation" is defined 
as bears that reacted to stimuli as defined in catego
ries 2, 3, 4, and 5. "Agitation/ aggression" is defined 
as bears that reacted to stimuli as described in cat
egory 6. 

A heterogeneity G Log-likelihood test was used 
to test if bears' responses to the 6 stimuli were ho
mogeneous or heterogeneous. A paired sample T
test was used to test whether bears reacted the same 
or differently to biodiesel fuel versus diesel fuel and 
to biodiesel exhaust versus diesel exhaust. An inde-

Behavior response (minutes) 

Entered pen Entered pen Entered pen 

sniffed airc sniffed ventd licked vente Agitatectf 

0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 6g 
1 1 0 0 
0 0 0 0 
0 1 0 0 
0 0 0 0 
0 a 0 0 

0.1 0.2 0.0 0.6 
±0.3 ±0.4 ±0.0 ±1.9 

c Entered pen and sniffed, but did not approach vent. 
d Approached vent to sniff. 
e Licked walls, stovepipe, or vent. 
f Appeared agitated and exhibited intraspecies aggression. 

g Fan was shut off fur minutes 8, 9, and 10 so sow could get 2 cubs of the year (COY). 
out of indoor portion of pen. Fan turned on for remainder of trial once 2 COY outside. 
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pendent T-test was used to test for differences in the H
06 

agitation/ aggressive response to biodiesel exhaust 
There is no difference in the number of min
utes grizzly bears versus black bears dis
play agitated behavior to diesel exhaust. and diesel exhaust of grizzly bears as compared to 

black bears. For statistical analysis the paired sample 
T-test, independent T-test, and heterogeneity G Log
likelihood test followed procedures described by Zar 
(1974). P < 0.05 was considered to be significant. 
The hypotheses tested were: 

Bears' responses to the 6 stimuli presented 
are homogeneous. 

There is no difference in the number of min
utes bears displayed agitated behavior to 
biodiesel exhaust as compared to diesel ex
haust. 

There is no difference in bears' reactions to 
biodiesel fuel odor versus diesel fuel odor. 

There is no difference in bears' reactions to 
biodiesel exhaust versus diesel exhaust. 

There is no difference in the number of min
utes grizzly bears versus black bears dis
played agitated behavior to biodiesel ex
haust. 

Results 

Response to Ambient Air 

Nine of 10 (90%) bears reacted with indifference 
for the majority of the 15-minute trial period that 
ambient air was pumped into their pens (Table 3). 
One bear (82) displayed attraction/ investigation be
havior for more than half of the trial period and 1 
bear (GS) briefly (6 min) displayed agitation/ aggres
sion behavior during the trial. In the case of bear 
GS, her 2 cubs of the year (COY) were in the indoor 
pen playing and sleeping during the trial and she 
was becoming agitated presumably because the fan 
noise was loud and she felt her cubs were threat
ened. The fan was shut off at the request of facility 
managers for minutes 8, 9, and 10 so the sow could 
retrieve her cubs from the inside pen and take them 
to the outdoor portion of the pen. The fan was then 
turned back on for the remainder of the 15-minute 
trial period. 

Behavior respon~ (minutes) 

No At door 
Bear# Reactiona sniffed airb 

G1 5 9 
G2 0 15 
G3 0 14 
G4 0 12 
GS 0 14 
Bl 0 2 
B2 0 7 
B3 0 8 
B4 0 12 
BS 0 13 

x 0.5 10.6 
SD ±1.6 :!:4'.1 

a Exhibited no reaction to test stimulus. 

b Sniffed at door, but did not enter pen. 

Entered pen 
sniffed airc 

0 
0 
1 
1 
4 
4 
3 
0 
2 

1.6 
±1.6 

c Entered pen and sniffed, but did not approach vent. 
d Approached vent to sniff. 

e Licked walls, stovepipe, or vent. 

f Appeared agitated and exhibited intraspecies aggression. 

Entered pen Entered pen 
sniffed ventd licked vente Agitatedf 

0 0 0 Table4. 
0 0 0 
0 1 0 Number of minutes griz-
0 2 0 zly bears and black 
0 0 0 bears exhibited different 
7 2 0 response behaviors to 
4 0 0 deer meat/dog food dur-
4 0 0 ing 15-minute trail per-3 0 0 
0 0 0 iod. Biodiesel Fuel At-

tractant Test, Washing-
1.8 0.5 o.o ton State University, 

±2.5 ±0.9 ±0.0 '1995. 
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Response to Deer Meat/Dog Food 

All 10 bears (100%) displayed some level of at
traction/investigation behavior when deer meat/ 
dog food was pumped into their pens (Table 4). 
Three (30%) bears (G3, G4, and Bl) exhibited a strong 
attraction as evidenced by licking the vent and walls 
of the indoor pen. Only 1 (10%) bear (Cl) displayed 
no reaction for a portion of the trial period. No ( 0%) 
bears became agitated/ aggressive when this stimu
lus was presented. 

Response to Biodiesel Fuel 

Eight of 10 (80%) bears displayed no reaction 
for the majority of the 15-minute trial with odor from 
biodiesel fuel pumped into their pens (Table 5). Two 
of the 10 (20%) bears (Cl and B3) displayed attrac
tion/ investigation behavior to this stimulus for the 
majority of the trial. 

Response to Diesel Fuel 

All l 0 bears (100%) exhibited no reaction for the 
majority of the 15-minute trial with odor of diesel 
fuel pumped into their pens (Table 6). Four of 10 
(40%) bears (GS, Bl, B3, and 84) displayed a small 
degree of attraction/ investigation behavior to this 
stimulus. 

Table 5 
Number of minutes griz
zly bears and black 
bears exhibited different 
response behaviors to 
biodiesel fuel during 15-
m inute trial period. 
Biodiesel Fuel Attrac
tant Test, Washington 
State University, 1995. 

No At door 
Bear# Reactiona sniffed airb 

G1 5 9 
G2 15 0 
G3 15 0 
G4 12 3 
G5 14 0 
Bl 11 2 
B2 14 0 
B3 2 0 
B4 8 4 
BS 8 4 

y 10.4 2.2 
SD ±45 ±2.9 

a Exhibited no reaction to test stimulus. 
b Sniffed at door but did not enter pen. 

Response to Biodiesel Exhaust 

Four of 10 (40%) bears (G3, 82, B4, and BS) dis
played no reaction for the majority of the 15-minute 
trial period .with biodiesel exhaust pumped into their 
respective pens (Table 7). Two of these 4 bears (B4 
and BS) briefly licked the vent and walls of the pen 
at the 10-minute mark of the trial (7 minutes after 
the truck engine was shut off) suggesting a poten
tial attraction to biodiesel exhaust residue. Four 
( 40%) other bears (Cl, G2, G4, and GS) exhibited 
agitated/ aggressive behavior for the majority of the 
trials of this stimulus. The truck was shut off at 
minute 14 during the trial with bear GS. Bear G5 
had 2 COY and she was exhibiting extreme agita
tion and vocalizations along with bears in adjacent 
pens. Two (20%) bears (Bl and B3) demonstrated 
attraction/ investigation behavior to this stimulus. 

At minute 3 of this trial with bears Bl, B2, B3, 
B4, and BS the truck was shut off due to the test bears 
and bears in adjoining pens exhibiting agitation/ 
aggression behavior. 

Response to Diesel Exhaust 

Half (SO%) of the bears (Gl, Bl, B2, B4, and BS) 
displayed no reaction for the majority of the 15-
minute trial period with diesel exhaust pumped into 
their pens (Table 8). Four of the 10 (40%) bears (G2, 

Behavior response (minutes) 

Entered pen Entered pen 
sniffed airc sniffed ventd 

l 0 
0 0 
0 0 
0 0 
0 0 
0 2 
1 0 
6 7 
3 0 
2 1 

1.3 1.0 
±1.9 ±2.2 

Entered pen 
1icked ven~ 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.0 
±0.0 

Agitated£ 

0 
0 
0 
0 
1 
0 
0 
0 
0 
0 

0.1 
±0.3 

c Entered pen and sniffed but did not approach vent. 
d Approached vent to sniff. 

e Licked walls, stovepipe, or vent. 
f Appeared agitated and exhibited intraspecies aggression. 
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G3, G4, and GS) exhibited agitation/ aggression be
havior for the majority of the trial of this stimulus, 
and 3 bears (B2, B4, and BS) exhibited such behav
ior for a brief period. The trial was stopped at the 
12-minute point with bear GS due to agitation dis
played by the sow. At the request of facility manag
ers, the truck was shut off during the trial with bears 
B4 and BS at the 8-minute point due to their agita
tion and the agitation displayed by bear GS and 
other bears in adjacent pens. One (10%) bear (B3) 
exhibited attraction/ investigation behavior for the 
majority of this trial. 

Statistical Analysis 

The responses of the 10 bears were not homo
geneous, but were significantly different between 
the 6 stimuli (G = 34.19, df = 5, P < 0.001) presented. 
Whereas bears were indifferent to biodiesel fuel odor 
(G = 0.40, df = 1, P > 0.05) and diesel fuel odor (G = 
l.6S, df = 1, P > O.OS), they displayed a significant 
non-attraction response to ambient air (G = 3.8S, df 
= 1, P < O.OS), a significant attraction and investiga
tion response to the odor of deer meat/ dog food (G 
= 13:86, df = 1, P < 0.05), and a significant agitation 
response to both biodiesel exhaust (G = 13.86, df = 
1, P < O.OS) and diesel exhaust (G = 7.36, df = 1, P < 
O.OS). 

Diesel fuel has been used in YNP for decades 

Biodiesel Bear Attractant Test, Biel et al. 

without resulting in any known bear-human con
flict situations. Therefore, we compared bears' reac
tions to biodiesel fuel odor versus diesel fuel odor 
and biodiesel exhaust versus diesel exhaust. There 
was no significant difference between bears' reac
tions to biodiesel fuel odor and diesel fuel odor (G = 
1.86, df = 1, P > 0.05) or between biodiesel exhaust 
and diesel exhaust (G = 1.44, df = 1, P > 0.05). 

Since all 10 bears displayed at least some agita
tion behavior due to exposure to biodiesel exhaust, 
and such a response could potentially lead to bear
human conflict situations, further analysis was war
ranted. The number of minutes bears displayed an 
agitation/ aggressive reaction to biodiesel exhaust 
was comEared to the number of minutes bears dis
played a similar reaction to diesel exhaust. Results 
indicate that there was no significant difference in 
the number of minutes either grizzly bears (t = 0.33, 
df = 4, P = 0.76) or black bears (t = -0.89, df = 4, P = 
0.42) displayed agitation to biodiesel exhaust as com
pared to diesel exhaust. Grizzly bears displayed sig
nificantly more agitation/ aggression behavior to 
both biodiesel exhaust (t = -5.09, df = 8, P = 0.001) 
and to diesel exhaust (t = -2.95, df = 8, P = 0.018) 
than did black bears. 

Discussion 

Bears displayed no reaction when ambient air 

Behavior response (minutes) 

No At door 
Bear# Reactiona sniffed airb 

Gl 15 0 
G2 15 0 
G3 15 0 
G4 15 0 
GS 12 3 
Bl 14 1 
B2 15 0 
B3 10 1 
B4 10 4 
BS 15 0 

x 13.6 0.9 
SD ±2.1 ±1.5 

a Exhibited no reaction to test stimulus. 
b Sniffed at door but did not enter pen. 

Entered pen 
sniffed airc 

0 
0 
0 
0 
0 
0 
0 
2 
0 
0 

0.2 
±0.6 

c Entered pen and sniffed but did not approach vent. 

d Approached vent to sniff. 
e Licked walls, stovepipe, or vent. 
f Appeared agitated and exhibited intraspecies aggression. 

Entered pen 
sniffed ventd 

0 
0 
0 
0 
0 
0 
0 
2 
1 
0 

0.3 
±0.7 
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Entered pen 
licked vente 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.0 
±0.0 

Agitatedf 

0 
0 Table 6 
0 Number of minutes griz-
0 
0 zly bears and black 
0 bears exhibited different 
0 response behaviors to 
0 diesel fuel during 15-
0 minute trial period. 
0 Biodiesel Fuel Attrac-

0.0 tant Test, Washington 

±0.0 State University, 1995. 
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was pumped into their pens and a significant strong 
attraction/ investigation response when the odor of 
deer meat/ dog food (their standard foodstuff) was 
pumped into their pens. In contrast, bears did not 
display a significant attraction to biodiesel fuel odor, 
diesel fuel odor, biodiesel exhaust, or diesel exhaust. 
In addition, there was no significant difference in 
bears' reactions to biodiesel fuel odor as compared 
to diesel fuel odor or to biodiesel exhaust as COµl

pared to diesel exhaust. Diesel fuel has been used 
for decades in YNP without any known significant 
influence on the number of bear-human conflict situ
ations occurring in the park. These results suggest 
that biodiesel fuel and biodiesel exhaust are neither 
more nor less of an attractant than are diesel fuel 
and diesel exhaust. Standard methods used to 
handle and store hazardous fuels make them largely 
unavailable to bears. If biodiesel fuel is stored, 
handled, and burned, and spills cleaned up in the 
same manner as diesel fuel currently is within YNP, 
then use of biodiesel fuel would not be expected to 
contribute to additional bear-human conflicts above 
existing levels. 

Due to budget limitations, this study was con
ducted with facilities and materials available at no 
cost. In addition, personnel time allocated to this 

Table 7 
Number of minutes griz-
zly bears and black 
bears exhibited different 
response behaviors to 
biodiesel exhaust dur-
ing 15-minule trial pe-
riod. Biodiesel Fuel Al-
traclant Test, Washing-
ton State University, 
1995. 

No At door 

Bear# Reactiona sniffed airb 

Gl 1 0 
G2 3 4 
G3 9 1 
G4 3 4 
GS 2 1 

Bl 6 0 

B2 12 2 

B3 5 

B4 9 0 

BS 11 0 

x 6.1 1.3 
SD ±3.9 ±1.6 

a Exhibited no reaction to test stimulus. 
b Sniffed ill door but did not enter pen. 

project was also limited by available funding (20-
person days total for design, experiment, analysis, 
poster presentation, and final report). Due to these 
limitations, the study could not be designed to meet 
criteria required for random and independent tests. 
However, the 10 bears tested reacted as expected to 
ambient air (no response) and to deer meat/ dog 
food (strong attraction), suggesting that the study 
design probably did not significantly alter each 
bear's reaction to the 4 test stimuli (biodiesel fuel 
odor, diesel fuel odor, biodiesel exhaust, diesel ex
haust). 

Potential study biases that may have influenced 
test results include: 

1) Noise from the fan may have affected the bears' 
responses to the different stimuli. 

2) Although the hose was flushed with ambient air 
between trials of different stimuli, the same hose 
was used for all trials and residue of test stimuli 
could have remained. 

3) Due to multiple bears being held in a single pen, 
tests between bears and different stimuli were 
not random. 

Behavior response (nunutes) 

Entered pen Entered pen Entered pen 
sniffed airc sniffed ventd licked vente Agitated£ 

0 0 0 14 
0 0 0 8 
0 0 0 5 
0 0 0 8 
0 0 0 12g 
8 0 0 1h 
0 0 0 1h 
7 0 1h 

1 3 1h 
0 2 1h 

1.7 0.2 0.5 5.2 
:!:3.1 ±0.4 ±1.l ±5.0 

c Entered pen and sniffed but did not approach vent. 

d Approached vent to sniff 
e Licked walls, stovepipe, or vent. 
f Appeared agitated and exhibited intraspecies aggression. 

g Engine shut off at minute 14 due to agitation/ vocalizations exhibited by bear #G5. 

h Engine shut off at minute 3 due to agitation exhibited by test bears and bears in 
adjacent pens. 
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4) Because the same bears were used to test all 
stimuli, tests were not independent. 

5) Due to multiple bears being confined to a single 
pen, bears' responses may have been influenced 
by the presence of other bears. 

6) Bears confined ·within limited space in captiv
ity may react differently than bears in the wild. 

7) Bears in test pens were within view of bears in 
adjacent pens and reactions to stimuli may have 
been affected by their presence. 

8) Bears in the test pen were within hearing dis
tance of bears in adjacent pens and may have 
been influenced by vocalizations from other 
bears. 

9) Facility managers requested that several trials 
with biodiesel exhaust and diesel exhaust be ter
minated prior to the full 15 minutes after view
ing how agitated and aggressive several of the 
grizzly bears became. 

------, 

Biodiesel Bear Attractant Test, Biel et al. 

Management Implications 

Yellowstone National Park is an environmen
tally sensitive area and is home to several species of 
mammals, including grizzly bears and black bears. 
Each year, millions of visitors tour the park in pri
vate vehicles or tour buses and consume thousands 
of gallons of diesel fuel and millions of gallons of 
unleaded and leaded fuel. Emissions from these fu
els can have potentially negative impacts on plant, 
animal, and human life within the park. Biodiesel 
fuel is an environmentally sensitive fuel that would 
reduce these impacts. 

During these tests there was no statistical evi
dence that bears were attracted to biodiesel fuel or 
biodiesel exhaust any more or less than to diesel fuel 
and diesel exhaust. We recommend continued field 
experimentation of biodiesel fuel in YNP mainte
nance vehicles. Field use should be closely moni
tored for any indication that bears are or are not at
tracted to biodiesel fuel and its emissions. If moni
toring of field use suggests that bears are attracted 
to biodiesel fuel, then methods of making it unavail
able or unattractive to bears would need to be in
vestigated and developed. 

Behavior response (minutes) 

No At door 

Bear# Reaction a sniffed airb 

Gl 15 0 
G2 4 0 
G3 4 0 
G4 4 0 
GS 6 1 
Bl 12 2 
B2 11 2 
B3 6 3 
B4 12 0 

BS 12 0 

x 8.6 0.8 
SD ±4.2 :tl.1 

a Exhibited no reaction to test stimulus. 

b Sniffed at door but did not enter pen. 

Entered pen 
sniffed airc 

0 
0 
0 
0 
0 

1 
0 
6 
0 
0 

0.7 
±19 

c Entered pen and sniffed but did not approach vent. 
d Approached vent to sniff. 

e Licked walls, stovepipe, or vent. 

Entered pen 
sniffed ventd 

0 
D 
0 
0 
0 
0 
0 
0 
0 
0 

0.0 
±0.0 

f Appeared agitated and exhibited intraspecies aggression. 

Entered pen 
licked vente 

0 
D 
0 
0 
0 

0 
0 
0 
0 

0 

0.0 
±0.0 

g Engine shut off at mjnute 12 due to agitation/vocalizations exhibited by bear GS. 

h Engine shut off at minute 3 due to aggressive behavior dfaplayed by bearsB4 and B5 
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search Biologist, National Biological Service), and 
C. Servheen (Grizzly Bear Recovery Coordinator, 
U.S. Fish and Wildlife Service) for review of and rec
ommendations for the study design; R. Renkin 
(Management Biologist, YNP) for statistical analy
sis of the data; and C. Peterson (Department of Ag
ricultural Engineering, University of Idaho) and D. 
Reece (Department of Agricultural Engineering, 
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University of Idaho) for providing the diesel and 
biodiesel powered trucks, fuel, fan, and stovepipe 
used in the experiment. 
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Abstract 

American martens (Martes americana) in Yellowstone National Park (YNP) were 
investigated to assess the effects of the fires of 1988 on population levels and as an 
indicator of specific habitat types. Qualitatively, we made several important ob
servations. First, martens do not appear to cross open areas readily if the areas are 
wider than about 100 meters. This corresponds with other observations in the 
literature. Second, martens will cross areas of lodgepole pine (Pinus contorta) with 
surface burns, but they do so in a qualitatively different way than they cross un
disturbed habitat or lodgepole stands with a canopy b~rn. The presence of tree 
boles appears to allow martens to escape from terrestrial predators when cross
ing surface burned stands. Third, older growth, per se, does not appear to be the 
proximal factor determining marten habitat selection. Rather, the characteristic 
sub-canopy structure of coarse woody debris appears to be crucial. Coarse woody 
debris (CWD) provides structure that breaks the snow surface, providing access 
and creating subnivean spaces. The mechanisms that determine why some access 
sites are used and others are not well understood. Martens may require subnivean 
access for at least 3 reasons: a) maintenance of homeothermy, b) predation risk, 
and c) increased availability of small prey. 

In this pape1~ I detail the data from shtdies in Yellowstone, the Uinta Moun
tains in Utah, and from Newfoundland, Canada, that my students and I have 
conducted. I also summarize the evidence explaining marten choice of mature 
coniferous forest habitat and suggest that the search for any single causal factor 
will lead to failure. 

Introduction 

In 1890, T. C. Chamberlin published a paper in 
Science titled, "The method of multiple working 
hypotheses." In his manuscript, Chamberlin traced 
the ontogeny of intellectual methods from the "rul
ing theory," with its biased characteristic of "intel
lectual affection"rather than "impartial rectitude,"to 

a single hypothesis that may still be biased because 
of "parentage" as well as the particular observation 
set from which the scientist operates (O'Neill et al. 
1986 ). He further traced the development to the more 
unbiased approach of multiple working hypotheses, 
whereby no one hypothesis is favored, but rather 
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the overt characteristic is an objective search for the 
true state of nature. The complexity of natural phe
nomenon suggests that searches for unitary expla
nations are probably destined to fail, except at very 
fine scales. Larger scale ecological phenomena beg 
more complex explanations. 

Prevailing Hypotheses 

At larger landscape scales in their range in North 
America, martens (Martes america.na) are dwellers of 
older growth coniferous forest, although results from 
recent studies suggest that at smaller, stand-level 
scales, they are less restricted in their habitat affini
ties than previously suspected (Harrison et al. 1995, 
Chapin and Harrison 1995). Reasons suggested for 
marten habitat affiliation include: a) homeothermic 
considerations, b) predation risk, and c) available 
prey base. Studies conducted across the North 
American continent have provided both quantita
tive and qualitative observations that shed light on 
each of these hypotheses and suggest that a11 3 in
fluence marten habitat choice. 

Differential Spatial Use of Habitat 

Openings 

Several authors (Bissonette et al. 1988, Hargis 
and McCullough 1984) have reported that martens 
do not cross open areas readily. Areas greater than 
150-200 meters in width appear to be avoided. 
Rather, martens tend to use sparse cover and scat
tered trees when crossing more open areas. Drew 
and Bissonette (unpubl. data) conducted field ex
periments in Newfoundland and in Yellowstone 
National Park (YNP). Martens were offered food 
resources at bait boxes placed 25, 50, and 75 meters 
from the habitat edge in late seral forest, defoliated 
forest, and new clearcuts, thus providing a range of 
predation risk based on physical habitat structure, 
while at the same time controlling for food resources. 
Martens used a!l bait boxes in forested and defoli
ated habitats and they showed no avoidance of any 
box placed at any distance. However, martens did 
not use bait boxes placed at 50 and 75 meters in the 
clearcuts, suggesting that they perceived areas lack
ing in woody structure as more risky. On the single 
occasion where a marten visited the 50-meter bait 
box in the clearcut, it used a dump of trees to effec
tively shorten its distance to cover. 
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Canopy-Burned, Surface-Burned, and 
Defoliated Forest 

Sherburne and Bissonette (1994) observed that 
martens in YNP used canopy-burned and surface
bumed lodgepole pine (Pinus contorta) forests in a 
qualitatively different way than unburned forest. 
They reported that marten movement dynamics in 
canopy-burned forest were similar to unburned for
est. Martens investigated and hunted as they trav
eled. Harrison et al. (1995) also report that canopy 
cover is not required or selected by martens at the 
smaller-scale stand level. Drew and Bissonette 
(unpubl. data) reported similar foraging tactics in 
western Newfoundland balsam fir (Abies balsamea)
black spruce (Picea mariana) forests that had wide~ 
spread defoliation. In these disturbed forests, coarse 
woody debris (CWD) and forest floor structure were 
still intact. In contrast, martens in YNP behaved in a 
qualitatively· different manner when in surface
bumed forest. Although martens traveled through 
surface-burned forest, they did so by moving in a 
straight-line direction, similar to their movements 
across small clearings. Their tracks showed no evi
dence of foraging. The destruction of forest floor 
structure in surface-burned forests appeared to pre
clude hunting, possibly through its immediate and 
short-term negative impact on the small mammal 
prey base. We hypothesize that the presence of tree 
boles in these stands provided martens with escape 
routes from terrestrial predators. 

Sherburne (pers. commun.) found that coyotes 
in YNP preyed on martens in live traps. On 2 occa
sions, coyotes killed female martens in live traps and 
consumed part of the carcasses. Sherburne recorded 
an incident when he approached a live trap with a 
captured marten and a coyote was still near the trap. 
As he approached closer, the coyote was unable to 
escape because its jaw was caught in the cage. The 
female marten in the cage had been partially eaten 
and was dead. Bissonette et al. (1988) reported 3 
marten mortalities and 1 failed attempt by preda
tors in Newfoundland. The failed attempt involved 
an attack on a marten by a hawk owl (Sulia ulula). 
The owl made 3 passes at the female marten while 
she was in a tree. She darted down the trunk and 
into a hole to escape. These observations suggest 
strongly that marten selection of forested habitat is 
partly in response to predation pressure. Terrestrial 
predation appears to be much more important than 
avian predation. 



Importance of Coarse Woody Debris 

One characteristic: of older growth coniferous 
forest is the accumulation of CWD. Sturtevant and 
Bissonette (1985) have shown the pattern of accu
mulation of CWD in Newfoundland forests. Imme
diately after cutting, CWD levels are reasonably high 
as a consequence of the slash left after logging op
erations. CWD levels then decline for about 50-60 
years until tree densities begin to approach a level 
where natural mortality occurs . Newton and 
Weetman (1993) refer to this intersection of tree den
sity and mean tree volume as the zone of imminent 
competition-mortality (ZICM). VVhen Newfound
land coniferous forests reach this stage, CWD levels 
begin to accumulate and reach an asymptote around 
80-90 years of age, depending on site quality. 
Bissonette et al.( 1988), Snyder and Bissonette (1987), 
Drew and Bissonette (unpubl. data), and many oth
ers have shown that, at the landscape scale, mar
tens select older growth. However, the preponder
ance of data suggests that CWD per se, and not nec
essarily older growth, is an important key to mar
ten habitat selection. During winter, CWD intercepts 
snow, creating subnivean tunnels, openings, and 
interstitial spaces. Alvarez et al. (1995) found that 
low coniferous branches acted similarly to provide 
subnivean access. Our data show that martens use 
subnivean access points to hunt small mammals 
during the winter. They are almost never observed 
in larger snowy clearings without subnivean access. 
However, Harrison (pers. commun.) has noted mar
tens hunting the subnivean zone in areas of dense 
regenerating conifers with snow-covered openings 
less than 1 meter wide. Sherburne and Bissonette 
(1993, 1994) showed that: a} subnivean access points 
were not limiting in older growth, lodgepole pine 
stands in YNP, and b) martens keyed in on those 
access points with significantly higher prey levels. 
Coffin et al. (1995) obtained roughly similar results 
in Montana just north of YNP. 

Buskirk (1988) has also shown that martens gain 
a thermal advantage from use of relatively warm 
subnivean spaces during winter. Martens rested 
more often and for longer periods in subnivean sites 
associated with CWD, than in subnivean sites in rock 
fields or above the ground (Buskirk 1988). Zalewski 
(1995) found that pine martens (Martes martes) in Po
land chose ground sites over above ground nests and 
cavities when temperatures were coldest. Gilbert et 
al. (1995) found that most resting sites were under-
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ground d ming winter and associated with mound 
topography. 

Martens have a high surface-area"to-body-vol
ume ratio and must cope with the costs of being long 
and thin. Brown and Lasiewski (1972) have shown 
that the metabolism of cold-stressed long-tailed wea
sels (Mustela frenata) is 50to100% greater than "nor
mally" shaped mammals of similar size. Buskirk and 
Harlow (1989) have shown that martens have very 
limited energetic reserves and may deplete their fat 
reserves in less than 100 hours. Assuming a meta
bolic rate of 0.508 m of oxygen/ g x h, and a stan
dard value of 39.7 metabolizable kJ I g fat, Buskirk 
and Harlow (1989) estimated that a 1 kg marten with 
fat levels characteristic of those they samph:!d in 
Alaska, and resting at thermoneutrality and 
normothermy, would metabolize all extractable fat 
in 92 hours. They reported that 5 martens held in 
confinement sustained a 23% loss of body weight 
after 120 hours of fasting, but appeared to remain 
vigorous and active, suggesting that structural pro
tein had not been utilized significantly. It appears 
that animals cannot lose more than about 30% of 
their structural protein without seriously compro
mising their ability to survive (Cahill 1970, Buskirk 
and Harlow 1989). Buskirk et al. (1988) have sug
gested that martens coordinate body temperature 
depression, use of protected resting sites, and dura
tion of resting episodes as a way to regulate their 
thermal environment during winter. Our data 
(Sherburne and Bissonette 1993, 1994) suggest that 
the ability of martens to choose prey"rich access sites 
enhances their energy balance and is equally impor" 
tant in maintaining thermal regulation. 

Conclusions 

It seems clear that a single, unitary explanation 
for marten habitat choice is probably inappropriate. 
Clearly, martens closely identify with older growth 
coniferous forest habitats at the landscape scale. 
They appear less selective at the stand scale in many 
locations, but not in Newfoundland. During win
ter, access to the subnivean zone and prey is made 
available to martens by CWD (a correlate of older 
growth forest) and low coniferous branches that in
tercept snowfall, creating subnivean interstitial 
spaces and access. During this same season, and 
because of their elongate morphology with a high 
surface~area-to-body-volume ratio, martens clearly 
gain a thermal advantage by using subnivean 
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spaces. However, Drew and Bissonette (unpubL 
data) have clearly shown that martens are active at 
night, the coldest diel period during winter. At the 
same time, martens are themselves vulnerable to 
predation from a host of terrestrial predators dur
ing winter and terrestrial and avian predators dur
ing summer. Their use of forested landscapes allows 
them to escape from terrestrial predators by climb
ing tree boles. Clearly, multiple hypotheses offer a 
more compelling answer than any single hypoth
esis for marten habitat preference. The interplay of 
complex habitat structure, seasonal extremes in cli
mate, predation pressures, and a fluctuating prey 
base is clearly integrated by martens in their re
sponse to the environment. 
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Abstract 

Observation records suggest park-wide distribution of wolverines (Gulo gulo ), 
lynx (Lynx canadensis), and fishers (Martes pennanti) within Yellowstone National 
Park, but provide no concrete evidence. Museum records are almost non-existent. 
We believe that Yellowstone likely helps support a population of wolverines. Lynx 
may have been resident over time. There is less evidence, however, to support the 
existence of either historic or present fisher populations. This may be due to their 
occurring only rarely or a result of the lack of effort exerted to document the exist
ence of these carnivores within the ecosystem. 

Introduction 

Little is known about the abundance and distri
bution of some mammals in Yellowstone National 
Park (YNP), induding wolverines (Gula gulo), lynx 
(Lynx canadensis), and fishers (Martes pennanti). These 
carnivore species are of particular interest because 
of their status as candidates for potential protection 
under the Endangered Species Act (Ruggiero et al. 
1994). All 3 are listed by the U.S. Fish and Wildlife 
Service (USFWS) as "category 2" species, or taxa for 
which information available indicates listing may 
be warranted but for which further information is 
required to make an appropriate determination. 
Petitions have been submitted periodically to the 
USFWS proposing formal' listing of each of the 3 
species as either endangered or threatened. To date, 
however, such petitions have been denied (Ruggiero 
et al. 1994). 

Reliable information on the abundance and dis
tribution of wolverines, lynx, and fishers in the west
ern United States is lacking (Ruggiero et al. 1994). 
General references reflect this lack of knowle$1ge. For 
exampJe, Wilson (1982), McCord and Cardoza 
(1982), Crowe (1986), and Clark and Stromberg 
(1987) indicate that wolverines and lynx range 
throughout YeJlowstone, while Strickland et al. 
(1982) and Clark and Stromberg (1987) indicate that 
fishers do not. In comparison, Long (1965) wrote that 
wolverines and, possibly, lynx seemed to persist in 
the mountains of northwestern Wyoming, if the lat
ter were not extirpated at the time of his writing. 
And he refers to several reports of fishers in 
Yellowstone and the adjacent Beartooth Plateau 
made in 1892 and in the 1920s. Leopold et al. (1981) 
indicate that YNP supports populations of all 3 spe-
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des. But, national forests adjoining YNP indicate a 
lack of condusi ve evidence about the status of these 
carnivores (Ruggiero et al. 1994). 

The lack of reliable information on these spe
cies' presence and distribution has recently 
prompted increased efforts to improve the informa
tion base available to land and wildlife management 
agencies (Ruggiero et al. 1994, Ruggiero and Buskirk 
this volume). YNP is participating in these efforts. 
Schullery and Whittlesey (1992) summarized wild
life reports from 168 sources between 1806 and 1882. 
They concluded that, historically, wolverines "almost 
certainly were more common" than they are now. 
They found reports of 12 sightings and killings, as 
well as 1 mention of tracks and 3 additional state
ments about wolverine presence in the area. Their 
search turned up only I lynx sighting and 2 general 
statements about lynx presence, along with a refer
ence that "lynx were sometimes killed in the 
Yellowstone Park." Fishers were "rarely mentioned" 
in the 1800s sources. 

We summarize the evidence for the presence of 
wolverines, lynx, and fishers within Yellowstone Na
tiomi.l Park from 1883 to the present, based on our 
examination of various park records. 

Study Area 

The study area encompasses all of Yellowstone 
National Park, which occupies 8992.5 km2 in the 
northwest comer of Wyoming and adjacent portions 
of Idaho and Montana. The area is predominantly a 
high-elevation volcanic plateau circled by mountain 
ranges. Elevations range from 1605 m to approxi
mately 3462 m. Approximately 80% of the park is 
covered by forested habitat types, 60% of which are 
in the subalpine fir series; lodgepole pine is both the 
dominant and the seral species (Despain 1990). Fire 
is an important environmental influence on the for
ested habitat types and on many of the habitat types 
dominated by sagebrush in the park's river valleys. 
The climate is characterized by long, cold winters 
and short, reiatively cool summers. Annual precipi
tation varies with topography and elevation, but 
most ofthe park receives 75 to 127 cm annually 
(Despain 1990). 

Methods 

We searched available park records for docu
mentation of these species' presence and distribu-
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tion. Yellowstone has maintained wildlife observa
tion records made by park staff and visitors since 
the 1920s; these were searched and evaluated. We 
also searched photograph and slide collections and 
records from the park's natural history collection, 
and, with the assistance of curatorial staff, requested 
records from collections at state universities in Idaho, 
Montana, and Wyoming, as well as from the 
Smithsonian Institution's National Museum of 
Natural History in Washington, D.C. 

In 1992, YNP began opportunistic sampling of 
roadkills, natural mortalities, and wildlife handled 
for management or research purposes in order to 
build a wildlife health database; these records were 
also checked. No research efforts were specifically 
targeted toward gathering information about wol
verines, lynx, and fishers until 1988-89, when 
Consolo Murphy initiated limited sampling for 
guard hairs of these rarely seen mesocarnivores 
(Consolo 1989). In 1992, this effort was expanded to 
include track surveys and sampling with remote 
automated photo stations (Gehman et al 1994). A 
myriad of informal reports and "Yellowstone Nature 
Notes" from the park's early history also contain 
occasional references to these species. A search of 
the latter revealed no additional references to fish
ers or wolverines in YNP. Four sightings of 5 lynx 
not recorded in the wildlife observation files were 
found in the park's research library. 

Results and Discussion 

Reported observations of wolverines, lynx, and 
fishers are summarized in Table 1. Until the mid-
1980s, observations were recorded on 3" x 5" cards 
for Natural History Field Observations (Figure 1). 
These records contain minimal data with which to 
evaluate the quality of the observation. For example, 
while animal sightings or observed tracks may be 
included, in some cases reports of "sign,'' without 
further elaboration, may be the sole information re
corded. In addition, information about the experi
ence of the observer and the conditions under which 
the observations were made are generally lacking. 
And location information is often incomplete, pro
viding the drainage (i.e., Slough Creek), but no other 
specifics. Consequently, we did not attempt to plot 
these data on a map, although if the observations 
are legitimate, they do suggest park-wide distribu
tion of all 3 species. 

In 1986, park staff began to replace the wildlife 
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Figure 1. Form 10-257. Natural history field observation form. 

Fora 10-257 (6/58) nill \ NATURAL HISTORY FIELD OBSERVATION 

Date. (Nonu. Da,, lta.rJ i• (cg.a., 1J.a.J lead.er 

Sketch, lkp, Etc. (Ds• rewne f,J nccusa~,.J 

Bl JCCDRJ.11 - DO IOf oui1a 
Park: 

Table 1. Summary of records in wildlife observation !iles, 1883-1995, Yellowstone National Park. 

SPE:CIES REPORTED 

WOLVERINE LYNX FISHER 

RECORD Total In YNP Total In YNP Total In YNP 

Sightin__g_s R~orts 104 90 34 34 22 16 

Animals R~orted 113 97 39 39 24 17 

Track R~orts 25 23 17 17 7 6 

Other Evidence 4 1 7 6 2 1 

Museum Records 1 1 0 

TOTAL ON FILE 132 58 30 
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Figure 2. YELL 590. Rare animal observation form. 

RABE ANIMAL OBSERVATION FORM 
YELLOWSTONE NATIONAL PARK 

Please fill out all appropriate information and tum into Bear Management Office or phone 307-344-2162. 

Species. ________________ Tanie a.m. p.m. (circle one) 

Observation Dale __J__J_ Number of Animals__ Su.: M_ F_ Unknown_ 

Observer NlllM:....--------------'Phone >----- Visiror_ Employee_ 
Address · Staie.__ ________ Zip ______ _ 

Have you seen this~ before? Yes_ No_ Where? ___________________ _ 

Describe the Animal {Characteristics~ to tliUspedu) _________________ _ 

Color l!.ars. _________________ _ 

Weighl_shoulder b&:ighL__,Hanis/All1lers (circle me) Descn11e. ______ _ 

Lengt!l Tail posilioQ: Up_ Down_Sllaight cut_Cuded_ 
Tags ormfio c:allar(color, placcmc::m). ________________ _ 

Describe Behavior of tM Anbnal·------------------------
How Jong did you obsen'e lbe animal? DilllSICC from IDbnal,_ __________ _ 

Opiical aid llSICd: None_ Blnoallm_ Spouing ~- Oii= Power of optic$ ___ _ 

Photos iake117 ___ May we mm or haw copies? Yes_ No_ 

~------------ UIM ____ E.___,_ __ N. Elevaiion ___ _ 

Describe Surrounding Ana (u. meadow, marsh. forest)'--------------------
Desaibevcgelatimnear~· --. _______________________________ _ 

Describe animal me in !elation'° vegeta.lion (JC olber anUoals,_ ___________________ _ 

Describe ~er .coaditioas {foggy, smmy, ere.>------------------------
Track nreasurnnents Lmgdi, ____ Widrh, ____ #of toes __ C1awmarts? __ Seide. __ _ 

In Mud?_ Dust?_ Sllow7 __ 

ScDJIA!meu:z ~---~-
Vocalivitioru: Yes_ No_ (Desaibc inc:cmments) How long"" _____ How many animals ____ _ 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Report t.aken hY.----------- Title ____________ _ 

Date·-~---- Time·-~--~- Location---~~~--~~-~~~--~ 
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observation cards with a more detailed "Rare Ani
mal Sighting Form" that has been revised several 
times, evolving to the current form (Figure 2) now 
in use. These forms request more information about 
the observer, sighting conditions, animal behavior 
and characteristics, location, track measurements, 
and photographs (if available). A system of ranking 
the observations was employed, incorporating the 
sighting conditions, observer experience, and quan~ 
tity and quality of information provided, to assess 
the probability of a valid wildlife report. However, 
in Hght of the change in staff responsible for main
taining the observation records during the past de
cade, this ranking system is not without bias. 

Additional problems result because reports are 
frequently received in the wrong format (such as on 
the old 3" x 5" cards) or lack sufficient information 
with which to evaluate the report. Despite efforts to 
inform park staff and visitors about the park's in
terest in documenting rare animal observations, 
many sightings may still go unreported, though the 
exact number is difficult to estimate. Park staff have 
occasionally expressed reluctance to report rare ani
. mal sightings out of fear that park biologists will 
want to initiate a research project or some other man
agement action in response. It is apparent that this 
type of database has not been associated with con
sistent observer or collection effort. And, even if 
complete observation records are obtained, there is 
no assurance that a well-documented report is as
sociated with a legitimate sighting or that a poorly 
documented one necessarily reflects an inaccurate 
observation. 

Of the 3 target species, we believe that the wol
verine is most easily distinguished from other ex
tant species in YNP. Lynx and bobcats are easily con
fused/ especially if sightings are fleeting or made 
under less than ideal conditions (e.g., poor lighting 
and long distance). Similarly, fishers may be mis
taken for the commonly occurring pine marten. We 
also view track reports as particularly difficult to 
substantiate unless accompanied by measurements, 
casts, or photographs. 

Physical evidence of the presence of wolverines, 
lynx, and fishers in the park is almost nonexistent. 
A search of museum specimens revealed no wolver
ines, lynx, or fishers taken from within YNP present 
in the natural history collections, nor were there any 
reported taken from the surrounding states. The 
Smithsonian Institution's collections include one 

wolverine skin and skull received in 1895 and one 
lynx skull collected in 1904. Unfortunately, little 
other information accompanies these specimens; the 
only location information indicated on either speci
men tag is "Yellowstone NP." 

No wolverines, lynx, or fishers have been re
corded during recent efforts to sample wildlife 
health and to record carcasses from roadkills or other 
sources. Results from analysis of guard-hair sam
pling since 1989 yielded 1 record of a wolverine from 
the north side of Mount Washburn, and 2 samples 
judged to be "either bobcat or lynx" from the Soda 
Butte Creek drainage. In addition, the park's photo 
collection lacks any documentation of the 3 species 
taken from within YNP. Recent photographs of wol
verines (Robinson and Gehman 1998) and, possibly, 
fishers (Crabtree, pers. commun.) taken just outside 
the park's northern boundary provide the best cur
rent evidence that the park and surrounding areas 
may support populations of these 2 mustelids. 

Conclusion 

The limited quality and quantity of information 
about wolverines, lynx, and fishers in YNP makes it 
difficult to assess either their historic or present dis
tribution. Sighting records for the 3 rarely seen car
nivore species suggest a past and present park-wide 
distribution. However, these records exhibit consid
erable bias due to variability among observers and 
the amount and type of information provided with 
respect to location, animal characteristics and behav
ior, and sighting conditions. Substantive evidence, 
such as that provided by photographs and collec
tions, both of whole animals or accurately identi
fied parts (i.e., hairs, skins, and skulls), is almost 
nonexistent and dates back to the turn of the cen
tury. Despite this dearth of data, however, there have 
been no systematic efforts to collect museum speci
mens of the target species since the early 1900s. Re
cent efforts aimed at collecting physical evidence 
(i.e., guard hairs, track casts, and photographs) de
serve more time and effort (see Crabtree et al. this 
volume). 

We are inclined to place high reliability on well
documented observations of wolverines, given the 
relative ease with which this animal can be distin
guished from other wildlife species found in the 
park. In combination with the physical evidence 
available, the number of wolverine observation 
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records leads us to believe that Yellowstone helps 
support a resident population. There is less evidence 
to convince us that a resident population of lynx 
exists in Yellowstone today, if it ever did historically. 
And we consider the evidence for a resident fisher 
population the least cohvincing. The lack of substan
tive evidence for these species may be the result of 
lynx and fishers occurring only rarely or on a tran
sient basis, or it may be due to the lack of intensive 
field investigation within large expanses of the. 
Greater Yellowstone Ecosystem. Regardless, main
tenance of wildlife observation records and, where 
possible, efforts to augment those records with pho
tographs, track casts, and physical evidence such as 
guard hairs and opportunistically-collected speci
mens, will help improve our knowledge of the sta
tus and distribution of wolverines, lynx, and fish
ers in YNP. 
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Abstract 

By the 1980s, Yellowstone National Park had undertaken long-term studies of 
all large ungulate-killing carnivores(> 10 kg), except for the coyote (Canis latrans). 
In 1989, following the 1988 fires and in expectation of gray wolf (Canis lupus) res
toration, an intensive 6-year study of coyotes on the Northern Range (NR) was 
initiated to determine both real and potential impacts. The coyote is the major elk 
(Cervus elaphus) predator on the NR with an estimated 400 adult coyotes killing an 
estimated 1,276 elk (750 neonates) annually. In comparison, mountain lions (Puma 
concolor) kill about 600 elk (35 neonates) and grizzlies (Ursus arctos) kill 750 neo
nates and a few adults. Per capita annual kill rates for the coyote, grizzly bear, and 
mountain lion were 3, 13, and 36 elk, respectively. · 

The high density of coyotes on the NR (0.4/km2
) adds a strong numerical 

component to an already broad functional role as a generalist consumer. Estimates 
of the annual biomass consumed by coyotes of various prey species were based 
on independent estimates of predation rates on small mammals, carcass consump
tion rates, predation rates on ungulates, and seasonal estimates of the fresh weight 
of prey consumed from scat analysis incorporating differential digestibility cor
rections. Neady 50% of the annual biomass intake came from small mammals 
taken mostly in sununer and tall, and nearly 45% came from ungulates taken mostly 
in winter and spring. For example, during the 7 non-winter months, microtines, 
pocket gophers, ground squirrels, snowshoe hares, and elk (calves and carrion) 
made up 41 %, 25%, 3%, 4%, and 21 % of prey biomass consumed, respectively. In 
contrast, we estimated that 7 4 % of the biomass intake during the winter months 
consisted of elk (mostly carrion) while only 26% consisted of small mammal prey. 
Predation rates on major prey items were 76%, 24%, 35%, and 10% for microtines, 
pocket gophers, ground squirrels, and neonate elk calves, respectively. During 
mild winters with little carrion, coyotes can lose up to 30% of their body weight. 
Harsh winters result in large numbers of carcasses and coyotes can gain weight 
late in the season. 

Eighteen (of 47 known) coyotes packs on the NR were intensively examined 
in the Lamar Valley and Blacktail Plateau study areas. Territories were defended, 
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stable, contiguous, and non-overlapping areas of 8-12 km2• Pack members consti
tuted about 85% of the study populations with the remaining 15% (loners) occu
pying the periphery of, and space between, territories. Coyote packs, like those of 
gray wolves, consist of the dominant "alpha" breeding pair and subordinates, or 
"betas,"which are pups born in previous years that stay and help raise their 
younger siblings. Some betas were not observed to help at the den and are con
sidered "slouches." Data from 3 long-term studies of coyote populations (over 
300 coyote-territory years) subjected to little or no human exploitation showed no 
change in the location of territories and few temporary shifts in territorial bound
aries. Five of 7 denning areas located in 1946-49 were in the same location in 1990-
93. Accordingly, the tenure period for an alpha pair residing in a territory aver
aged 6 years. These and other data suggest that the location and number of coy
ote territories probably stabilized shortly after wolf extirpation and have been 
stable ever since. Adult pack size was also stable and averaged 6.0 for 70 pack
years. 

In contrast to the aforementioned spatial and pack stability, some sociode
mographic characteristics varied greatly. Litter size ranged from 0 to 12 and aver
aged 4.44 pups observed at the den (late May through late June). High neonatal 
pup mortality was observed from late June through late August and averaged 
65% annually. Additional pack members, or betas, were both a cost and benefit to 
the pack in terms of litter production. Litter size and survival were positively 
correlated with pack size in high food production years and were negatively cor
related with pack size in low food production years. Because virtually all food 
consumed by pack members is extracted from within the "confines" of the terri
tory, packs may exceed territorial carrying capacity. Subordinate betas, usually 9-
to 12-month-old individuals, were often socially excluded from carcass feeding 
and dispersed from natal packs in winter and spring. A high proportion of betas 
that "stay" inherit the alpha positions in their natal pack or take over an alpha 
position in an adjacent territory. 

With highly variable and unpredictable food resources, the NR coyote main
tains consistent numbers of territories, stable pack size and pack composition, 
fidelity of territory and den site location, and high annual survival of adult pack 
members (0.91 for alphas and betas combined). This stability is maintained func
tionally by the coyote's broad foraging niche, and demographically at the expense 
of high neonatal mortality and socially mediated dispersal. Various demographic 
effects were not significantly affected by burn levet which varied from 0 to 52'"/o 
of the territorial area. However, carcass availability, related to winter severity, 
was positively correlated with litter size. Vole biomass was significantly related 
to pack size and litter size. 

Extirpation of the gray wolf by 1927 has probably resulted in high coyote 
densities on the NR and coyotes have, at least partially, slid into this vacant niche. 

With restoration of the wolf in 1995, the ecological role of the coyote will un
doubtedly change numerically, functionally, and behaviorally. These changes 
should generate ripple effects on their competitors and prey. 

Introduction 

Adolph Murie's pioneering work (Murie 1940) 
on the ecology of the coyote (Canis latrans) in 
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Yellowstone National Park had undertaken long
term studies of ungulate-killing carnivores, the griz
zly bear (Ursus arctos) (Knight and Blanchard 1999) 
and mountain lion (Puma concolor) (Murphy 1998), 
but not the coyote. In response to the fires of 1988 
and in expectation of gray wolf (Canis lupus) resto
ration, an intensive long-term study began in 1989 
on the Northern Range (NR) of Yellowstone National 

· Park (YNP). 
Coyotes are ideal carnivores to study because 

of their ability to adapt and thrive in diverse envi
ronments and because of their variable social behav
ior (Bek off and Wells' 1986 ). From loose pairs (Berg 
and Chesness 1978) to packs of 10 adults (this srud y ), 
the mid-size coyote displays many of the behavioral 
characteristics seen among the 35 species (Sheldon 
1992) within the family Canidae. Canids themselves 
are instructive groups with which to examine the 
community structure of carnivores because of their 
wide distribution and variable behavioral and eco
logical adaptations (Johnson et al. 1996). 

This paper provides an overview of the ecologi
cal role of the coyote on Yellowstone's Northern 
Range during the 6-year period (1990-95) prior to 
wolf restoration. In discussing the coyotes' func
tional, behavioral, and demographic role, we also 
provide a guide to the numerous coyote papers that 
were presented at the Third Biennial Scientific Con
ference on the Greater Yellowstone Ecosystem en
titled Greater Yellowstone Predators: Ecology and Con
servation in a Changing Landscape. The following 
graduate students, working on the Canid Ecology 
Project, gave presentations: Robert Fuhrmann, Eric 
Gese, Scott Grothe, Kezha Hatier, Paul Moorcroft, 
and Jennifer Sheldon (all this volume). Additional pre
sentations were given by collaborating researchers, 
Mark Johnson (this volume), Valeda Slade (this vol
ume), and Tim Stotts. 

We thank the staff of Yellowstone National Park 
for support and guidance. A special thank you to 
the numerous field tecluticians, interns, and volun
teers that worked on various aspects of the field re
search, especially the aforementioned graduate stu
dents. The research in Yellowstone was funded pri
marily by the National Park Service (1989-1994) un
der cooperative agreement 1268-1-9001 to R. L. 
Crabtree, and by Yellowstone Ecosystem Studies 
(1993-1995). Additional funding and support was 
provided by National Geographic Society, World 
Wildlife Fund, Earthwatch, Inc., Hornocker Wild
life Research Institute, Max McGraw Wildlife Foun-

dation, U.S. Fish and Wildlife Service, U.S. Depart
ment of Agriculture, U.S. National Biological Ser
vice, Bob Landis of Landis-Trailwood Films, M. 
Johnson of Wildlife Veterinary Resources, Biology 
Department at Montana State University, Depart
ment of Wildlife Ecology at the University of Wis
consin-Madison, V. Slade at Hunter College, and 
J. Williams at University of North Carolina
Wilmington. 

Methods 

This study was conducted on the Northern 
Range (NR) of Yellowstone National Park. A descrip
tion of the vegetative and climatic patterns of the 
NR can be found in Despain (1990). Two study ar
eas on the NR, Lamar Valley (LV) and Blacktail Pla
teau (BT), were chosen based on: (1) a differential 
pattern of burn from the 1988 fires, (2) their general 
topography in providing viewing for behavioral ob
servations (LV) and, (3) fixed station radio-telem
etry (BT). Our goal was to maintain 1 to 3 radio
tagged adults in all territorial packs in each study 
area. This provided the sample sizes necessary to 
investigate spatial organization, estimate social class 
specific demographic parameters (e.g., survival and 
reproduction), and enhance behavioral observations. 
Adult coyotes were captured with padded, offset 
1eg-ho1d traps (Soft-catch, Woodstream, Inc.) with 
attached tranquilizer tabs (Balser 1965) and other in
jury-minimizing (and non-target species-avoiding) 
modifications developed by Crabtree (1989). No 
major injuries and no deaths were incurred in 121 
captures of 112 individual coyotes. 

Sex, weight, estimated age, condition indices 
(Crabtree 1989), presence of scars and unique marks 
were determined, and the genitalia and mammae 
were described for each captured coyote. We ex
tracted the vestigial first premolar from an anaes
thetized lower jaw for age analysis via cementum 
annuli examination. Each coyote was ear-marked 
and fitted with a modified (Crabtree 1989) 3-year 
radio collar weighing approximately 3% of the 
animal's body weight. Blood samples were taken for 
serological analysis and DNA fingerprinting. Pups 
were hand captured at dens when 9-12 weeks old 
and surgically implanted with intraperitoneal radio
transmitters. This procedure allows estimates of 
early pup mortality,. dispersal, and social interaction,. 
and transitions up to 2 years of age, and is described 
in detail in Slade et al. (this volume). 
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The above methods enable estimation of emi
gration (dispersal), immigration, survival, mortal
ity factors, territorial turnover, social class transition 
probabilities, and population productivity. Estimates 
of survival and mortality factors were generated 
with program SURVIV (White 1984) or with the 
Kaplan-Meier staggered-entry models (Pollock 
1989). Litter size was determined from den counts 
and occasional female carcasses. 'Jhe proportion of 
females in the population that breed was estimated 
from activity and movement data during whelping 
as described by Crabtree (1989). Size of coyote popu
lations was determined by complete census and es
timates based on mark-recapture (Crabtree et al. 
1989). 

Both marked and munarked coyotes were in
tensively observed in the Lamar study area with the 
aid of spotting scopes and radio-telemetry. Behav
ioral data (see Gese et al. 1996a) were recorded on a 
hand-held computer while location data were re
corded on a 7.5-minute map. Behavioral time bud
gets were developed from systematic observations 
made from 10 elevated sites located throughout the 
Lamar Valley region. In the Blacktail study area, ra
dio-tagged coyotes were intensively tracked, but 
were not readily observed due to the undulating 
topography. Pack size was determined by the larg
est count of known, yet differently marked adults 
during winter. Effective group size (or social cohe
siveness) was determined by recording the number 
of adult coyotes traveling together during morning 
transects. 

Scats were collected from predetermined 
transects in both the Lamar and Blacktail study ar
eas during winter, spring, summer and fall collec
tion periods. Estimates of the annual biomass of vari- · 
ous prey species consumed by coyotes were based 
on: (1) independent estimates of predation rates 
(Gese et al. l 996a ), (2) carcass consumption rates (S. 
Grothe, unpubl. data), (3) observed predation rates 
on ungulates (Gese and Grothe 1995, R. Crabtree, 
unpubl. data), and primarily, (4) seasonal estimates 
of the fresh weight of prey consumed from scat 
analysis incorporating differential digestibility cor
rections (Kelly 1991 ). 

A concurrent study (1990-94) of small mammal 
communities on the Northern Range allowed esti
mates of availability and overall predation rates on 
small mammal prey Gohnson and Crabtree 1999). 
Historical data was provided by L. Whittlesey and 
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P. Schullery, and through access to the archives at 
Mammoth Hot Springs. 

Results and Discussion 

History and Background 

Based on the its pre-European distribution 
(Bekoff 1977), the coyote has now tripled its range 
and greatly increased its numbers across North 
America while wolves have declined (Mech 1974). 
These 2 canids, along with red foxes (Fuhrmann 
1998), occured naturally in the GYE and the NR of 
Yellowstone (see also Whittlesey and Schullery, this 
volume) and coexist once again with the reintroduc
tion of gray wolves in 1995. 

The majority of the coyote's range expansion 
occurred during the century-long predator eradica
tion era (1860s to 1960s), which resulted in drastic 
reductions in the range distributions of many carni
vores. Besides its famed resiliency to predator con
trol techniques, widespread reduction in the distri
bution of the gray wolf, a dominant competitor, and 
the clearing of forests (Sheldon 1992) contributed to 
the coyote's proliferation. The coyote now occupies 
most habitat types in North America; howeve1~ it is 
best adapted to the arid and open shrub-grassland 
areas of the West (Bekoff 1977). 

What historically happened to wolves, coyotes, 
·and red foxes across North America is similar to 
what has happened in Yellowstone. Schullery and 
Whittlesey (1992) reviewed historical sightings of 
canids prior to 1890 and found that sightings of 
wolves and foxes were common; coyote sightings 
were rather infrequent. Although this could be due, 
in part, to classifying coyotes as wolves, it is clear 
that several park officials were very adept at distin
guishing between species, even between color mor
phs of red foxes (see Norris 1881 ). The surprising 
lack of frequent coyote sightings is in sharp contrast 
to the recorded take of predators from 1906 to 1927, 
when the last wolves were extirpated from the NR 
of Yellowstone (Murie 1940). Wnile 127 wolves and 
134 mountain lions were killed, a staggering 4,352 
coyotes were taken. Even if 80% of this number rep
resented pups killed at dens (which is doubtful), coy
otes appear to have been much more abundant than 
wolves. Could wolves have suppressed coyote num
bers and, once released from wolf pressure, could 
coyotes quickly rebound? 
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Distribution and Abundance of Coyotes 

Currently1 the coyote inhabits all vegetation 
communities below 8/000 ft in the GYE except for 
areas of contiguous deep snow and steep rocky ar
eas. Based on extensive winter surveys conducted 
from 1992 through 1995 (Gehman et al.1997), the 
covote uses all elevations above 8,000 ft, but only 
od a transitory basis. The typical coyote behavia"r 
(e.g., territorial establishment, courting, pair bond
ing, and breeding) that takes place from December 
through February is completely absent above 8,000 
ft. However/ coyotes arn commonly observed from 
8,000 to 11,000 ft in meadow and mixed forest
meadow habitats from May to July. These coyotes 
are often seen in male-female pairs engaged in court
ship and pair bonding. Non-territorial coyotes that 
reside below 8,000 ft during winter most likely travel 
to these areas in late April and May as snow melts 
and prey become available. These pairs vocalize, 
scent mark, and defend territories similar to coyotes 
living at lower elevation in winter, but no success
ful reproduction has been detected. 

coyote's stable, broad, and numerically large eco
logical role on Yellowstone's NR. 

The ecological role of the coyote was defined 
by Murie (1940) largely from analysis of 5,086 scats. 
We summarized these data and compared them to 
a subsample of 500 scats collected in 1991and1992 
over 50 years later (Table 1). The data sets were re
markably similar indicating stable resource use. 
This, combined with the apparent stability in the 
location of traditional den sites, suggests that prey 
availability and preferences have also been relatively 
stable. Based on these results, the observations of 
Murie (1940), and the similarity of den site locations 
during 1946-49 {Robinson and Cummings 1951) and 
1990-94, we believe that the number and specific 
location of coyote territories on the NR have been 
stable since a period of rapid colonization shortly 
after the extirpation of the gray wolf in 1927. 

Nearly 50% of the annual biomass intake came 
from small mammals taken mostly in summer and 
fall, and nearly 45% from ungulates taken mostly in 
winter and spring (Figure 1 ). In the 7 non-winter 

The estimated density of adult 
coyotes on the NR averages 0.45 
per kmi (Crabtree and Sheldon 
1999) based on total counts and 
capture-recapture estimates 
(Crabtree et al. 1989). In the open, 
shrub-steppe and mesic grasslands 
of the GYE, coyotes can reach lo
cal densities exceeding 1.0 per km2

• 

However, across much of the for
ested habitat types of the GYE, coy
ote densities probably range from 
0.1 to 0.4 coyotes per km2• 

Table 1. Coyote food habits as indicated by analysis of scats(% of biomass in
take) Reprinted with permission from Yale University Press-Crabtree and 

Functional Role 

The high density of coyotes on 
the NR (0.45/km2) adds a strong 
numerical component to an al
ready broad functional role as a 
generalist consumer. In this sec
tion, we compare historical data to 
current information, estimate bio
mass consumed of different prey 
species1 and calculate the percent 
of prey species removed by coyotes 
in order to further define the 

· Sheldon 1999. 

Prey Species Murie 1940 (5,068 scats) This Study (1995, 500 scats) 
i .. . ... ---- . ... ... -- ·-···· .. _. 

1 Microtus spp ' 42.4 41.3 

' Pocket gopher 27.0 24.5 

, Ground squirrel ' 0.6 3.0 

, Snowshoe hare 4.3 4.4 
- -- -

Elk 20.3 21.2 

Table 2. A comparison of estimated prey availability to that taken by coyotes in 
their diet on the northern range of Yellowstone, 1990-95. 

Potentially available on the Coyote predation or 
northern range of Yellowslone removal of food source 

Major Prey Number Biomass (xlOOOkg) % removed %in diet 

M icrotus spp. 826,416 42 76.2 32.4 
Pocket gopher 928,267 93 23.6 16.4 
Ground squirrel 27,002 7 35.2 l.8 
Elk calves -7,000 140 10.0 7.5 
Adult elk -17,000 3,400' 2.0 36.0 

Totals -1 ,805,685 3.682 3.8 ( 139 ,000 kg)" 94.l 

'mostly scav enging of carcasses $ 

--

•estimate of the percen!<lge and 101al biomass taken by coyotes on the northern range from the 
number of individuals estimated to be available 
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months, microtines, pocket gophers (Thomomys 
talpoides), ground squirrels (Spennophilus spp.), snow
shoe hare (Lepus americanus), and elk (Cervus e!aphus) 
(calves and carrion) made up 41%,25%, 3%, 4%, and 
21 % of prey biomass consumed, respectively. An es
timated 74% and 26% of the biomass intake during 
the 5 winter months came from elk (primarily car
rion) and small mammal prey, respectively. 

The coyotes' estimated take of small mammal 
prey on the NR is indicative of its high density and 
broad functional role (Table 2). Among 15 species of 
carnivores that rely on small mammal prey as their 
major food source, the coyote accounts for an esti
mated removal of 76%, 24%, and 35% of the esti-

mated populations of microtines, pocket gophers, 
and ground squirrels, respectively. Nearly 314 of the 
elk biomass consumed during the 4 winier months 
consist of carrion and approximately 21.3 of the dep
redated elk are old and/ or starving individuals (S. 
Grothe, unpubl. data). 

As Murie (1940) suspected, harsh winters result 
in large numbers of carcasses for scavenging coy
otes, and coyotes can actually gain weight during 
the late winter die-off. In mild winters with little car
rion, coyotes can lose up to 30% of their body weight 
(e.g., alpha male M660 weighed 39 lbs. in October 
1989 and 27 lbs. in May 1990). The fall weight and 
fat index of captured adult coyotes were significantly 

greater than those captured in the 

Figure 1. Seasonal biomass intake by coyotes in the Northern Range of Yellowstone 
National Park. Reprinted with permission from Yale University Press-Crabtree and 
Sheldon 1999. 

following spring (P < 0.05). Coy
otes normally go through a 20% 
weight loss in the winter and a 20% 
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Table 3. Comparison of predation rates by large predators in Yellowstone's Northern 
Range. Reprinted with permission from Yale University Press-Clark et al. 1999. 
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Surprisingly, the coyote is the 
major elk predator on the NR, kill
ing an estimated 1,276 elk annually 
(Table 3). The coyote population 
accomplishes this not by special
ization, but by sheer numbers (n = 
450) along with a propensity for 
killing mostly young neonates (an 
estimated 750 annually) in June 
and weak or starving individuals 
during winter. Although coyotes 
are capable of killing healthy adult 
elk during winter, they seldom do 
so (Crabtree, unpubl. data, Gese 
and Grothe 1995). In comparison, 
the specialized, obligate ungulate 
predator, the mountain lion, kills 
around 600 elk (only 35 neonates) 
annually (Murphy 1998) and griz
zlies kill an estimated 750 neonates 
(see Crabtree and Sheldon 1999) 
and a few adults (B. Blanchard, 
pers. commun.). Grizzlies appear 
to seasonally specialize only on 
neonate elk calves while coyotes, 
probably because of their size, ap-
pear not to specialize on elk at all. 
The estimated per capita annual 
kill rate (an index to specialization) 
for an estimated 450 coyotes, 60 
grizzly bears, and 17 mountain li-
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ons on the NR are 3, 13, and 36 elk, respectively. 
Although coyotes commonly hunt and kill un

gulate neonates (elk calves and mule deer [ Odocoileus 
hemionus] I antelope fawns [ Antilocapra americana]) 
from late May through early July, predation on 
adults is less common and rarely observed. How
ever, 26 predation attempts were recorded in the LV 
study area from 1990to1995, and Gese and Grothe 
(1995) report detailed observations of 9 predation 
attempts by coyotes on adult and younger (>5 mos.) 
deer and elk in Yellowstone National Park during 2 
winters (1991-92 and 1992-93). Successful attacks 
(n = 5) were related to deeper snow and nearly all 
attacks were led by the alpha male. Two or 3 adults 
took part in the attacks while the remainder of the 
pack (mean pack size was 6.7 adults) watched or 
was absent. Nonetheless, the majority of the pack 
feeds on both predated and winter-killed ungulates 
(S. Grothe, unpubl. data). 

Bekoff and Wells (1986) estimated that about 
90% of the coyotes' diet is mammaJian flesh. Because 
ungulate flesh in the diet is usually carrion (Bekoff 
1977, Weaver 1977, Houston 1978) and seasonal in 
occurrence, few studies have investigated coyote 
impacts on ungulate populations (but see Messier 
et al. 1986). Coyotes are certainly capable of killing 
adult ungulates, usually those that are weak, im
paired, domesticated, or starving, but can kill 
healthy adult ungulates, even elk in Yellowstone 
{Gese and Grothe 1995, Crabtree, unpubl. data). 
Impacts of coyotes on ungulate populations are pri
marily the result of predation on ungulate neonates 
during pup rearing and secondarily attributed to 
predation on starving short-yearling elk during win
ter. We suspect that coyote predation on elk calves 
is largely additive mortality while predation on 
short-yearlings mostly substitutes for winter star
vation. 

We know of no study that indicates significant 
coyote predation on the adult segment of an ungu
late population. However, predation rates on young 
ungulates can be high (Hamlin et al. 1984). In 
Yellowstone, coyotes kill more elk calves (neonates 
and older calves in winter) than grizzly bears and 
mountain lions combined (Table 3) and inflict heavy 
predation (> 80%) on radio-tagged antelope fawns 
(D. Scott 1994, pers. comm.). Given substantial neo
nate predation on ungulates on the NR and in many 
areas of the lower 48 states, attention should be paid 
to coyote predation on fawns as a limiting factor of 
mule deer (see Mackie et al. 1998), which are more 

abundant in areas surrounding the NR. A major im
petus for coyote predation on ungulate neonates is 
the provisioning of large prey packages to pups dur
ing May, June, and July when coyote pups have been 
weaned and are larger and fast-growing. In 
Yellowstone, we commonly found the remains of elk 
calves at coyote den sites. Till and Knowlton (1983) 
experimentally demonstrated that coyotes kill do
mestic sheep to provide food for young pups. 

Our research in Yellowstone mtensively exam
ined the ecology of coyote predation on small mam
mals populations (Gese et al. this volume, Gese et al. 
1996a, l 996b) as did studies conducted in Wyoming 
(Bekoff and Wells 1981). Coyote food habit studies 
are numerous, but provide unreliable information 
because of sampling biases related to differential di
gestibility and inconsistent analysis methods (Kelly 
1991). Nevertheless, food habit studies indicate that 
coyotes rely mostly upon small mammal prey. Ma
jor exceptions appear to be: (1) fruits in some south
ern regions when seasonally abundant, and (2) car
rion in northern regions during the winter months. 

Behavioral and Social Ecology 

Captures 

Sixty-seven adults and 62 pups were captured 
and radio-tagged from spring and fall capture ses
sions beginning in the fall of 1989 and ending the 
spring of 1993. Adults were monitored seasonally 
and constituted a total of over 200 coyote-years. An 
additional 37 adult coyotes not radio-collared were 
monitored in the Lamar Valley region due to the high 
visibility of the area and natural distinguishing 
marks of their coat pelage. Pups were intensively 
monitored during the summer months, the period 
of highest neonatal mortality. 

Of the 67 adult coyotes monitored in the LV and 
BT study areas, 52 (78%) and 15 (22%) were classi
fied as pack members and loners, respectively. How
ever, because loners expressed low-fidelity to the 
study sites and traveled over large areas, percent 
composition estimates are biased. Applying the 
weighting factor used by Crabtree (1989) that cor
rects for fidelity based on resident-equivalents al
lowed for estimates of percent composition for the 
population. As such, 88% (11 = 52) belonged to terri
torial packs of which 30% (n = 22) were alpha breed
ing pairs and 58% (n = 30) were subordinate adults 
or betas. Twelve percent (n == 15) were solitary indi-
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viduals or loners that did not belong to a territorial 
pack. These loners occupied the periphery of estab
lished territories and the spaces between them. Simi
lar to gray wolves, the territorial packs consisted of 
the dominant, or "alpha," breeding pair and subor
dinates, or "betas," which are pups born in previous 
years that stay and help raise their younger siblings. 
Some betas are considered "slouches" and were not 
observed to help at the den {Hatier 1995, Hatier and 
Crabtree, unpubl. data). 

The average age of coyotes captured in trapping 
efforts (excluding pups in the fall) was 3.8 years of 
age, the oldest yet reported. The percentage of pups 
captured in the fall was very low (20%) compared 
to other studies (see Crabtree and Sheldon 1999), but 
similar to that reported by Crabtree (1989) in an 
unexploited population in Washington. 

Figure 2. Coyote pack size. Reprinted with permission from 
Yellowstone Science, Vol. 7, No. 2, Spring 1999. 
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Social organization 

From recent studies on unexploited populations 
(Crabtree 1989, this study) the contention by 
Camenzind (1978) that coyotes exhibit a well-de
fined social system similar to that of gray wolves 
appears correct. In "protected" areas, coyotes fom1 
territorial packs of 3 to 10 adults. On the NR of 
Yellowstone, coyote pack size averaged 5.9 adults 
per territory (Figure 2) from 1990 to 1995. During 
winter, packs typically consisted of the dominant 
(alpha) breeding pair, 2 beta adults (non-dispersing 
pups born in previous years), and 2 adult-sized ju
veniles. Smaller pack sizes tended to stay smaller 
and larger packs tended to stay larger over time (S. 
Grothe, unpubl. data). These differences appear re
lated to the amount of available prey and prey habi-
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tat contained within defended territories 
(see Prey Relations below). 

The belief that coyotes are more 
solitary than other similar-sized canids 
seems to be the result of cultural folk
lore and sampling biases in field stud
ies. In contrast to gray wolves, coyote 
pack members rarely travel all together 
{Figure 3). However, like wolves they 
occupy the same territory and socialize 
often. Thus, winter counts of coyote pack 
size (standard for wolves) derived from 
visual counts of traveling individuals 
will be biased low. In addition, human 
exploitation lowers group size and pos-
sibly causes coyotes to become more se
cretive and nocturnal. Pack size in coy
otes fits nicely with the behavioral and 

Figure 3. Pack cohesion. Reprinted with permission from Yellowstone 
Science, Vol. 7, No. 2, Spring 1999. 

ecological relationships described by 
Moehlman (1986) for many canid spe
cies. Larger canids, like the coyote, are 
more social and tend to form packs. Ac
cording. to the accepted definition of a 
pack (three or more adults inhabiting the 
same territory), jackals and even red 
foxes commonly form packs. Many red 
fox territories consist of three adults
the mated pair and a yearling female 
helper-and are rarely seen together, but 
use the same territorial area (Macdonald 
1977). 
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Coyote populations are explicit in 
their spatial arrangement and are spa
tially structured accordi_ng to well-de-
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fined social classes (see Crabtree 1989). However, a 
review of previous studies cited in this paper indi
cated various discrepancies in the classification of 
adult coyotes into consistent social classes. We be
lieve these inconsistencies are the result of variable 
human exploitation rates among the studies re
viewed. Hence, we modify the classification of adult 
coyotes originally proposed by Bowen (1978) and 
adopted by Bekoff and Wells (1986) to describe two 
major social classes and six or seven subclasses seen 
in both studies of unexploited populations (Crabtree 
1989, this study) 

Adult coyotes captured in Yellowstone fall into 
two distinct social class categories: (1) either a mem
ber of a social group (territorial pack member) or, (2) 
a non-territorial loner. Adults in territorial packs 
were further divided into the dominant alphas or 
breeding pair and their subordinate betas. Beta pack 
members can either be helpers (help with pup-rear~ 
ing) or slouches, which occupy the territorial area and 
socialize with the breeding pair but seldom, if ever, 
contribute towards pup feeding, pup rearing, and 
den guarding. Betas are pups born in previous years 
that stay in their natal territory (Crabtree 1989, 
Crabtree and Shel¢on 1999). 

Loners are subdivided into solitary residents and 
nomadic transients (nomads). The term transient, 
used in previous studies to describe non-territorial 
status, was inappropriate because a significant por
tion of non-territorial individuals expressed site fi
delity and exhibited little, if any, transitory move
ment (e.g., solitary residents). Nomads are usually 
young, have low site fidelity, and range over large 
areas (50-300 km2) presumably in search of a mate 
and a territorial vacancy (Crabtree 1989). Solitary 
residents have levels of site fidelity and home range 
sizes that vary between those of pack members and 
of nomads. 

Solitary residents generally make up less than 
15% of the population and are the most heteroge
neous social class. They are divided into 2 subclasses: 
floaters and former alphas. Floaters tend to be younger, 
age 1-3 years, show weak fidelity to an area, and 
range over a larger area than most older solitary resi
dents. They spend substantial amounts of time on 
the periphery of several territories and are suspected 
to be "outcasts" of one of the adjacent territories 
(Crabtree 1989). The characteristics of this subclass 
match those of individuals described by Bekoff and 
Wells (1986) and individuals described by Messier 
and Barrette (1982). 

Figure 4. Location ot coyote territories in the 2 study areas 
prior to wolf reintroduction. Reprinted with permission from 
Yellowstone Science, Vol. 7, No. 2, Spring "1999. 

Blacktail Plateau 

The second subclass of solitary residents, former 
alphas, consists of older adults, age 3.5-13.5 years, 
with a degree of site fidelity close to a territorial pack 
member. Evidence presented by Crabtree (1989) in
dicates that many of these individuals are former 
territorial alphas. Noticeable head and facial scars 
are common on breeding males as is evidence of 
former reproduction on females. A vocalization 
study by Fulmer (1990) indicated that solitary resi
dents occasionally respond to territorial group yip
howls. 

Only Bekoff and Wells (1986) describe a social 
category called resident mated pairs that do not de
fend a territory. We believe this category arises in
frequently; however, we have observed it several 
times in Yellowstone as a direct result of wolf dis
turbance (Crabtree and Sheldon, unpubl. data), or 
as loose, short-term social bonds between male and 
female solitary residents (observed twice in south
east Washington; Crabtree 1989). 

Territories 

Territories were defined as defended, stable, 
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contiguous, and non-overlapping areas (Figure 4) 
of 7-12 km2 (mean=10.1). Territories are defended 
by vocalization (Sheldon et al., this volume; Gese and 
Ruff 1998), physical presence, scent marking (urine 
and feces), and physical defense (Allen et al. 1999). 
Non-overlapping areas represent further evidence 
of territoriality (Figure 4). Although home range 
analysis indicated some overlap between territories 
in Yellowstone and in other studies, we believe this 
to be an artifact of the statistical method employed. 
Observation of scent marking and territorial defense 
in Yellowstone indicates relatively little, if any, over
lap between groups (Allen et al. 1999; Crabtree, 
unpubl. data). Statistically defined territorial "core 
areas'' do not show any overlap. 

Territory size, configuration, and intensity of use 
{i.e., utilization distribution) are probably functions 
of many factors, including prey habitat and densi
ties, pack size, topographical features, and neigh
boring conspecifics. Recent work by Moorcroft et al. 
{1999) provided a mechanistic, spatially explicit ap
proach to estimating carnivore home ranges using 
coyotes as an example. This empirically based, theo
retical model examines scent marking, fidelity to an 
area, and neighboring conspecific territories as fac
tors affecting the use of space by an individual pack 
member or an entire pack. The empirical data col
lected in Washington by Crabtree (1989) and in 
Yellowstone (unpubl. data) fit the statistical models 
and provided realistic utilization distributions. This 
work underscores the need for behavioral data as 
well as the need for estimation of surrounding ter
ritorial configurations. 

The location of territories in LV and BT and their 
subsequent boundaries were extremely stable. Un
expectedly, only 4 shifts (5% rate) occurred over 93 
territory-years in the BT and LV study areas. Two of 
4 shifts involved a contraction of a territorial area 
associated with loss of an alpha individual. The new 
territorial area still included over 50% of the origi
nal area. The other 2 shifts appeared to be associ
ated with access to prime vole habitat when vole 
numbers were high and the expanding territory had 
little vole habitat in its original territorial configu
ration. Both shifts increased the original territorial 
by about 20%. AU 4 shifts were ephemeral and lasted 
no more than 1 year. 

Data from 3 long-term studies of unexploited 
or lightly exploited coyote populations without 
wolves (Crabtree 1989, this study, Camenzind, 
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unpubl. data), totaling 305 coyote territory-years, 
showed no change in the location and number of 
territories and few temporary shifts (see above) in 
territorial boundaries. Five of 7 denning areas lo
cated on the NR in 1946-49 during a dispersal study 
of coyotes (Robinson and Cummings 1951) were in 
the same location in 1990-93. These data, combined 
with the slow turnover of alpha pairs residing in a 
territory and the consistency of their diet over 50 
years (Table 1), suggest coyotes invaded suitable 
habitats vacated by extirpated gray wolves and that 
the location (and number) of coyote territories have 
been stable ever since. 

Territory size in Yellowstone is typical (e.g., 10 
km2

) with latitudinal variation ranging from about 
2 km2 in southern regions (Texas; Winberg et al. 1985) 
to approximately 20 km2 in northern regions 
(Canada; Bowen 1978). Territory size can vary in
versely with prey abundance (Mares et al. 1982 for 
small mammals, Hixon et al. 1983 for birds), but this 
relationship in coyotes is not consistent (Mills and 
Knowlton 1991). This relationship is implied for coy
otes in southeast Colorado {Gese et al. 1988), but 
habitat saturation of contiguous non-overlapping 
territories as seen in previous studies (Windberg et 
al. 1985, Crabtree 1989) may not allow territories to 
expand and contract with changing prey densities. 
In addition, the opportunity for a territorial pack to 
shift into a neighboring territorial vacancy is low. 
The estimated time period that alpha pairs reside in 
a territory in Yellowstone and Washington (Crabtree 
1989, this study) was calculated af 6 years. 

Population Demography 

Litter size 

Coyote litter size in Yellowstone, based on den 
emergence counts in late May, averaged 4.4 pups 
per territory (Figure 5). Indirect evidence from early 
May counts in Yellowstone, late April counts in 
Washington (Crabtree 1989), and other studies 
(Knudsen 1976) suggest that approximately 1 pup 
is lost in the first month after birth. This results in 
an estimate of litter size at birth of 5.4 pups per ter
ritory in Yellowstone. Contrary to the consistency 
of pack size and territorial stability (described 
above), litter size varies greatly (Figure 5) ranging 
from complete loss of litters in poor food years to 
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Figure 5, Litter size. Reprinted with permission from 
Yellowstone Science, Vol. 7, No. 2, Spring 1999. 
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larger litters within large packs in good food years 
(see Sociality and Pack Formation). Annual litter size 
in Yellowstone varied between a low of 2.6 pups per 
territory in 1994 to a high of 6.9 pups per territory 
in 1992. This is the greatest variation yet reported 
for litter sizes without the effects of human exploi
tation. It is possible that exploitation by humans 
dampens the response of litter size to fluctuations 
of prey. 

Although productivity has been related to prey 
abundance (see Crabtree and Sheldon 1999 for re
view), it appears that litter size at birth is surpris
ingly invariant. Litter size averages about 6 pups 
per year in Nor th America and an even sex ratio is 
common (Bekoff 1977). Numerous stucUes, spanning 
a variety of habitats, prey abundances, and exploi
tation rates, report litter sizes taken from den coimts, 
ranging between 5 and 7 (see Crabtree and Sheldon 
1999). Even with drastic 10- to 40-fold changes in 
jackrabbit and hare abundance, litter size only var
ied from 6.6 to 7.6 (unborn fetus counts, Clark 1972) 
and 4.3 to 6.0 (placental scar counts, Todd et al. 1981) 
in northern Utah and central Alberta, respectively. 

Surprisingly, litter size also appears relatively 
invariant to level of exploitation (Crabtree and 
Sheldon 1999). It appears that litter survival (mor
tality from birth to early winter), not litter size at 
birth, is the major reproductive parameter that re
sponds in a density-dependent manne1~ that is, com
pensates for density-reducing human exploitation 
(Crabtree and Sheldon 1999). After all, can.ids place 
relatively little energetic investment in gestation 
compared to lactation and provisioning of pups 
during the pup's maximum growth period. 

Neonatal Survival 

High neonatal pup mortality was observed from 
mid-June through mid-August each year. The sum
mer survival rate estimated from 62 radio-tagged 
pups captured in June 1990, 1991, 1992, and 1993 
averaged 0.30, varying from 0.15 to 0.42. The fall sur
vival rate of pups was estimated at 0.85, which was 
not significantly different from the average adult 
survival rate (P :o 0.61). Thus, overall population pro
ductivity was only 1.5 pups per pack per year. 

Examination of 18 pups recovered shortly after 
death revealed enderitis, a condition associated with 
an active parvovirus infection. Live parvovirus was 
cultured from tissue samples taken from 1 pup col
lected just after death (see Johnson et al., this vol
ume). The time of death was associated with peri
ods of extended heat with maximum daily tempera
ture at or above 85°F. Cause of death could not be 
determined for 11 pups recovered at various stages 
of decompostion. However, all but 1of11 were as
sociated with water or a moist, shaded area. All of 
the 18 pups examined shortly after death were as
sociated with water or a moist, shaded area. Com
monly, pups infected with parvovirus are severely 
dehydrated and travel to wet areas before death. 

Based on disease investigations of Johnson et 
al. (this volume) and the high transmissivity of 
parvovirus, we suspect that all pups in a given lit
ter are infected. However, the weak or malnourished 
die and the strong (probably dominant pups) sur
vive the infection. Examination of lactating females 
in Washington (Crabtree 1989) and examination of 
two live-captured alpha females in Yellowstone that 
had just lost entire litters revealed evidence of lac
tation. These females were in poor nutritional con
dition (low body weight and low fat index). This 
leads us to believe that some alpha females become 
pregnant (many have been seen courting and breed
ing) then lose entire litters shortly after birth (see 
Sayles 1984). This was first suspected by Knudsen 
(1976) in northern Utah. 

Crabtree (1989) suggests that intraspecific strife 
and/ or low prey abundance leads to alpha females 
in poor condition. Their pups are born underweight, 
may have inadequate food-provisioning rates, and 
are predisposed to disease, which becomes the proxi
mate cause of mortality. Males always tend to be 
dominant over females (Sayles 1984), probably gain 
more access to nursing and regurgitated food, and 
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may have a higher survival rate. The sex ratio of 
pups in LV and BT was 34 males to 28 females. 

Exclusive Breeding 

With few exceptions, only the dominant alpha 
female successfully reproduces. Alpha females con
stitute 35% of the female population (Figure 6). Even 
then, they fail to reproduce 14% of the time while 
maintaining their territorial status. While likely los
ing entire litters shortly after birth, some older-aged 
alpha females still defend their territories and re
tain their alpha status (Crabtree 1989, Crabtree and 
Sheldon 1999). Reproductive suppression is com
mon among carnivores (Creel and MacDonald 1998) 
and occurs among 65% of the females in Yellowstone 
(Figure 6). This "behavioral sterility" is socially 
mediated. Although 10-month old juvenile and older 
females are capable of breeding, nearly all subordi
nate females in a pack and all non-territorial females 
fail to breed successfully (Crabtree and Sheldon 
1999). 

Female coyotes are monestrous and the alpha 
pair mate once a year. However, similar to wolves, 
coyote packs occasionally produce a double litter. 
We have observed this 5 times in Yellowstone and 
estimate that double litters occur about 5% of the 
time. In 1 case, an 11-year-old alpha female had 7 
pups together with her daughter, a 2-year-old beta 
female that had a litter of 5 pups. All pups were com
munally nursed and reared. The beta female had 
been a den helper the previous year and appeared 
closely associated with her alpha female mother. 

!/) 
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Figure 6. Age distribution of female coyotes. Reprinted with 
permission from Yellowstone Science, Vol. 7, No. 2, Spring 1999. 
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In unexploited and lightly exploited studies, fe
males first attain alpha status and initiate reproduc
tion when 2-5 years of age with decreases in the 
probability of successful litters starting at about age 
7(Crabtree1989, this study). Socially-sterile beta fe
males, combined with a reservoir of loner females, 
provide high potential for replacement of breeding 
females in exploited populations. In exploited popu
lations, many females are 10 months old when they 
first attain alpha status and breed. This has been 
clearly demonstrated in field studies (Crabtree and 
Sheldon 1999). However, it has been reported 
(Connolly and Longhurst 1975) that as many as 90% 
of females breed when exploited. Unless territory 
size significantly shrinks, these levels are inconsis
tent with the coyote's classic land tenure system of 
non-overlapping territories with 1 female breeding 
per territory. Unless exploitation levels are so high 
as to break down this system, such as that described 
by Berg and Chesness (1978), it is difficult to imag
ine levels above 66% of females breeding. All field 
studies examining female reproduction have re
ported territorial and non-territorial females that do 
not breed. 

Dispersal 

Overall dispersal rates in Yellowstone are low 
compared to other studies. The mean annual dis
persal rate was 22% for pups and 16% for pack mem
bers (only betas dispersed). These rates are consis
tent with the low dispersal rates reported in Wash
ington (Crabtree 1989) and in Idaho (Davison 1980), 

2 habitat-saturated populations sub
jected to low levels of human exploita
tion. 

We agree with Knowlton and 
Stoddart (1983) that dispersal is the 
primary mechanism for maintaining 
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. eas to areas that are exploited. Dis
persal also serves to reduce population 
density 01~ in the case of a food short
age, to lessen intraspecific competition 
(Harrison 1992). These studies also in
dicated lower survival rates for dis
persers than for residents. Low sur-
vival of dispersers, locally abundant 
prey, and lack of territorial vacancies 
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in local and nearby areas appear to be selective con
ditions favoring delayed dispersal (natal philo
patry). 

In the case of a density reducing event, a reser
voir of loner replacements colonize vacancies be
cause only mated territorial females successfully 
breed and can increase their genetic fitness by re
producing themselves instead of helping raise their 
younger siblings. This, combined with the dispersal 
potential of coyotes (see Robinson and Cummings 
1951), argues for immediate colonization from im
migrants and resident loners and betas. Observa
tions in southeast Washington (Crabtree 1989) and 
Yellowstone (this study) both suggest that a territo
rial vacancy is immediately filled with loners, prob
ably competing for residency status and breeding 
opportunities. However, in 4 of 10 replacement 
events, it took 1.5 to 2 years for a new breeding pair 
to emerge. This delay was presumably due to in
tense competition between adults. In contrast to im
mediate immigration, increased pup survival and 
the subsequent recruitment of pups into the adult 
population proceeds at a much slower rate and can 
only occur once per year. 

Evidence gathered in this study and in Wash
ington (Crabtree 1989), indicates that some loners 
are "extended" pack members that occasionally visit 
their natal territory. This may indicate an adjustment 
of the resident pack size to provide more food for 
the dominant adults and survival potential for pups. 
This loose affiliation may also explain the high pro
portion of loners in some populations. Mills and 
Knowlton (1991) proposed that food shortages cause 
an increase in the proportion of non-territorial indi
viduals (i.e., loners). This mechanistic explanation 
of the derivation of these loners is provided by Gese 
et al. (1996c), who describe the dispersal of subordi
nate pack members that had decreased access to food 
sources. 

Adult Survival 

During the pre-wolf period (1990-1995), if a coy
ote survived the high neonatal mortality rate dur
ing the first summer of its life, the chance of becom
ing an older, mature adult was high. The overall an
nual survival rate for adult coyotes on the NR was 
91 % and did not significantly differ between years 
(P < 0.05). Of 12 adult mortalities, 4 were attributed 
to mountain lions, 4 were vehicle-related, and 4 were 
due to unknown but natural causes. 

Data from the 2 unexploited coyote populations 
(Crabtree 1989, this study) report a 9% and 10% an
nual adult mortality rate, with occasional vehicle 
collisions accounting for half of the total losses. 
These rates are far less than the 40'.>/o mortality rate 
assumed by Knowlton (1972) in the absence of ex
ploitation. With Knowlton and Stoddart (1983) at
tributing 89% of mortalities to humans, they must 
have wrongly assumed that human exploitation 
largely substituted for natural mortality. Even some 
exploited populations have annual adult mortality 
rates less than 40% (e.g., Windberg et aL 1985). In 
the absence of exploitation (either from humans, 
predators, or lethal competitors), the.major mortal
ity period for coyotes occurs between birth and 4 
months of age. At 5 months, the probability is high 
that a coyote will reach adulthood and survive to 
old age (Crabtree and Sheldon 1999). 

Ecological Relationships 

Prey Influence on Demography 

The 2 most important food items on the LV and 
BT study areas are voles and carcasses (Figure 1). 
Voles are utilized from early spring snowmelt until 
early to mid-winter when dense snow prevents cap
ture by coyotes (Gese et al. 1996a). In comparison, 
carcasses are utilized only from mid to late winter, 
except in mountain lion habitat where coyotes can 
usurp their ungulate kills (Murphy 1997). 

Voles and carcasses fluctuated greatly during the 
six years of study, thus providing a natural experi
ment with which to test the effect of prey on popu
lation demography. In this section, we examine the 
influence of voles and ungulate carcasses on coyote 
abundance, pack size, dispersal, litter size, and ter
ritory size. In some cases, this was tested using the 
yearly means (n = 6, 1990-95), and in other cases, 
individual values were calculated for each territory 
for each year (n = 18-42). These data, however, were 
not always available. 

Population Abundance: Population abundance 
was surprisingly invariant (P = 0.45) with respect to 
major changes in prey abundance. Despite 4-fold clif
f erences in carcass biomass ( Gese et al. 1996b) and 
over 10-fold differences in vole biomass (Johnson 
and Crabtree 1999) during 1990-95, there was little 
corresponding change in annual coyote abundance, 
which varied between 42 and 58 individuals among 
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the 7 packs intensively monitored in LV. With the 
second highest recorded amount of carrion in the 
winter of 1992-93 and a record amount of vole num
bers in 1992, the LV pack size in the spring of 1993 
was the highest recorded (7.6 adults per pack), but 
was only a 19% increase over the mean of 6.4 (n = 38 
pack-years, over 6 years). Although prey abundance 
influenced the various demographic parameters de
scribed below, its effect on overall coyote abundance 
was dampened by density-dependent responses 
(Crabtree and Sheldon 1999) and prey-switching be
havior (Figure 1 ). 

Pack size and dispersal: Neither vole (P = 0.29) or 
carcass biomass (P = 0.79) significantly affected mean 
annual pack size (overall; r2 = 0.38, F = 0.93, P = 0.52). 
On a territorial basis, however, areas that encom
pass large proportions of mesic grasslands, the pre
ferred habitat of voles, tended to harbor larger pack 
sizes. However, this relationship was obscured by a 
non-linear phenomenon. In wet years, vole biom
ass is very low in the extensive mesic grasslands due 
to flooding and the subsequent effect on reproduc
ing adults (Pinter 1988). In dry years, vole biomass 
is relatively high in these floodplain habitats but low 
in upland grasslands. Thus, analysis on a per terri
tory basis was conducted and vole biomass proved 
to be a significant predictor of pack size (r2 = 0.34, P 
= 0.035, n = 11 for 1992-93) in LV. Although pack 
size was not significantly correlated with winter 
carcass biomass on a per territory basis, there were 
significant behavioral mechanisms operating (see 
Sociality and Pack Formation). 

Litter size: Carcass biomass did not significantly 
affect (P""' 0.17) mean annual litter size (r2 = 0.71, F""' 
3.75, P = 0.15), but the influence of vole biomass on 
annual litter size was marginally significant (P = 

0.07). Again, however, individual variability among 
territories obscured potential significant relation-

ships. On a per territory basis, litter size in LV was 
positively correlated with carcass biomass (r2 = 0.28, 
P = 0.015, n = 18). In addition, litter size was nega
tively correlated with the percentage of mesic/ 
floodplain grassland habitat in the territorial area 
(r2 = -0.37, P= 0.022, n = 12). This supports the hy
pothesis that, in wet years, vole biomass is very low 
in the extensive mesic grasslands due to the effect 
of flooding on reproductive adult voles (Johnson and 
Crabtree 1999). This, in turn, negatively affects coy-· 
ote litter size. Pack size is another confounding but 
significant factor (see Sociality and Pack Formation). 
Larger pack size effectively reduces the amount of 
food available to pregnant females and pups, espe
cially during low food years. 

Territory size: Territory size was the most invari
ant parameter measured in relation to prey abun
dance. In fact, the number, size, configuration, and 
location of territories were relatively constant. The 
few shifts that did occur were attributable to the 
death of an alpha male with adjacent territorial en
croachment (see Territories). In a habitat-saturated 
area like the NR of Yellowstone, there is little room, 
if any, to adjust territory size in relation to the avail
ability and abundance of prey. Rather, adjustments 
made to varying prey abundance come in the form 
of numerical changes within the confines of station
ary territories (litter size, pack size, and dispersal). 

Fire impacts 

The fires of 1988 had little direct effect on coy
otes. Of 12 territories examined, 0% to 52% of the 
territorial area burned providing a gradient of burn 
levels with which to test burn effects. Estimates of 
pack size, litter size, and survival of adults and pups 
were not significantly affected by burn level (P > 
0.50). However, coyotes may have benefited indi-

rectly from the 1988 fires. 

Table 4. Short-term (4 and 5 years after) and predicted long-term effects of the 1988 
fires on the abundance of small mammals on Yellowstone's Northern Range. 

Johnson and Crabtree (1999) in
dicate that several important 
small mammal species (e.g., 
voles and ground squirrels) uti
lized as prey items by the coyote 
are more abundant in burned 
habitats than in unburned habi
tats (Table 4). Because the num
ber of voles and possibly ground 
squirrels are significantly related 
to litter and pack size, we can 

BURNED SAGEBRUSH BURNED FOREST 

Species Short-term Long-term Short-term Long-term 

Ground squirrel lSx increase increase - -
Pocket gopher 4x increase increase 2x increase increase 
Micro/us spp. 4x increase increase slight increase unchanged 
Red-backed vole - - 3x increase increase 
Sorex spp. 14x increase increase 3x increase increase 
Snowshoe hare - - decrease big increase 
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infer that the 1988 fires indirectly, but beneficially, 
influenced coyote population demography by in
creasing the density of important prey species. How
ever, since the coyote is a generalist and frequently 
switches to a variety of alternate prey species both 
seasonally and annually, the overall demographic 
effect was subtle and our sample sizes did not de
tect a significant effect. 

Ungulate effects 

We detected no effects of elk seasonal move
ments on coyote behavior or population demogra
phy. Mule deer occurred at such low densities that 
changes in their numbers were undetectable. Even 
then, no significant effects of mule deer would be 
expected because they are rarely utilized as a prey 
source. They were not observed in the examination 
of over 500 scats. 

However, the effect of elk calves on coyote de
mography and behavior is probably significant. Coy
otes were routinely seen hunting elk calves during 
the last week of May through June each year. In fact, 
we observed a total of 8 predation events in June 
where coyotes killed elk neonates and the remains 
of elk calves were commonly found at dens. Coy
otes kill an estimated total of 750 elk calves annu
ally (Table 3). Other elk killed are primarily short
yearlings (and a few adults) that are starving or se
verely weakened during winter. This source of food 
is effectively the same as carrion and probably af
fects coyotes in same fashion as that of carrion de
scribed above. 

The role of ungulate neonates in the early sum
mer diet of the coyote has received surprisingly little 
attention given its apparent impact on the demog
raphy of coyotes. Predation on neonates may also 
be a limiting factor for ungulate populations, espe
cially if neonate predation is an additive form of 
mortality. Ungulate neonates are relatively large 
packages of prey available in early summer during 
weaning of pups that are growing at maximum rates. 
Substantial pup mortality due to disease and star
vation occurs immediately after this period in July 
and August (Johnson et al., this volume). Central
place foragers (e.g., den-attending adults) are time 
constrained-in addition to being subject to the en
ergetic demands of food provisioning-and this 
should result in prey specialization. According to 
optimal foraging theory, adult coyotes would be pre
dicted to specialize on large food items and become 

energy maximizers (Pyke et al. 1984), Althoff and 
Gipson (1981) and Till and Knowlton (1983) suggest 
that provisioning of pups stimulates adults to prey 
on domestic ungulates. 

Behavioral observations in Yellowstone and the 
preponderance of elk calf remains at den sites cor
roborate the contention of prey specialization in 
June. Because differential reproductive success and 
pup survival is apparently directly linked to the tim
ing and availability of ungulate neonates (or other 
food sources), evolutionary consideration should be 
given to the related topics of coyote group forma
tion, the timing of reproduction, and anti-predator 
behavior of both wild and domestic ungulates. 

Adequate understanding of predator-prey rela
tionships comes from the simultaneous study of both 
predator and prey (Errington 1935). Fortunately, the 
first monographical studies of coyotes did focus on 
prey populations, including a 24-year study in north
ern Utah and a 12-year study in central Alberta 
(Todd et al. 1981, Knowlton and Stoddart 1983). Both 
studies demonstrated the significant influence of 
coyotes on cyclic populations of snowshoe hares 
(Lepus americanus) and black-tailed )ackrabbits (Lepus 
californicus). Even more profound was the effect of 
varying prey abundance on coyotes both function
ally and numerically. Strong functional responses are 
expected when a classic habitat generalist/ feeding 
generalist like the coyote (Johnson and Crabtree 
1999) preys upon a relatively large, easy to handle 
prey source. Strong numerkal responses should also 
occur given the behavioral plasticity and high re
productive capability of coyotes. Demographic pa
rameters do respond to major increases or decreases 
in food supply, especially n atality (Clark 1972, 
Knudsen 1976, Todd et al. 1981). 

Sociality and Pack Formation 

Pack size varies from year to year and from ter
ritory to territory. This natural variability allowed 
us to test how pack size (and a dominance hierar
chy) affects the sociodemography of coyotes. We 
discuss these results and the results from other stud
ies in relation to why packs form and the ecological 
consequences sociality has in regulated coyote popu
lations. 

Hatier (1995, unpubl. data) examined the role 
of helping behavior in the LV and BT study areas in 
1992 and 1993. She found that larger packs, those 
with more betas (or associates), significantly de-
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creased the amount of time that the breeding alphas 
spent at the den guarding. In addition, larger packs 
exhibited higher rates of provisioning. An increase 
in the number of feedings from the alphas (presum
ably because there were more betas) was signifi
cantly correlated with larger litter size. However, 
overall the size of the pack (number of betas) was 
not positively correlated with litter size or litter sur
vival. These data suggest that betas were tolerated 
by alphas because they relieve the stress of repro
duction (e.g., guarding and feeding) and because 
there were abundant resources to suppo:rt them 
(Hatier 1995). 

Because some of Hatier' s sample sizes during 
the 2-year study were probably insufficient to de
tect significant differences, we added another 4 years 
of data on pack size, litter size, and survival to the 
analysis. Like Hatier (1995), we found no significant 
correlation between pack size and litter size or be
tween pack size and pup survival to the fall period. 
However, because litter size is a function of prey 
abundance, the analysis should include prey abun
dance. 

In the years previous to wolf colonization (1990-
95) prey abundance fell into 2 fai:rly distinct catego
ries: 1) years when food was abundant, namely 1991, 
1992, and 1994 (only in BT because floods did not 
affect vole numbers), and 2) years when food was 
not abundant, namely, 1990, 1993, and 1994 in LV 
(vole flooding), and 1995. Thus, we divided the data 
for separate analysis. Litter size and pup survival 
were positively correlated with pack size in high 
food years (r = 0.41, P = 0.05) but were negatively 
correlated with pack size in low food production 
years (r = 0.41, P = 0.04). The same significant trends 
were true for Utter survival. Because virtually all 
food consumed by pack members is extracted from 
within the "confines" of the territory, packs may 
exceed territorial carrying capacity in low food 
years. In good food years, carrying capacity within 
the territory exceeded pack size and extra beta adults 
contributed directly to litter size and pup survival. 

T'ne formation of packs, or sociality, in coyotes 
has been attributed to increased foraging efficiency 
(see Bekoff and Wells 1986), but this relationship re
mains unclear and has received significant attention. 
Messier and Barrette (1982) provide an excellent dis
cussion of the subject. Bowen (1981) concludes that 
group formation in coyotes is an adaptation to effi
ciently capture ungulates and/ or economic defense 
and consumption of carcasses. This hypothesis ap-
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pears to be supported by other fieldwork 
(Camenzind 1978, Bekoff and Wells 1986, Bovvyer 
1987; and for gray wolves, Packard and Mech 1980). 
Sheldon (1992) questions whether successful hunt
ing is a secondary effect as is implied by Gese et al. 
(1988), while Messier and Barrette (1982) provide 
criticism and compelling alternative hypotheses . 

We agree with Messier and Barrette (1982) and 
find no empirical evidence to demonstrate that 
larger social groups lead to a per capita increase in 
food intake in coyotes (or wolves), thus improving 
fitness. In fact, single individuals and groups of 2 
coyotes commonly take down and kill both deer and 
elk in Yellowstone, but larger groups can also be in
volved (Gese and Grothe, 1995, Crabtree, unpubl. 
data). Furthermore, dominant individuals tend to 
monopolize feeding time on both predated and win
ter-killed ungulate carcasses (Gese et al. 1996c). This 
results in the exclusion of subordinates that may or 
may not be involved in the predation attempt, or in 
defense of the carcass. Defense of the carcass appears 
to be a role primarily performed by the dominant 
alpha male (see Gese et al. 1996c, S. Grothe and R. 
Crabtree, unpubl. data). 

The controversy of pack formation in coyotes 
illustrates one of the major problems in evolution
ary ecology: are the observations an effect or an evo
lutionary cause? Messier and Barrette (1982) propose 
that group formation in coyotes is the result of de
layed dispersal and that exploitation of ungulate 
prey is a secondary effect. Juveniles that forego dis
persal accrue a variety of benefits, such as secure 
foraging, increased survival, continued learning, 
and the attainment of alpha status within or adja
cent to their own territory. In addition, delayed dis
persal may also be the result of habitat saturation
no vacancies for dispersing juveniles (Davison 1980). 
Movement of radio-tagged juveniles in Yellowstone 
and southeast Washington (Crabtree, unpubl. data) 
indicate that some juveniles disperse in fall or early 
winter but return to their natal territories later in 
the winter or spring before whelping. The additional 
contention by some authors (Bekoff 1977, Messier 
and Barrette 1982) that delayed dispersal may also 
be related to delayed sexual maturity appears weak. 
Data from unexploited populations (see Crabtree 
and Sheldon 1999) and from Texas (Knowlton et al. 
1986) suggest that all females are capable of breed
ing at 10 months of age, and that variation in repro
ductive statistics (e.g., age at breeding, percent of 
yearling females reproducing) is caused by socially-
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mediated breeding suppression (i.e., only dominant 
alphas breed) and exploitation effects (Crabtree and 
Sheldon 1999). 

We suspect that delayed dispersal, along with 
cooperative foraging, is an effect and not the cause 
of sociality. Crabtree and Sheldon (1999) provide al
ternative hypotheses related to that proposed by 
Messier and Barrette (1982) and similar to that de
scribed by Packer and Pusey (1990) for African li
ons. These hypotheses suggest that genetic fitness 
(and thus a beta's inclusive fitness) is increased if 
"helping" actually increases pup survival. Selection 
pressure comes in the form of enemies-conspecif
ics (e.g., neighboring packs), predators (e.g., golden 
eagles and bears) and competitors (e.g., wolves and 
mountain lions). 

Synthesis and Conclusions 

Ecological Role 

The extirpation of the gray wolf on the NR by 
1927 probably resulted in high coyote population 
densities. This numerical increase adds a strong com
ponent to an already broad functional role as a gen
eralist consumer. NR coyotes prey primarily on 
small mammals, but ungulate prey (mostly carrion) 
is the main food source in winter when adult coy
otes are energetically stressed, highly territorial, 
pair-bonding, breeding, and females are becoming 
pregnant. The results of this study from 1990-95 (pre
wolf) regarding the coyotes' foraging niche (func
tional role) was surprising on two counts: (1) the 
coyote is the major ungulate predator, and (2) the 
coyote consumes a high percentage of the available 
small mammal prey probably to the detriment of 
other small mammal predators. 

With highly variable and unpredictable food re
sources, the NR coyote populations maintain sur
prising stability: consistent numbers of territories, 
stable pack size and pack composition, fidelity of 
territory and den site location, and a high annual 
survival of adult pack members. These characteris
tics are maintained functionally by the coyote's 
broad foraging niche and ability to prey switch both 
seasonally and yearly. Ultimately, however, this sta
bility is demographically maintained by a variable 
rate of: (1) neonatal mortality and (2) socially-medi
ated dispersal in saturated habitats. These 2 factors 
are, in turn, a function of prey availability and pack 
size prior to and during the reproduction and pup-

rearing period. 
The NR population has characteristics similar 

to the natural, unexploited population in south-cen
tral Washington studied by Crabtree (1989): low pro
ductivity, a highly structured social system, a con
tiguous distribution of non-overlapping, year-round 
territories, and an old age structure. Adult mortal
ity is very low and primarily due to mountain lions 
and occasional vehicle collisions. Like gray wolves, 
85 to 90% of NR coyote population exists in packs 
and average pack size is high. Wolf extirpation has 
probably resulted in high coyote population densi
ties and coyotes have, at least partially, slid into this 
vacant niche. With the restoration of the gray wolf 
in 1995, the ecological role of the coyote will signifi
cantly change numerically, functionally, and behav
iorally. These changes could have major ripple ef
fects on the competitors and prey species of the coy
ote. 

Population Regulation 

Until recently (see Crabtree and Sheldon 1999), 
numerous studies of coyote population demograph
ics had only prompted Knowlton (1972) and 
Knowlton and Stoddart (1983) to attempt a synthetic 
review regarding the regulation and limitation of 
coyote populations. In addition to the population 
"mechanics" they describe, it is dear that incorpo
ration of coyote social behavior is needed. Social 
class dynamics, behavior, human exploitation, and 
competition is essential before any accurate synthe
sis is achieved. In addition, Crabtree and Sheldon 
(1999) concluded that long-term studies of coyotes 
in unexploited and lightly exploited areas, especially 
when combined with systematic visual observations, 
have proven irreplaceable in their contribution to a 
general understanding of coyote ecology. 

Various sociodemographic factors that can regu
late coyote populations have been identified: terri
toriality, exclusive breeding by dominant adults 
(dominance hierarchy), shortened breeding longev
ity, subordinate dispersal, delayed dispersal, repro
ductive failure, double-littering, and early and late 
summer pup mortality. Most studies reviewed in
dicate direct or indirect evidence of intraspecific 
competition. Unexploited and habitat-saturated 
populations indicate intraspecific strife (Crabtree 
1989) and a higher level of intraspecific competition: 
low pup weights, scarring, reproductive failur€, fre
quent territorial disputes, and high pup mortality, 
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including the probable loss of entire litters shortly 
after birth. 

The abundance and availability of prey is cer
tainly a major limiting £actor1 but the extent to which 
it is involved in population regulation remains un
certain. Prey has been strongly suggested or directly 
linked to every major social and demographic event 
(Crabtree and Sheldon 1999). Crabtree (1989) re
ported that the unit of the population that natality 
and mortality acts upon is, not age, but social class. 
We agree with Knowlton and Stoddart (1983) that 
social intolerances, mediated by the abundance and 
availability of food is the primary determinant of 
coyote density. However, recent research indicates 
that: (1) the role played by social/behavioral access 
to prey has been previously underestimated, and (2) 
human exploitation common in most field studies 
has severely confounded our understanding of coy
ote populations. 

The most significant factor with review of stud
ies of coyote ecology (see Knowlton 1972, Knowlton 
and Stoddart 1983, and Bekoff 1977) is the role 
played by human exploitation. Unfortunately, it has 
greatly biased, and even misled, our basic under
standing of coyote populations. Frank (1979) called 
for studies of unexploited coyote populations in or
der to understand the evolutionarily significant situ
ation. Unfortunately, only a few studies, like 
Camenzind (1978), have been conducted on lightly 
exploited populations and only 2 studies (Crabtree 
1989, this study} have documented unexploited 
populations. Nearly all field studies of coyotes have 
been conducted on populations subjected to sub
stantial levels of exploitation. Thus, the results of 
these studies simply describe a highly disruptive, 
unnatural situation. For example, coyotes are re
ported to show flexibility in their social system (Lott 
1984), but could such social flexibility be the result 
of human exploitation and, to a lesser extent, un
natural and human-disturbance conditions? Various 
studies of coyote populations, all subjected to vari
ous levels of exploitation, report significant varia
tion in both social and spatial organization (Berg and 
Chesness 1978, Camenzind 1978, Danner and Smith 
1980, Bowen 1981, Messier and Barrette 1982,Andelt 
1985, Bekoff and Wells 1986). 

Like the effects of human exploitation, we know 
very little about the effects of interspecific competi
tion on limitation of coyote populations (e.g., 
wolves). This factor has been largely ignored in coy
ote research agendas (but see Keith et al. 1977, 
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Pacquet 1989, Harrison et al. 1989). Caution must 
be taken when inferring evolutionary mechanisms 
from studies without the competitive pressure of 
gray wolves, which coexisted with coyotes and red 
foxes over much of their pre-European distribution. 
This subject was recently examined by Crabtree and 
Sheldon (1999). An example of how important in
terspecific competition may be in limiting coyote 
populations comes from recent data in Yellowstone. 
Wolf-killed coyotes in Yellowstone's Lamar Valley 
during the last 3 winters have resulted in a 50% sus
tained reduction in coyote numbers. This is the re
sult of significantly reduced pack size and the fail
ure of new coyotes packs to colonize the traditional 
coyote territories usurped by wolves in the core-use 
areas of wolf packs. 

Interference competition, including fighting, 
killing, direct displacement, and relegation to infe
rior habitats, has been clearly demonstrated in pre
vious studies, yet wolves, coyotes, and red foxes co
exist. Wolves are able to exclude coyotes (Peterson 
1996} and coyotes are able to exclude red foxes 
(Harrison et al. 1989, Sargeant et al. 1987) at various 
scales, from individual encounters and territories, 
to entire regions, yet they coexist in many regions 
of North America. In order to better understand the 
role of interspecific competition in coyote and c.anid 
communities in Yellowstone, Crabtree and Sheldon 
(1999) provide a brief review of sympatric canid 
studies. They then make generalizations regarding 
sympatric canid studies and synthesize them into a 
theoretical framework applicable to the three canid 
species in Yellowstone. 

Conservation and Management Issues 

Due to the tripling of the coyote's distribution 
across North America during the last century, it is 
dear that the coyote as a species does not represent 
a small-population conservation problem. Neverthe
less, restoration of coyotes to some areas may serve 
a functional role in the conservation of other spe
cies. Installing the functional role of ungulate pre
dation, for example, where deer are over-abundant, 
or decreasing red fox populations that inflict heavy 
predation on nesting hens are possibilities. However, 
in an overwhelming number of situations, coyotes 
are considered a problem and are managed. We be
lieve that conservation science can learn important 
lessons from understanding a successful and ubiq
uitous species like the coyote, in addition to the les-
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sons learned from species experiencing declines in 
abundance and distribution. 

Because of the numerous socio-demographic 
and density-dependent processes that take place in 
response to widespread population reductions and 
indiscriminate killing, federal programs to limit coy
ote numbers have proven ineffective and costly. 
Field experiments that examine the effectiveness of 
control programs are needed to better understand 
how coyote populations respond to exploitation. To 
our knowledge, this research has yet to be con
ducted. We believe that the coyote's famed behav
ioral plasticity and demographic resiliency to exploi
tation is an evolutionary product of its coexistence 
with competing species, mainly the gray wolf. Long
term studies of coyotes in 1mexploited and lightly 
exploited areas, especially when combined with sys
tematic observations, have proven irreplaceable in 
their contribution to a general understanding of coy
ote ecology. The proposed 15-year study in 
Yellowstone (pre- and post-wolf) will provide addi
tional understanding. So far, gray wolves have in
flicted heavy losses on coyotes (Crabtree and 
Sheldon 1996) during winter in wolf core-use areas, 
and the sex and age structure of 34 wolf-killed coy
otes appears to be relatively indiscriminate with a 
possible bias toward younger individuals (much like 
human trapping efforts). 

Coyotes and Carnivore Communities 

It is clear that interspecific relationships between 
canid species competing for limited resources can 
have significant impacts. This has major implications 
with regard to conservation and management ef
forts. Medium- and smaller-sized canids have 
shown a "release" (Soule 1988) following reduction 
or extirpation of the larger canid (Hersteinsson et 
al. 1989, Lewis et al. 1993, Peterson 1996). Thus, fu
ture reintroduction efforts should consider these and 
other community effects before implementation. 
Canid hybridization has occurred repeatedly 
(Boitani 1982, Lehman et al. 1991, Wayne and Jenks 

· 1991, Gottelli and Sillero-Zubiri 1992) and can ham
per or complicate expensive reintroduction efforts 
(Gittleman and Pimm 1991). 

We agree with Johnson et al. (1996) that moni
toring the effects of canid reintroduction programs 
provides a splendid opportunity to examine canid 
community structure and competition experimen
tally. Furthermore, it will provide a unique oppor-

tunity to understand community-wide effects such 
as functional and numerical responses by other 
mammalian predators (e.g., red foxes, weasels 
[Mustela spp.]) to significant reductions in coyote 
populations. Initial estimates of wolf numbers in 
northern Yellowstone made by Garton et al. (1990) 
equate to a tripling of the amount of potential car
rion available to scavengers which could have sig
nificant impacts on, for example, threatened 
Yellowstone grizzly bear populations. Changes in 
elk behavior and distribution followed by subse
quent changes in vegetation are yet other possible 
responses. 

Canids, especially coyotes, display wide-rang
ing variability in their behavioral ecology and popu
lation demography and thus serve as excellent can
didates for understanding carnivore communities 
and their relationship to prey populations. Long
term study, combined with systematic behavioral 
observation and experimental (and natural) manipu
lation is required in order to craft successful conser
vation strategies for communities in dire need of res
toration. Such efforts are difficult and pose chal
lenges to agencies, universities, and private organi
zations that must cooperate in order to plan, fund, 
and execute these invaluable studies. 
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Abstract 

Bear management policy in Yellowstone National Park (YNP) has progres
sively intensified efforts to reduce bear-caused human injuries and property dam
age and to maintain natural populations of grizzly bears (Ursus arctos) and black 
bears (Ursus americanus) in the park. New bear management programs were imple
mented in 1960, 1970, and 1983. Gunther (1994) evaluated the effects of the 1960 
bear management program and reported a slight increase in the number of bear
human conflicts occurring within the park during the first 8 years of the program. 
Cole (1976) evaluated the first 6 years of the 1970 bear management program and 
reported that it was successful in reducing bear-caused human injuries, the fre
quency of bears entering developed areas, and the. number of bear management 
control actions (i.e., bears captured and relocated or removed) within the park. 
Meagher and Phillips (1983) reviewed bear management within YNP for the 10-
year period 1970-79. They concluded that the bear management program during 
the 1970s had achieved the goal of restoring populations of grizzly and black bears 
to subsistence on natural forage and had concurrently reduced bear-caused inju
ries to humans in developed areas. We reviewed bear management within YNP 
during the 15-year period 1980-94. During this period, bear-caused property dam
age and human injuries continued to decline from previous levels and bear man
agement control actions remained at low levels. Recent trends in bear manage
ment as well as future management considerations are also addressed. 

Introduction 

Yellowstone National Park (YNP) was estab
lished in 1872. As early as 1891, the acting Park Su
perintendent reported that bears had become very 
troublesome at all hotels, camps, slaughter houses, 
and other places in the park where human food 

could be found, and that it might be necessary to 
kill bears occasionally, if they became too destruc
tive (Schullery 1992). As park visitation and the num
ber of bear-human conflicts increased, park manag
ers became increasingly concerned with, and, in 
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1931, began keeping more detailed records of, bear
caused human injuries, property damage, and sub
sequent nuisance bear control actions (Schullery 
1992, see also Schullery this volume). 

From 1931to1959, bears within YNP injured an 
average of 48 people per year (Cole 1976, Meagher 
and Phillips 1983). There was also an average of 98 
incidents of bear-caused property damage reported 
per year during the same time period. During this 
period, an average of 3 grizzly bears and 22 black 
bears per year were removed from the population 
as a result of nuisance bear control actions. 

In 1960, YNP implemented a National Park Ser
vice (NPS) bear management program (NPS 1960). 
This program was designed to reduce the number 
of bear-caused human injuries and property dam
age events in the park and to re-establish bears in a 
"natural" state. The 1960 program included the fol
lowing management guidelines: 1) expanded efforts 
to educate visitors about bear behavior, methods for 
reducing bear-human conflicts, and the proper stor
age of food, garbage, and other bear attractants; 2) 
more prompt and efficient scheduled removal of 
garbage from developed areas to reduce the avail
ability of garbage to bears and make bears less gar
bage dependent; 3) stricter enforcement of regula
tions prohibiting the feeding of bears; 4) the use of 
garbage cans designed to prevent tipping by bears 
and the proposed development of new types of bear
proof garbage cans; and 5) the removal of potentially 
hazardous bears, habitual beggar bears, and those 
bears that damaged property in search of human 
foods. These guidelines were directed primarily at 
the management of black bears and were largely in 
response to public complaints of personal injury and 
property damage caused by roadside and camp
ground bears (Craighead and Craighead 1967). 

From 1960 to 1969, while operating under the 
1960 Bear Management Program, the average num
ber of bear-caused human injuries within the park 
decreased slightly to an average of 45 per year 
(Gunther 1994). However, during the same time pe
riod the number of bear-caused property damage 
incidents within the park increased to an average of 
253 per year. In addition, the number of nuisance 
bears removed from the park also increased, to an 
average of 4 grizzly bears and 33 black bears per 
year. 

In 1970, YNPinitiated a new, more intensive bear 
management program (Leopold et al. 1969) with 
greater emphasis on restoring the grizzly bear and 

black bear populations to subsistence on natural for
age and reducing bear-caused injuries to humans 
(Cole 19761 Meagher and Phillips 1983). As part of 
the management program implemented in 1970, 
regulations prohibiting the feeding of bears were 
strictly enforced, as were regulations requiring that 
human foods be kept secure from bears. In addition, 
all garbage cans park-wide were converted to a bear
proof design and garbage dumps within and adja
cent to the park were closed. The park also intensi
fied efforts to inform park visitors of proper food 
handling and storage procedures in bear country 
and the consequences offeeding bears (i.e., increased 
injuries to humans and the need to destroy habitu
ated bears). Cole (1976) hypothesized that the 1970 
management program would: 1) reduce bear-caused 
injuries to humans in developed areas, 2) restore 
more natural conditions as evidenced by bears be
ing well distributed and foraging on natural foods 
in summer and by declines in the number of bears 
visiting developed areas or being controlled, and 3) 
not prevent the park's grizzly and black bear popu
lations from maintaining or reestablishing their 
numbers at natural carrying capacity levels. 

In 1975, the grizzly bear was listed as a threat
ened species in the lower 48 states under the au
thority of the Endange1:ed Species Act. A primary 
goal of the Endangered Species Act is to recover 
populations of threatened or endangered species to 
self-sustaining, viable populations that no longer 
need protection under the act. 

In 1983, the park modified the 1970 Bear Man· 
agement Program (NPS 1983). The 1983 program 
was similar to the 1970 program with regard to 
sanitation, but added greater emphasis on habitat 
protection in backcountry areas. As part of the 1983 
Bear Management Plan, the park implemented a 
Bear Management Area program that restricted rec
reational use in areas with known seasonal concen
trations of grizzly bears. The goals behind these re
strictions were to: 1) minimize bear I human inter
actions that may lead to habituation of bears to 
people and subsequent removal of the bears from 
the population due to human safety concerns; 2) pre
vent human-caused displacement of bears from 
prime food sources; and 3) decrease the risk of bear
caused human injuries in areas with high levels of 
bear activity. 

Further details of the history and evolution of 
bear management within YNP have been described 
in Craighead and Craighead (1971), Cole (1971, 1972, 
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1974, 1976 ), Craighead (1979), Meagher and Phillips 
(1983), Schullery (1992, this volume), Gunther (1994) 
and Craighead et al. (1995). 

Cole (1976) evaluated the effects of the park's 
1970 Bear Management Program for the years 1970-
75. He concluded that the 1970 Bear Management 
Program appeared to be meeting its objectives be
cause; 1) human injuries from bears had declined 
from previous 1evels, 2) the numbers of bears fre
quenting developed areas and being trapped and 
translocated had decreased through the early to mid-
1970s, and 3) removals of nuisance bears did not 
appear to be preventing the park's grizzly bear and 
black bear subpopulations from maintaining or re
establishing their numbers at natural carrying ca
pacity levels. 

Meagher and Phillips (1983) reviewed the 1970 
Bear Management Program for the 10-year period 
1970-79. They concluded that the bear management 
program implemented within YNP during the 1970s 
had achieved the goal of restoring populations of 
grizzly bears and black bears to subsistence on natu
ral forage and reducing the numbers of bear-caused 
human injuries occurring within the park. In addi
tion, they concluded that the natural carrying ca
pacities for the subpopulations of grizzly bears and 
black bears living within the park were not known. 
They also concluded that the number of bears being 
removed during control actions from 1970 through 
1972 was high but that the number of removals af
ter 1972 did not appear to be a cause of long lasting 
depression of numbers from those which would be 
dictated by natural conditions. 

Cole (1976) and Meagher and Phillips (1983) 
described the implementation and effectiveness of 
YNP's 1970 Bear Management Program through 
1979. In this report we update their work. We re
view the changes in bear management, bear-human 
conflicts, and nuisance bear control actions that have 
occurred within YNP over the 15-year period 1980-
94. Recent trends in bear management problems as 
well as management considerations for the future 
are also addressed. Our primary objective is to iden
tify current trends (if evident) in the types and loca
tions of bear-human conflicts and subsequent nui
sance bear management actions occurring in the 
park so that preventive rather than reactive man
agement actions can be taken. We also retest Cole' s 
(1976) hypotheses on the effects of the 1970 Bear 
Management Program for the 1970 through 1994 
period. 
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Study Area and Methods 

YNP encompasses approximately 899,139 ha in 
the states of Wyoming, Montana, and Idaho. The 
park was originally established to protect the area's 
thermal features and scenic wonders; however, bears 
and other wildlife quickly became one of its primary 
attractions (Schullery 1992, Schul1ery this volume). 
During the 15-year study period (1980-1994), visita
tion to the park gradually increased from an aver
age of slightly more than 2 million visitors I year 
from 1980 to 1984 to almost 3 million visitors/year 
from 1990 through 1994. Most (> 80%) visitation 
occurs during the 4-month period from June through 
September. During the peak season (July through 
mid-August), visitation averages more than 24,000 
people I day. 

Approximately 1 % ofYNPis developed, includ
ing 2,170 overnight lodging units (accommodating 
approximately 7,100 people per night), 12 camp
grounds (containing 2,219 campsites), 531 km of 
paved roads, and 117 km of gravel roads that run 
through the park (Figure 1). 

Most of the park is considered pristine 
backcountry. The backcountry contains more than 
1,600 km of designated trails and 301 backcountry 
campsites (Figure 2). The backcountry campsites 
have a combined total capacity of 2,620 people and 
1,791 stock/ night. Backcountry use nights gradu
ally declined from 55,060 use nights in 1981 to a low 
of 25, 188 use nights in 1988. Backcountry use nights 
then began to increase each year through the early 
to mid~ 1990s1 increasing to 45,460 use nights in 1994. 

Detailed descriptions of the geology (Keefer 
1972, U.S. Geological Survey 1972), climate (Dirks 
and Martner 1978), vegetative characteristics 
(Despain 1990), and fauna (Streubel 1989, U.S. Fish 
and Wildlife Service 1994) of YNP have been previ
ously reported. 

The distribution (Blanchard et al. 1992), home 
range sizes and movements (Blanchard and Knight 
1991), activity patterns (Schleyer 1983, Harting 1985, 
Gunther 1991), food habits (Gunther and Renkin 
1990, Reinhart and Mattson 1990, Mattson and 
Jonke! 1990, Mattson et al. 1991, French et al. 1994, 
Green 1994), habitat use (Blanchard 1983, Knight et 
al.1984) and population trends (Eberhardt et al. 1994, 
Craighead et al. 1995, Pease and Mattson in prep.) 
of grizzly bears in the Yellowstone ecosystem have 
been extensively studied and reported. The move
ments, food habits, habitat utilization, activity pat-
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Figure 1. Locations of primary roads, secondary roads, and de
veloped areas in Yellowstone National Park, 1994. 
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Figure 2. Locations of roads and backcountry trails in Yellowstone 
National Park, 1994. 

terns, and population density estimates for black 
bears in YNP have been described by Barnes and 
Bray (1967). 

Grizzly and black bears in YNP are a subunit of 
the bear populations that inhabit the Yellowstone 
ecosystem. In this paper, we analyze grizzly bear 

and black bear management data from the YNP griz
zly bear and black bear subpopulations. We define 
the YNP grizzly bear and black bear subpopulations 
as those bears with home ranges either entirely 
within YNP or those with home ranges partially 
within and partially outside of YNP. 

Data were collected from bear sighting reports, 
case incident reports, and management summary 
reports from park files. Information contained in 
these reports included bear-human confrontations, 
bear-inflicted human injuries and fatalities, bear
caused property damage, incidents of bears obtain
ing human foods, management hazing of bears, nui
sance bears captured and translocated, and nuisance 
bears removed from the park subpopulation. 

Throughout this paper, the term "bear-human 
conflict" is defined as any incident in which bears 
injured people, damaged property, obtained human 
foods, or were considered to pose a threat to human 
safety in developed areas, along roadsides, and in 
backcountry areas. "Nuisance bears" are defined as 
any bear involved in bear-human conflict situations. 
"Hazing" of bears is defined as the use of Thumper 
Gun projectiles, rubber bullets, cracker shells, or 
sling shots to move bears out of visitor use areas 
due to concern for human safety. The term "translo
cation" is defined as any incident in which a bear 
involved in a bear-human conflict situation was 
trapped and translocated, usually by helicopter, 
truck, or boat, to a remote area away from human 
activities. A "removal" is defined as any incident in 
which bears involved in bear-human conflicts were 
removed from the YNP grizzly bear or black bear 
subpopulations. Removals include bears sent to 
zoos, bears intentionally destroyed for management 
reasons, and bears killed unintentionally during 
management actions. "Habituated bears" are de
fined as bears that have learned to tolerate people, 
vehicles, and human structures at close distances to 
gain access to high quality natural foods. "Food-con
ditioned bears" are defined as bears that have 
learned to identify humans or human developments 
as a source of food due to prior food reward. "Con
frontation" is defined as any incident in which bears 
bluff charged, acted aggressively toward people, ap
proached people, or entered occupied backcountry 
campsites. The term "minor injury" is defined as 
bear-inflicted human injuries requiring less than 1 
day of hospitalization or less than 35 sutures. The 
term "severe injury" is defined as bear-inflicted hu
man injuries requiring more than 1 day of hospital-
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ization or 35 or more sutures. "Developed area" is 
defined as the area within or immediately adjacent 
to campgrounds, hotels, lodges, cabins, restaurants, 
stores, or employee housing areas. "Roadside1

' is de
fined as the area within or immediately adjacent to 
the road corridor. The term "frontcountry" is used 
to describe areas within or immediately adjacent to 
roadside corridors or human developments. The 
term "backcountry" is used to describe all areas lo
cated outside frontcountry areas. "Campground" is 
defined as any designated roadside camping area 
with vehicle access. The term 1'campsite" is defined 
as any designated backcountry campsite with access 
to people on horseback, foot, or boat only. "On-trail" 
is defined as all travel on maintained trails with des
ignated trailheads. "Off-trai11' is defined as all 
backcountry areas other than designated trails or 
campsites. "Backcountry use night" is defined as the 
total number of people in an overnight party multi
plied by the number of nights spent in the 
backcountry. 

Our evaluation of whether or not the 1970 and 
1983 Bear Management Plans accomplished stated 
objectives for the period 1970 through 1994 were 
made by testing Cole1 s (1976) hypotheses as to the 
effects of the 1970 bear management plan on griz
zly and black bear behavior in the park. Cole's (1976) 
hypotheses are stated below. 

The management initiated during the 1970s (and 
modified in 1983) will: 

H1: Reduce bear injuries to humans in developed 
areas from previous levels. 

H2: Restore more natural conditions as evidenced 
by bears occurring in spaced distributions on 
natural foods in summer and declines in the 
number of bears visiting developed areas or 
being controlled. 

H3: Not prevent the park's grizzly and black bear 
populations from maintaining or reestablishng 
their numbers at natural carrying capacity levels. 

We tested Cole's (1976) first hypothesis by com
paring the number of human injuries caused by griz
zly bears in developed areas during the 25-year pe
riod (1945~69) prior to implementation of the 1970 
Bear Management Plan to the number that occurred 
during the 25-year period (1970-94) after implemen
tation of the plan. We further tested this hypothesis 
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by comparing the number of black bear-caused hu
man injuries that occurred in developments and 
along roadsides from 1945-69 to the number that 
occurred from 1970-94. A Mann-Whitney U test was 
used for both comparisons. 

Cole's (1974) second hypothesis can be sepa
rated into 4 parts: a) bears will occur in spaced dis
tributions in summer; b) bears will feed on natural 
foods in summer; c) there will be declines in the 
number of bears visiting developed areas; and d) 
there will be declines in the number of bears being 
controlled. Hypothesis 2, parts a and b as stated, 
cannot be tested using statistical methods because 
data on bear distribution and food habits were not 
collected in a comparable manner during the pre
and post-1970 Bear Management Plan periods. 
Hypothesis 2, part c also cannot be tested statisti
cally because, although a common occurrence, the 
park did not start keeping statistics on the frequency 
of bears entering developed areas until after imple
mentation of the 1970 plan. Thus, there is no pre-
1970 data to compare with the post-1970 period. Due 
to these factors, hypotheses could only be analyzed 
qualitatively and the hypotheses rejected or accepted 
based on obviously inconsistent data. Hypothesis 2 
part d was tested by comparing the number of griz
zly bears removed by park managers in manage
ment actions during the 25-year period (1945-69) 
prior to implementation of the 1970 management 
plan to the number removed during the 25-year pe
riod (1970-94) after the plan was implemented. We 
also compared the number of black bears removed 
by park managers in management actions from 1945-
69 to the number removed from 1970-94. AMann
Whitney U test was used for statistical comparison. 

Cole1 s (1976) third hypothesis also cannot be 
tested statistically. To our knowledge, an accurate 
estimate of the park's carrying capacity for grizzly 
bears and black bears has not been calculated. We 
review current literature on bear population esti
mates and trends to analyze this hypothesis. 

For statistical analysis, Mann-Whitney U tests 
followed procedures described by Zar (1974) and P 
< 0.05 was considered to be significant. 

Results 

Bear Observations 

The number of reports of bear activity within 
developed areas was highly variable between years 
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(Table 1). Reports of grizzly bear activity in devel
oped areas ranged from a low of 7 reports in 1980 to 
a high of 80 reports in 1986. Reports of black bear 
activity in developed areas ranged from 12 reports 
in 1983 to 72 reports in 1988 and 1993. The amount 
of bear activity observed in developed areas ap
peared to be related to both natural and hurnan
caused factors. 

During some years, there were natural shortages 
of seasonally important bear foods such as winter
killed ungulate carrion (mostly elk, Cervus elaphus 
and bison, Bison bison) in spring and whitebark pine 
(Pin us albicaulis) seeds and I or army cutworm moths 
(Euxoa auxillaris) in late summer and fall. During 
years with shortages of these foods, bears sometimes 
sought alternative foods (human foods and garbage) 
in association with park developed areas. During 
other years, a seasonal abundance of natural foods 
within developed areas attracted bears to park de
velopments. Most notable of these foods were an 
abundance of chokecherries (Prunus virginiana) 
within the Mammoth developed area in 1988 and 
an abundance of spawning cutthroat trout 
( Oncorhynchus clarki bouveri) in the Lake I Bridge Bay 
and Grant Village developed areas from 1986-91. 
The relative abundances of these bear foods within 
developed areas were highly variable from year to 
year. In addition, the occasional presence of unse
cured human food or garbage in developed areas 
sometimes attracted bears to park developments. 
These types of sanitation problems were generally 
quickly corrected and did not act as long-term at
tractants. They did, however, often lead to bear-hu
man conflicts and subsequent bear management 
actions or removals. 

Figure 3. Locations of grizzly bear activity and observations re
ported in Yellowstone National Park, 1980-1994. 

Numbers of observations of bear activity in the 
wild were also highly variable from year to year 
(Table 1 ). These sightings were probably dependent 
on many factors, including park visitation, observer 
effort, the number of active field research projects, 

Table 1. Numbers of grizzly bears, black bears, and unknown species ot bears or their sign observed (total of unduplicated daily 
counts) in developed areas and in the backcountry within Yellowstone National Park, 1980-1994. 

Year 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 

Grizzly Bears 
Developed 

Areas 
1 

28 
39 
13 
47 
22 
80 
27 
40 
23 
31 
69 
38 
47 
52 

Backcountry 
. 277 . 

363 
321 
347 
710 
729 
870 
732 
752 
661 
536 
408 
502 
597 
747 

Black Bears 
Developed 

Areas · Backcountry 18 . - - ····· -·····-··· 322 .. 
30 422 
30 486 
12 472 
21 439 
41 465 
48 740 
24 699 
72 726 
22 591 
46 524 
56 465 
41 528 
72 629 
59 752 
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Unknown Species 
Developed 

Areas 
i2 
11 
22 
24 
22 
25 
21 
13 
10 
9 
9 

17 
6 

20 
12 

Backcountry 
... . .. 106 

122 
99 

140 
177 
203 
243 
243 
202 
150 
125 
107 
118 
168 
207 



climate, and the natural variations in the availabil
ity of preferred bear foods. The number of bear 
sightings reported is not considered to be an indica
tor of population numbers or trends. However, the 
distribution of these sightings indicates that grizzly 
bears are distributed throughout the northwest, 
northeast, and southeast sections of the park, but 
are relatively rare in the Bechler area and on the 
Madison and Pitchstone Plateaus in the southwest 
section of the park (Figure 3). Observations indicate 
that black bears are most common throughout the 
Northern Range of the park (i.e., the approximately 
northernmost ];3 of the park), along roadside corri
dors throughout the park, as well as in the Mount 
Washburn, Canyon, Heart Lake, Shoshone Lake, and 
Bechler areas of the park (Figure 4). Black bears were 
rarely observed in the large nonforested areas of the 
park, such as the Hayden and Pelican Valley areas, 
that had high densities of grizzly bear sightings. 

Bear-Caused Property Damage 

There were 133 incidents where bears damaged 
property (without obtaining a food reward) reported 
in YNP from 1980 to 1994, an average of 9 (SD= 6) 
bear-caused property damage incidents/year (Table 
2). Grizzly bears were involved in 31 % (x = 3/ yr, SD 
= 3, n = 41) of the incidents and black bears in 20% 
(x = 2 I yr, SD '== l, n = 27). The species of bear could 
not be determined for 49% (x = 4/ yr, SD= 3, n = 65) 
of the incidents. Bear-caused property damage oc
curred in developed areas (43%, n = 57), along road-
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sides (8%, n = 11), and in the backcountry (49%, n = 
65). 

Fifty-seven of the bear-caused property damage 
incidents occurred in developed areas, an average 
of 4/year (SD=- 4). Grizzly bears and black bears 
were involved in 40% (x = 2/yr, SD= 2, n = 23) and 
25% (x = 1/yr, SD= 1, n = 14) of the property dam
age incidents in developed areas, resoectivelv. The 
~ ~ • ~ J 

Figure 4. Locations of black bear activity and observations in 
Yellowstone National Park, 1980-1994. 

.. 
~. 
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Table 2. Number of incidents of bear-caused property damage in Yellowstone National Park, 1980-1994. 

Devefoped Area Roildside Corrmor Bilckcountry Areil Total" 
Year Gr Bl Unk Gr Bl Unk Gr Bl Unk Gr Bl Unk 
1980 0 0 0 0 0 1 1 1 0 1 1 1 
1981 1 0 1 0 0 1 0 1 2 1 1 4 
1982 5 3 5 1 0 1 1 0 2 7 3 8 
1983 3 2 1 0 0 1 0 0 0 3 2 2 
1984 4 0 6 0 0 0 5 1 4 9 1 10 
1985 1 0 1 0 0 0 1 l 5 2 1 6 
1986 6 2. 2 2 0 0 1 1 6 9 3 8 
1987 0 0 1 0 0 0 2 0 4 2 0 5 
1988 2 3 0 0 0 1 0 1 3 2 4 4 
1989 0 0 1 1 0 1 0 0 0 1 0 2 
1990 0 0 1 0 0 0 2 1 4 2 1 5 
1991 1 2 0 0 0 0 0 1 2 1 3 2 
1992 0 0 1 0 0 0 1 2 2 1 2 3 
1993 0 0 0 0 0 0 1 2 1 1 2 1 
1994 0 2 0 0 1 0 0 0 3 0 3 3 
Total 23 14 20 4 1 6 15 12 38 42 27 64 
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species of bear could not be determined for 35% 
(x = 1/yr, SD= 2, n = 20) of the property damage 
incidents. Most (65%) grizzly bear-caused property 
damage incidents in developed areas occurred in the 
Lake-Bridge Bay (39%, n = 9), Fishing Bridge (13%, 
n = 3), and Canyon (13°/o, n = 3) developments (Table 
3). Black bear-caused property damage incidents in 
developed areas occurred primarily in the Slough 
Creek Campground (14%, n = 2), Fishing Bridge 
Developed Area (14 %, n = 2), Tower-Roosevelt (14 %, 
n = 2), and the Madison Developed Area (14%, n = 
2) (Table 3). 

Eleven of the bear-caused property damage in
cidents occurred along park roads, an average of 1 / 
year (SD= 1). Grizzly bears and black bears were 
involved in 36% (x = 0.3/yr, SD= 0.6, n = 4) and 9% 
(x = 0.1 I yr, SD = 0.3, n = 1) of the roadside property 
damage incidents, respectively. The species of bear 
could not be determined for 55% (x = 0.4/yr, SD= 
0.5, n = 6) of the property damage incidents that oc
curred along park roads. Bear-caused property dam-

age incidents along roadsides occurred primarily 
along the Fishing Bridge to East Entrance (27%, n = 
3), Tower to Canyon (18%, n = 2), and U.S. Highway 
191(18%,n=2) road segments (Table 4). 

Sixty-five of the bear-caused property damage 
incidents occurred in backcountry areas, an average 
of 4/year (SD = 3). Grizzly bears and black bears 
were involved in 23% (x =1 /yr, SD= 1, n = 15) and 
19% (x = 1, SD= 1, n = 12) of the property damage 
incidents respectively. The species of bear involved 
could not be determined for 59% (x = 3/yr, SD= 2, 
n = 38) of the property damage incidents that oc
curred in backcountry areas. Almost half (46%, n = 
30) of the bear-caused property damage incidents 
in the backcountry involved bears unsuccessfully at
tempting to break into unoccupied backcountry pa
trol cabins. Bear-caused property damage incidents 
occurred throughout the backcountry of the park. 
No areas of concentrated property damage incidents 
were evident in backcountry areas. 

Table 3. Number of incidents of bear-caused property damage in different developed areas in Yellowstone National Park, 1980-1994. 

Number of Damage Incidents 

Developed Area Grizzly Black Unknown Total 
an yon 3 5 8 

East Entrance 1 1 1 3 
Fishing Bridge 3 2 3 8 
Grant Village 1 1 2 4 
Indian Creek 1 0 0 1 
Indian Pond CG 1 0 1 2 
Lake-Bridge Bay 9 1 3 13 
Mammoth 2 1 1 4 
Madison 1 2 2 5 
Northeast Entrance 0 1 0 1 
Pebble Creek CG 0 1 1 2 
Slough Creek CG 0 2 0 2 
Tower-Roosevelt 0 2 0 2 
Yancey's Hole 1 0 1 2 
Total .23 14 20 57 

Table 4. Number of incidents of bear-caused property damage within roadside corridors in Yellowstone National Park, 1980-1994. 

Road Segment 
Mammoth Jct-Tower Jct 
Tower Jct - Northeast Entrance 
Tower Jct - Canyon Jct 
Canyon Jct - Fishing Bridge Jct 
Fishing Bridge Jct - East Entrance 
Old Faithful - Madison Jct 
U.S. Highway #191 
Total 

Grizzly 
1 
0 
0 
1 
l 
0 
1 
4 
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Number of Damage Incidents 

Black 
0 
1 
0 
0 
0 
0 
0 
1 

Unknown 
0 
0 
2 
0 
2 
1 
1 
6 

Total 
1 
1 
2 
1 
3 
1 
2 

11 



Incidents Of Bears Obtaining Human Foods 

From 1980to1994, 188 incidents were reported 
in which bears obtained human foods, an average 
of 13 (SD = 7) such incidents I year (Table 5). Griz
zly bears were involved in 39% (x = 5/yr, SD= 4, n 
= 73) of the incidents and black bears in 34% (x =4/ 
yr, SD = 3, n = 63). The species of bear could not be 
determined for 28% (x = 4/y1~ SD= 4, n = 52) of the 
incidents. Bears obtained human foods in developed 
areas (64%, n = 121), along roadsides (13%, n = 25), 
and in backcountry areas (22%, n = 42). 

During the study period, 121 incidents in which 
bears obtained human foods occurred within park 
developments, an average of 8 I year (SD = 7). Griz
zly bears and black bears were involved in 43% (x = 

4/yr, SD= 3, n = 52) and 33% (x = 3/yr, SD= 3, n = 

40) of the incidents, respectively. The species of bear 
could not be determined for 24% (x = 2/yr, SD= 3, 
n = 29) of the incidents. Most (75%) incidents in 
which grizzly bears obtained human foods in de
veloped areas occurred in the Lake-Bridge Bay (39%, 
n = 20), Mammoth (15%, n = 8), Fishing Bridge (12%, 
n = 6,) and Canyon (10%, n = 5) developments (Table 
6). Most (55%) incidents where black bears obtained 
human foods in developed areas occurred in the Old 
Faithful (25%, n = 10), Mammoth (18%, n = 7), and 
Slough Creek Campground (13%, n = 5) develop
ments (Table 6). 

Twenty-five of the incidents in which bears ob
tained human foods occurred along roadsides, an 
average of 2/year (SD= 2). Grizzly bears and black 
bears were involved in 24% (x = 0.4/yr, SD= 0.8, 
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n = 6) and 48% (x = 1 /yr, SD= 1, n = 12) of the inci
dents, respectively. The species of bear could not be 
determined for 28% ( x = l /yr, SD = 1, n = 7) of the 
incidents. Most ( 67%) incidents where grizzly bears 
obtained human foods along roadsides occurred 
along the Tower to Canyon (33%, n = 2) and Can
yon to Fishing Bridge (33%, n "" 2) road segments 
(Table 7). Most (58%) incidents where black bears 
obtained human foods along roadsides occurred 
along the Mammoth to Tower (42%, n = 5)) and 
Tower to Northeast Entrance (17%, n = 2) road seg
ments (Table 7). 

Forty-two incidents in which bears obtained 
human foods in backcountry areas were reported, 
an average of 3/year (SD = 2). Grizzly bears and 
black bears were involved in 36% (x = 1 /yr, SD= 1, 
n = 15) and 26% (x = l/yr, SD = 1, n = 11) of the 
incidents, respectively. The species of bear involved 
could not be determined for 38% (x = 1 /yr, SD= 1, 
n = 16) of the incidents. Incidents where bears ob
tained human foods in the backcountry were widely 
distributed throughout the park. No areas of con
centrated sanitation problems in the backcountry 
were evident. 

Bear-Human Confrontations 

From 1980 to 1994, 187 confrontations between 
bears and humans ( x = 13 I yr, SD = 7) were reported 
(Table 8). Of these, 75% involved grizzly bears (x = 
9 /yr, SD = 6, n ""141),19% involved black bears (x = 
2/yr, SD= 2, n = 36), and 5% involved unidentified 
bear species (x = 0.7 /yr, SD= 0.9, n = 10). Bear-hu-

Table 5. Number of incidents where grizzly bears. black bears, and unknown bear species obtained human foods in Yellowstone 
National Park, 1980-1994. 

Deveope Area ac country Area Tota 
Year Gr Bl Unk Gr Bl Unk Gr Bl Unk Gr Bl Unk 

80 3 4 1 0 0 0 0 1 4 2 
1981 9 4 3 0 1 3 1 2 3 10 7 9 
1982 9 5 13 0 1 0 0 0 1 9 6 14 
1983 3 3 2 0 0 0 1 0 0 4 3 2 
1984 6 0 4 1 0 0 4 0 2 11 0 6 
1985 3 0 1 1 1 2 {) {) 3 4 l 6 
1986 7 1 0 3 0 1 1 0 0 11 1 1 
1987 2 6 0 1 1 1 0 2 0 3 9 1 
1988 1 9 3 0 1 0 2 0 2 3 10 5 
1989 0 2 0 0 1 0 2 1 1 2 4 1 
1990 1 0 0 0 3 0 1 5 2 2 8 2 
1991 0 5 0 0 1 0 0 1 0 0 7 0 
1992 1 0 0 0 1 0 0 0 0 1 1 0 
1993 4 0 1 0 0 {) 1 0 {) 5 {) 1 
1994 3 1 1 0 1 0 2 0 1 5 2 2 
Total 52 40 29 6 12 7 15 11 16 73 63 52 
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man confrontations occurred in developed areas 
(9%, n = 17), along roadsides (21%, n = 39), and in 
backcountry areas (70%, n = 131). Forty-three per
cent (n = 60) of all grizzly bear confrontations, 22% 
(n = 8) of all black bear confrontations, and 30% (n = 
3) of all confrontations with unidentified bear spe
cies involved female bears with young (cubs-of-the
year [COY}, yearlings, or two-year-olds). 

Seventeen of the bear-human confrontations 
occurred in developed areas (Table 9), an average of 
1 I year (SD = 2). Grizzly bears and black bears were 
involved in 88% (x = l /yr, SD= 2, n = 15) and 6% (x 
= 0.1 /yr, SD = 0.3, n = 1) of the confrontations, re
spectively. The species of bear could not be deter
mined for 6% (x = 0.1/yr, SD= 0.3, n = 1) of the 

confrontations. Four (27%) of these grizzly bear con
frontations occurred in the Lake development (3 in 
1986 involving the same female with cubs), 5 (33%) 
in the Canyon development, 3 (20%} in the Indian 
Creek Campground, and 1 each (7.%) in the Tower I 
Roosevelt area, Cascade picnic area, and Fishing 
Bridge developments. One black bear confrontation 
occurred in the Tower I Roosevelt area, and 1 con
frontation involving an unidentified bear species 
occurred in the Madison Campground. 

Thirty-nine of the confrontations occurred along 
roadsides (Table 10), an average of 3/year (SD= 3). 
Grizzly bears (x =2/yr, SD= 3, n = 33) and black bears 
(x =0.3/yr,SD =0.7, n=5)wereinvolved in 85% and 
13% of the confrontations, respectively. The species 

Table 6. Number of incidents where grizzly bears, black bears, and unknown bear species obtained human foods in different 
· developed areas in Yellowstone- National Park, 1980-1994. 

Number of Incidents of Bears Obtaining Human Food 
De\reloped Area 
Bee er 
Canyon 
East Entrance 
Fishing Bridge 
Grant Village 
Indian Creek 
Lake-Bridge Bay 
Lewis Lake CG 
Mammoth 
Madison 
Norris 
Northeast Entrance 
Old Faithful 
Otter Creek CG 
Pebble Creek CG 
Slough Creek CG 
Tow er-Roosevelt 
West Entrance 
Yancey's Hole 
Total 

Grizzly 

5 
1 
6 
2 
0 
20 
2 
8 
2 
1 
0 
1 
0 
0 
0 
1 
0 
3 
52 

Black Unknown 
2 1 
1 5 
0 0 
1 2 
1 2 
2 1 
3 10 
0 0 
7 2 
4 1 
0 0 
0 1 
10 3 
0 1 
1 0 
5 0 
2 0 
1 0 
0 0 
40 29 

Total 
3 

11 
1 
9 
5 
3 

33 
2 
17 
7 
1 
1 
14 
1 
1 
5 
3 
1 
3 

121 

Table 7. Number of incidents where grizzly bears, black bears, and unknown bear species obtained human foods along roadside 
corridors in Yellowstone National Park, 1980-1994. · 

Road Segment 
Mammoth Jct- Tower Jct 
Tower Jct - Northeast Entrance 
Mammoth Jct - Norris Jct 
Tower Jct - Canyon Jct 
Canyon Jct- Fishing Bridge Jct 
Fishing Bridge Jct - East Entrance 
Fishing Bridge Jct - West Thumb Jct 
Madison Jct - West Entrance 
Old Faithful - West Thumb Jct 
U.S. Highway #191 
Total 

Number of Incidents of Bears Obtaining Human Food 
Grizzly Black Un.1<nown Total 
0 5 0 5 
0 2 0 2 
1 0 0 1 
2 1 4 7 
2 0 1 3 
0 l 0 1 
0 0 1 1 
0 1 0 1 
0 1 0 1 
1 1 1 3 
6 12 7 25 

94 



of bear could not be determined for 3% (x = 0.1 /yr, 
SD = 0.3, n = 1) of the confrontations that occurred 
along park roads. Roadside confrontations involv
ing grizzly bears occurred primarily on the Tower 
to Canyon (21 %), Canyon to Fishing Bridge (21 %}, 
and Fishing Bridge to East Entrance (18%) road seg
ments (Table 10). Those involving black bears oc
curred primarily on the Norris to Canyon (40% ), 
Fishing Bridge to West Thumb ( 40% ), and Mammoth 
to Norris (20%) road segments. Confrontations along 
roadsides typically involved park visitors approach
ing bears for pictures. 

One hundred thirty-one of the confrontations 
occurred in backcountry areas (Table 11), an aver
age of 9/year (SD =4). Grizzly bears (x =6/yr, SD= 
4, n = 93) and black bears (x = 2/yr, SD= 1, n = 30) 
were involved in 71%and23% of the confrontations, 
respectively. The species of bear could not be deter
mined for 6% (x == 0.5/yr, SD= 0.9, n = 8) of the 
confrontations. Confrontations in backcountry areas 
typically involved surprise encounters between 
bears and hikers. Confrontations between bears and 
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people in backcounh:y areas occurred along desig
nated trails (73%, 68 grizzly, 21 black bear, 6 un
known), in or near backcountry campsites (14%, 8 
grizzly, 8 black bear, 2 unknown), in off-trail areas 
(13%, 16 grizzly, 1 b1ack), and near backcountry pa
trol cabins (1 %, 1 grizzly bear), 

Bear-Inflicted Human Injuries 

From 1980 to 1994, there were 21 people (x = 1 / 
yr, SD = 2) injured by bears in 20 separate incidents 
in YNP (Table 12). Of these injuries, 10 (48%) were 
considered minor, 9 (43%) were severe, and 2 (10%) 
resulted in human fatalities. Grizzly bears (x = 1 / 
yr, SD= 2) and black bears (x = 0.1/yr, SD= 0.4) 
were involved in 81%(n=17) and 10% (n = 2) of the 
injuries, respectively. The species of bear could not 
be determined for 10% (x = 0.1/yr, SD= 0.4, n = 2) 
of the injuries. Overall, female bears with young 
(COY or yearlings) were known to be involved in 48% 
(10) of the injuries. Injuries occurred within developed 
areas (10%, n = 2), in the backcountry (81 %, n = 17), 

Table 8. Number of bear-human confrontations in Yellowstone National Park, 1980-1994. 

Devefopoo Area -lfoaasHe Corrwor Bacl<country Area Totar 
Year Gr Bl Unk Gr Bl Unk Gr Bl Unk Gr Bl Unk 
1980 2 0 1 0 0 0 7 3 0 9 3 1 
1981 1 1 0 2 0 1 5 4 0 8 5 1 
1982 2 0 0 0 0 0 6 4 3 8 4 3 
1983 0 0 0 0 0 0 2 2 0 2 2 0 
1984 0 0 0 7 1 0 15 0 0 22 1 0 
1985 0 0 0 2 0 0 5 1 2 7 1 2 
1986 7 0 0 8 0 0 8 0 1 23 0 1 
1987 0 0 0 0 0 0 5 2 0 5 2 0 
1988 1 0 0 2 0 0 3 2 0 6 2 0 
1989 0 0 0 3 0 0 4 2 0 7 2 0 
1990 0 0 0 I 0 0 7 3 0 8 3 0 
1991 0 0 0 0 0 0 1 a 0 1 0 0 
1992 0 0 0 1 2 0 11 1 1 12 3 1 
1993 0 0 0 2 2 0 10 4 1 12 6 1 
1994 2 0 0 5 0 0 4 2 0 11 2 0 
Total 15 1 I 33 5 1 93 30 8 141 36 10 

Table 9. Number of bear-human confrontations in different developed areas in Yellowstone National Park, 1980-1994. 

Number of Coilfrontations 
Developed Area Grizzly Black Unknown Total 
Cascade Picnic Area 1 0 0 1 
Canyon 5 0 0 5 
Fishing Bridge 1 0 0 1 
Indian Creek CG 3 0 0 3 
Lake-Bridge Bay 4 0 0 4 
Madison a 0 1 1 
Tower-Roosevelt 1 1 0 2 
Total 15 1 1 17 
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and during research and management handling of 
bears (10%, n = 2). There were no bear-inflicted hu
man injuries reported along roadsides during the 
study period. 

Two injuries occurred within developed areas, 
1 inflicted by a grizzly bear and 1 by a black bear. 
Only 1 person was injured in each incident. The griz
zly bear inflicted injury was severe and occurred in 
the Grant Village Campground in August at 0215 
hrs. In this incident, an adult grizzly bear of un
known sex bit a child in the arm and pulled the child 
out of a tent. The injury inflicted by a black bear 
was minor and occurred near the Madison Camp
ground in August at 0615 hrs. In this incident, a black 
bear bit a person sleeping outside "under the stars" 
in a sleeping bag. The incident occurred in an ille
gal camp. 

Seventeen people were injured by bears in 16 
separate incidents in the backcountry (Table 13), an 
average of 1 I year (SD = 2). In 1 incident, 2 people 
were injured; this incident involved a surprise en
counter between 2 people and a female grizzly bear 
with 2 COY that were feeding on a carcass. Grizzly 
bears were involved in 88% (x = l/yr, SD= l, n = 
15) of the injuries. TI1e species of bear involved could 

not be determined forl2% (x == 0.1/yr, SD= 0.4, n = 
2) of the injuries. There were no injuries to humans 
inflicted by black bears in the backcountry during 
the study period. 

Most (59%, n = 10) backcountry injuries involved 
female bears with COY (29%, n = 5) or yearlings 
(29%, n = 5). These percentages may be underesti
mated because young may run off as the sow charges 
and thus may not be seen. 

Sixteen people were injured while hiking: 69% 
(n = 11) were hiking off trail and 31% (n = 5) were 
hiking on trail (Table 13). Fifteen of these 16 inci
dents involved surprise encounters with bears, while 
1 is believed to have been. caused by a photogra
pher approaching a grizzly bear for a picture. The 
photographer was killed and partially consumed by 
the bear (NFS 1986). Only 1 of the backcountry in
juries occurred in a backcountry campsite. This in
jury involved a grizzly bear that pulled a woman 
from a tent at night and killed and partially con
sumed her (NPS 1984). 

Two injuries to humans occurred during re
search (n = 1) or management (n = 1) handling of 
bears. In 1981, a researcher received minor lacera
tions when an immobilized grizzly bear awoke un-

Table 10. Number o{ bear-human confrontations along roadside corridors in Yellowstone National Park, 1980-1994. 

Road Segment Grizzly Black Ut1known Total 
Gardiner Jct - Mammoth Jct 
Mammoth Jct-Tower Jct 
Tower Jct - Northeast Entrance 
Mammoth Jct- Norris Jct 
Tower Jct- Canyon Jct 
Norris Jct - Canyon Jct 
Canyon Jct - Fishing Bridge Jct 
Fishing Bridge Jct - East Entrance 
Fishing Bridge Jct- West Thumb Jct 
West Timmb Jct- South Entrance 
Norris Jct -Madison Jct 
Madison Jct - West Entrance 
Madison Jct - Old Faithful 
Old Faithful - West Thumb Jct 
U.S. Highway #191 
Total 

0 
1 
0 
2 
7 
4 
7 
6 
2 
0 
0 
0 
3 
0 
1 
33 

0 
a 
0 
1 
0 
2 
0 
0 
2 
0 
0 
0 
0 
0 
0 
5 

0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 

D 
1 
0 
4 
7 
6 
7 
6 
4 
0 
0 
0 
3 
0 
1 
39 

Table 11. Location of bear-human confrontations in backcountry areas within Yellowstone National Park, 1980-1994. 

Location Grizzly Bear Black Bear Unknown Species Total 
On-Trail 68 21 6 95 
Off-Trail 16 1 0 17 
At Campsite 8 8 2 18 
At Cabin 1 0 0 I 
Total 93 30 8 131 
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usually quickly from the effects of an immobiliza
tion agent during a research trapping operation. In 
1983, while a park ranger was attempting to move 
an unconscious black bear that had been hit by a car 
off of the roadside, the bear woke up and bit the 
ranger on the leg. 

Management Hazing of Bears 

In 1987, the park began keeping records of inci
dents where attempts were made to haze bears away 
from visitor use areas. Hazing was used as a man
agement tool prior to 1987, but complete records of 
these incidents were not kept. From 1987 through 
1994, park managers attempted to haze bears away 
from visitor use areas 97 times, an average of 12 (SD 
= 9) such incidents per year (Table 14). Twenty-nine 
cases (30%} involved grizzly bears (x = 4 /yr, SD= 2 
SD) and 67 (70%) involved black bears (x = 8 /yr, SD 
= 8). During this period, 8 marked grizzly bears were 
involved in 18 hazing actions. Of these bears, 7 had 
to be subsequently trapped after hazing actions 
failed (1 marked and released on site, 6 translocated). 
One subadult (bear 231) that had previously become 
food conditioned outside the park was later removed 
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from the ecosystem by the Montana Department of 
Fish, Wildlife and Parks after both hazing and trans
location failed to keep the bear from attempting to 
obtain human foods from developed areas. Two ad
ditional marked bears were trapped at a later date 
due to their history of being habituated to people 
and frequenting roadsides and developed areas. 
Unconfirmed reports suggested that a subadult male 
bear on which hazing was attempted was later shot 
outside the park after' being translocated. Hazing 
was conducted in developed areas (26%, n = 25), 
along roadsides (70%, n = 67), and in backcountry 

. areas (4%, n = 4). 
Park managers attempted to haze bears out of 

developed areas 25 times, an average of 3 (SD = 2) 
such incidents/year (Table 15). Grizzly bears and 
black bears were involved in 40% (x = 1 /yr, SD = 1, 
n = 10) and 60% (x = 2/yr, SD = 2, n == 15) of the 
incidents respectively. One incident where hazing 
was attempted involved a grizzly bear that had ob
tained unnatural foods in a developed area camp
ground. All other incidents where hazing was at
tempted involved habituated bears that had been 
frequenting developed areas while feeding on natu
ral foods, which created a potential for bear-human 

Table 12. Number of bear-inflicted human injuries in Yellowstone National Park, 1980-1994. 

Developed Area Roa dside Corridor llaekcountiy Area H and ling Total 
YMr Gr Bl Unk Gr Bl Unk Gr Bl Vnk Gr Bl Unk Gr Bl Vn 

··- ·· ·- ·· -· .. - .. 

1980 0 0 a 0 0 0 I 0 0 0 0 a I 0 0 
! 981 0 l 0 0 0 0 1 0 1 1 0 0 2 I 1 

1982 a 0 a 0 0 0 0 0 0 0 0 0 0 0 0 
1983 0 0 a 0 0 0 1 0 0 0 l 0 1 1 0 
1984 I 0 D 0 D D 4 0 0 D 0 D 5 0 0 
1985 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
!986 0 0 a 0 0 0 2 0 1 0 a 0 2 0 1 
1987 0 0 0 0 0 0 0 0 0 0 0 a 0 0 0 
1988 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1989 0 0 0 0 0 0 1 0 0 0 0 0 l 0 0 
1990 0 0 0 0 0 0 0 a 0 0 0 0 0 0 0 
1991 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1992 0 0 0 0 0 0 l 0 0 0 0 0 l 0 0 
1993 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
l 994 0 0 0 0 0 0 4 0 0 0 0 0 4 0 0 
Total l 1 0 0 0 0 15 0 2 1 l 0 17 2 2 

Table 13. Location of bear-inflicted human injuries in backcountry areas within Yellowstone National Park, 1980-1994. 

Oll-Trail 5 0 0 5 
Off-Trail 9 0 2 11 
At Campsite 1 0 0 1 
At Cabin 0 () 0 0 
Total 15 0 2 17 
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conflict. Most (80%) incidents where grizzly bears 
were hazed out of developed areas occurred in the 
Lake developed area. The highest ( 47%) number of 
incidents where black bears were hazed out of de
veloped areas occurred in the Slough Creek Camp
ground. 

Park managers attempted to haze bears away 
from roadsides 67 times, an average of 9 (SO o= 7) 
such incidents/year (Table 16). Grizzly bears and 
black bears were involved in 25% (x = 2/yr, SD"" 2, 
n = 17) and 75% x (= 6/yr, SD = 6, n = 50) of the 
incidents respectively. All incidents involving griz
zly bears were performed on bears that had become 
habituated to people while feeding on natural foods 
along roadsides. These bears generally were caus
ing large traffic jams and were being approached 
within close distances by park visitors. Forty-three 

(84%) of the incidents where black bears were hazed 
away from roads involved bears that had become 
habituated to people while feeding on natural foods. 
Eight of the incidents involved 1 individual black 
bear that had become habituated to people while 
feeding on natural foods along the roadside. After 
becoming habituated, this bear was known to have 
been fed along the road at least once by park visi
tors. 

The highest number of incidents where grizzly 
bears (29%) and black bears (36%) had to be hazed 
out of roadside corridors occurred along the Tower 
to Canyon road segment. 

There were 5 incidents in which bears were 
hazed in backcountry areas. One incident involved 
a grizzly bear frequenting a backcountry cabin, 2 
incidents involved bears (1 grizzly and 1 black bear) 

Table 14. Number of incidents in which grizzly bears and black bears were hazed away from visitor use areas in Yellowstone 
National Park, 1967-1994. 

Deve ope Area 
Year Grizzly Black 
1987 0 
1988 2 1 
1989 0 0 
1990 3 3 
1991 1 5 
1992 1 3 
1993 0 2 
1994 3 1 
Total IO 15 

Table 15. Number of incidents where grizzly bears and black 
bears were hazed out of diHerent developments in Yellowstone 
National Park, 1987-1994. · 

Developed Area 
Grizzly Black 

Total Bear Bear 
Bridge Bay 0 3 3 
Indian Creek CG 0 1 1 
Lake 8 1 9 
Mammoth 2 1 3 
Nez Perce Picnic Area 0 1 1 
Slough Creek CG . 0 7 7 
Pebble Creek CG 0 1 1 
Total 1() 15 25 

4 
2 

10 
17 
9 
6 
2 

50 

a country Area Tota 
Grizzly Black Grizzly Black 

0 0 1 
0 0 3 5 
0 0 0 2 
1 2 6 15 
0 0 6 22 
0 0 3 12 
0 0 6 8 
1 1 4 4 
2 3 29 68 

Table 16. Number of incidents where grizzly bears and black 
bears were hazed away from roadside corridors in Yellowstone 
National Park, 1987-1994. 

Road Segment Grizzly Black Total 
Bears Be Ms 

Mammoth-kt·- Gardiner 6" -0 0 
Mammoth Jct - Tower Jct 2 8 . 10 
Tower Jct- Northeast Entrance 0 0 0 
Mammoth Jct- Norris Jct 2 6 8 
Tower Jct - Canyon Jct 5 18 23 
Norris Jct - Canyon Jct 1 2 3 
Canyon Jct - Fishing Bridge Jct 0 1 1 
Fishing Bridge Jct - East En trance 4 5 9 
Fishing Bridge Jct- West !humb Jct 3 4 
West Thumb Jct - South Entrance 0 1 
Norris Jct - Madison Jct 0 0 0 
Madison Jct - West Entrance 0 1 1 
Madison Jct - Old Faithful 0 5 s 
Old Faithful - West Thumb Jct 0 0 0 
U.S. High way #191 0 2 2 
Total 17 50 67 
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frequenting backcountry trails, and 2 incidents in
volved a black bear that frequented backcountry 
campsites and had caused property damage and 
obtained human foods from backcountry campers. 

Management Capture and Translocation 
of Nuisance Bears 

During the study period, 31 individual nuisance 
grizzly bears were captured 60 times in 49 separate 
management actions (11 cubs and yearlings were 
captured with their mothers), an average of 3 (SD= 
2) management actions involving capture of nui-
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sance grizzly bears per year. -During the same time 
period, 16 individual black bears were captured 19 
times during 15 separate management actions ( 4 
cubs captured with their mothers), an average of 1 
(SD= 1) management action involving the capture 
of nuisance black bears per year. Management cap
ture of nuisance bears occurred in developed areas 
(84%, n = 54) and along roadsides (16%, n = 10) (Table 
17). There were no grizzly bears or black bears 
trapped and translocated from backcountry areas 
during the study period. Of the 49 management ac
tions where grizzly bears were captured, 29 (59%) 
involved human food conditioned bears and 20 

Table 17. Number of management actions in which nuisance grizzly bears and black bears were captured and translocated in different 
areas of Yellowstone National Park, 1980-1994. 

Developed Area Roadside Corridor Backcountry Area Total 
Year Grizzly Black Grizzly Black Grizzly Black Grizzly_ Black 
1980 4 ci" 0 0 0 0 4 b -
1981 8 2 0 0 0 0 8 2 
1982 4 0 0 0 0 0 4 0 
1983 2 2 0 1 0 0 2 3 
1984 4 0 1 0 0 0 5 0 
1985 0 0 2 0 0 0 2 0 
1986 7 1 0 0 0 0 7 1 
1987 2 2 2 D D D 4 2 
1988 4 3 0 0 0 0 4 3 
1989 1 1 0 0 0 0 1 1 
1990 2 0 2 0 0 0 4 0 
1991 1 3 1 0 0 0 2 3 
1992 0 0 0 0 0 0 0 0 
1993 0 0 1 0 0 0 1 0 
1994 1 0 0 0 0 0 1 0 
Total 40 14 9 1 0 0 49 15 

Table 18. Number of management actions where food condi- Table 19. Number of management actions in which nuisance griz-
tioned or habituated nuisance grizzly bears and black bears were zly bears and black bears were captured and translocated from 
captured and transloca!ed in Yellowstone National Park, 1980- different developed areas of Yellowstone Nalional Park, 1980-1994. 
1994. 

Food Conditioned Habituated Total Develored Area Grizzl:z Black Total 

Year Gr Bl Gr Bl Gr Bl Canyon 7 0 7 
-- East Entrance 1 0 1 1980 3 0 1 0 4 0 

1981 7 2 1 0 8 2 Fishing Bridge 4 0 4 

1982 4 0 0 0 4 0 Grant Village 2 0 2 

1983 2 3 0 0 2 3 Indian Creek CG 0 2 2 

1984 2 0 3 0 5 0 Indian Pond CG 1 0 1 
1985 0 0 2 0 2 0 Lake-Bridge Bay 15 1 16 
1986 5 2 0 7 1 Madison 1 0 1 
1987 1 2 3 0 4 2 Mammoth 3 4 7 
1988 1 1 3 2 4 3 Northeast Entrance 0 1 1 
1989 0 1 1 0 I 1 Norris 1 0 1 
1990 0 3 0 4 0 Old Faithful 1 2 3 
1991 2 2 0 1 2 3 Slough Creek CG 0 2 2 
1992 0 0 0 0 0 0 Tower-Roosevelt 1 2 3 
1993 0 0 1 0 1 0 West Entrance 2 D 2 
1994 1 0 0 0 1 0 Yancey's Hole 1 0 1 
Total 29 12 20 3 49 15 Total 40 14 54 
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(41 % ) involved bears that were habituated to people 
Cout not food conditioned) (Table 18). Five of the 31 
(16%) individual nuisance grizzly bears captured 
were bears that had become human food condi
tioned outside of the park and had been translocated 
into the park in an effort to keep them out of further 
trouble. Of the 15 management actions where black 
bears were captured and translocated, 12 (80%) in
volved human food conditioned bears and 3 (20%) 
involved bears that were habituated to people (but 
not food conditioned). 

During the study period, there were 54 manage
ment actions where grizzly bears or black bears were 
captured and translocated from developed areas 
(Table 19), an average of 4/year (SD = 3). Grizzly 
bears and black bears were involved in 74% (x = 3/ 
yr, SD= 3, n = 40) and 26% (x =l/yr, SD= 1, n = 14) 
of the management actions respectively. Most (55%) 
management actions where grizzly bears were cap
tured and translocated occurred in the Lake-Bridge 
Bay (38%, n = 15) and Canyon (18%, n = 7) develop-

men ts. The Mammoth developed area had the high
est number of management actions where black 
bears were captured and translocated (29%, n = 4). 

Ten of the management actions where bears 
were captured and translocated occurred along park 
roads (Table 20), an average of 1 /year (SD=: 1 ). Griz
zly bears and black bears were involved in 90% and 
10% of the management actions, respectively. All 
grizzly bears trapped and translocated from road
side areas were habituated to people (but not food 
conditioned). These bears were captured due to hu
man safety concerns and due to numerous, large, 
unmanageable bear-jams along roads. There were 
no grizzly bears trapped along roadsides due to sani
tation problems. The only black bear captured and 
translocated from the roadside was a food-condi
tioned beat. All grizzly bear translocations from 
roadside areas occurred along 4 different road seg
ments: the Fishing Bridge to East Entrance road 
(44%, n = 4), Tower to Canyon road (33%, n = 3), 
Canyon to Fishing Bridge ro;:ld (11%,n=1 ), and Fish~ 

ing Bridge to West Thumb 

Table 20. Number of management actions in which nuisance grizzly bears and black 
bears were captured and translocated from different road corridors in Yellowstone National 

Park, 1980-1994. 

road (11 %, 11 == I): The black 
bear translocated from the 
roadside was trapped along 
the Mammoth to Norris road 

_Road S.~ginent _ _ 
Mammoth Jct - Norris Jct 
Tower Jct - Canyon Jct 
Canyon Jct - Fishing Bridge Jct 
Fishing Bridge Jct - East Entrance 
Fishing Bridge Jct- West Thumb Jct 
Total 

Grizzly 
Bears 

0 
3 
1 
4 
1 
9 

Black 
Bears 

1 
0 
0 
0 
0 
1 

Total ------c 
3 
1 
4 
1 

10 

segment. 
There were 4 grizzly bears 

and 2 black bears that were 
not nuisance bears that were 
captured and translocated for 
humane reasons. In 1984, a 
female grizzly bear and 3 

Table 21. Number of management actions in which nuisance grizzly bears and black bears were captured and removed from the 
ecosystem in different areas of Yellowstone National Park, 1980-1994. 

Developed Area Roadside Corridor Backcountry Area Total 
Year Grizzly Black _ Griz~)y Black Grizzly Black Grizzly _ _ Black 
1980 

--·-····· ·······-·····-· ··-··-·---·-- + ---
1 0 a 0 0 0 1 0 

1981 0 a 0 0 0 0 0 0 
1982 1 0 1 0 a 0 2 0 
1983 1 0 0 0 0 0 1 0 
1984 3 0 " 0 0 0 3 0 v 

1985 0 0 0 0 0 0 0 0 
1986 1 0 0 0 1 0 2 0 
1987 1 0 0 0 0 0 1 0 
1958 0 0 0 0 0 1 0 1 
1989 0 1 0 0 0 0 0 1 
1990 1 0 a 1 0 0 1 1 
1991 0 1 0 0 a 0 0 1 
1992 0 0 0 0 0 0 0 0 
1993 0 0 0 0 0 0 0 0 
1994 l 0 0 0 0 0 1 0 
Total 10 2 1 1 1 1 12 4 
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COY were captured on Frank Is
land and translocated to Flat 
Mountain Arm. The 4 bears were 
apparently stranded on the is1and 
after the ice went off and were in 
danger of starving to death. One 
of the cubs was so emaciated that 
it died during the capture opera
tion. 

In 1994, an adult female black 
bear and yearling male were cap
tured and translocated from the 
shoulder of U.S. Highway 191. 
The adult female (estimated to be 
20-30 years old) was severely 
emaciated, weighed only 47 lbs., 
and was unable to move off the 
roadside. The 2 bears were cap
tured and moved to a location 
along Wickiup Creek where there 
was succulent forage. The adult 
female died a few days later. The 
male yearling was healthy and 
survived. 

Management Removals of 
Nuisance Bears 

Du.ring the 15-year period 
(1980-94), 12 grizzly bears and 4 
black bears were removed from 
the park, an average of 1 (SD= 1) 
grizzly and 0.3 (SD = 0.5) black 
bears per year (Table 21). One of 
the black bears was killed due to 
c;n aversive conditioning acci
dent. Of the 12 grizzly bears re
moved, 10 (83%) were condi
tioned to human foods and 2 
(17%) were habituated to hu
mans, but not food conditioned 
(Table 22). Five of the 12 grizzly 
bears removed ( 42 % ) were bears 
that had become conditioned to 
human foods outside of the park 
and had been relocated into the 
park in an effort to keep them out 
of further bear-human conflicts. 
Of the 4 black bears removed, 3 
(75%) were conditioned to human 
foods and 1 (25%)washabituated 
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Table 22. Number of management actions where food conditioned or habituated nui-
sance grizzly bears and black bears were captured and removed in Yellowstone National 
Park, 1980-1 994. 

Food Conditioned Habituated Total 
Year ... Grizzly Black Grizzly Black Grizzly Black 
1980 1 0 0 0 1 0 
1981 0 0 0 0 0 0 
1982 2 0 0 0 2 0 
1983 1 0 0 0 1 0 
1984 3 0 0 0 3 0 
1985 0 0 a 0 0 0 
1986 l 0 l a 2 0 
1987 1 0 0 0 1 0 
1988 0 1 0 0 0 1 
1989 0 l 0 0 0 1 
1990 0 0 1 1 
1991 0 1 0 0 0 1 
1992 0 0 0 0 0 0 
1993 0 0 0 0 0 0 
1994 l 0 0 0 1 0 
Total 10 3 2 1 12 4 

Table 23. Number of management actions in which nuisance grizzly bears and black 
bears were captured and removed from different developed areas of Yellowstone Na
tional Park, 1 980-1994. 

Df'.veloped Area Grizzly Black Total 
Canyon 1 0 l 
Fishing Bridge 1 0 1 
Grant Village 1 0 1 
Indian Creek CG 1 1 2 
Lake-Bridge Bay 4 0 4 
Lewis Lake CG 1 0 1 
Madison 0 1 
Tower Fall CG 0 1 1 
Total 10 2 12 

Table 24. Number of grizzly bears and black bears killed by vehicles on different road 
segments within Ye!towstone National Park, 1980-1994. 

Grizzly Black 
Road Segment Bears Bears Total 
Gardiner - Mammoth 0 0 0 
Mammoth - Tower Jct 0 1 1 
Tower Jct - Northeast Entrance 0 1 1 
Mammoth - Norrjs Jct 0 2 2 
Tower Jct - Canyon Jct 0 1 1 
Norris Jct- Canyon Jct 0 0 0 
Canyon Jct - Fishing Bridge Jct 0 0 0 
Fishing Bridge Jct - East Entrance 0 0 0 
Fishing Bridge Jct - West Thumb Jct 1 0 1 
West Thumb Jct-South Entrance 0 0 0 
Norris Jct- Madison 1 0 1 
Madison Jct- West Entrance 0 0 0 
U.S. High way #191 I 4 5 
Madison Jct- Old Faithful 0 2 2 
Old Faithful - West Thumb Jct 0 2 2 
Total 3 13 16 
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to people (but not food conditioned). One of the 
black bears became food conditioned outside of the 
park, was translocated by the state of Montana, and 
entered the park on its way back to its original home 
range. 

Eight (50%) of the bears that were removed were 
euthanized (6 grizzly bears, 2 black bears), 5 (31%) 
were sent to zoos (all grizzly), and 2 (13%) were sent 
to a research laboratory (1 grizzlJt 1 black bear). One 
nuisance black bear was accidentally killed during 
a management action. 

Ten grizzly bears ( x == l /yr, SD == 1) and 2 black 
bears (x == 0.1 I yr, SD== 0.4) were removed from de
veloped areas (Table 23). The Lake-Bridge Bay de
velopment had the highest number (40%, n == 4) of 
grizzly bears removed in management actions. 

Only 2 nuisance bears had to be removed from 
roadside corridors. An aggressive grizzly bear was 
removed from the Norris to Canyon road segment. 
An habituated black bear was killed accidentally 
during a management action along the Mammoth 
to Tower road corridor. 

One grizzly bear was removed from the 
backcountry during our study period. An adult fe
male grizzly that was habituated to people and 
killed and partially consumed a photographer was 
removed from the Otter Creek area in 1986. One food 
conditioned, adult female black bear was removed 
from the Heart Lake area because it had learned to 
bluff charge hikers in an effort to obtain their packs. 

Changes in Types of Nuisance Bear Behavior 
over Time 

The types of bear problems that required man
agement capture and translocation or removal of 
nuisance grizzly bears has changed over time. From 
1980 through 1984, 83% (n = 25) of all management 
captures involved food conditioned grizzly bears 
and 17% (n == 5) involved grizzly bears that were 
habituated to people but not conditioned to human 
foods (Tables 18 and 22). During the period 1985 
through 1994, 45% (n = 14) of all management cap
tures involved food conditioned grizzly bears and 
55% (n = 17) involved habituated bears. 

There was a similar change in the types of be
havior of nuisance black bears captured. From 1980 
through 1984, all (100%, n == 5) nuisance black bears 
captured were human food conditioned (Tables 18 
and 22). From 1985through1994, 30% (n = 3) of the 
nuisance black bears captured in management ac-

tions were habituated to people, but not conditioned 
to human foods. 

The proportion of habituated grizzly bears and 
black bears captured from 1985through1994 would 
probably have been even higher except for the use 
of hazing as a management tool, which was often 
attempted instead of capture and translocation dur
ing our study period. 

Road-killed Bears 

Three grizzly bears (x = 0.2/yr, SD= 0.4) and 13 
black bears ( x = 1 /yr, SD = 1) were hit and killed by 
vehicles on park roads from 1980 to 1994 {Table 24). 
U.S. Highway 191 along the northwest boundary of 
the park had the highest number (31%,n=5) of bears 
killed by vehicles. 

Statistical Tests of Cole's (1976) Hypotheses 

The number of grizzly bear-caused human in
juries in developed areas decreased significantly 
(Mann-Whitney U-test, U = 492, P < 0.001) after 
implementation of the 1970 Bear Management Plan. 
During the 25-year period (1945-69) prior to imple
mentation of the plan, 50 people (x == 2.0 I yr, SD = 

2.5) were injured by grizzly bears in developed ar
eas. During the 25-year period (1970-94) following 
implementation of the plan, only 5 people (x = 0.2 / 
yr, SD= 0.6) were injured by grizzly bears in devel
oped areas. The number of black bear-caused hu
man injuries along roadsides and in developed ar
eas also decreased significantly after 1970 (U == 619, 
P < 0.001). During the 25-year period 1945-69, 1,108 
people (x = 44.3 I yr, SD= 23.5) were injured by black 
bears in developed areas and along roadsides. Dur~ 
ing the 25-year period 1970-94, only 37 people (x == 
1.5/yr, SD= 2.6) were injured by black bears in de
veloped areas and along roadsides. 

The number of nuisance grizzly bears that had 
to be removed in management actions also de
creased sigPificant!y (U = 421.5, P < 0.001) after 
implementation of the 1970 Bear Management Plan. 
During the 25-year period 1945-69, 73 nuisance griz
zly bears ( x == 2.9 J yr, SD = 2.6) were removed in man
agement actions. During the 25-year period after . 
implementation of the plan (1970-1994 ), 53 nuisance 
grizzly (x = 2.1/yr, SD== 4.3) bears were removed. 
In addition, the number of nuisance black bears that 
had to be removed in management actions also de
creased significantly (U == 605.5, P < 0.001) during 
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the same time period. From 1945-69, 536 nuisance 
black bears (x "'21.4/yr, SD= 19.7) were removed 
in management actions. From 1970-94, only 36 nui
sance black bears (x = 1.4/yr, SD = 2.5) were re
moved. 

Discussion 

Bear Observations 

Cole (1976) and Meagher and Phillips (1983) re
ported progressively declining observations of bears 
in park developed areas from 1970 to 1979. The de
clining rate of bear activity in developed areas was 
attributed to the sanitation efforts that prevented 
bears from obtaining human foods in park devel
opments. In addition, bears that did enter developed 
areas were promptly captured and translocated or 
removed from the population. During our study pe
riod (1980-94), the number of reports of bear activ
ity in developed areas were highly variable from 
year to year, were generally higher than the num
bers reported for the mid to late 1970s, and were 
quite high during some years. 

Whereas bear activity in developed areas from 
1970 to 1979 generally involved food conditioned 
bears seeking human foods (M. Meagher, pers. 
commun. ), bear activity in developments during the 
1980-94 period most often involved habituated (but 
not food conditioned) bears seeking ruitural foods. 
The types of natural foods that attracted bears into 
developed areas included spawning cutthroat trout, 
chokecherries, rose-hips (Rosa woodsii), clover (Tri
folium spp.), and 1ush grasses (graminoids). Park 
managers were less quick to capture and translo
cate or remove these bears and, instead, often at
tempted alternative management tools such as 
warnings, temporary area dosures, or hazing bears 
out of developments. Hazing generally had only 
short-term success and had to be repeated often, espe
cially in situations where natural foods were abundant 
in developed areas. The tolerance by managers of bears 
foraging on natural foods in developed areas contrib

. uted to the increase of bear activity in developed areas 
recorded during our study. 

The Bear Management Program implemented in 
1970 appears to have been successful in significantly 
reducing the number of incidents of bears entering 
park developed areas in search of human foods. How
ever, a new problem has become apparent. Non-food 
conditioned bears are becoi:ning habituated to people 
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and entering developed areas to feed on natural 
foods. This poses concerns for human safety in de
veloped areas and, over time, may increase the prob
ability of bears becoming human food conditioned, 
being involved in bear-human conflicts, and being 
captured and translocated or removed. 

Bear-Caused Property Damage 

The number of reported bear-caused property 
damage incidents declined from an average of 138 / 
year (SD= 109) from 1931to1969, to an average of 
49 /year (SD"' 41) from 1970 to 1979 (calculated from 
Schullery 1992) after implementation of the new bear 
management plan in 1970: During our study period 
(1980-94 ), the number of bear-caused property dam
age incidents continued to decline from previous lev
els, to an average of 9 (SD== 6) incidents per year. 
The decrease in the number of property damage in
cidents is the result of fewer bears aggressively seek
ing human foods in campgrounds and developed 
areas. This suggests that the public education pro
grams, sanitation regulations, and enforcement of 
sanitation regulations implemented under the 1970 
Bear Management Plan were successful in reducing 
the number of bear-caused property damage inci
dents occurring within the park 

Incidents of Bears Obtaining Human Foods 

Craighead et al. (1995) reported a declining fre
quency of garbage in the diet of grizzly bears in the 
Yellowstone ecosystem between the period 1968-71 
and the period 1977-87. Mattson et al. (1991) reported 
that garbage did not make up a significant portion of 
the diet of Yellowstone ecosystem grizzly bears from 
1977-87. During our study (1980-94), the number of 
reported incidents of grizzly, black, and unknown 
species of bears obtaining human food or garbage 
within the park was low, an average of only 13 (SD 
""7) such incidents per year. The declining frequency 
of garbage in the diet of grizzly bears since 1971 and 
the low frequency of bears obtaining human foods 
during our study indicate that the management pro
gram initiated in 1970 has been mostly successful in 
its objective of restoring the YNP subpopulations of 
grizzly and black bears to subsistence on natural 
foods. Bears are now relying extensively on forbs, 
winter-killed carrion, spawning cutthroat trout, elk 
calves, army cutworm moths, and whitebark pine 
seeds (Mattson et al. 1991). 
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Bear-Human Confrontations 

Most bear-human confrontations occurred in 
backcountry areas and along roadsides. Very few 
confrontations occurred in developed areas. Con
frontations in backcountry areas generally involved 
surprise encounters between hikers and female bears 
with young. More confrontations occurred on des
ignated trails (73%) than in off-trail areas (13% ). This 
is probably due to more people hiking on trails than 
off-trail. Although more people had confrontations 
with bears while hiking on established trails, more 
people were injured by bears while hiking off-trail 
(69% of those injured) than while hiking on-trail 
(31 % of those injured). Bears may learn to associate 
trails with people and react less aggressively to en
counters with people on trails, where they expect to 
find them. Bears may be more likely to be surprised 
by encounters with people in off-trail areas and thus 
may react more aggressively to off-trail encounters. 

Confrontations that occurred along roadsides 
generally involved habituated bears foraging along 
road corridors. Confrontations occurred when 
people approached these bears too closely in an ef
fort to observe or photograph them. Often times in 
these situations groups of people surrounded bears 
and bears charged at the crowd in an effort to es
cape. Adequate staff for public education programs 
and for monitoring tourists and habituated bears 
along roadsides may be the most effective manage
ment tool for reducing bear-human confrontations 
that occur in roadside corridors. 

Bear-Inflicted Human Injuries 

The years 1970-78 were a transition period be
tween 2 considerably different bear management 
programs and philosophies (Meagher and Phillips 
1983). Prior to 1970, management involved food
conditioned bears that were extensively influenced 
by the availability of human foods and garbage in 
developed areas and along roadsides. Management 
after 1978 involved bears that were largely uninflu
enced by human food and garbage. From 1970 to 
1979, bear-inflicted human injuries decreased sig
nificantly from previous levels (5< = 48/year, 1931-
1959) to an average of 6/year'(SD = 3) (calculated 
from Meagher and Phillips 1983). Of these injuries, 
an average of 4/year (SD= 3) occurred along road
sides, 2 I year (SD == 1) in backcountry areas, and 1 I 
year (SD= 1) within developments. 

By 1979, most bears with prior knowledge of 
sources of human foods were no longer in the popu
lation (Meagher and Phillips 1983). At this time, the 
management emphasis changed from correction of 
a problem (sanitation) to awareness that a high level 
of preventive management must become a routine 
part of park operations (Meagher and Phillips 1983). 
From 1980 to 1994, bear-inflicted human injuries 
declined further from previous levels to an average 
of just 1 /year (SD = 2). During this period, bear in
flicted human injuries along roadsides (x == 0.0 I yr) 
and within developed areas (x"" 0.1 /yr, SD= 0.4) 
became rare, while injuries in backcountry areas re
mained at about the same level (x = 1 I yr, SD= 2) as 
the 1970-79 period. 

The bear management program implemented in 
1970 has been successful in reducing bear inflicted 
human injuries within YNP, especially grizzly bear
caused injuries in developed areas and those caused 
by black bears in developed areas and along road
sides (Gunther and Hoekstra, in prep.). 

The large reduction in injuries along roadsides 
and in developed areas following the significant re
duction in the availability of human foods from these 
areas supports the theory (NPS 1960, Leopold et al. 
1969, Cole 1971, 1976, Meagher and Phillips 1983) 
that the high incidence of bear-inflicted human in
juries occurring within the park prior to 1970 was 
due to the presence of food-conditioned bears in 
combination with the availability of human foods 
and garbage in developed areas and along roadsides. 

Despite the success of the 1970 bear manage
ment program in reducing the number of bear-in
flicted injuries, an average of 1 bear~inflicted human 
injury I year still occurs. These injuries most often 
involve surprise encounters between backcountry 
hikers and female grizzly bears with young. It will 
be difficult to reduce the frequency of this type of 
injury, especially if backcountry recreational activ
ity in YNP continues to increase. Public education 
programs that inform hikers of how to avoid sur
prise encounters, and how to react to encounters and 
attacks once they occur, may be the most useful tool 
in further decreasing the number and severity of the 
types of bear-inflicted human injuries now occur
ring in the park. 

Management Hazing of Bears 

In 1986, the Wyoming Game and Fish Depart
ment began experimental aversive conditioning of 
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bears in the Yellowstone ecosystem (Gillin et al. 
1994). One of the goals of aversive conditioning was 
to apply a strong negative stimulus to alter bear 
behavior following a conflict with humans. Results 
of the study indicated that aversive conditioning was 
very time and labor intensive with success limited 
to very specific situations and circumstances. In the 
mid-1980s, YNPbegan using aversive conditioning 
techniques but with a modified objective. Due to the 
mostly short-term effectiveness of aversive condi
tioning techniques, YNP began using the technol
ogy for temporarily hazing bears out of visitor use 
areas. In some cases, this may have delayed the need 
to capture and translocate bears long enough so that 
the attractant was no longer available (natural food 
no longer in season or human food attractant prob
lem corrected) and the nuisance bears then left the 
areas of conflict on their own. 

Capture and Translocation of Nuisance Bears 

The number of management actions where bears 
had to be captured and translocated has decreased 
significantly from an average of 27 /year (SD= 23) 
from 1970 to 1979 (calculated from Meagher and 
Phillips 1983) to an average of 4 /year (SD = 3) from 
1980 to 1994. The decrease in the number of translo
cations necessary is due to fewer bears aggressively 
seeking human foods in campgrounds and devel
oped areas as a result of the sanitation efforts of the 
1970 plan. The decrease in the number of transloca
tions may also be due in part to the use of hazing 
and temporary area closures as alternatives to cap
ture and translocation of bears. 

Management Removal of Nuisance Bears 

The number of nuisance grizzly bears and black 
bears removed (sent to zoos or destroyed) for man
agement reasons has decreased from an average of 
7 /year (SD= 8) from 1970 to 1979 (calculated from 
Meagher and Phillips 1983) to an average of 1 /year 
(SD= 1) from 1980 to 1994. The reduction in the num
ber of bears removed is due to fewer incidents of 
bears aggressively seeking human foods in park 
campgrounds and developed areas as a result of the 
sanitation efforts of the 1970 plan. 

Changes in Types of Nuisance Bear Behavior 

Prior to 1980, all bears that had to be captured 
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for management reasons were food-conditioned 
bears that aggressively sought human foods (M. 
Meagher, pers. commun.). From 1980to1984, bears 
that were habituated to the presence of people, but 
were not food conditioned, started to appear in the 
population and became a management concern. The 
proportion of habituated, non-food-conditioned 
bears involved in management actions increased 
from 17% during the period 1980-84 to 55% during 
the period 1985-94. 

Habituated, but not food conditioned, bears are 
now the cause of most bear-human conflicts occur
ring within YNP. At McNeil River, Alaska, manage
ment of people and habituated bears in a small, 
highly controlled, supervised situation has been suc
cessful in allowing bears and people to co-exist with
out conflict within close distances of each other 
(Aumiller and Matt 1994). Similar management of 
people and habituated bears over large areas with 
high numbers of unsupervised visitors, such as in 
YNP, has not been attempted. Management strate
gies designed to address the human safety concerns 
of having habituated bears foraging along roadsides 
and within developed areas with large crowds of 
unsupervised visitors near by need to be developed 
to reduce the potential for bear-human conflicts and 
subsequent nuisance bear management actions in 
the park. 

Trends in Locations of Nuisance Bear Behavior 

Meagher and Phillips (1983) reported high num
bers of nuisance bear control actions in the Fishing 
Bridge, Lake, Bridge Bay, Canyon, Grant, and Old 
Faithful developed areas during the period 1970 to 
1979. Long-term implementation of the 1970 bear 
management plan has corrected the problems in 
most of those developments. 

During our study period (1980-94), the rate of 
bear-human conflicts in the park was very low. 
Occasionally, visitor-bear education efforts failed, 
visitors or employees failed to follow sanitation 
regulations, violations were not noticed by park 
patrol perso1mel, and bears came into conflict with 
humans. For the most part, these types of incidents 
were infrequent and occurred randomly through
out the park. The Lake-Bridge Bay development and 
the Tower to Canyon road corridor were the only 
areas with noticeable concentrations of bear-human 
conflicts and subsequent nuisance bear control ac
tions. The presence of spawning cutthroat trout at-

105 

---1 



Greater Yellowstone Predators: Ecology and Conservation in a Changing Landscape 

tracted bears into the Lake-Bridge Bay developed 
area and led to most of the bear-human conflicts that 
occurred there. A new development concept plan 
for the Lake-Bridge Bay development, approved in 
1993, contained management actions designed to 
reduce the number of bear-human conflicts (NPS 
1993). Similar plans implemented at Old Faithful 
(NPS 1982) and Fishing Bridge (NFS 1988) contrib
uted to reductions in the number of bear-human 
conflicts and subsequent nuisance bear control ac
tions in those areas. 

Habituated bears digging for biscuitroot 
(Lomatium spp.) and yampa (Perideridia gairdneri) 
roots were the cause of most bear-human conflicts 
that occurred along the Tower to Canyon road. 
These situations generally involved large bear-jams 
with crowds of people approaching the bears within 
close distance. The number of habituated bears that 
have to be removed for human safety reasons can 
be minimized by ensuring sufficient budgets to pro
vide adequate ranger and interpretation staffing lev
els for monitoring and managing tomists around ha
bituated bears. In highly controlled, supervised situ
ations, habituated bears and people can co-exist in 
close proximity relatively safely (Aumiller and Matt 
1994). 

Tests of Cole's (1976) Hy12otheses 

Cole (1976) hypothesized that the 1970 bear 
management program would reduce the number of 
bear-inflicted human injuries in developed areas. 
This hypothesis could not be rejected for the 1970-
94 period because the number of bear-inflicted hu
man injuries in developed areas decreased signifi
cantly from previous levels. 

Cole (1976) also hypothesized that the manage
ment initiated during the 1970s would restore more 
natural conditions as evidenced by: a} bears occur
ring in spaced distributions; b) bears using natural 
foods in summer; and c) declines in the number of 
bears visiting developed areas; or d) declines in the 
number of bears being controlled. We cannot reject 
parts a, b, and d of this hypothesis. Grizzly bears 
are no longer concentrated at garbage dumps in 
summer as they were prior to 1970, although sec
ondary concentrations may occur at moth aggrega
tions (Craighead et al. 1995). The proportion of gar
bage in the diet of grizzly bears has declined since 
1970 (Craighead et al. 1995) and it is no longer a sig-

nificant component of their diet (Mattson et al. 1991 ). 
In addition, the number of both grizzly bears and 
black bears removed each year in management ac
tions has declined significantly since 1970. We re
ject part c of this hypothesis, that the number of bears 
entering developed areas would decline following 
implementation of the 1970 plan. Although bear ac
tivity in developed areas initially declined after hu
man food attractants were made unavailable to 
bears, bear activity in developments has increased 
again in recent years due to habituated bears seek
ing natural foods in developed areas. 

Lastly, Cole (1976) hypothesized that the man
agement program implemented in the 1970s would 
not prevent the park's grizzly bear and black bear 
populations from maintaining or reestablishing their 
numbers at natural carrying capacity levels. The 
management data we collected during this evalua
tion were not sufficient to evaluate this hypothesis. 
However, Eberhardt et al. (1994) estimated that the 
grizzly bear population in the Yellowstone ecosys
tem was stable to slightly increasing (0% to 9% an
nual growth). In addition, the average population 
estimate of 312 grizzly bears for the period prior to 
implementation of the 1970 Bear Management Plan 
(Craighead et al. 1995) is within the range of the most 
recently published population estimate of 280 to 610 
grizzly bears currently in the Yellowstone ecosys
tem (Eberhardt and Knight 1996). In contrast, 
Craighead et al. (1995) argue that insufficient data 
is currently being collected to make a trend estimate 
for the Yellowstone ecosystem grizzly bear popula
tion. 

The effects of the 1970 bear management plan 
on the YNP black bear population were also not 
apparent from the management data we collected. 
The last population estimate (Cole 1976) of 650 black 
bears in the park was based on data collected in the 
1960s (Barnes and Bray 1967), a period when the 
population was still influenced by the availability 
of human food and garbage. 

We concur with Meagher and Phillips (1983) that 
the exact carrying capacities for grizzly bears and 
black bears within YNP are not known at this time. 
Although, new techniques for estimating and mod
eling habitat quality and effectiveness (i.e. Geo
graphic Information Systems, Cumulative Effects 
Modeling, Resource Selection Modeling) may make 
bear carrying capacity estimates for YNP possible 
in the near future. 
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Management Implications 

Public education efforts and effective enforce
ment of bear attractant sanitation regulations has sig
nificantly reduced the number of bear-caused prop
erty damage incidents and bear-inflicted human in
juries occurring within YNP. Consequently, the num
ber of nuisance bears captured and translocated or 
removed has also declined significantly. Public edu
cation programs and sanitation programs designed 
to prevent bears from obtaining human foods and 
garbage must remain a permanent component of 
future bear management programs within YNP. 

Most incidents of bear-human conflict, bears 
obtaining human foods, and translocation and re
moval of nuisance bears now occur outside of YNP 
(Gunther et al. 1993, 1994, 1995, and 1996). In an ef
fort to reduce bear-human conflict and promote griz
zly bear recovery throughout the Yellowstone eco
system, public education programs and the bear 
proofing of food, grain, and garbage storage facili
ties as well as gardens, orchards, and bee hives must 
also become a management priority in areas outside 
YNP. This will be especially critical if grizzly bears 
continue to expand their occupied range beyond the 
current designated recovery zone. 

Bears that are habituated to people but not con
ditioned to human foods are increasingly becoming 
the cause of most bear-human conflicts occurring 
within YNP. This poses a new challenge to park 
managers. The spatial and temporal overlap be
tween human recreational activity and bea.r activity 
predisposes bears to habituation to people. Habitu
ation increases the possibility of bears becoming 
food conditioned, being involved in bear-human 
conflicts, and being involved in potentially danger
ous bear-human encounters. Management strategies 
designed either to prevent habituation or more ef
fectively provide for human safety in situations 
where habituated bears are foraging along roadsides 
and within developed areas need to be developed 
to reduce the number of bear-human conflicts and 
subsequent management actions occurring within 
the park. 

As the grizzly bear population increases and 
recovery goals are met, the potential for habituated 
bears foraging in developments and along roadsides 
is likely to increase and expand to other areas out
side of the park throughout the Yellowstone ecosys
tem. Innovative new strategies for managing habitu-
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ated bears would also be of benefit for this potential 
problem and would help ensure the continued sur
vival/viability of the grizzly bear population within 
the Yellowstone ecosystem. 

The Future 

The low number of bear-human conflicts now 
occurring in YNP does not necessarily ensure the 
long-term survival of the grizzly bear in the 
Yellowstone ecosystem. 5€veral threats to the popu
lation are evident and pose new challenges to bear 
managers. Loss of bear habitat has accelerated in re
cent years due to extensive development of private 
land throughout the Yellowstone ecosystem 
(Gunther et al. 1995, 1996). Increasing development 
has also added more point sources where bears can 
come into conflict with people. Bear-human conflicts 
often result in bears being removed from the popu
lation due to concern for human safety and prop
erty. In addition, 2 seasonally important food sources 
for bears in the Yellowstone ecosystem are now 
threatened by the introduction of exotic organisms. 

Whitebark pine trees throughout the west have 
been extensively depleted by infestations of white 
pine blister rust (Cronartium ribicola). Whitebark pine 
seeds are an important fall food for bears because 
of their high fat content and their potential abun
dance as a prehibernation food source (Mattson and 
Jonkel 1990). Some whitebark pine trees in the 
Yellowstone ecosystem are infested with blister rust 
(K Kendall, pers. commun. ). Whitebark pine mor~ 
tality due to blister rust exceeds 90% in much of the 
northwestern portion of its range (Kendall and Amo 
1990). Mortality rates are generally lower in drier 
climates such as YNP (Kendall 1994). The extent of 
the blister rust infestations in the Yellowstone· eco
system and the effects it will have on whitebark pine 
trees in the Yellowstone ecosystem are not known 
at this time but are currently being studied (K 
Kendall, pers. cornmun.). 

In addition, native cutthroat trout in Yellowstone 
Lake are threatened by the introduction of non-na
tive lake trout (Salvelinus namacush) (NPS 1995). 
Cutthroat trout are an important late spring and 
early summer food for grizzly bears that have home 
ranges adjacent to Yellowstone Lake (Reinhart and 
Mattson 1990). Due to their high digestibility and 
protein and lipid content, spawning cutthroat trout 
are one of the highest sources of net digestible en-
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ergy for grizzly bears in the Yellowstone ecosystem 
(Mealey 1975, Pritchard and Robbins 1990). Intro
duced lake trout have extensively reduced or elimi
nated some native trout species in other areas (Ellis 
1914, Dean and Varley 1974, Gerstung 1988, Donald 
and Alger 1993). Lake trout compete with cutthroat 
trout for the same macroinvertebrate food sources 
(Elrod 1983, Elrod and O'Gorman 1991) and adult 
lake trout prey extensively upon cutthroat trout 
(Keading 1995). Unlike cutthroat trout, lake trout do 
not move up tributary streams to spawn. Lake trout 
spawn within the lake, which makes them unavail
able to terrestrial predators such as bears. If the non
native lake trout population in Yellowstone Lake is 
not suppressed, the native cutthroat trout popula
tion may be reduced by 80 to 90% of present abun
dance (Mcintyre 1995). Such a large decline in cut
throat trout numbers could have a significant nega
tive impact on the food supply of grizzly bears and 
black bears with home ranges adjacent to the lake 
(Schullery and Varley 1996). YNP is currently de
signing a management strategy with the objective 
of suppressing the lake trout population in an effort 
to reduce the impacts of non-native lake trout on 
native cutthroat trout and the subsequent impacts 
on species such as grizzly bears that depend on cut
throat trout as a food source. 

Bears are highly adaptable animals and cur
rently make use of several seasonal, high quality 
food sources (i.e. winter-killed carrion, cutthroat 
trout, army cutworm moths, and whitebark pine 
seeds) that have a high degree of natural variation 
in availability from year to year. Bears in the 
Yellowstone ecosystem are known to switch to other 
foods when one or more of these high quality foods 
are unavailable. The relationship between the use 
of alternate foods during years of low carrion, cut
throat trout, moth, or pine nut availability and the 
potential effects on grizzly bear and black bear re
production and survivorship resulting from the 
quality and distribution of alternate foods is not 
completely understood (Servheen et al. 1986). Bear
human conflicts and bear mortality often increase 
during years of poor food availability (Gunther et 
al. 1995, 1996). What cumulative effects the poten
tial simultaneous loss of both cutthroat trout and 
whitebark pine seeds, in combination with the con
tinual loss of bear habitat due to private land devel
opment, will have on bears is unknown. We recom
mend monitoring of cutthroat trout, whitebark pine, 
and habitat loss in the Yellowstone ecosystem to 

determine how changes in the availability of these 
resources will affect bear populations. 
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Wolves in Yellowstone: Records Since 1967 

}AMES C. HALFPENNY 

P.O. Box 989 • Gardiner, MT 59030 

Abstract 

Central to wolf (Canis lupus) reintroduction in the Yellowstone Ecosystem is 
the question: Were wolves present either occasionally or in some continuous fash
ion prior to reintroduction? Since the extermination of wolves in the Yellowstone 
area in the 1930s, there have been continued reports of visual observations of large 
canids identified as wolves. However, such visual sightings are difficult to verify. 
Seven reports since 1967 deserve detailed analysis because the presence of physi
~al evidence goes beyond the capabilities and credibility of individual observers. 
Photographs, movie film, track casts, or carcass material show that both male and 
female wolves have been present in the Yellowstone area. The potential presence 
of both male and female wolves in Yellowstone suggests at least the possibility of 
residency and breeding. 

Introduction 

Central to the issue of wolf (Canis lupus) rein
troduction into the Yellowstone Ecosystem is the 
question of the presence of wolves before the re
introduction (Fish and Wildlife Service 1994a, 
1994b).The presence of wolves would have direct 
bearing on reintroduction under the portions of 
the Endangered Species Act dealing with breed
ing populations and geographic separations be
tween populatiorts. Since the extermination of 
wolves in the Yellowstone area in the 1930s, there 
have been continued reports of visual observa
tions of large canids identified as wolves (C. and 
J. Urbigkit, pers. commun.; see also Urbigkit and 
Urbigkit this volume). However, visual sightings 
are difficult to verify. Seven reports since 1967 (and 
prior to wolf reintroduction in 1995) are of spe
cial note because they include physical evidence 
in the form of carcasses, photographs, or track 
casts. These reports deserve detailed ana1ysis be
cause the presence of physical evidence goes be
yond the capabilities and credibility of individual 
observers. 

Methods 

Reports of wolf occurrences in the Yellowstone 
area were solicited from state and federal agencies 
and private individuals. To be included in this analy
sis, physica1 supporting evidence had to have been 
examined or had to be available for examination. 
Physical evidence was considered to be photographs, 
movie film, video tape, track casts, or carcass mate
rial. When possible, those originating the reports 
were interviewed. Only 7 reports were available that 
met these criteria. 

I compared tmknown samples of track photo
graphs and casts to my database of wolf and dog 
tracks using comparative morphologic techniques 
and discriminant analysis. My database includes 
tracks from about 200 known dogs and 150 known 
wolves. Known wolf track samples were collected 
from 15 locations in North America and China. In
formation on gender, age, and weight were avail
able for many animals. Dog track samples were ob
tained by visiting dog shows to make plaster casts 
of dogs of known breed, age, gender, and weight. 
To assure consistent measurements, minimum out-
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line methods were used (Fjelline and Mansfield 1989, 
Halfpenny 1995, Halfpenny et al. 1995). Discrimi
nant analysis was based on my databases and those 
of Harris and Ream {1983). 

For the purposes of this paper, 3 reliability cat
egories were assigned to reports: positive, probable, 
and possible. Positive reports are those reports sup
ported by irrefutable evidence of a carcass that was 
examined tluough DNA or morphological testing. 
Probable reports are those that include quality sup
porting evidence (film or track casts) and achieve 
the agreement of at least 2 wolf experts. Possible 
reports are those that include physical evidence (film 
or track casts), but are less dear as to the species of 
origin. 

The strength of the methods used is in differen
tiating between tracks of dogs and wolves. While 
less rigorous, anecdotal and observational informa
tion was used to infer whether evidence suggested 
a wild or captive wolf, since track analysis cannot 
distinguish between the 2. Determination of wolves 
versus wolf-dog hybrids from tracks, like physical, 
behavioral, and other evidence, can only suggest not 
prove the likelihood of one or the other. 

Results 

Seven reports of potential wolves in the 
Yellowstone Area were accepted for analysis (Table 

1). Two were classified as positive, 4 as probable, 
and 1 as possible. The approximate locations of the 
reports are shown in Figure 1. These reports span 
the period from 1967 to 1993. Of the 7 reports, 4 had 
been previously examined and classified as wolves 
based on carcasses (Kysar, Newman) or film and 
photographs (Gates, Paunovich). Further examina
tion was not attempted on these animals, although 
I do report lesser known or not readily available de
tails. Three sets of previously unidentified tracks 
were located and analyzed. 

Footprints reported in this paper were judged 
to have originated from wolves, not from dogs or 
wolf-dog hybrids. Discriminant analysis scores were 
beyond the range of known dogs and wolf-dog hy
brids. For the carcasses, gender was based on 
necropsy results. Gender was not assigned to the 
animal that was only represented by a photograph, 
but the animal represented by film was believed to 
be a male based on size and behavior. Two sets of 
tracks were judged to have been made by females 
based on size and, for one animal, supplemental evi
dence of visual reports of accompanying tracks 
made by pups. One set of tracks was judged to have 
been made by a male based on size. 

Ieff Newman's Report 

On May 21, 1988, Jeff Newman (Perkins 1988) 
struck and killed an adult male wolf 
on the East River road near Chico, 

Table 1. Reports of wolves located in the Yellowstone area since 1967. The type 
of supporting evidence and suggested sex ot each animal is listed. 

Montana (about 30 miles north of 
Yellowstone National Park). The wolf 
weighed 65 lbs. There were no ear 

fl Date Location SQurce Evidence Sex 
tags, tattoos, or other identifying 
marks. Dr. R. Nowak (1988) deter-

l967 Hayden Valley 

2 Oct 25, 1968 Slough Creek 

3 May 21. 1988 Chico 

4 Aug. 1, 1992 Hayden VaUey 

5 Ang. 19, 1992 W oooard Creek 

6 Sep. 3 0, 1992 Fox Park 

7 May 23, 1993 Otter Creek 

Marshal Gates 

L. Hendrickson 

Jeff Newman 

Ray Pa1.movich. 
Kevin Sanders 

Ralph Hudelson, 
Ron Kent, 
Steve Yekel, 
Steve Pu<lrnski 

Jerry Kysar 

Jim Halfpenny, 
Dixie Finley, 
Larry & Melinda 
Jones 

8mmfilm 

Cas~ 

Carcass 

16 mm film 
35 mm slides 

3Smmpnnt 

Carcass 

Casts 
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mined the skull was from a gray wolf 
and estimated the age was 3 years, He 
also reported the skull was "notably 
smaller than those of other male 
wolves taken in the northwestern con
tenninous U.S." 

With regard to the wolf's origin, Dr. 
Nowak stated, "your specimen looks 
more like a member of this original 
U.S. population." The original U.S. 
population referred to by Nowak was 
that thought to be exterminated in 
Yellowstone. He also noted that the 
specimen "was in good condition, 
with none of the deterioration or mal-
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formation that sometimes is associated with 
captive Hfe." I accept this as a positive wolf 
report. 

Figure 1. Approximate locations of wolf reports in the Yellowstone area. 
Numbers at locations refer to Table 1 . 
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Dan Palmisciano (1988) suggested the 
wolf might be "a domestic wolf escapee," 
citing as his reasons long claws, soft foot 
pads, no parasites, scars on the front legs 
(digging under fence!!) and bunched 
premolars." It was suggested that the wolf 
had escaped from the large, captive pack 
maintained by Jack Lynch (pers. commun.) 
on Dry Creek, approximately 20 km away. 
Mr. Lynch denied that this was one of his 
animals. Dr. Nowak supports this conten
tion by stating that he has examined some 
of Lynch's wolves and they do not match 
the tooth characteristics shown by the dead 
wolf. Nowak also suggests that it might 
have been a wandering wolf from Minne
sota because of the similarity of tooth char
acteristics. It would be interesting to use new 
genetic techniques to examine this wolf, but 
the University of Montana, the National 
Park Service and the U.S. Fish and Wildlife 
Service have been unable to extract usable 
samples since the hide was tanned. 

IDAHO 

e =Approximate location of wolf reports 

Figure 2. Wolf that was killed by Jerry Kysar in Fox Park, south of Yellowstone 
(photograph by John Mack). 

Jerry Kysar's Report 

On September 30, 1992, Jerry Kysar shot 
a 93 lb. male canid in Fox Park, Wyoming, 
just south of Yellowstone National Park (Fig
ure 2). In my interview with Mr. Kysar (pers. 
commun. ), he said the animal he shot "was 
traveling with 4 or 5 other animals of the 
same color, maybe one of the others was 
darker." The animal he shot "stood out from the 
rest, he was blackest." Kysar said "the others could 
have been pups, but he was not sure what to call 
(theJ others." He also reported, "I could hear them 
first, [theyJ sounded like coyotes [(Canis latrans)]1 

they sounded like dogs-no [they] sounded like 
young dogs." 

Many do not believe the story told by Kysar be
cause interviews by various researchers and enforce
ment personnel are conflicting, but the morphologic 
and genetic evidence is clear. According to Sharon 
Rose of the US Fish and Wildlife Service, (1993), 
skull measurements taken by Dr. R. Nowak were 
"considerably smaller" than most Montana wolves 

and the skull was closer in size to historic skulls of 
native Yellowstone wolves and within the range of 
current Montana wolf skulls. Scientists at the Fish 
and Wildlife forensic laboratories in Ashland, Or
egon, determined from initial tests of mitochondrial 
DNA that the animal was related to the wolf pack 
located in Ninemile Valley, near Missoula, Montana. 
However, further analysis showed a much smaller 
degree of relatedness to Montana wolves. 

For cross reference, photographs of the feet of 
the wolf killed by Kysar were tested against mor
phologic databases and using discriminant analy
sis. The front feet scored high on discriminant analy
sis tests indicating it was a wolf. Track size indicated 
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it was a male. I accepted this as a positive wolf re
port. 

Marshal Gates' Report 

Two films have been made of can.ids believed 
to be wolves. The first, an 8 mm film, was made by 
Marshal Gates, a seasonal summer employee in 

Figure 3. Suspected canid from Marshal Gate's (1967) film. Jn 
1971, picture frames were printed from the original Bmm, and 
transferred to 35 mm slide film. Jn 1994, computer processing 
was used to produce this print. 

Yellowstone. Gates filmed a large canid during his 
ski trip into Hayden Valley during the winter of 1967. 
I have been unable to locate either copies or the origi
nal film, and I have been unable to interview Mar
shal Gates. However, in 1971, I made copies of prints 
made from his film (Figure 3). At that time, research 
biologists from the Park told me that they believed 
the animal was a wolf. This identification is open to 
debate, especially based on the existing evidence. 
For this study, I am accepting the animal as a pos
sible wolf. I could not ascertain any information as 
to gender or age from the photographs. 

Ray Paunovich and Kevin Sanders' Reports 

The second film, 16 mm, was made by Ray 
Paunovich in Hayden Valley on August 7 and 8, 
1992. Kevin Sanders took 35 mm photographs con
currently. These materials are available in the 
Yellowstone Park archives. Experts have not been 
able to agree on species in the films, but there is 
enough agreement to merit its consideration as a 
probable wolf. After viewing his film and studying 
the animal's behavior, I suggest that it may have 
been a male. 

Figure 4: Canine track relationships. Relationships are depicted among several dog breeds, the average for wolves, and the 
suspected tracks found at Otter Creek. The 3 measures used to indicate front foot shape are the area (cm2 ) of the entire foot, the 
ratio between toe and interdigital pad length, and the ratio of the length to the width of the interdigital pad. 
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Reports by Hendrickson, Hudelson et al., and 
Halfpenny et al. 

In addition to the above carcass and photo
graphic evidence, 3 sets of tracks were identified and 
included as wolf tracks. Measurements from tracks 
are presented in Table 2. All 3 sets of tracks had high 
discriminant analysis scores indicative of wolves, 
and all scores were well above the mean for wolves. 
All 3 track samples are accepted as probable wolf 
tracks. 

The first set was an imprint preserved in mud 
and collected in the Slough Creek drainage in De
cember of 1968. The cast bears the name L. 
Hendrickson and is archived in the Yellowstone Cen
ter For Resources. The relatively small size of this 
print suggests that it may have been made by a fe
male or a juvenile wolf. 

The second set of tracks were photographed and 
reported by Ralph Hudelson and other Wyoming 
Game and Fish personnel in the Woodard Creek 
drainage, south of Yellowstone National Park on 
August 21, 1992. Tracks were first observed on Au
gust 19. Their report and photographs are archived 
with the Yellowstone Center for Resources and cop
ies are in my files. 

In his written report, Hudelson said, "all of the 
observers concurred on the probability these were 
wolf tracks." One, Steve Pudroski, had worked with 
wolves in Alaska and "knew it was a wolf." Based 
on the apparent small size of the prints in the pho
tograph, the animal may have been a female wolf. 
Additional evidence reported below also suggests 
a female. 

Waif Records Since 1967, Halfpenny 

When I questioned Hudelson (1993) about his 
original report, in which he wrote "there appeared 
to be at least 1 set of pup tracks with the adult," he 
indicated that the pup tracks were different from 
coyote tracks that were on the trail (pers. commun. ). 
The "wolf pup'' tracks were "smaller than the tracks 
photographed but there were no hind feet" (pers. 
commun.). The "pup tracks" were about the size of 
an adult coyote but differed from coyote because 
"this pup walked on heels." The interdigital or heel 
pads therefore appeared large for a coyote. In the 
interview, Hudelson also described the "pup" tracks 
as "more rounded than adult wolf tracks, with outer 
toe pads especially more rounded and too wide 
spread [for a coyote]." Measurements were not taken 
of the "pup" tracks. 

The third set of tracks was located by a group I 
led in the Otter Creek drainage of Yellowstone Na~ 
tional Park on May 23, 1993. Over several days, plas
ter casts were made of 6 different footprints. I have 
archived 3 casts. Based on the casts, Diane Boyd 
(pers. commun.) also identified the tracks as made 
by a wolf. 

Discriminant analysis identified the tracks as 
wolf tracks and the magnitude oftheir dissimilarity 
to dog tracks can be seen through morphometric 
analysis (Figure 4 ). The tracks of the Otter Creek wolf 
exceed the mean for all wolves and their great sepa
ration from domestic dogs is obvious when using 3 
criteria: area of the foot, ratio of the second area to 
the interdigital pad, and the ratio of the length to 
the width of the interdigital pad. The relatively large 
size of the footprints suggests the maker was a male 
wolf. 

Table 2: Selected measurements from wolf prints accepted in this paper. Measurements were defined by Harris and Ream 
(1983). For sources, refer 10 Table 1. 

Total Length Tutal Pad Pad Gap Toe Toe Inner Tac Outer Claw lnrcr Oaw 
Source Se.x Foot Len~h Claw Width Width L~th Lena!h Len.!t!h Width Width Width Width 

Hendrickson F F 109 92 100 57 43 16 36 22 57 89 24 
Hudelson F F 148 )08 54 41 67 36 25 25 60 . 89 34 
Kysar M F 118 75 50 54 25 21 21 44 62 8 
Kysar M F l 17 73 51 53 23 21 21 43 62 8 
Halfpenny M F 110 lOl 105 67 49 25 60 104 41 
Halfpenny M F 120 104 104 60 54 18 33 24 55 96 37 
Halfpenny M F 114 104 102 64 50 15 39 21 54 l (J7 42 
Hudelson F H 79 39 36 60 32 24 24 43 
Kysar M H 102 66 37 51 23 18 18 42 51 7 
Kysar M H 104 67 38 52 23 19 19 42 52 7 
Halfpenny M H 110 95 108 61 46 22 30 22 58 110 45 

F = female, M =Male, F (under foot oolumn) =front foot, H =hind foot 
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Discussion 

Wolves in Yellowstone 

Physical evidence suggests that individual 
wolves of unknown origin were at least intermit
tently present in the Yellowstone area prior to rein
troduction in 1995. The evidence raises several in
teresting questions that need to be listed even though 
we are not able to answer them at the present time. 
That wolves were present in Yellowstone is not too 
surprising given that wolves may migrate 886 km 
from their birth place (Fritts 1983). The Yellowstone 
area is less than 800 km from potential source popu
lations in Canada. Wolves from Canada have moved 
south into Montana and have established themselves 
(Ream et al. 1989). Established populations in Mon
tana are closer to Yellowstone than Canadian ones. 
The presence of wolves in Yellowstone also raises 
the question of whether or not the Yellowstone popu
lation is completely separate from populations far
ther to the north. 

Analysis suggests that both male and female 
wolves may have been present in the Yellowstone 
area. The presence of male wolves fits well with our 
knowledge of their biology, in that young males of
ten leave the pack and migrate farthest (Carbyn 
1987). The wolf Newman killed was of prime age 
for a migrating male. Traditionally, females were 
thought to migrate only short distances, in which 
case the potential existence of female wolves in 
Yellowstone is less easily explained by immigration. 
However, new evidence in Montana indicates that 
females do sometimes move very long distances. If 
the female wolves reported in this study did not 
migrate to Yellowstone, their presence raises the pos
sibility that they represent a remnant Yellowstone 
population. Genetic analysis also does not remove 
the possibility that the wolf shot by Kysar is a rem
nant of historic populations. 

Temporal Clustering of Evidence 

It is interesting to note that most reports pre
sented here clustered at 2 points in time: 1967-68 and 
1992-93. The 1967-68 evidence corresponds with sev
eral visual sightings of wolves received by the au
thor for that same period of time. In August and Sep
tember of 1992, Yellowstone National Park staff re
ceived 18 additional reports of dark colored canids. 

Does the temporal clustering of reports lend sup
port to the presence, even temporary, of wolves? Or 
is it simply coincidence? It is of note that females 
may have been present during both time periods. 

Breeding in Yellowstone 

The potential presence of both male and female 
wolves in Yellowstone suggests wolves may have 
bred in Yellowstone after the government-sanc
tioned extermination program earlier in the century 
and prior to reintroduction in 1995. Additional sup
port for this hypothesis was provided by Hudelson 
and Wyoming Game and Fish personnel, who found 
the later-verified wolf tracks and who reported the 
possible presence of wolf pups. 

Also consider the time line of events in 1992-93. 
On August 21, 1992, an adult, possibly a female wolf, 
and possibly with pups, was present south of the 
Park. September 30, 1992, south of the Park and less 
than 20 miles from the August incident, Jerry Kysar 
shot a male wolf. Mr. Kysar reported that he shot 
the most obvious (darker and larger) animal travel
ing with 4 or 5 other smaller canids. Kysar said "the 
others could have been pups, but he was not sure 
what to call [the] others." Is Kysar's report the re
sults of a breeding pack? Subseqt1ent attempts to 
locate wolves in Fox Park during October 1992 did 
not yield signs of additional wolves (John Mack, 
pers. commun.). After being present when a pack 
member was shot, would the pack have stayed 
searching for a pack mate or would the pack have 
left the area? While a pack with 5-month old pups 
(assuming a birth date of late April) might be re
stricted in its ability to travel great distances, heavy 
rain and snow at the time (John Mack, pers. 
commun.) would have hindered locating tracks. On 
the other hand, the wolf Kysar shot was a 2-year 
old male, whlch is the prime age for dispersal in wild 
wolves and its age might suggest it was migrating 
through the area. 

Whatever the case, the wolf filmed by Mr. 
Paunovich in Hayden Valley in August 1992 was 
definitely a different animal than the 1 killed by Mr. 
Kysar. Thus, it would appear that at least 3 adult 
wolves were present during late 1992, and there may 
have been pups. At least 10 reports of large, dark
colored canids originated from the Hayden Valley 
area around the time when Paunovich filmed the 
"wolf." At least 1 animal, probably a male and per-
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haps the same animal as was filmed by Mr. 
Paunovich, was present in May 1993 when I tracked 
it in the Otter Creek drainage. 

The only other wild card explanation for some 
of the reported wolves is the possible intentional or 
unintentional release of captive wolves or hybrid 
wolves. There were strong political reasons for in
tentional releases early in the 1990s, at the height of 
the EIS process for reintroduction. Of course, my 
study can not determine whether reports represent 
captive releases, but it is not likely that all reports 
can be explained by such a hypothesis. 

Future Research Directions 

Evidence suggests the occasional presence of 
wolves, perhaps even breeding wolves, in the 
Yellowstone area, although my study did not ascer
tain length of periods when wolves were present nor 
their possible areas of origin. While my search was 
not exhaustive, it is doubtful that many new records 
with supporting physical evidence will be found. 
Therefore, the best method for testing questions sug
gested here will be through genetic analysis of ex
isting and new evidence of suspected wolves in the 
reintroduction zone. Old specimens (skulls or skins) 
may be tested with evolving genetic techniques. 
Many ranchers and outfitters have wolf skins on the 
walls of their homes. An effort should be made to 
find these skins and determine their genetic history. 
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Abstract 

Between May 1979 and August 1994, 339 bald eagles (Haliaeetus leucocephalus) 
were banded with U.S. Fish and Wildlife Service leg bands in the Greater 
Yellowstone Ecosystem (GYE) of northwestern Wyoming, southwestern Montana, 
and eastern Idaho, including Yellowstone National Park (YNP). Most were color~ 
banded and 45 were radio-tagged. Locals (nestlings or fledglings) comprised 90% 
of those banded and 49% of those radio-tagged (12% and 4% in YNP, respectively). 
Band encounter rate was 15%. Band encounters and sightings occurred in 7 west
ern states and British Columbia. Radio-tagged eagles were located in 6 western 
states. All eagles radio-tagged as nestlings spent time in YNP. Local eagles left 
natal areas in autumn and moved west and south to the Pacific coast states, re
turning to the GYE the following spring. Eagles produced in the GYE pioneered 
new breeding areas outside of the ecosystem and banded adults occupied at least 
11 breeding areas within the GYE. Lead was detected in the blood of 27% (n =135) 
of eagles resident in the GYE and at low levels(> 0.06 ppm), but 91 % of migrants 
(n = 11) had elevated levels (x = 0.75 ppm). Blood of all eagles sampled (n = 146) 
had selenium (x > 1.12 ppm) and 94% had mercury (X > 0.19 ppm). Mean levels in 
adults and migrants were 1.3 ppm. Highest mean annual levels of all metals oc~ 
curred after the Yellowstone fires of 1988. ODE was the only 1of16 organochlo
rine compounds detected in plasma and it occurred in only 11 % of locals (n = 9). 
No adults were tested. One of 9 nestlings tested may have been exposed to anti
cholinergic pesticides. Mortality resulted from a variety of anthropogenic and natu
ral causes but survival of radio-tagged nestlings was >86% the first year. The old
est eagle was encountered 12 years after banding as a nestling in YNP. Despite the 
high incidence of potentially toxic levels of some contaminants, bald eagle popu
lations in the GYE continue to grow rapidly and reproduce well. YNP is important 
as an area that enhances survival of bald eagles produced throughout the GYE 
and the western U.S. (e.g., Arizona and Texas). 
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Introduction 

DDT-induced population declines of bald eagles 
(Haliaeetus leucocephalus) in the 1960s and 1970s re
sulted in classification of the species as endangered 
in Idaho, Montana, and Wyoming in 1978. Concern 
in the Greater Yellowstone Ecosystem (GYE) (Fig
ure 1) focused initially on the status of bald eagles 
in Yellowstone National Park {YNP). Although the 
number of nesting pairs had been stable for many 
years, existing population models indicated produc
tion of young eagles in YNP was not adequate for 
long-term maintenance of the nesting population 
(Sprunt et al.1973). Among assumptions included 
in the model was that population maintenance 
would be exclusively from recruits produced only 
within YNP. In June 1979, we, along with our col
league Kurt Alt (now employed by the Montana De
partment of Fish, Wildlife, and Parks), initiated a 
banding program to test this hypothesis and gener
ate other information about basic population dy
namics that would be useful in conservation and 
management of the species within the GYE. The 
study was expanded in 1985 and funding increased, 
which enabled more intensive research with an eco
system emphasis. The goal of the study was to ob
tain information that would allow for a better un
derstanding of the population dynamics of bald 
eagles in the GYE. Specific objectives included: 

1. Determination of movements, habitat use, 
and mortality of fledgling, immature, and subadult 
bald eagles; and 

2. Evaluation of the incidence and severity of 
environmental contaminants, especially lead (Pb) in 
blood of bald eagles throughout the GYE. 

These objectives are mandated with high prior
ity in GYE bald eagle management plans (GYEBEWT 
1983, 1996) and the Pacific Bald Eagle Recovery Plan 
(USFWS 1986). 

Study Area 

Alt (1980) delineated 3 population units within 
the GYE for the purposes of describing bald eagle 
population dynamics (Figure 1 ). The Snake Unit (SU) 
included bald eagle breeding areas associated with 
the Snake River watershed .in northwestern Wyo
ming to 8 km southwest of Idaho Falls, Idaho. The 
Continental Unit (CU) included portions of south-

Figure 1: Bald eagle management and population units in the 
Greater Yellowstone ecosystem. 

\. 

western Montana and northeastern Idaho, and the 
Firehole and Madison rivers in YNP. The 
Yellowstone Unit (YU) includes most of YNP. 

The GYEBEWT (1983, 1995) further divided GYE 
population units into management units (Figure 1 ). 
The SU was divided into the Snake Teton (ST), Snake 
Wyoming (SW) and Snake Idaho (Sl) management 
units. ST included the Snake River watershed in 
Grand Teton National Park {GTNP). SW included 
the Snake River watershed in Wyoming outside of 
GTNP. The SI included the Snake River watershed 
from the Wyoming State line downstream to Idaho 
Falls. Two management units were delineated in the 
CU, Continental Montana (CM) and Continental 
Idaho (CI). Unit boundaries at all levels were based 
on similarities or differences in bald eagle nesting 
phenologJt nest substrates, productivity, and food 
habits in addition to climatic variables, topography, 
and administrative jurisdictions (see Swenson et al. 
1986 for descriptions). 

Methods 

Bald eagles were banded with U.S. Fish and 
Wildlife Service (USFWS) "pop-rivet" aluminum leg 
bands from 1979 to 1994. In 1980, plastic color-bands 
indicating natal origin either in or outside YNP were 
added. In 1985, color combinations were increased 
to include all management units and colored alu
minum "pop-rivet" bands were used from 1987 to 
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1994 (Table 1). Eagles were banded as nestlings at 
least 8 weeks old. Fledglings and older eagles were 
captured by padded leg-hold traps (Harrnata 1985) 
and a radio-controlled bow net (Jackman et al. 1993). 

Nestlings at least 10 weeks of age were tadio
tagged with solar powered transmitters approxi
mately 100 to 110 gin weight. Attachment was via 
backpack harness constructed of flaccid teflon tub
ing. Backpack straps were secured with a veterinary 
suture material to insure permanent retention. 

Movements of eagles were evaluated by analy
sis of band encounter data provided by the USFWS 
Bird Banding Laboratory (BBL), Patuxent, Maryland, 
and locations of radio-tagged individuals. An en
counter was defined as any number of experiences 
that permitted the USFWS band number to be read. 
Banded eagles may have been found dead or alive, 
captured, or observed and identified at a distance. 
Only encounters of eagles banded or radio-tagged 
as nestlings were included in analysis of regional 
(extra GYE) movements. 

Blood for contaminant analysis was collected 
from the brachial vein and deposited in sodium he
parinized vacutainers. Three cc' s of whole blood per 
eagle were sequestered for heavy metal and Se 
analysis. If available, an additional 2-5 cc's of whole 
blood per eagle were centrifuged to separate plasma, 
which was pipetted off and separated into 2 equal 
samples. Whole blood and plasma were frozen and 
stored at -22° C. Whole blood was analyzed for Pb, 
Hg, and Se at Montana State University (MSU) 
Chemical Analytical Laboratory. Samples for Pb 
analysis were digested with nitric acid and concen
trations determined by Graphic Furnace Additions 
(GFAAS). Samples for Hg analysis were digested by 
nitric acid in closed vessels and analyzed by Cold 
Vapor Generation using SnC1

2 
reductant Atomic 

Absorption Spectroscopy. Samples for Se analysis 
were digested with nitric acid and concentra6ons 
determined using Palladium Matrix Modifier and 
GFAAS. Recovery of all 3 elements from spiked 
samples was >90%. One plasma sample (0.5 to 2 cc) 

from each bald eagle was analyzed for 16 orga
nochlorine compounds at MSU Chemical Analyti
cal Laboratory using methods recommended by the 
U.S. Environmental Protection Agency (EPA)(see 
Thompson 1974). All results are reported on a wet 
weight basis. Detection limits of Pb, Hg, and Se, were 
0.06, 0.03, and 0.10 ppm respectively. Detection lim
its of organochlodne compounds were between 
0.001 and 0.009 ppm (ODE"' 0.005 ppm). 

Remaining plasma samples (0.5-2 cc) were ana
lyzed for acetylcholinesterase (AChE) activity at the 
EPA Environmental Research Laboratory in 
Corvallis, Oregon. Not all samples, however, were 
frozen or analyzed at equal intervals from collec
tion. Some thawed briefly and were refrozen, while 
some were stored at different temperatures. Thus, 
reactivity of AChE in some samples may been af
fected (Fairbrother et al. 1991). Because of chronic 
lack of funds, duplicate samples were not analyzed 
for any constituent. 

Eagles were grouped by age class and residency 
status for comparisons ot mean contaminant con
centrations. Distributions of concentrations for all 
contaminants were skewed; therefore, data were log 
transformed and geometric means computed for 
comparisons. Means tests were performed among 
groups only when z50% of samples from all groups 
exhibited detectable concentrations of a contami
nant. Samples below detection limits were assigned 
values equal to ];2 the detection limit for the respec
tive contaminant (Wiemeyeret al.1989). Chi-square 
analysis was used to compare frequency of occur
rence among groups when >50% of samples in 1 
group were below the detection limit. Arithmetic 
means were used for AChE comparisons and analy

. ses were performed on non-transformed data. Years 
with <4 samples (1990) were not included in analy
sis of annual differences in contaminants. SOLO, a 
statistical software package for personal computers 
(BMDP, 1440 Sepulveda, Los Angeles, CA 90025), 
was used for chi-square and analysis of variance 
(ANO VA) tests. Statistical significance was assigned 

at P ~ 0.05, but P values >0.05 were 

Table 1. Colorbanding scheme for bald eagles in Greater Yellowstone. 
presented when differences were 
considered biologically significant. 
BMDP Neuman-Keuls Range tests 
identified differences detected by 
ANOVA. Contaminant concentra
tions are reported in parts per mil
lion (ppm) wet weight. AChE activ
ity is expressed in µmoles of 

Management Unit Band Color (position) 
Snake Wyoming (SW) Green with White midline strip 
Snake Teton (ST) White (over) Green 
Snake Idaho (SI) White (over) Green 
C<Jntinental Montana (CM} Green (over) White 
Continental Idaho (CI) Green (over) White 
Yellowstone Unit (YU) Green with White rnidline strip 
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Figure 2: Extra·regional encounters of bald eagles in Greater acetylthiocholine iodide substrate hydrolized/min/ 
Yellowstone. L of plasma (ftmoles/ min/L). 

N 

A 

Figure 3; Sightings of bald eagles color-banded in Greater 
Yellowstone. 

N 

A 

Survival of bald eagles was evaluated by ana
lyzing detection of bald eagles radio-tagged as nest
lings only. Mortality and longevity were evaluated 
by analysis of band encounter information provided 
by the BBL. 

Results 

Banding and Encounters 

Between June 1979 and January 1994, 339 bald 
eagles were banded with USFWS bands; 306 nest
lings, 6 fledglings, 3 resident immatures, 14 resident 
adults, and 10 migrants (i.e., winter residents) were 
color-banded. Through June 1995, 51 USFWS bands 
were encountered (15%). Encounters of eagles 
banded as nestlings or fledglings (also known as lo
cals) totaled 46 (15% of all locals banded). Four 
(28.6%) eagles banded as adults and 1 (10%) banded 
as a migrant were also encountered. 

Movements 

Numbers of encounters did not differ signifi
cantly among Management Units of origin (X2 = 1.5, 
0.35; P == 0.9, df = 5) nor did number of encounters 
inside or outside the GYE (X2 = 7.4, P ==< 0.68, df = 10) 
differ among Management Units (Table 2). Bald 
eagles banded in the GYE were encountered in 7 
western states and 1 Canadian Province (Figure 2). 
Color-banded eagles were observed in 5 western 
states and mirrored USFWS band encounters (Fig
ure 3). Ninety-five percent of encounters and all ob
servations of color-banded eagles outside of the GYE 
were between September and April, indicating mi
gration or wintering locations. Autumn movements 
of a radio-tagged juvenile bald eagle from ST 
spanned 8 days and 5 states, terminating in north
ern California (Bath 1987), which is indicative of first 
fall migration of bald eagles produced in the GYE. 

Nine of 15 bald eagles radio-tagged as nestlings 
were tracked sufficiently to record summer move
ments within the GYE at least 1 year after fledging. 
Movements of 2, identified by kilohertz portion of 
the 148 mHz frequency, illustrate typical local move
ments of immature bald eagles produced in the GYE. 

BAEA 700: On 11 June 1985, a nestling female 
bald eagle produced at the Butler Creek site on the 
Snake River, southwest of Jackson, Wyoming, was 
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radio-tagged with a solar powered transmitter. She 
exhibited a previously unrecorded plumage colora
tion of bald eagles (Harmata and Montopoli 1998). 
From the time 700 fledged on 26 June until she left 
the GYE on her first autumnal migration in mid-Sep
tember, she remained within 800 m of her natal nest. 
She was absent from the GYE in winter and peri
odic aerial searches for all radio-tagged eagles 
throughout the GYE failed to locate 700. 

Next located on 30 April 1986, 700 was on Pali
sades Reservoir in eastern Idaho and stayed on the 
reservoir until late May. Bird 700 was next detected 
on Yellowstone Lake and triangulation located her 
at the Eagle Bay area, a minimum of 132 km from 
her last location. Over the next 4 years, 700 was of
ten located in Yellowstone, mostly in association 
with Yellowstone Lake. In spring 1987, she was at 
the South Arm and again at Eagle Bay. In summer 
1988, she was on the Flat Mountain Arm and Heart 
Lake. And in 1989, an adult bald eagle wearing a 
transmitter and color-band 

Lake in southwestern Montana. By 6 May he had 
moved to Henry's Lake Idaho and by mid-June he · 
was back in Yellowstone. When first located on 
Yellowstone Lake, he was in the company of BAEA 
944, an eagle radio-tagged in 1987 in a nest on the 
Promontory between the South and Southeast Arms. 
Along a small stream known for spawning cutthroat 
trout (Oncorhynchus clarki), a grizzly bear (Ursus 
arctos) sow was snagging spawning trout, lacerat
ing the gut and selecting the row. She then discarded 
the carcass. When the bear moved off about 3 m, 
both eagles scavenged the carcasses. The bear and 
eagles remained in the vicinity about 1 week. The 
grizzly then moved to Pelican Valley, again visiting 
streams full of spawning cutthroat. Within 1 day, the 
eagles were also located there. 

During subsequent aerial and ground surveys, 
923 was located mostly in the Southeast and South 
Arms of Yellowstone Lake. He was last located in 
the GYE in 1988 on the west shore of the West Thumb 

was seen near LeHardy Rap
ids on the Yellowstone River, 
which may have been 700. 

Table 2. Distribution of encounters of bald eagles banded as nestlings in Greater Yellowstone 
management units, 1979-1994. 

No. Encountered 
BAEA 923: On 15 July · -- -··· --- - ---·--··-···· ·-······ ·· ····· · 

1987, the male of 2 siblings 
produced at the Eagle Bay nest 
site on Yellowstone Lake was 
banded and radio-tagged. The 
eagle was intermittently moni
tored during summer from 
Lake Butte, 15.5 km northeast 
of the nest Distance and in
tervening lake prevented de-
termination of fledging date 
and immediate post-fledging 
movements, but by early Au
gust bearings indicated 923 
was moving as much as 9 km 
from the nest, possibly as far 
as Flat Mountain Arm and the 
Promontory. On 7 September, 
923 was still on Yellowstone 
Lake near the nest site but on 
10 October he was located near 
Soda Springs in eastern Idaho. 
Obviously, he was beginning 
his first autumnal migration. 

On the first aerial survey 
in the spring of 1988, 923 was 
located on Upper Red Rocks 

Origin 

Yellowstone Unit (YU) 
Snake Wyoming (SW) · 
Snake Teton (ST) 
Snake Idaho (SI) 
Continental Idaho (Cl) 
Continental Montana (CM) 

No. Banded 

37 
75 
47 
78 
30 
33 

306 

InGY 

4 
8 
3 
8 
1 
1 

25 

Outside GY Total 

1 5 
3 11 
4 7 
7 15 
4 5 
2 3 

21 46 

Table 3. Heavy metal and selenium concentrations (ppm wet weight) in blood ot bald 
eagles in Greater Yellowstone by age and residency status. 

Pb 

Status (n) x1 Range 

Breeding 
Adults 
(11) 
Nestlings 
(124) 
Migrants 
(11) 

0.06 ND3-0.21 

0.05 ND-0.80 

0.75 ND-5.00 

1Geometric mean. 
2Percent (of n) detected. 
3None detected. 
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HJ.?.. 
%2 x Range 

46 2.16 0.90-4.00 

30 0.19 ND-1.20 

91 1.33 D.40-3.40 

% x 

100 2.43 

93 1.09 

100 112 

Se 
Range % 

0.60-7.00 100 

0.10-3.70 1 OD 

0.30-3.50 100 
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of Yellowstone Lake on 21 October. In November, 
923 was located on Tule and Klamath Lakes in north
ern California and southern Oregon along with an
other GYE eagle. He remained in the Klamath Basin 
until mid-December and was not located again in 
1988. 

On 30 March 1989, 923 was located near Fish
ing Bridge on the Yellowstone River in the Park. On 
14 April, he was seen (color-band and transmitter 
"backpackl/ were observed) farther downstream on 
the Yellowstone River near LeHardy Rapids. Cut
throat trout are abundant in this section of the 
Yellowstone River. By 24 April, 923 was on the south 
shore of Yellowstone Lake near Breeze Point. On 12 
May, 923 was located and observed on Holmes Point 
on the southeast corner of Mary Bay. Proximity al
lowed close inspection of plumage, bands, and trans
mitter. All were in excellent condition. As in 1988, 
923 spent most of the summer in the South and 
Southeast Arms of Yellowstone Lake. Periodic aerial 

Figure 4. Annual mean (geometric) heavy metal and selenium 
concentrations of nestling eagles In Greater Yellowstone. 

1985 1986 1987 1988 1989 1990 1991 

(n]" (3) (!1) (54) (36) (B) (1) (S) 

and ground checks located him mostly at the mouth 
of the Yellowstone River on the Southeast Arm and 
Outlet Creek on the South Ann. On 5 October, 923 
was located on West Thumb, indicating he may have 
been in the initial stages of his second autumnal 
migration. Subsequent ground checks around 
Yellowstone Lake failed to detect 923. 

On 25 February 1990, 923 was located in Bear 
Valley National Wildlife Refuge, roosting 3.2 km 
southeast of Worden in southern Oregon. He was 
located on 2 successive days until 28 February. 
Monitoring ceased on 29 February through 3 March 
and when resumed on 4.March no signals were de
tected. Timing of locations suggests 923 may not 
have wintered in the Klamath Basin but visited only 
during migration. 

923 was found dead on 17January1994 in cen
tral Utah. Cause of death was unknown. The eagle 
was mounted and currently resides in Fishing Bridge 
Visitor Center in YNP. . 

Contaminants 

Frequency of occurrence of detectable concen
trations of Pb differed significantly among locals, 
resident adults, and migrant bald eagles tested in 
the GYE (x2= 6.1, P = 0.049, df = 2). Migrant eagles 
exhibited the highest concentrations (Table 3). 
ANOVA detected differences in Hg concentrations 
among age and residency classes (F = 10.89, P < 0.05) 
with resident adults higher than locals but not dif
ferent than migrants (oc = 0.05, P > 0.05, Duncans 
Range Test). Se concentrations were not different 
among age/residency classes (P > 0.05) (Table 3). 

Table 4. Heavy metal and selenium concentrations (ppm wet weight) in blood of nestling bald eagles 
in management units (see text) of Greater Yellowstone . 

Management 
Unit (n) Mean' 

YU (18) 0.04 
ST (21) 0.06 
SW (22) 0.08 
SI (40) 0.05 
CM(7) 0.05 
0 (16) 0.03 

1Geometric mean. 
2Percent (of n) detected. 
3N one detected. 

Pb 

Range %2 

ND3-0.14 22 
ND-0.30 48 
ND-0.40 45 
ND-0.80 26 
ND-0.17 29 
ND-0.20 6 

Hg Se 

Mean Range % Mean Range % 

0.29 0.30-1.20 100 0.59 0.30-1.10 100 
0.19 ND-0.60 90 1.00 0.37-2.30 100 
0.37 0.20-0.60 100 1.67 1.00-2.20 100 
0.21 0.10-0.50 100 1.22 0.10-3.70 100 
0.08 ND-0.50 57 0.98 0.50-1.10 100 
0.06 ND-0.50 56 1.02 0.20-3.50 100 
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Frequency at occurrence of detectable Pb was 
not different among Management Units (X2 = 3.2, P 
= 0.66, df = 5) (Table 4). ANOVA indicated differ
ences in Hg (F == 6.26, P < 0.001) and Se (F = 3.74, P = 

0.0036) concentrations in eagles among Management 
Units. YU had the highest mean (arithmetic) con
centrations and detection rate of Hg but the lowest 
mean and detection rnte of all Management Units 
for Se. 

Frequency of occurrence of detectable Pb was 
not different among years (x2 = 4.4, P = 0.49, df = 5) 
(Figure 4). However, concentrations of both Hg and 
Se among years was different (F = 2.47, P = 0.037 
and F = 7.74, P < 0.001, respectively), with highest 
concentrations of both in 1989, one year after the 
Yellowstone fires of 1988. 

Productivity per Management Unit from 1982 
to 1993 was negatively conelated with both Pb (r = 

0.30) and Hg (r = 0.003), but positively correlated 
with Se (1985-1991) (r = 0.63). Stepwise regression 
revealed only Se, and Pb added significantly to the 
model (R2 = 0.93, P = 0.019). 

DDE was the only organochlorine compound 
detected in nestling bald eagles and found in only 1 
of 9 tested, It was present in a concentration of 0.004 
ppm. 

The mean AChE concentration of nestling bald 
eagles was 192-4 µmoles/min/L (SD==± 45.3, n = 

9). An eaglet from CMcontained57 µmoles/min/L 
AChE in plasma suggesting exposure to anticholin
ergic compounds. The nest site was close to large 
ground squi.rrel (Spermophilus spp.) populations 
managed with organophosphate rodenticides. 

Survival 

Circumstances of encounters of bald eagles 
banded in the GYE varied with the majority of en· 
counters involving eagles dead of unknown causes 
(Table 5). Research activities (captures and bands 
read) accounted for 15.4% of encounters, the second 
largest proportion of encounters. Band encounter 
distribution by age suggests that only 50% of bald 
eagles banded in the GYE live beyond 3.25 years and 
less than 10% live beyond 7.5 years (Figure 5). 

More than 86% of bald eagles radio-tagged in 
the nest survived their first winter (Figure 6). Sur
vival remained relatively stable after the first year, 
averaging 78.3% annually. By age 7, 20% of the origi
nal cohort was still alive. 

Figure 5. Cumulative percent of band encounters by age of bald 
eagles banded in Greater Yellowstone. 
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Figure 6. Survival of bald eagles in Greater Yellowstone. 
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Table 5. Circumstances of 51 encounters of bald eagles banded 
In Greater Yellowstone. 

Agent Number of Percent 
Encounters of Encounters 

Unknown 21 40 
Electrocution 6 12 
Captured for Research 6 12 
Gunshot 4 8 
Poison 4 8 
Trap 4 8 
Vehicle Impact 2 4 
Territorial Dispute 2 4 
Band Read 2 4 
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Discussion 

Movements 

Movements of radio-tagged juvenile and imma
htre bald eagles and distribution and timing of band 
encounters reveal certain trends. Juvenile and im
mature bald eagles produced in the GYE indicate 
virtually all leave the ecosystem the first autumn 
post-fledging. Ostensibly, juveniles need not leave 
the GYE. Juvenile eagles originating in Canada win
ter within the GYE, indicating requisites for survival 
of at least some juveniles were present. Regardless, 
survival of immature eagles leaving the GYE dur
ing winter has probably been higher than those that 
did not, resulting in a population with a genetic pro
pensity to migrate as immatures. Once initiated, both 
deterministic and stochastic components may have 
dictated timing, direction, rate of movement and 
destination of initial migration. Unlike juvenile mi
grants from Canada, which may also be affected by 
proximate ecological factors (Harmata et al. 1985), 
genetically-induced responsiveness to photoperi
odic cues may be primarily responsible for the ini
tiations of migration of GYE eagles. GYE eagles left 
their natal areas well before food resources dwindled 
or became unavailable due to snow cover or ice. In 
fact, waterfowl numbers in the GYE actually may 
have been at peak when young eagles departed. 
Once initiated, orientation was primarily southwest 
to the Snake River plain in Idaho and northern Utah, 
then west to the coastal states of the Pacific North
west. 

After initial compass direction was determined, 
responses of GYE eagles to stochastic events most 
likely dictated the exact route and timing of migra
tion since parental guidance was obviously lacking 
and migration was solitary. Physiography and me
teorology probably modified orientation and migra
tioflt while rate was dictated by chance encounters 
with locally abundant food, adequate roost sites, and 
optimal flying conditions. Presence of 2 immature 
GYE eagles for 2 subsequent years in the Klamath 
Basin of Oregon and California coincident with large 
die-offs of waterfowl supports this theory. Appar
ently both birds encountered the area, either by 
watching other eagles (McClelland et al. 1982) or by 
chance, and rehtrned the following year with the 
guidance of memory. The somewhat unusual longi
tudinal migration pattern (as opposed to the more 
common latitudinal avian migration pattern) and 

eventual destination of GYE eagles was consistent 
with the theory of genetic memory; eagles were 
homing to regions of historical abundant salmon 
runs in the Pacific Northwest (Hunt et al. 1992). 
Close genetic relationships among eagles within the 
GYE and with eagles produced in the Pacific North
west lends strong support to the theory. 

Considering a genetically-based propensity for 
GYE eagles to migrate longitudinally and westward, 
care sho\lld be taken when selecting donor popula
tions for reintroduction (hacking) efforts. Donor 
populations chosen should exhibit migration pat
terns most consistent with those of recipient popu
lationf:l. At least availability of adequate winter habi
tat at appropriate distance and direction, as dictated 
by donor population movements, should be consid
ered. It may be ill advised, for instance, to use GYE 
eaglets for reintroduction efforts in coastal Califor
nia; they may end up in Hawaii. 

Upon arriving on the West Coast, timing of 
available encounters suggest juvenile eagles wan
dered the coast, ranging from Los Angeles in the 
south to Puget Sound in the north, possibly "look
ing" for extinct salmon runs. Homing immature 
eagles from the GYE may have been searching for 
vacant nest sites or incomplete.pairs as virtually all 
returned to their natal nest areas in the spring. Sub
sequent to investigating natal nests, juveniles then 
dispersed throughout the ecosystem, essentially de
fining its limits. Young eagles radio-tagged in all 
population units were detected in all other popula
tion units at least once, seasonally exploiting mostly 
lentic habitats and associated spawning runs or wa
terfowl concentrations. Immature eagles apparently 
moved freely among nesting and non-nesting habi
tat of adult bald eagles throughout the ecosystem. 
As autumn approached, immature eagles moved 
graduaHy back towards their parent's territories, of
ten as close as a few hundred meters from their na
tal nest. Such movements again may represent in
vestigations of occupancy of territories for poten
tial future nesting, indicating recruitment and pio
neering occur primarily in spring and fall. 

During summer, radio-tagged juveniles and 
immatures were regularly located throughout the 
GYE but rarely located on waters considered bor
dering or outside of the GYE. Few surveys were con
ducted outside of the GYE, but the majority of ra
dio-tagged eagles were in fact located within the eco
system, indicating surveys outside would have a low 
probability of success in locating missing eagles. 
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Thus, movements and habitats used by these eagles 
may indicate real boundaries of the GYE and rein
force the importance of maintaining a large, continu
ous, intact ecosystem. 

Immature eagles were found primarily on lakes 
within the GYE, although the Snake River and 
smaller rivers and creeks received periodic use by 
concentrations of immatures. Young eagles seemed 
to quickly key on temporal concentrations of prey 
and carrion and were found regularly along water 
bodies where fish were spawning (i.e., cutthroat 
trout in YNP and Henry's Lake, Idaho, in spring; 
whitefish (Prosopium williamsonii) in Cottonwood 
creek in GTNP in autumn) or areas where ungulate 
viscera piles left by hunters were available (i.e., early 
elk (Cervus elaphus) hunts in Jackson Hole and late 
elk hunts in GTNP and near Gardiner, Montana). 
Some areas previously overlooked as important bald 
eagle habitat because of lack of breeding adults may 
be of critical importance to floating immatures that 
move great distances from one temporal food source 
to another. 

As eagles aged, the tendency was to leave the 
GYE later in the fall and return earlier in the spring. 
Juveniles almost all left the GYE in mid Septembe1~ 
returning from mid-April to early May, as reflected 
by annual early and late detection times. Two-year
olds and older tended to leave in mid- to late Octo
ber, returning from mid- to late March. ·Some eagles, 
notably the 2 fledged from a nest in Grand Teton 
National Park in successive years, may have re
mained in the GYE as late as late mid-January, leav
ing for only 1 month. Decreasing time away from 
the GYE is probably facilitated by increasing knowl
edge of routes and terrain as eagles grew older. 

Data on movements during the second fall mi
gration post-fledging are more sparse. However, ini
tial directions of eagles leaving the GYE appeared 
more directly south. Implicat~ons of those direction 
changes are unknown but may have been influenced 
by increasing knowledge of geography and locations 
of seasonal food resources. The juvenile eagle fol
lowed west on its first migration did not visit the 
Great Salt Lake area, but band encounters suggest 
that many older birds visit the area on both vernal 
and autunmal migration. Waterfowl are abundant 
and dispersed throughout the region and eagles are 
probably more likely to encounter concentrations as 
age increases. 

As radio-tagged eagles aged, basic movement 
patterns remained but variability in both extent and 

frequency of long-range movements increased. 
Movements of older immatures suggests increased 
wandering outside of the GYE in sunune1~ especially 
north into Montana. In fact, an adult bald eagle that 
was a member of a productive pair on the Madison 
River in southwestern Montana from 1989 through 
1992 had been banded as a nestling in the GYE 
(color-band sighting). A new breeding area initiated 
on the Missouri River, Montana, in 1991 was occu, 
pied by an adult bald eagle produced in the eastern 
Idaho portion of the GYE. Clearly, the highly pro
ductive GYE population has provided recruits to ex, 
panding populations outside the ecosystem. 

Although no data exist for seasonal movements 
of adult bald eagles in YNP, movements of the Third 
Creek pair may provide clues. Yellowstone Lake is 
essentially ice covered until late May, and adults 
associated with lake territories probably leave their 
primary breeding range in winter. Populations of 
wintering bald eagles along the Yellowstone River 
in Montana vary considerably, but numbers always 
account for the number of adults nesting in YNP. 

Contaminants 

Redig (1984) considered blood Pb concentrations 
of 0.2-1 .00 ppm in eagles indicative of toxic, chronic, 
sublethal exposure. Hg in blood of bald eagles sug
gests eagles fed on a moderately contaminated food 
supply (Eisler 1987).that was most likely aquatically 
associated (Wiemeyer 1991). Frenzel and Anthony 
(1989) found very low Hg concentrations in water
fowl but very high concentrations in bald eagles in 
Oregon. Although they did not analyze Hg in fish, 
other studies show fish often contain high concen
trations of Hg (Eisler 1987). The source of Hg in 
aquatic ecosystems is generally unknown but is of~ 
ten related to leaching Hg from hard rock mine tail~ 
ings treated with the "Washoe Process" (Martin 
1992). Mines with tailings piles thus treated are 
present throughout the northern Rocky Mountains 
and western Canada. Portions of the western U.S. 
and Canada cover mercuriferous rock Oonasson and 
Boyle 1971 in Wiemeyer et al. 1989) and natural 
leaching also may be a source of Hg in watersheds. 
Once in aquatic ecosystems, Hg is bioaccumulated 
as methyl-mercury through mkro-organisms 
(Colwell et al.1975) to invertebrates (Hildebrand et 
al. 1980) to fishes 01~ directly into fish through gill 
surfaces from water (Phillips and Bubier 1980). Tis
sue Hg in some fishes increases exponentially with 
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size (Phillips et al. 1987) and the contaminant is fur
ther biomagnified in predators. 

Dietary Hg affects raptorial species neurologi
cally (Fimreite and Karstad 1971) and reproductively 
(Fimreite and Karstad 1971, Wiemeyer et al. 1984). 
Neurological effects appear to be manifested in a 
threshold effect resulting in overall weakness and 
wasting. None of the eagles sampled in this study 
displayed symptoms of Hg poisoning and we are 
unaware of any published accounts of toxic concen
trations of Hg in blood of bald or golden eagles 
(Aquila chrysaetos). 

Incidence or Se residues in bald eagles was high, 
with mean concentrations higher than those consid
ered toxic in bovines (2 0.50 ppm in blood: R. Eisler, 
Patuxent Wildlife Research Center, pers. commun.). 
However, applicability of this toxic concentration to 
birds is tenuous. Se-induced mortality has been 
documented in waterfowl, but the effects are pri
marily teratogenic or manifested in reduced natal
ity or productivity (Eisler 1985, Ohlendorf et al. 1988, 
Heinz et al. 1989, Hoffman et al. 1990). Although con~ 
genital mandibular deformities have been observed 
in bald eagles in the Great Lakes Region, Bowerman 
et al. (1994) stated Se was an unlikely causative agent 
and similar effects have not been recorded for eagles 
elsewhere. None of the eagles from our study ex
hibited symptoms of Se poisoning. 

DDE (a metabolite of DDT) was the primary 
contaminant reducing reproductive success of bald 
eagles in North America with the majority of expo
sure from the avian portion of the diet (Wiemeyer 
1991 ). Although DDE is less toxic to birds than most 
organochlorines, it can elicit abnormal behavior, egg
shell thinning, and adult and embryonic mortality 
(Risebrough 1986). Low concentrations found in our 
study reflect the ban on DDT and subsequent de
cline in use, but continued presence (i.e., detection 
frequency) indicates persistence of the chemical. 

Survival 

Band encounter rate was high (15%) relative to 
most eagle studies (e.g., approx. 3% for Bird Band
ing Laboratory data), but did not necessarily indi
cate higher mortality in the GYE eagle population. 
GYE eagles are associated with lentic and lotic en
vironments situated in areas of North America 
where human and eagle populations are most proxi
mate and in regions well known for recreational fish
eries. This probably increases the potential for en-

counters. Although the rate was high in this study, 
causative agent proportions of GYE eagles were 
similar to those of eagles in other areas of North 
America. Most eagle mortalities in North America 
were from anthropogenic causes with gunshot 
deaths the primary agent (USFWS, National Wild
life Health Laboratory, Madison, Wisconsin). Gun
shot deaths were also high in the GYE but just may 
indicate the percent of human-induced mortalities 
rather than overall mortality. Eagles most likely to 
be shot (i.e., those near houses and roads) are also 
those most likely to be encountered. The highest pro
portion of GYE encounters were of unknown causes, 
most of which were probably from starvation, un
detectable poisonings (e.g., organophoshates that 
have short half-lives), nonhuman related accidents, 
and interspecific aggression. 

Survival of radio-tagged nestlings was high. 
Survival of older immatures dropped between 3 and 
4 years post-fledging. Indeed, few 3-year olds were 
observed throughout the study. Survival of eagles 
from 5 to 6 years post fledging increased. Eagles in 
their third year may have tough times. After 1 year 
of age, plumage of immature eagles changes. Adult 
eagles, upon which juveniles are somewhat depen
dent up to 1 year, are much less tolerant of eagles 
with plumage more similar to their own. Yet forag~ 
ing and hunting capabilities of older immatures may 
not be adequately developed for full independence, 
hence survival drops. Those eagles that adapted or 
were educated sufficiently then have a greater prob
ability of survival as age increases. 

Most likely, survival rate indicated by detection 
rates of radio-tagged immatures was the absolute 
minimum. Failure to detect eagles was probably 
more a function of incomplete survey coverage or 
transmitter life rather than eagle deaths. Some im
mature eagles wearing non-functioning backpack 
radios were observed and ma!- or non-functioning 
transmitters were recovered from recaptured adult 
eagles. Considering the immensity of the GYE, the 
relatively small area scanned on any one survey mis
sion, the mobility of eagles, and the propensity of 
returning eagles to continue to other regions makes 
the number of eagles actually detected truly signifi
cant. In fact, at least 3 immature eagles of GYE ori
gin were observed alive in Montana outside the eco
system in spring or summer. 
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Conclusion 

Despite fairly pervasive incidence and occasion
ally high concentrations of potentially toxic contami
nants, the GYE bald eagle population is increasing 
(Figure 7). Additionally, bald eagles in the continen
tal U.S. were reclassified from endangered to threat
ened on 12July1995 (Fed. Reg. 60:36000-36010). Sta
tus of breeding populations was paramount to re
classification. 

Seasonal movements of radio-tagged eagles and 
band encounters defined the extent of the greater 
ecosystem. Eagles produced it). each Management 
Unit were located in all others, either as band en
counters or locations of radio-tagged individuals. 
Early concern over a potential lack of long-term 

•• 
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Figure 7. Population growth of bald eagles in Greater 
Yellowstone. 

population stability in the Yellowstone Unit (YU) 
proved unfounded. Since 1982, breeding pairs in 
YNP have increased as has productivity. Recruit
ment to the breeding population undoubtedly is 
supported by eagles produced in all other Manage
ment Units. All radio-tagged eagles followed ;;.: 1 year 
visited YNP, primarily Yellowstone Lake. Af3 other 
Management Units support the population of nest
ing eagles in YU, the value of YNP to the GYE popu
lation is as an area that enhances survival of young 
eagles produced throughout the ecosystem. 
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Migratory Chronology of Adult Tiger Salamanders and 
Survey of Larvae in Ice Lake Reservoir in the 

Northern Range of Yellowstone National Park 
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Abstract 

The tiger salamander, Ambystoma tigrinum, inhabits many lakes and ponds in 
Yellowstone National Park (YNP) and is a major consumer of invertebrates in these 
systems. The movement chronology and time required for metamorphosis of the 
tiger salamander were studied using a drift fence and pitfall traps at Ice Lake Res
ervoir, a permanent lake in YNP. Ice Lake Reservoir was sampled with minnow 
traps to determine whether reproductively mature (paedomorphic) larvae existed. 
During the period of9 April-IO October 1993, 280 metamorphosed individuals were 
intercepted at the drift fence. The pattern of migratory movement was influenced 
by environmental factors. Of the total immigration (lake-directed movement) re
corded, 96% occurred when the minimum daily air temperature was 0° Celsius (C ) 
or greater, and 83% occurred within 24 hours after a precipitation event. All emi
gration (land-directed movement) occurred when the minimum daily air tempera
ture was 0°C ·or greater, and 95% occurred within 24 hours after a precipitation 
event. Males immigrate to the lake earlier than females and males and females 
emigrate at approximately the same time. Migrations were nocturnal 99% of the 
time. Most larvae metamorphosed during their second summer in the lake. Six 
larvae from Ice Lake Reservoir were reproductively mature, demonstrating the pres
ence of paedomorphosis in tiger salamanders in Yellowstone National Park. 

Introduction 

A study of tiger salamanders (Ambystoma 
tigrinum) in Yellowstone National Park (YNP) was 
initiated for 2 reasons: first, to determine whether 
reproductively mature (paedomorphic) A. tigrinum 
larvae exist in YNP, as anecdotal evidence suggests 
(Turner 1951, 1955); and second, to provide baseline 
data on a breeding population of salamanders 
against which future studies of A. tigrinum might 

be compared. Movement chronology around a 
breeding pond, time required for metamorphosis of 
larvae, and sex ratios have been studied in other re
gions of the United States; however, there is little 
information available from the region in and around 
YNP. This study would also provide baseline data 
that may be valuable in the search for explanations 
for recent worldwide declines in amphibian popu-

131 



Greater Yellowstone Predators: Ecology and Conservation in a Changing Landscape 

lations, including a population of A. tigrinum in cen
tral Colorado. Amphibians are an important part of 
aquatic and terrestrial food webs. They are major 
consumers of invertebrates and, in turn, provide a 
significant prey base for birds, mammals, and rep
tiles because their biomass converts very effectively. 

The objectives of this study were to: 
1) Describe the migratory (immigration and 

emigration) chronology of a population of 
A. tigrinum in a permanent lake; 

2) Determine the effects on migration of envi
ronmental parameters such as air and wa
ter temperature and rainfall; 

3) Determine the approximate size of a popu
lation of A. tigrinum, its sex ratio, larval 
growth rates, and sizes of new metamorphs; 
and 

4) Determine the number of years required by 
A. tigrinum to metamorphose in a perma
nent lake and whether or not reproductively 
mature (paedomorphic) larvae exist in YNP. 

Methods 

The primary site for this study was Ice Lake Res
ervoir, a permanent lake in YNP. The lake is located 
near Gardiner, Montana, and, at an elevation of 1,670 
meters, is the lowest elevation lake in the park. A 
drift fence and pitfall array were constructed around 
the entire periphery of Ice Lake Reservoir in late 
March and early April, 1993 to intercept A. tigrinum 
moving to and from the lake. The time of construc
tion coincided with the breakup of winter ice on the 
lake. The fence was constructed of aluminum and 
was buried in a trench. Fifty-one pairs of pitfall traps 
were buried, one on each side, with their rims touch
ing the fence. Traps were checked daily within an 
hour of sunrise and, during times of peak move
ment, within an hour of sunset. Each captured sala
mander was marked, weighed, and measured, and 
its sex and reproductive state noted, before being 
released onto the opposite side of the fence. Five 
minnow traps were set in the lake to capture larvae 

and to provide information on the 
number of unmarked metamorphs in 

Figure 1. Migratory movements. Postive bars indicate movement toward water, 
negative bars indicate movement toward land. 

the lake. 
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Trapping for 185 days with pit
falls and 84 days with minnow traps 
at Ice Lake Reservoir during the 1993 
field season yielded 306 individual 
salamanders (280 metamorphs and 
26 larvae) that were marked and re
leased. Two hundred eleven indi
viduals were sexually mature and 
presumably present in the lake dur
ing the spring breeding season of 
1993. The breeding population exhib
ited a sex ratio of l.OOM:l.llF. 

Some movement of salamanders, 
either in or out of the lake, was re
corded during each month from 
April through October (Figure 1). Im
migration by those individuals that 
were to participate in the breeding ef
fort began 9 April and continued 
through 11 June. A second round of 
water-directed movement occurred 
but was coincident with the peak of 
emigration. Concerted emigration ef-



forts were recorded between 8 July and 14 August. 
Sporadic, low level emigration continued into the 
fall, with a few salamanders still actively emigrat
ing as of 8 October. 

Male A. tigrinum entered Ice Lake Reservoir sig
nificantly earlier than females in 1993 (two sided
test, P < 0.05). The mean arrival date for males was 
21 April, while the mean arrival date for females was 
10 May. The mean dates of emigration were not sig
nificantly different between the sexes. Males re
mained in the lake for a significantly longer period 
of time due to their earlier arrival. I determined the 
diel pattern for salamander movements and found 
98.8% were nocturnal. 

Linearly regressing the number immigrating on 
minimum daily air temperature, daily precipitation, 
and time of year was not significant (P > 0.05, df = 

181). However, the majority of immigrations oc
curred on days when there were precipitation 
events. For example, precipitation occurred on only 
64% of the days between 9 April and 11 June, yet 
94% of the recorded immigrations occurred within 
24 hours of these precipitation events. During the 
entire study, precipitation occurred 

Tiger Salamanders in Ice Lake Reservoir, Hill 

there were precipitation events. Precipitation oc
curred on only 43% of the days between 8 July and 
14 August, yet 99% of the emigrations occurred 
within 24 hours of these precipitation events. Fur
thermore, during the entire study, precipitation oc~ 
curred on only 39.5% of the study days, yet 95% of 
the recorded emigrations occurred within 24 hours 
of these precipitation events. Again, while precipi
tation seems to be important as a predictor of the 
daily occurrence of emigration, it was not a good 
predictor of the magnitude of emigration. Emigra
tion did not occur when the minimum daily tem
perature was less than D°C. All emigration occurred 
on days when the minimum daily air temperature 
was between 0°C and 15.6°C. 

Emigration from Ice Lake Reservoir did not im
mediately follow oviposition despite the presence 
of favorable temperature and precipitation events. 
Daily morning water temperatures of 5.6°C to 18.9°C 
were also not found to affect emigration (two-sided 
t-test, P = 0.31). It may be beneficial for these sala
manders to remain in the breeding pond after ovi
position to feed, in which case other environmental 

on only 39.5% of the days, yet 83% 
of the recorded immigrations oc
curred within 24 hours of these pre
ci pi ta tion events. Precipitation 
seems to be important as a predic
tor of the daily occurrence of immi
gration, but it was not a good pre
dictor of the magnitude of migra
tions. Immigrations occurred in 
fresh snow on 4 occasions. 

Figure 2. Mean movement per day when precipitation and temperature are favor
able and unfavorable. 

The majority of lake-directed 
movements oo:mrred on days when 
the minimum daily temperature 
was greater than 0°C. Ninety-six 
percent of immigrations occurred 
on days when the minimum air 
temperature was between 0°C and 
15.6°C. The lowest temperature re
corded for a day on which immigra
tion events occurred was -5.6°C. 

Linearly regressing the number 
emigrating on minimum daily air 
temperature, daily precipitation, 
and time of year was not significant 
(P > 0.05, di= 181). The majority of 
emigrations occurred on days when 
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or biological factors may influence emigration. Emi
gration was observed soon after oviposition in A. 
tigrinum (Botts 1978) and A. macrodactylum (Beneski 
et al. 1986). The onset of emigration by A. tigrinum 
in this study corresponds with the initial decrease 
in day length. Day length has been shown to affect 
migratory disposition in many species of birds 
(Welty and Baptista 1988) and fish (Orr 1970) by caus
ing an increase in the activity of the thyroid gland. 
Day length may also influence migration in A. 
tigrinum (Wolstenholme and Knight 1970, Taylor 
1972, Taylor and Adler 1978, Adler 1978,· Duvall and 
Norris 1978, 1980, Tamarkin et al. 1985, Gem et al. 
1986, Welty and Baptista 1988). 
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1993 larval cohorts in Ice Lake 
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cipitation was not, only 1.2 movements occurred per 
day. In comparison, when precipitation was favor
able but temperature was not, 0.5 movements oc
curred per day. When neither was favorable, only 
0.14 movements occurred per day. Thus, daily mini
mum air temperature was a better predictor of the 
daily occurrence of migratory movement than pre
cipitation, indicating that this population of sala
manders in Yellowstone National Park is character
istic of other populations studied in cold habitats 
(Beneski et al. 1986). Nevertheless, much more move
ment is likely to occur when both precipitation and 
temperature are favorable. 

Two size classes oflarvae, determined to belong 
to cohorts representing 2 different years, existed in 
the lake in 1993 (Figure 3). The older (1992) cohort 
was present in the lake at the onset of the study. 
During the period from 23 July to 14 August, 45 re
cently metamorphosed individuals from this cohort 
(determined by the presence of gm stubs) were in
tercepted while emigrating. Three of the emigrants 
were individuals that had been marked as larvae. 

The first 2 larvae belonging to the 1993 cohort 
were captured on 29 July. Extrapolation using a 
growth rate curve for larvae in Utah (Tanner et al. 
1971) suggests that the 1993 cohort hatched some
time between 4July and 9 July. Three recently meta
morphosed individuals from this cohort were inter
cepted while emigrating during September. Thus, it 
seems that most larvae in Ice Lake Reservoir post
pone metamorphosis until the second summer fol
lowing oviposition, but limited metamorphosis does 
occur during the first summer. 

The 5 minnow traps placed in Ice Lake Reser
voir provided information regarding the frequency 
of paedomorphs in that lake. Four hundred twenty 
minnow-trap~nights in Ice Lake Reservoir resulted 
in the capture of 97 larvae. Twenty-one larvae, rep
resentative of the range of size observed; were sac
rificed for dissection. Six of these larvae (3 males, 3 
females) were found to be reproductively mature. 
These larvae tended to be larger than the reproduc
tively mature metamorphs at the site. The mean 
snout-vent length of the paedomorphs was 123.5 mm 
(112.5 mm for males, 142.0 mm for females), while 
the mean snout vent length of the 6 largest 
metamorphs captured at the site was 118.8 mm (115.5 
mm for males, 122.0 mm for females). The mean 
weight of the 5 paedomorphs (96 g, [74 g for males, 
117g for females D for which weight data were avail
able was significantly greater than the mean weight 

Tiger S!!lamanders in Ice Lake Reservoir, Hill 

of the 5 heaviest metamorphs (66 g, [53 g for males, 
79 g for females 1) captured at the site. 

This study demonstrated that paedomorphosis 
occurs in at least 1 site in Yellowstone National Park. 
Further study would be required to determine if pae
domorphosis occurs in other permanent lakes in the 
park. 
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Abstract 

We observe that support for restoring and conserving large predators within 
remaining wildlands is increasing and that many members of the public value 
large carnivores as integral parts of ecosystems. Despite this support, the cost 
of recovery efforts and management of large predators is increasingly difficult 
for federal and state agencies to meet. Hunting is declining while interest in 
non-consumptive wildlife activities, such as wildlife viewing, has surged. At a 
time of extraordinary prosperity, funds to maintain existing federal endangered 
species programs and support new initiatives have shrunk. State wildlife agen
cies are pressured to use Pittman-Robertson funds normally allocated for tra
ditional state wildlife programs to also cover the costs of non-game wildlife 
interests, especially in western states. There is understandable and growing 
resistance by state wildlife officials and hunting constituencies to fund carni
vore restoration with firearm sale proceeds that have traditionally contributed 
to big game research and management in western states. To enjoin public sup
port and federal and state efforts for funding such non-consumptive interests, 
we propose a conservation stamp for carnivores modeled after the hunting 
and conservation tax for waterfowl (16 U.S.C.A. 718a et esq.) commonly re
ferred to as the "Duck Stamp." We use wolf recovery efforts in progress across 
the United States (red wolf [Canis rufus], southeastern U.S.; gray wolf [Canis 
lupus}, Minnesota, Yellowstone, and central Idaho; and Mexican wolf [Canis 
mexicanus], southwestern U.S.) to elucidate how proceeds from a Wolf Conser
vation Stamp could be generated and used on a continental basis. 
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Introduction 

Support for restoring and conserving large 
predators within wildlands throughout the West 
is increasing. Even where contentious, residents 
of western states value. the presence and role of 
large carnivores as integral parts of intact ecosys
tems (U.S. Fish and Wildlife Service 1993, Bath 
1994, Duda and Young 1994, Duda and Young 
1995). 

Despite public support, costs for recovery ef
forts and management of large predators are in
creasingly difficult for federal and state agencies 
to afford. Across-the-board program cuts because 
of the existing federal deficit, coupled with po
litical gerrymandering of agency budgets through 
the appropriations process, pose significant ob
stacles to conservation. Reductions of funds for 
endangered species programs and resistance to 
funding carnivore recovery efforts through fire
arm sales (i.e., Pittman-Robertson Fund), such as 
those that contribute to big game research and 
management in western states, is likely to con
tinue. Hence, costs for managing large carnivore 
conservation and recovery in the West under the 
current scenario will soon exceed funds available 
to adequately conserve these species. 

A Wolf Conservation Stamp 

To gamer public support and federal and state 
efforts for funding large carnivore conservation, 
we propose a conservation stamp modeled after 
the hunting and conservation tax for waterfowl 
(16 U.S.C.A. 718a et seq.) commonly referred to 
as the "Duck Stamp." We use wolf (Canis spp.) 
recovery efforts in progress across the United 
States (red wolf [Canis rufusJ, southeastern U.S.; 
gray wolf [Canis lupus], Minnesota, Yellowstone, 
and Central Idaho; and Mexican wolf [Canis 
mexicanus], southwestern U.S.) to elucidate how 
proceeds from a public conservation stamp could 
be used on a continental basis. 

Purpose 

A Wolf Conservation Trust is a means for cap
turing broad public interest and leveraging state, 
federal and non-government funds to support ef
forts to learn more about wolves and the preda
tor-prey communities of which they are part. A 
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goal of outside funding would not be to replace 
state and federal agency funds for conserving 
wolves but, rather, to add to that source. A key 
element of this approach, then, is linking the broad 
public interest in conserving wolves with agency 
funds to expand conservation efforts under one 
"umbrella." Such an effort would focus attention 
on the public interest without the friction that 
characterizes the competitive political arena in 
which existing conservation organizations, vari
ous public constituencies, and state and federal 
agencies are operating, making progress difficult. 
Outcomes of this collaborative effort would en
gage a broad yet specified interest in wolf conser
vation, allow wolf conservation groups and pro
grams to retain their identity, produce tangible 
achievements through fiscal responsibility, and 
enhance public knowledge and "ownership" of 
wolf conservation in wildland habitats. Finally, 
public interest and support for wolf conservation 
at the community, regional, and national levels 
would be strengthened through a closer link be
tween people, public and private funds, and those 
to whom management of wolves is entrusted. 

Mechanisms 

In contrast with the obligatory purchase of a 
"Duck Stamp" for waterfowl conservation by 
hunters, we propose a voluntary conservation 
stamp fm wolves. As the program developed, we 
believe that other mid-sized and large carnivores 
could be included. 

Enabling Legislation 

The Partnership in Wildlife Act (1993) and the 
Sport Fisheries and Wildlife Restoration Act (1937) 
provide the primary legislative mechanisms for 
implementing a wolf conservation trust program. 
Minor amendments would be necessary. Autho
rizing language in new legislation, such as exists 
for the "Duck Stamp," v.rould be necessary and 
could incorporate the appropriate legislative lan
guage necessary to implement a trust on the 
ground. 

Generation of Funds 

Competition among artists for one-time issu
ance of red wolf, gray wolf, and Mexican wolf 



prints and accompanying postage stamps would 
initiate the Wolf Conservation Trust funding ef
fort. One stamp and print of the respective spe
cies would be issued in each of the first 3 years. 
Members of the public could purchase a conser
vation stamp and print in the year they are 
printed, after which neither would be available. 
Each stamp would cost $15.00, equal to the cost 
of a wolf conservation decal in subsequent years. 
The cost of original prints would be subject, in 
part, to the artists' consent, but would be priced 
so as to be available to the general public. 

For the first 3 years of issuance of the respec
tive prints, private donations would be matched 
on a 2:1 basis through congressional appropria
tions. No funds would be expended during this 
time period, so the balance of funds available 
would accrue, drawing interest. Jn the fourth and 
fifth years, W of the total funds available could 
be spent. Congressionally appropriated funds 
would continue to match private donations on a 
2:1 basis. After the fifth year, .20 of total funds 
could be spent in any given year. Each year, 1/3 of 
the total funds would revert to a "trust" account, 
intended to accrue with interest. Trust funds 
would be held in escrow accounts indefinitely. 
Annual interest would remain with the Trust ac
count. 

Congress would match the annual balance of 
funds in years 6 to 10 on a 1:1 basis. After year 10, 
Congressional appropriations designated for 

. matching of private funds would cease, subject to 
congressional discretion to extend the period for 
matching funds beyond the first decade. 

Use of Funds 

Three emphases for proceeds from this public 
conservation stamp distinguish a wolf conserva
tion stamp and program from the primary goal of 
the duck stamp, which is land acquisition. Wolf 
Conservation Trust funds would be used for: 

1) research on wolves, their prey, and other 
members of the predator community; 
2) management of wolves, including control 
where and when necessary and purchase of 
lands for maintaining ungulate populations; 
and 
3) information and education including the 
sharing of research and management findings 
in public forums. 

Trust for Wolf Conservation, Kaminski et al. 

Research funding includes ecological investi
gations of wolves and wolf-prey relationships, 
prey species such as ungulates, small mammals, 
and rodents, other predators, policy and social 
issues, information and education. Funds for man
agement activities would include monitoring of 
wolves, prey populations, and other predators, 
control of wolves exhibiting predation pressure 
on prey populations or population segments {e.g., 
herds), control of depredating wolves on livestock, 
translocation of problem animals or restoration ef
forts, and purchase of lands for conserving wolves 
or prey populations within wolf range. 

Information and education funds could be 
used for actively linking public knowledge about 
wolves, their ecology, and management among 
diverse interests through collaborative education 
programs. Trust-sponsored regional and national 
conferences would be held to advise contributors 
and stakeholders of progress and knowledge 
gained, and regular newsletters would be issued 
to provide updates on the status of regionally 
important wolf populations. 

Funding Distribution 

Funds from the Conservation Trust would be 
equally available to states, federal agencies, and 
private entities within their appropriate roles and 
jurisdictions for research, management, and infor
mation and education. One-third of the total funds 
available in any year could be used for each re
spective element (e.g., research, information, and 
education). Sharing of funds between agencies 
and private entities under collaborative or cost
sharing efforts, or combining funding elements 
would be an outcome of proposals and need. 
While funding of each element is important, flex
ibility to share funds among elements is also an 
important aspect of the intended program. Pre
suming that recovery of wolves will follow within 
6-9 years of cessation of translocations, states, in 
collaboration with federal agencies, will have the 
primary role of managing wolves in the Northern 
Rockies. Similar actions will likely follow in other 
geographic areas where wolves are to be restored. 

Administration 

Non-governmental and apolitical entities with 
a demonstrated capacity to administer coopera-
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tive funding efforts, such as the National Fish and 
Wildlife Foundation, the Yellowstone Association, 
and the Wolf Research and Education Center are 
logical entities to be considered for administer
ing Conservation Trust funds. A scientific panel 
composed of U.S., Canadian, Mexican, and con
servation science representatives would review 
and recommend project proposals for funding 
approval. 

A 1: 1 match of Wolf Conservation Trust funds 
is envisioned where a project is proposed by a 
state, federal, non-governmental, or academic in
stitution. Matching funds would increase to 2:1 
where a project involved two cooperating entities 
(e.g., state and federal or state and academic in
stitution), and 3:1 matching funds for projects that 
involve cooperating state, federal, and non-gov
ernmental interests (e.g., state, local community, 
or private donation, and federal funds). 

Finally, we recommend engaging the Cana
dian and Mexican governments for cooperation 
through existing conservation programs such as 
those that exist for the Duck Stamp, and environ
mental funding provisions of existing trade agree
ments as appropriate. The North American Office 
(U.S. Fish and Wildlife Service) currently in place 
to assist implementation of the Duck Stamp pro
gram and coordination of habitat acquisition in 
Canada serves as l example of how wolf conser
vation funds in Canada and Mexico might be co
ordinated. 

Evidence for Success of a Conservation Trust 

Notwithstanding a shortage of available funds 
and the proposed approach described above, what 
evidence is there that such an approach could be 
successful? Public interest and support for con
serving large carnivores is high (U.S. Fish and 
Wildlife Service 1993 ). Two key reasons for 
people's interest in supporting efforts to restore 
large carnivores in Yellowstone and elsewhere are 
that they are important members of the naturai 
community, and they were present historically 
(Bath 1989, Boise State University 1992, Duda and 
Young 1995). Primary concerns expressed, even 
by the general public that was supportive of re
storing wolves to Yellowstone and central Idaho, 
include the wide-ranging nature of wolves, wild
life impacts that may affect elk and deer hunter 
harvest, prompt wolf control where and when 

necessary, and cost (U.S. Fish and Wildlife Service 
1993). 

Where funding shortages exist for maintain
ing the public interest regarding wildlife conser
vation or appreciation, voluntary conservation 
stamps were most favored by the public as a 
means of raising money to conserve wildlife 
(Duda and Young 1994). People want to pay for 
programs they feel are positive. 

Lack of available funds at the state and fed
eral level to match public interest in harvestable 
game populations has spawned successful non
government organizations such as the Wild Tur
key Federation, Rocky Mountain Elk Foundation, 
Trout Unlimited, and the Foundation for North 
American Wild Sheep. On the basis of private 
donations alone, these organizations have ex
panded operating budgets, over short time peri
ods, from 15 to 20 million dollars. While these ef
forts largely track a traditional interest in harvest 
of game populations by members, they too have 
contributed significantly to conservation efforts 
for many species through habitat improvements 
on public and private lands. 

An extraordinary interest in non-game wild
life during the past decade has helped to gener
ate a national constituency for recreational wild
life viewing. The inability of state and federal 
agency budgets to meet public demand for these 
programs and legislative indifference to Ameri
cans' interest in non-commodity values has re
sulted in increased support from recreationists 
and industry for legislation that would dramati
cally increase non-game wildlife funds. 

Public interest in non-game and watchable 
wildlife is exceeded only by the level of interest 
and intrigue with carnivores.We propose that a 
unifying model for broad support of wolves is 
needed and perhaps, at some point in the future, 
a similar program for carnivores in general. A Wolf 
Conservation Trust may serve as a place to begin 
such efforts. 
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Abstract 

Tens of thousands of people fish the streams of the Greater Yellowstone Eco
system (GYE) each year. Several GYE streams have reputations as world class fly
fishing sites. The primary purpose of this paper is to understand the economic (or 
dollar) value that GYE anglers attach to the resource. To estimate these values, we 
use the travel cost method (TCM), modified to fit the diverse and special character
istics of GYE anglers. The secondary purpose of this paper is to paint a statistical 
portrait of the GYE angler. 

During the summer of 1993, 1,075 self-administered surveys were distributed 
to anglers at 5 different sites in the GYE. About half the surveys were presented to 
interviewees and about half were left on windshields of parked cars. Surveys were 
distributed every day of the week and during a wide variety of hours. The survey 
contained 51 questions ranging in subject matter and including the angler's socio
economic characteristics, fishing skills and methods, travel cost and time, vacation 
plans and vacation alternatives, and willingness to pay additionally for GYE fish
ing.Thirty-six percent of the surveys (387) were returned and 22% (236) contained 
all the information necessary for statistical analysis. 

Calculation of travel costs are based on 3 sections of the survey. Section 1 col
lected demographic data, measures of angler satisfaction, travel cost data, and on~ 
site cost information. All anglers were asked to complete this section. Section 2 was 
to be filled out by anglers making a multi-day trip, but only to the GYE. Section 3 
was filled out by individuals on a multi-day trip who were also visiting sites out
side of the GYE. Those making day trips only filled out Section 1. Long-distance 
travel costs were separated from on-site costs. Long distance travelers on their way 
to another destination, whose plans would not have changed if they had not stopped, 
were assigned a travel cost of 0. 

Travel cost appears to positively influence the number of fishing days. Of the 
demographic variables, age, marital status, and level of education are not statisti
cally different from 0, but those who had children spent fewer days fishing. 
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Outdoor recreation expenditures are positively associated with visitor days. Of the 
angler variables, skill and catch rate are positive determinants of visitor days. The 
degree of congestion on streams negatively influenced visitor days, but was only 
statistically significant for the linear specification. Of the location attribute vari
ables, anglers visiting sites on the Madison River and Yellowstone River spend more 
days fishing than those on the referent Slough Creek. Gallatin anglers also fish more 
days than the referent. Our research indicates that the value of the fishing resource 
in the GYE is substantial. Anglers are willing to pay significantly more for the privi
lege of fishing in Yellowstone National Park than they are currently required to 
pay. Fishing costs $5.00 per week or $10.00 per year currently, and our estimates 
indicate the average angler would be willing to pay an additional $45.00 to $75.00 
dollars per day of fishing in the GYE. 

Introduction 

The Greater Yellowstone Ecosystem (GYE) is one 
of the most popular outdoor recreation sites in the 
United States and, for the multitudes enjoying its 
wonders, fly fishing is an increasingly popular ac
tivity. Several GYE streams have reputations as 
world class fly-fishing sites. These and nearby wa
ters attract tens of thousands of anglers each year. 
A writer in the high profile New York Times Maga
zine recently called these waters "the center of the 
sport" of fly fishing (Raines 1991). 

Although some of this acclaim is due to the 
GYE' s natural endowments, a large portion is the 
result of management decisions made by resource 
managers in Yellowstone National Park (YNP) and 
the states of Montana, Idaho, and Wyoming. GYE 
fisheries management is a dynamic process, re
sponding to changes in the natural environment and 
to changes in the way people view and use the fish
eries resources. Most, if not all, management deci
sions must be made with an eye toward the opin
ions and perceptions of GYE anglers (Carty et al. 
1987). All decisions must be implemented with 
scarce resources that could also be used to pursue 
other goals. Therefore, it is important that fisheries 
managers understand how GYE anglers will per
ceive their decisions. 

The primary purpose of this paper is to explore 
an important aspect of these perceptions, namely, 
the economic (or dollar) value that GYE anglers at
tach to the resource. To estimate these values, we 
use the well-established travel cost method (TCM), 
modified to fit the diverse, and somewhat excep
tional, characteristics of GYE anglers. Specifically, 
the method is modified to accommodate the fact that 
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a large percentage of GYE anglers travel long dis
tances to get to a fishing site. 

We obtained data for statistical analysis from a 
survey of 1,075 anglers conducted at 5 different sites 
in the GYE during the summer of 1993. These data 
are also a rich source of information on the socio
economic characteristics of GYE anglers, their 
spending patterns, and their ways of vacationing. 
The secondary purpose of this paper is to paint a 
statistical portrait of the GYE angler using these data. 

The next section describes the survey and uses 
the survey data to describe GYE anglers. T:he modi
fied TCM for estimating economic valu~s is ex
plained in Section III; Section IV presents and dis
cusses the statistical results. In Section V, we present 
and discuss the estimates of the economic value of 
GYE fishing for the average angler. We end with a 
short overview. 

Surveying the 
GreaterYellowstone Ecosystem Angler 

During the summer of 1993, 1,075 self-adminis
tered surveys were distributed to anglers at 5 dif
ferent sites in the Greater Yellowstone Ecosystem 
(GYE). The survey sites included 2 different sites on 
the Madison river in Montana, 1 below and 1 above 
Quake Lake; and 3 different sites within YNP: 
Slough Creek, the Gallatin River, and the 
Yellowstone River above the Grand Canyon. In all 
cases, the survey began with a cover letter explain
ing the purpose of the survey and asking for the 
angler's cooperation. 

1n about half the cases, surveyors personally pre
sented anglers with the survey instrument either at 
their cars or on the stream, gave them a brief de-
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scription of the survey' s purpose, and asked them 
to rehlrn the survey in the addressed, stamped en
velope provided. In the remainder of the cases, the 
survey was left on the windshields of parked cars 
at popular parking locations near the stream. Sur
veys were distributed every day of the week and 
during a wide variety of hours (morning, afternoon, 
and ever.irlg). 

The survey contained 51 questions ranging in 
subject matter and including the angler's socio-eco
nomic characteristics, fishing skills and methods, 
travel cost and time, vacation plans and vacation 
alternatives, and willingness to pay additionally for 
GYE fishing. 

During the next 4 months, 387 (36%) of the sur
veys were returned and 236 (22%) of those contained 
all the required information for our statistical analy
sis. Thirty-two percent of the responses were from 
the Yellowstone; 22% from the Madison below 
Quake Lake; 30% from Slough Creek; 10% from the 
Gallatin; and 6 % from the Madison above Quake 
Lake. These proportions correspond approximately 
to the proportions of surveys distributed at each site. 

The responses provide an interesting picture of 
the GYE angler. A few variables are shown graphi
cally in Figure 1, while descriptive statistics for all 
of the variables used in the statistical analysis are 
presented in Table L 

Respondents were generally middle aged (av
erage age 43.5 years), highly educated (the mode re
sponse was "graduate degree"), married males 
(93%). They were predominantly, and surprisingly, 
wealthy. The mode response to the question of 
household annual income was ''greater than 
$100,000." Household income averaged slightly 
more than $50,000; and more than 53% of the respon
dents reported annual incomes of $60,000 or more. 

On average, respondents spend nearly 12 days 
fishing the GYE during the May-October season, as 
well an additional 4 days in the GYE not fishing. 
While only 8% fish a single day, 63% fish from 2 days 
to 2 weeks and 8% fish from 30 days to every day of 
the season. There is a strong correlation between 
days spent fishing and total days spent in the GYE 
(P = .67). 

Respondents seem to spend a large share of their 
incomes on recreation. The responses to a question 
about annual expenditures on outdoor recreation 
averaged $1,347, with 23% of respondents spend
ing more than $2,000 per year. A healthy portion of 
this is spent locally. Respondents spent an average 
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$26.50 on the previous night's camping or lodging 
and nearly $16 on tackle to enhance the day's fish
ing. Thus, a typical angler will spend $510 on ac
commodations and tackle during a summer fishing 
trip to the GYE. 

Respondents consider themselves skilled an
glers, with an average self-ranking of 7, on a 1-10 
scale~ TI1e vast majoriP; are fly fisl1errr1en; 93~fu re"' 
ported using dry flies and 61 % used nymphs. Only 
a trivial number used bait or lures. Respondents re
ported seeing an average of 19 other anglers, but 
there was wide variation. One-third of the respon
dents reported seeing 8 or fewer other anglers; 11 % 
saw 35 or more. 

With a catch rate of about 1 trout per hour, the 
average angler caught 5.4 trout on the day surveyed, 
but this statistic masks the bimodal nature of the 
catch, as illustrated in Figure l. While 20% of the 
anglers caught no fish, 24 % caught between 2 and 5 
fish, 12% caught between 11 and 20 fish, and a lucky 
3% reported catching more than 20 fish. 

The data indicate a positive simple correlation 
between the angler's skill and his catch (P =- .37) and 
a negative but small correlation between catch and 
the number of other anglers seen (P = -.04). Nearly 
95% of the trout caught were reportedly released. 
The number of whitefish caught was very small com
pared to the number of trout 

A Travel Cost Method for 
the Yellowstone Angler 

The simple travel cost method (TCM) for mea
suring the benefits of a recreational resource was first 
proposed by Hotelling (1949) in a letter to the Di
rector of the National Park Service. The basic model 
posits that the recreationist will continue to visit a 
particular recreation site until the marginal benefit 
of the last trip is just equal to the cost of getting there. 
This assumption allows data on visits to a site and 
the costs of those visits to be used to estimate a de
mand curve of the form: 

G(V) =a+ o*-TC + Xy+ Zt + £ (1) 

where G(V) is a monotonic function of the number 
of visits to a site, V; TC is the travel cost to the site; X 
is a vector of recreationist's characteristics; Z is a 
vector of site characteristics; o:, y, and t are conform
able vectors of unknown parameters to be estimated, 
and e is a random error. The X and Z vectors act as 
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demand shifters. The area under the demand curve 
and above the mean TC gives an estimate of the eco
nomic value of the site. 

Numerous researchers have developed and re
fined the basic TCM (see references in Bockstael et 
al., 1991) and have produced hundreds of applica
tions. Throughout this development, however, re
searchers have been uncomfortable with using the 
simple TCM with data from long-distance travel
ers. For example, Smith and Kopp (1980) argue that 
the assumptions oi the simple TCM become less ten
able as travel distance increases and that a single 
model is unlikely to apply to both the short- and 
long-distance traveler. They demonstrate that the 
estimated coefficients may be unstable as distances 
traveled to the site vary widely. Shaw (1991) reports 
that Jong distance travelers were too often simply 
dropped from the statistical analysis. 

This concern led Bell and Leeworthy (1990) to 
propose and apply an expanded TCM tailored to 
the case of long distance travelers. They propose a 

Figure 1. Survey Tables 
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demand model of the form 

G(V) ==a+ ~*OSC + O*TC + Xy + Zt + e (2) 

where OSC stands for on site cost, the cost of visit
ing the re'creation site, the larger expenditures for 
travel, TC, have been made, and ~ is an unknown 
parameter to be estimated. In this formulation, TC 
becomes just another demand shifter, while OSC 
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takes the role of the price that rations visits. Com
puting the area under the demand curve and above 
the OSC that just eliminates visits gives an estimate 
of the economic value of the recreation resource. 

Many visitors travel long distances to visit the 
GYE; more than W of our sample report traveled 
1, 100 or more miles to reach the GYE. Simply drop
ping these individuals from the analysis would un~ 
dermine the generality of our results. Conversely, 
some GYE anglers are from nearby communities 
and, for others, a trip to the GYE is part of a vaca
tion with 2 or more destinations. A visit to the GYE 
may add only marginally to their travel expenses. 
The use of a TCM requires a specification that can 
accommodate these heterogeneous users of the GYE. 
We therefore adopt the Bell and Leeworthy TCM as 
being especially well suited to our purpose. In this 
model, the short and long distance travelers' behav
iors can be modeled realistically in the same equa
tion. For the short-distance traveler TC== 0 and OSC 
> 0. This may also be true for the long-distance trav
eler stopping in the GYE on the way to another des
tination. 

We estimate an equation corresponding to the 
second equation. The variable definitions and their 
sample means and standard deviations are given in 
Iable 1. Explanatory variables are broken into 4 
broad categories: costs, demographic characteris
tics, angler attributes, and location attributes. De
mographic variables include age (AGE) and the 
square of age (AGESQ), gender (GENDER), marital 

Table 1. Descrip!ive statistics. 

Variable Name 

FYEL 
LN (FYB...) 
osc 
TC 
PRIMP 
AGE 
AGESQ 
CATCHPH 
SKILL 
NU MANG 
KIDS 
MARRIED 
OREXP 
GENDER 
EDU 
GALLATIN 
MADABOVE 
MADBELOW 
YELLOW 

Variable Definition 

Days fishing in GYE during season 
Natural log of days 
On site costs 
Cost oftravel GYE 
I or 0 if fishing is primary purpose of trip 
Age in yeais 
Age in years squared 
Catch rate of trout per hour 
Self-ranking of fishing skill (0-10) 
Number of fellow anglers seen 
Number of children 
1 or 0 if married 
Expenditures on outdoor recreation 
1 for males, 0 for females 
Level of education 
1 or 0 if Gallatin fishing site 
I or 0 if Madison above Quake Lake site 
1 or 0 if Madison below Quake Lake site 
1 or 0 if Yellowstone site 

Economic Value of Yellowstone Trout, Kerkvliet et al. 

status (MARRIED), the number of children (KIDS), 
and education level (EDU). Angler characteristics 
include angler's self-ranking of skill (SKILL), catch 
rate per hour of fishing (CATCHPH), number of 
anglers encountered (NUMANG), and a binary vari
able (PRIMP) equal to 1 if the primary purpose of 
the visit to the area was for fishing and 0 otherwise. 
As a measure of income, we use reported annual 
expenditures on outdoor recreation (OREXP). 

The different attributes of the 5 locations sur
veyed are crudely measured by a set of binary or 
dummy variables: GALLATIN = {1,0} for the 
Gallatin River, MADABOVE == (1,0} for the Madi
son River above Quake Lake, MADBELOW"" (1,0} 
for the Madison River below Quake Lake, and YEL
LOW"" (1,0} for the Yellowstone River. Slough Creek 
is the referent site. 

Our calculations of travel costs are based on 3 
sec:tions contained in the anglers' survey. Section l 
of the survey collected demographic data, measures 
of angler satisfaction, travel cost data, and on-site 
cost information. All anglers were asked to complete 
this section. Section 2 was to be filled out by an
glers making a multi-day trip, but only to the GYE. 
Section 3 was filled out by individuals on a multi
day trip who were also visiting sites outside of the 
GYE. Those making day trips only filled out Sec
tion 1. 

Long distance travel costs to the GYE were sepa
rated from on-site costs differently for the 3 classifi
cations of visitors. Recreationists making a day trip 

had all costs associated with their 
visit allocated to on-site costs. In

Me an 

l J.64 
1.99 

70.27 
44264 

0.94 
43.SS 

2104.70 
0.92 
7 .00 

18.68 
1.55 
0.68 

1352,00 
0.932 
S.101 
0.11 
0.06 
0.32 
0.21 

SD 

13.51 
0.94 

51.63 
459.74 

0.23 
14.47 

1289.4D 
l.14 
2.10 

16.24 
J.56 
0.46 

1472.20 
0.252 

J.25 
0.31 
0.22 
0.47 
0.49 

dividuals making multi-day trips 
to the GYE were assigned on-site 
costs equal to the sum of their 
single day travel cost to the site, 
costs for the prior nights lodging, 
and costs for fishing equipment 
dedicated to the day's use. Long 
distance travel costs were based on 
the cost of getting to and from the 
GYE from their home. 

To classify individuals visiting 
the GYE as part of a larger trip, we 
asked these individuals if their to
tal driving distance changed due 
to their stop in the area. If indi
viduals were driving through the 
GYE on their way to another des
tination and indicated that their 
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long distance travel plans would not have changed 
if they had not stopped in the area, we assigned them 
a long distance travel cost of 0. If their trip mileage 
did change because of coming to the GYE, we cal
culated their marginal increase in mileage traveled 
to visit the area. For example, if a family left Port
land, Oregon, and visited 2 recreation areas, Glacier 
National Park in Montana and Yellowstone National 
Park in Wyoming, we calculated the additional mile
age that going to Yellowstone added to their trip. 
Mileage was calculated from the Rand McNally 
Road Atlas. 

Our sample included individuals who flew, 
drove private cars, rental cars, and motor homes. 
Costs per mile for private cars, car-trailer units, 
trucks, and vans were obtained from the U.S. De
partment of Transportation and adjusted for infla
tion. Rental car and mobile home costs were esti
mated from information obtained from several area 
rental businesses. 

Airfares were estimated by collecting a sample 
of airfares from 60 different locations across the U.S. 
to Jackson, Wyoming, and Bozeman, Montana. Us
ing these data, we estimated the following cost func
tion for airline travelers: 

Airfare"" 280.9 - 146.28*D + .1401 *DIST+ 
.0654*(DIST*D) {3) 

where DIST is one way airline distance, and D = {1,0} 
depending on whether the trip dis-

tively invariant across specifications. As predicted 
by theory and found by Bell and Leeworthy (1990) 
and Hof and King (1992) OSC costs are negatively 
related to visitor days. Using a one-tailed test, the 
estimates are significant at the a < .05 level for both 
specifications. 

TC appears to positively influence the number 
of fishing days in both specifications. Although theo
retically the sign of this coefficient is ambiguous, the 
negative sign found here is consistent with the find
ings of Bell and Leeworthy (1990), but not Hof and 
King (1992). This finding implies that an increase in 
long distance travel costs (e.g., increased airline 
fares) provides an incentive to spend more days vis
iting the GYE per trip. Although fewer trips would 
be made, the net effect is more days spent fishing 
the GYE in a season. 

Of the demographic variables, the effects of 
AGE, marital status, and education are not statisti
cally different from 0. KIDS has a negative effect and 
the result is statistically significant(~< .05) for the 
semi-log model. Outdoor recreation expenditures 
positively influence visitor days, and significantly 
so for LN (FYEL ). 

Of the angler attributes, SKILL and catch rate 
(CATCHPH) are positive and very significant de
terminants of visitor days for both specifications. As 
expected, the coefficient for the congestion variable 
(NUMANG) is negative, but significant only for the 
linear specification (a< .05, one-tail test). 

tance is greater than or less than Table 2. Travel Cost Model estimates. 
1,500 miles. For air travel costs, we 
used fitted values obtained by sub
stituting the distances traveled by 
respondents into the third equa
tion. 

We use ordinary least squares 
to estimate 2 specifications of the 
second equation. The first specifi
cation is a linear model, where 
G(V) = FYEL and FYEL is the num
ber of days spent fishing in the 
GYE during the May-October sea
son. The second specification is a 
semi,log model, where G(V) = 

LN(FYEL}. The parameter esti
mates for both models are re
ported in Table 2. 

The estimation results are gen
erally as expected and qualita-

Name 

Constant 
osc 
TC 
PRIMP 
AGE 
AGESQ 
CATCHPH 
SKILL 
NUMANG 
Kms 
MARRIED 
OREXP 
GENDER 
EDU 
GALLATIN 
MAD ABOVE 
MAD BELOW 
YELLOW 

R-SQUARED 

(Coefficient estimates and t-statistics) 
-·-·-·--·--·-··-----·-··-·-·-·-·--

FYEL LN (FYEL) 

5.26 8.27 0.476 0.900 
-0.031 -1.86 -0.0024 -2.194 
0.004 2.17 0.0005 4.377 
6.07 1.67 1.266 5.363 
-0.37 -1.18 -0.013 -0.065 
0.006 1.75 0.0002 1.070 
1.97 2.59 0.114 2.308 
1.21 2.85 0.075 2700 
-0.095 -1.69 -0.004 -1.116 
-0.88 -1.41 -0.080 -1.973 
-2.42 -1.14 -0.123 -0.897 
0.0006 1.073 0.0008 2.032 
-6.36 -1.88 -0.123 -0.562 
0.40 0.56 -0.2556 -0.552 
0.22 0.076 -0.044 -0.233 
1.38 0.36 0.356 1.433 
7.13 3.13 0.414 2.790 
2.31 1.05 0.086 0.602 

0.25 0.19.bPI 0.34 0.29 ADJ 
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The location attribute variables indicate that an
glers visiting sites on the Madison River and the 
Yellowstone River are associated with more days of 
fishing than are anglers of the referent Slough Creek. 
In the FYEL specification, Gallatin anglers fish more 
days than the referent, ceteris paribus, while the 
opposite result is found using LN(FYEL). Singly, the 
MADBELOW is the only significant coefficient; how
ever, Chow tests indicate that the other location vari
ables are statistically significant as a group. 

The estimates of both equations yield respect
able goodness of fit measures. The percentage of 
total variation explained by the FYEL and LN (FYEL) 
equations are .25 and .34, respectively. Likelihood 
ratio tests that all the coefficients except the constant 
are zero lead to rejection of the null hypotheses with 
probability values of effectively 0. 

The Economic Value of Yellowstone Trout 

The estimation results can be used to calculate 
the economic value of GYE fishing for the average 
angler. This value has been named consumer sur
plus. Consumer surplus is defined as the difference 
between the total amount that anglers would be will
ing to pay to fish for GYE fishing and the amount 
that they actually do pay. Given our estimates of the 
demand curve for fishing days from equation 3, this 
difference is the area underneath the demand curve 
and above the sample average OSC. See Bell and 
Leeworthy (1990) and Hof and King (1992) for de
tails. 

Our estimates of economic value per day of fish
ing are in Table 3. Different estimates appear for the 
two demand curve specifications and, because the 
respective intercepts differ, for each of the 5 fishing 
sites. 

The estimates indicate that anglers obtain sub
stantial consumer surplus from GYE fishing, even 
after paying long-distance travel costs and on-site 
costs. For the linear specification, estimated con
sumer surplus per day of fishing ranges from $185 
to $191, depending on the site. For the semi-log 

Economic Vahle of Yellowstone Trout, Kerkvliet et al. 

specification, the estimates are considerably smaller, 
ranging from $47 to $75. 

Both sets of estimates indicate that the streams 
of the GYE are valuable resources. In theory, the 
anglers would be willing to pay any amount less 
than their consumer surplus for the opportunity to 
use these resources. Whether anglers could or would 
actually be charged such amounts depends on com
plex factors such as political institutions, resource 
managers' decisions, and, of course, the quality of 
our estimates. 

However, in assessing the quality of the esti
mates presented here, it is disturbing that the levels 
of the estimates are so sensitive to specification and 
vary by factors of 2.5 to 4.6. We consider 3 ap
proaches with respect to determining which of the 
2 sets of estimates is likely to be more reasonable. 

The first approach is to correct the linear model 
estimates for possible statistical biases, following an 
approach outlined by Bell and Leeworthy (1990). In 
this approach, linear model estimates are divided 
by (1+111:2), where t is the absolute value of the t
statistic for the OSC coefficient in the linear model. 
These corrected estimates (shown in Table 3) are 22% 
less than the first FYEL estimates. The linear and 
semi-log consumer surplus estimates now differ by 
factors from 3.1to1.9. 

The second approach is to compare the present 
results with those in the extant literature. The only 
recent research on blue-ribbon Western streams that 
we know of is Duffield et al. (1992). These authors 
used an alternative method (contingent valuation) 
to obtain measures of economic value for high qual
ity trout fishing in Montana's Big Hole River. Ca
sual observation suggests that the Big Hole is simi
lar to the waters considered in this study. 

For the average non-resident Big Hole float an
gler, Duffield et al. (1992) estimate a consumer sur
plus $2,234 per trip, or $586 per day. A correspond
ing figure for the Montana resident angler is $194 
per day. The former estimate is substantially greater 
than our highest consumer surplus estimate and the 
latter is about the same as uncorrected estimates we 

Table 3. Economic value by fishing site ($/day). 

GALLATIN MADABOVE MADBELOW YELLOW SLOUGH 

FYEL 191.36 
FYEL 148.06 
(corrected) 
LN (FYEL) 47.46 

187.75 
145.54 

70.80 

149 

184.95 
143.37 

75.34 

187.73 
145.53 

54.05 

191.35 
148.33 

49.59 



Greater Yellowstone Predators: Ecology and Conservation in a Changing Landscape 

obtain from the linear specification. 
Recognizing that their figures are at the upper 

end of the reported range of values for cold water 
fisheries, Duffield et al. (1992:2177) defend their es
timates, saying, "It also appears that values for 
non-resident anglers on a major 'destination' trout 
fishery like the Big Hole may be quite high. These 
values may be plausible given the income level, trip 
length, and expenses of this group of dedicated an
glers." 

A third approach to examlning the quality of our 
estimates is the econometric way of testing which 
of the 2 specifications more fully represents the be
havior of our survey respondents. To do this, we con
ducted a J-test of the null hypothesis that G(V) = 
FYEL compared to the alternative hypothesis that 
G(V) = LN(FYEL) (see Green 1993:321-322 for de
tails). Results of this test indicate rejection of the null 
hypothesis and provide evidence in favor of the 
semi-log specification. This suggests that the lower 
consumer surplus values reported in Table 3 are the 
most reliable. 

Conclusion 

Management of the fishing resources in 
Yellowstone National Park is a contentious issue. In 
a recent interview, John Varley, Yellowstone National 
Park Chief of Resources, says (La Pierre 1993:40), 
"A gmwing number of people question the practice 
of fishing in the parks . Their argument is simple
the harvest of fish by angling is fundamentally at 
odds with the mandate of the Park Service to main
tain natural ecosystems in a 'unimpaired' condi
tion." 

Our research indicates that the value of the fish
ing resource in the GYE is substantial, and that man
agement decisions regarding fishing regulations 
have a significant effect on the welfare of anglers 
throughout the country. Anglers are willing to pay 
significantly more for the privilege of fishing in YNP 
than they are currently required to pay. Currently, 

fishing fees in YNP are $5.00 per week or $10.00 per 
year. Our estimates indicate the average angler 
would be willing to pay an additional $45-$75 dol
lars per day of fishing in the GYE. 
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The Common Raven: Field Notes on an Important 
Yellowstone Predator 

TERRY P. McENEANEY 
Center for Resources· P.O. Box 168 

Yellowstone National Park, WY 82190 

Abstract 

The role of the common raven (Corvus corax) as a predator in Yellowstone has 
been largely overlooked. The information presented here is based on 9 years of 
field observations recorded by the author. Three points are discussed in detail, 
namely raven morphology, food habits, and anecdotal observations on behavior 
and predation. Morphology and behavior suggest that common ravens are quint
essential Yellowstone predators that specialize in killing small- to medium-sized 
prey. Seasonal availability and abundance of food plays an important role in raven 
predation. Ravens merit systematic study to better understand their functional 
ecological role in the Yellowstone ecosystem. 

Introduction 

The life history of the common raven (Corvus 
corax) in Yellowstone has largely been ignored due 
to attention given to other more dramatic species of 
wildlife. Although this bird was undoubtedly ob
served in Yellowstone by native peoples and early 
white explorers, the first scientific documentation 
of the species occurred in August 1872 by C. Hart 
Merriam, official ornithologist for the Hayden Ex
pedition (Hayden 1873). 

Past and current information collected on the 
common raven has centered primarily on general 
observations of raven occurrence and behavior. The 
author's field notes, excerpted for this paper, docu
ment the common raven as an important 
Yellowstone predator. 

Methods 

Located primarily in northwestern Wyoming, 
but also in portions of southwestern Montana and 
eastern Idaho, Yellowstone National Park comprises 

898,714 hectares. The information presented here is 
the result of 9 years of incidental observations made 
by the author in the park and recorded in field note
books. 

Field Notes and Discussion 

Examination of raven morphology, food habits, 
and predatory behavior provides support for the role 
of the common raven as an important Yellowstone 
predator. 

General Raven Morphology 

Of the 10 species of ravens found worldwide, aU 
are represented under 1 genus. The common raven 
is the largest North American passerine or perching 
bird. In North America, ravens are lumped into 1 
family (Corvidae) along with relatives such as jays, 
crows, magpies, and nutcrackers (Monroe and Sibley 
1993). In comparison to their paraneotropical rela
tives, corvids found in the far northern latitudes of 
North America exhibit rather drab coloration, occupy 
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limited habitats, and number fewer species. All North 
American corvids produce a wide range of calls, and 
all have nostrils covered by narial feathers, with the 
exception of the pinyon jay (Gymnorhinus 
cyanoce:phalus) that has exposed nostrils. Corvids rep
resent a highly advanced group of birds and are con
sidered extremely intelligent. 

The raven is represented in North America by 2 
species, the Chihuahuan raven (Corvus crypto!eucus) 
and the common raven. The Chihuahuan raven may 
be distinguished from the common raven by its 
smaller size, its characteristic high-pitched voice, 
hidden white feather bases at the neck and breast, 
and narial feathers that extend farther onto the bill. 
It is found primarily in low elevation deserts of the 
southwest composed of mesquite (Prosopis chilensis) 
and yucca (Yucca spp. ). Common ravens, in compari
son, are much more general in distribution and can 
occupy mountains, canyons, boreal forests, and tun
dra in addition to desert habitats. 

Ravens can produce a casting or pellet similar 
to those produced by other aerial predators such as 
raptors. The casting forms in the gizzard and is com
posed of hair, feathers, bone, insect exoskeletons, or 
similar items that are difficult to digest (Craighead 
and Craighead 1956). The casting is ejected in pellet 
form when enough decomposed material has built 

- up in the gizzard. 
The bill of the common raven is long and later

ally flattened. The nostrils are oval and are covered 
by narial feathers arranged posteriorly (Figure n 
The narial feathers keep the nostrils clear of debris 
and serve also to keep the nostrils warm during cold 

Figure 2. The tarsus and foot of the common raven, showing the 
unique scutellate and booted investments on the tibiotarsus, the 
large hallux, and raptorial-like feet 

weather and cool during hot weather. At the poste
rior end of the maxilla is an important projecting 
point known as the dertrum. The dertrum is a key 
structure for ravens since it helps them secure and, 
more importantly, dismantle, dismember, pulverize, 
and kill prey. Because the bill is laterally flattened, it 
allows ravens to pick up food items on relatively flat 
surfaces with their tomium (i.e., the edge of the bill). 
The long beak serves other important functions such 
as probing, dismantling, and consuming carrion or 
carcasses without allowing many feathers to become 
bloodied or otherwise soiled. 

An examination of the raven tarsi and feet re
veals some other interesting morphological adapta
tions. The tibiotarsal bone is moderate in length. 
Ravens have an ansiodactyl foot configuration, typi
cally found in many passerines (Proctor and Lynch 
1993). The ansiodactyl foot has the characteristic 3 
toes pointing forward (digits 2, 3, 4) and 1 toe point-

Figure 1. The skull of the common raven showing the laterally flattened bill, oval nostrils, and the dertrum. 
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ing backward (digit 1 ). The hind toe (digit 1) is often 
referred to as the hallux (Figure 2). 

The foot is, in essence, a modified raptorial foot 
used for grasping and securing prey. The scutes 
found on the tibiotarsus are arranged differently in 
each species or group of birds and are termed an 
invesbnent. Anteriorly, the investment of scutes on 
a raven's foot has a scutellate arrangement, with the 
smaller individual scutes overlapping one another. 
Posteriorly the scutes have a booted arrangement 
and thus resemble 1 long scute. This particular scute 
configuration is unusual in passerines and can be 
found in only a few species of birds, such as the gray 
catbird (Durnetella carolinensis) (Proctor and Lynch 
1993). 

The Common Raven, McEneaney 

Raven Food Habits in Yellowstone 

The food habits of the common raven have been 
documented throughout North America {Bent 1964, 
Heinrich 1989, Nelson 1934). However, information 
on raven food habits is lacking in Yellowstone. Be
cause of the wide variety of foods utilized in other 
areas, ravens are generally considered omnivorous. 
In Yellowstone, ravens consume a small amount of 
vegetative matter, particularly pocket gopher 
(Thomomys talpoides) caches in the spring, and 
whitebark pine (Pinus albicaulis) seed caches and ju
niper (Juniperus spp.) berries in the fall. Ravens also 
consume reptiles and amphibians during the spring, 

Table 1. Live prey taken by common ravens in Yellowstone 1986-1995, based on personal field 
observations. 

Very Small Prey 

earthworms (Oligochaeta) 

stoneflies (PJecoptera) 

butterflies (Lepidoptera) 

moths (Lepidoptera) 

grasshoppers (Orthoptera) 

Mormon crickets (Orthoptera) 

brinefhes (Diptera) 

beetles (Coleoptera) 

mayflies (Ephemeroptera) 

Small Mammals 

Uinta ground squirrel (Spermophilus armatus) 

red squirrel (Tamiasciurus hudsonicus) 

yellow pine chipmunk (Tamias ameonus) 

Nuttall's cottontail (Sylvilagus nuttallii) 

snowshoe hare (Lepus arnericanus) 

white-tailed jackrabbit (Lepus townsendii) 

northern pocket gopher (Thomomys talpoides) 

deer mouse (Peromyscus maniculatus) 

montane vole (Microtus montanus) 

Fish 

cutthroat trout (Oncorhynchus clarki) 

mountain sucker (Catostomus platyrhynchus) 

Bird Eggs 

osprey (Pandion haliaetus) 

great gray owl (Strix nebulosa) 

trumpeter swan (Cygnus buccinator) 

Canada goose (Branta canadensis) 

mallard (Anas platyrhynchos) 

gadwall (Anas strepera) 

green-winged teal (Anas crecca) 

lesser scaup (Aythya affinis) 

American coot (Fulica americana) 

killdeer (Charadrius vociferus) 

spotted sandpiper (Actitis macularia) 

dark-eyed junco (Junco hyemalis) 

olive-sided flycatcher (Contopus borealis) 

western tanager (Piranga ludoviciana) 

American robin (Turdus migratorius) 

yellow-headed blackbird (Xanthocepha!us 

xanthocepha!us) 

red-winged blackbird (Agelaius phoeniceus) 

Brewer's blackbird (Euphagus cyanocephalus) 

N estlings (fledglings 

(same spedes listed under bird eggs but including) 

Barrow's goldeneye (Bucephala islandica) 

ruby-crowned kinglet (Regulus calendula) 

mountain bluebird (Sialia currucoides) 

yellow-rumped warbler (Dendroica coronata) 
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summer, and falt but they represent a relatively small 
percentage of the overall diet. Small insects are con
sumed during the warmer months but are difficult 
to identify and quantify. Other, not so obvious and 
"unnatural" food items consumed by Yellowstone 
ravens include those obtained from garbage cans, 
dumpsters, sewage ponds, and from human visitors 
in the form of handouts. Although some of the items 
previously mentioned are scavenged, ravens can be 
predatory as evidenced by the prey species observed 
taken by ravens in Yellowstone (Table 1). 

Ravens are a significant egg predator in 
Yellowstone (Table 1). They can break and eat eggs 
on location, transport eggs for later consumption, or 
carry eggs to young in the nest. Small eggs are often 
transported whole and can be concealed in the mouth 
and sublingual pouch, a sack-like extension on the 
floor of the mouth. Ravens commonly carry medium
sized bird eggs visibly lodged between the maxilla 
and the mandible. Large eggs are often eaten on lo
cation, but have been observed being transported in 
a skewered fashion with the bill piercing the shell. 

Ravens also eat carrion, and serve an important 
function by acting as carrion guides, alerting other 
predators/ scavengers and conspecifics that a carcass 
is nearby. Upon locating the carcass, mammalian 
scavengers proceed to open it, thus benefiting their 
raven guides as well as a myriad of other scaven
gers. 

In general, predation by the common raven is 
much more seasonal and ephemeral compared to 
scavenging behavior and largely depends on prey 
availability and abundance. When food is readily 
available, such as in the late spring and summer, 
ravens take on the role of predators. In the fall and 
winter, however, they function more as scavengers 
and carrion guides. 

Anecdotal Information on 
Raven Predation and Behavior 

Ravens have keen eyesight and are quick to pick 
up on behavioral clues of prey or other predators. 
The common raven in Yellowstone specializes in 
hunting small- to medium-sized prey. They hunt prey 
by employing techniques used by other avian preda
tors (e.g., buteos, harriers, eagles, gulls, flycatchers, 
and owls). The following are some first-hand ac
counts of ravens capturing or securing live prey in 
Yellowstone. 

Capturing Cutthroat Trout 

April 17, 1987: A pair of common ravens was 
standing on a sandbar on a tributary of the 
Yellowstone River in Hayden Valley. A bald eagle 
(Haliaeetus leucocephalus) had just left the site with a 
cutthroat trout ( Oncorhynchus clarki bouveri) in its tal
ons. The ravens employed the same capture tech
nique used by the eagle. They waited on the sand
bar until a fish ascended a riffle in the creek. Then 1 
raven walked out in the water and pulled the fish by 
its dorsal fin until it was completely out of the water 
and on the sandbar. The raven proceeded to pulver
ize the fish with its beak until the fish was lifeless. It 
then broke apart the .91 kg fish, collected all it could 
in its mouth and sub lingual pouch, and flew off low 
over sagebrush (Artemisia spp.) until it was out of 
sight. The other raven approached the carcass. It too 
filled its mouth and pouch and flew off to cache the 
food. The process was repeated until the entire fish 
was dismantled and cached. Then a second spawn
ing fish was caught by the ravens, killed, and cached 
in a similar fashion. In a 3-hour period, the 2 ravens 
caught, killed, and cached 12 cutthroat trout. 

Stealing Olive-sided Flycatcher Young 

June 18, 1994: An adult olive-sided flycatcher 
(Contopus borealis) was making repeated alarm calls 
from a lodgepole pine (Pinus contorta) stand along 
Antelope Creek. Another adult flycatcher arrived and 
the noises increased. The flycatchers were in a tree 
about 10.7 meters off the ground. A raven was 
perched nearby in the top of a lodgepole pine. The 
raven flew and l<;lnded in the middle of the tree where 
the flycatchers were perched and the flycatchers be
came noisier. The raven hopped from branch to 
branch, walking the length of each branch from the 
bole to the branch tips, apparently searching the bark 
The raven soon found the carefully concealed fly
catcher nest on a horizontal branch and flew off with 
3 nestlings in its mouth. 

Stealing Eggs from Ospreys 

May 3, 1988: A female osprey (Pandion haliaetus) 
was incubating eggs on a nest in the Grand Canyon 
of the Yellowstone. A common raven flew by and 
spotted the nest. The raven stole part of a fish that 
was on the nest and the female osprey pursued the 
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raven. A second raven flew in and stole 1 of the eggs. 
The male osprey chased the second raven who had 
the egg visibly lodged between the upper and lower 
mandibles. 

Hunting Pocket Gophers 

September 19, 1993: A great gray owl (Strix 
nebulosa) was observed hunting pocket gophers in a 
meadow near Canyon. A common raven flew by 
while the owl was on the ground with its prey. When 
the owl noticed the raven, it quickly swallowed the 
pocket gopher whole and returned to its normal 
hunting perch. The raven flew to the top of a lodge
pole pine and watched the great gray owl. After 
watching the owl for awhile, the raven flew, landed 
on a small tree, and eyed the meadow. After about 6 
minutes, the raven spotted something, flew to the 
ground, and came up with a pocket gopher. The 
raven smashed the gopher with its beak until the 
gopher was lifeless, swallowed the prey whole, and 
then headed south with a full crop. 

Dismembering Large Prey 

February 10, 1995: A cow bison (Bison bison) was 
observed stuck in the mud on the Madison River near 
Mt. Holmes. Two common ravens were observed 
close to the live, helpless bison. Three hours later, 
the ravens were even closer to the exhausted bison 
and continued to approach it. By this time, the head 
of the bison was propped on the ground in exhaus
tion. The large mammal was still alive, as indicated 
by the open eyes and steam coming out of its nos
trils. The ravens proceeded to peck both eyes out of 
the live bison, 1 at a time. Surprisingly, the ravens 
succeeded in incapacitating this large mammal. 

Conclusion 

The morphology and behavior of the common 
raven suggest its functional importance as a preda
tor in the Yellowstone ecosystem. But perhaps be
cause ravens secure small- to medium-sized prey, 
predatory behavior often goes unnoticed and, there-

The Common Raven, McEneaney 

fore, is not well understood. In general, when food 
is plentiful, ravens function primarily as predators. 
When food is scarce, ravens function more as scav
enger I carrion guides and feeders. Apparently, sea
sonal availability and abundance of food play an im
portant role in raven predation. It is likely that ravens 
as predators affect prey populations in some in
stances, though it is not known if composition, abun
dance, and/ or distribution of prey are significantly 
altered. Obviously, raven predation merits much 
more systematic scientific study. 
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Abstract 

Beavers (Castor ccmadensis) alter riparian landscapes through dam building 
and woodcutting, activities that affect terrestrial and aquatic flora and fauna. In 
Wyoming, beavers are absent from many areas due to past over-harvest, disease, 
or conflicts with man. Reintroduction programs have been implemented in many 
states to restore some of the lost benefits that beavers can provide. We initiated a 
study in 1994 to examine the feasibility of reintroducing beavers into unoccupied 
habitat for the purpose of riparian improvement and wetland creation. From Au
gust 1994 to August 1995 we trapped and implanted radio transmitters in 22 adult 
beavers. Additionally, we trapped 17 subadult beavers. Animals were transplanted 
to 4 locations in Wyoming; 32 km west of Cody, 48 km south of Rock Springs, 32 
km north of Sundance, and 32 km east of Saratoga. As of August 31, 1995, only 4 
radio-marked beavers were known to be alive. Seven telemetered beavers and 15 
non-telemetered beavers have unknown fates but are presumed to be dead. The 
remaining 13 beavers were confirmed dead at the various study sites. Evidence 
from hair and bite wound samples indicate that 3 beavers were killed by grizzly 
bears (Ursus arctos), 4 were killed by coyotes (Canis latrans), 4 were killed by black 
bears ( Ursus americanus ), and the remaining 2 animals died from wounds inflicted 
by unknown predators. Predation on naturally dispersing beavers may influence 
occupancy rates and habitat modification in unoccupied areas. 

Introduction 

Great interest has been expressed in improving 
riparian areas for wildlife, livestock, and humans 
(Apple et al. 1985). Beavers, through their dam
building activities, can increase water storage, re
duce sedimentation, and improve vegetation com
munities (Naiman et al. 1988). Like many western 
states, Wyoming has been very interested in using 
natural methods to improve riparian areas (Collins 
1993). Beavers can be used to realize these benefits 

and many states have undertaken beaver translo
cation programs (Butler 1991, Hill 1987). 

In 1994, we initiated a study to: 1) document 
the effects of beavers on riparian areas in Wyoming, 
2) determine the best methods of trapping and trans
locating beavers, and 3) monitor beaver movements, 
survival, and habitat changes that occur as a result 
of beaver translocations. Montana, Colorado, Idaho, 
Oregon, and Wyoming have all initiated transloca-
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tion programs, but definitive studies have not been 
done to address the above objectives. This paper will 
address survival and mortality of beavers intro
duced for the purposes of riparian enhancement and 
wetland creation. The findings reported herein are 
preliminary results from 2 field seasons of work. At 
least 1 field season of data remains to be collected. 

Study area 

Beavers were translocated into various habitats 
throughout Wyoming. All habitats had perennial 
water sources and sufficient vegetation to support 
beaver. Release sites are shown in Figure 1; vegeta
tion types and elevations listed by release site are 
given in Table 1. 

Methods 

Beavers were trapped from areas where their ac
tivities were in conflict with landowner practices 
(e.g., irrigation). All beavers were trapped from colo
nies that were dam and lodge builders (creek-dwell
ing beaver) as opposed to bank denning, non-dam 
builders (river beavers). We felt that these animals 
would be more likely to create the desired habitat 
and would be more successful at avoiding preda
tion. Snares and Hancock live-traps were used to 
trap all animals (Krause, no date). Animals >55 kg 
were implanted with Advanced Telemetry Systems 
(Isanti, Minnesota) model 17 internal telemetry 
transmitters using techniques described by Davis et 
al. (1984). All transmitters were equipped with 24-

Figure 1. Beaver release sites in Wyoming 
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hour mortality sensors. Implanted beavers were 
monitored for a minimum of 24 hours post surgery 
prior to release (Davis et al. 1984). AH animals were 
released after 1500 hours in an attempt to decrease 
exposure to predation during daylight hours. 

We monitored beavers for movements and mor
tality for 2 days after release and approximately ev
ery 2 weeks thereafter. Streams were walked a mini
mum of 1.5 km in both directions to determine if 
beaver had become established. By examining the 
stream for evidence of tree cuttings or dam construc
tion, we also determined if non-telemetered beavers 
were still active. 

Causes of mortality were determined through 
examination of hair and scat samples found at kill 
sites, bite marks on beaver carcasses, and tracks 
present (O'Gara 1978). Lab work and necropsies 
were performed by Dr. Elizabeth Williams, Patholo
gist at the Wyoming State Veterinary Laboratory. 
Hair samples were examined by Tom Moore, Foren
sic Supervisor for the Wyoming Game and Fish De
partment Laboratory. 

Results 

During trapping, 2 adult beavers (22.7 and 13.2 
kg) caught in snares were killed by coyotes. Both 
animals were captured in sets made on dry land and 
were partially eaten. The traps were not located in 
the same area and the incidents occurred on differ
ent dates (6 September 1994 and 6 June 1995). A coy· 
ote was inadvertently captured in a snare set at the 
same beaver pond complex where a snared beaver 
was killed by a coyote. We also trapped several 
ducks (mostly mallards [Arias platyrhynchos], green
winged teal [ Anas creccal] and common mergansers 
[Mergus merganser]) in snares set on dam crossovers 
and canal runways, suggesting that these runways 
are frequented by both predator and prey species. 

Of 22 beavers trapped, implanted with trans
mitters, and relocated, 13 (59%) died as a direct re~ 
sult of predation (Table 2). Coyotes, black bears, a..nd 
grizzly bears killed 4 (18%), 4 (18%), and 3 (14%) 
beavers, respectively. Two (9%) other beavers were 
killed by undetermined predator(s ). Four (18%) bea
vers are still alive and apparently healthy. An addi
tional 22 beavers (7 telemetered, 15 non-telemetered) 
have not been relocated. 

Beavers killed by predation lived for an aver
age of 17 days; however, 6 of 13 died within just 6 
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days of release. With the exception of 1 ani
mal, all documented beaver kills occurred 
within 0.25 km of the release site (the excep
tion was found 0.75 km upstream of the re
lease site). The 4 remaining animals have also 
stayed within 0.25 km of the release site, 
building dams and lodges. 

Table 1. Habitat type and elevation (m) for beaver introduction sites. 
Habitat types are derined by Hansen et al. (199q. 

· Release Site Vegetation Type Elevation 

Cody Quaking aspen(WesternSweet-cicely 2000 

Discussion 

Limited range of implanted transmitters 
may have affected the number of animals lo-

Rock Springs 

cated. The advertised range of transmitters Saratoga 

was 0.5 km, but the effective range was usu-
ally 200 m. Animals in dens were often not 
located until we were within 50 m of the Sundance 

transmitter. Walking up and downstream of 
the release site allowed us to be within 20 m 

(Popul11s tremuloidesJOsmorhiza occidentalis) 

Sp:r:uce /B luejoint Reed grass 
(Picea/Calamagrostis canadensis) 

Narrowleaf Cottonwood/ Recent Alluvial Bar 
(Populus angustifolia/Recent Alluvial Bar) 

Scrub Oak/Common Chokecherry 
(Quercus garnbeliif Pnmus virginiana) 

of the creek bed and was undoubtedly nec
essary to determine movements and mortal
ity. 

Table 2. Fates of introduced beaver by release location. 

Release Location 

2350 

2.250 

1150 

Although animals that were not relocated Fate 
may have had higher survival rates, we feel 
this is improbable. It is more likely that these 

Cody R. Springs Saratoga Sundance 

animals may have been killed and cached in 
holes and dens, or dragged out of range of 
the receivers. Animals moving out of the vi
cinity of the release area may also have expe
rienced higher predation rates due to in
creased exposure and less time spent hiding 
in dense vegetation or constructing dens. 
Smith et al. (1994) found that beavers that 
were sympatric with black bears on islands 
in Lake Superior traveled less distance from 
water than those found on islands where 
bears were not present. This finding suggests 
that this was a direct attempt to avoid preda
tion. 

Stanley-Price (1989) reported that relo

Coyote 
Black Bear 
Grizzly Bear 
UnknoV\rn 
Mortality 
Alive 
Unknown Fate 

w I Transmitter 
Unknown Fate 

w ( o Transmitter 

Total 
# Beaver Released 

w I Transmitters 
# Beaver Released 

w Io Transmitters 

3 

3 
2 

1 
1 

4 

14 

10 

4 

4 

3 
2 

1 

10 

8 

2 

1 

2 

3 

6 

2 

4 

4 
4 
3 
2 

4 
27 

715 

39 

22 

17 

cated animals would be more susceptible to 
predation. Beavers have many natural predators and 
are not capable of using direct confrontation or eva
sive action to avoid predation, preferring in.stead to 
use water as an escape medium (as reviewed in 
Smithetal.1994). Therefore, without ponds and dens 
to use for escape, beavers are particularly vulner
able. Naturally dispersing beavers have been seen 
in upland areas > 1 km from water sources and have 
even been observed crossing mountain passes 
(Smith 1980). These animals, howeve1~ wotild be as 

vulnerable to predation as newly introduced bea
vers. While it is not known how natural dispersal 
occurs in beavers, we hypothesize that they move 
primarily in a linear fashion up or down established 
waterways. Movements across upland areas can be 
successful, but we question the frequency of success 
in areas where predators occur sympatrically. 

During 1994, all of our release sites received less 
than 70% of the average annual precipitation (86% 
of annual precipitation average statewide, although 
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the spring I summer precipitation in many areas was 
below 50%; Wyoming Water Research Center) . 
Many authors have emphasized the value of ripar
ian areas to wildlife (see review by Naiman et al. 
1988), but predator-prey relationships and how they 
relate to habitat quality and availability are not well 
understood (Smith et al. 1994). During dry years, 
animals may concentrate in riparian areas along with 
their respective predators. These predators, while 
normally dependent on other species, may find bea
vers easy prey. 

Where wolves (Canis lupus) and beavers are 
sympatric, beavers may constitute up to 75% of wolf 
diets (Thurber and Peterson 1993, Voight et al. 1976). 
Beavers are found throughout the Greater 
Yellowstone Ecosystem but are thought by many to 
be in a state of decline due to factors unrelated to 
predation (Chase 1987). Newly introduced wolves, 
along with coyotes, grizzlies, and black bears, may 
impede naturally dispersing beavers from coloniz
ing new areas. 
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Abstract 

Grizzly bears (Ursus arctos) and black bears (Ursus americanus) prey on spawn
ing cutthroat trout (Oncorhynchus clarki) in tributaries of Yellowstone Lake. Bear 
use of front-country spawning streams in the Grant Village and Lake-Bridge Bay 
developments was monitored from 1989 to 1995. Average spawn ending date was 
consistent between 22 and 27 June; however, average onset and length of spawn 
varied between "early" and "late" years. Spawner abundance declined on most 
streams during the study period. Most recorded bear activity within park devel
opments, especially grizzly bear activity, occurred at the Grant Village and Lake
Bridge Bay developments, with Grant Village reporting almost twi_ce the activity 
of Lake-Bridge Bay. Seventy percent of all bear management actions in Yellowstone 
National Park occurred at the Grant Village and Lake-Bridge Bay developments. 
Without bear management restrictions, human facilities at developed areas opened 
earlier each year of the study. Results of monitoring have been implemented in 
park management to reduce the potential for bear-human conflicts. To further 
reduce or eliminate the temporal overlap between bears using front-country spawn
ing streams and humans using these developments, we recommend opening visi
tor facilities at Grant Village and Lake-Bridge Bay no earlier than 22 June to 27 
June. 

Introduction 

Grizzly bears (Ursus arctos) and black bears (U. 
americanus) prey on spawning cutthroat trout 
( Oncorhynchus clarki) in tributary streams of 
Yellowstone Lake in Yellowstone National Park 
(YNP) (Mealey 1980, Reinhart and Mattson 1990). 
Cutthroat trout are an important seasonal food 

source for Yellowstone grizzly bears because of their 
high digestibility and protein content (Pritchard and 
Robbins 1990). 

From 1985 through 1987, all Yellowstone Lake 
tributaries were surveyed to collect baseline data on 
the timing and relative magnitude of cutthroat trout 
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spawning runs and associated bear activity along 
spawning streams. This research showed that 59 
( 48%) of the 124 tributaries of Yellowstone Lake sup
ported a cutthroat trout spawning run. Ninety-three 
percent of these 59 spawning streams had associ
ated bear activity and 61 % had conclusive evidence 
of bear fishing. Thirty-five percent of all spawning 
streams bisected park roads while 15% of tributar
ies with a spawning run occurred within 1 km of 
park developments (Reinhart and Mattson 1990). 

This study also showed that less bear use than 
expected occurred within 1 km of park develop
ments. Moreover, when the opening of park lake
shore developments occurred during the cutthroat 
trout spawning-bear fishing season, more bear-hu
man conflicts occurred, typically resulting in bear 
management translocation and removals (Reinhart 
and Mattson 1990). 

The likelihood of displacing bears from a sea
sonally important, high-quality food source and the 
potential for bear-human conflicts demonstrated to 
park resource managers the need for continued 
monitoring of spawning streams near park devel
opments. The goals of this monitoring effort were 
to: 

1) Use the monitoring results from the current 
year to establish opening dates for some of 
the human facilities at Lake and Grant Vil
lage that are in closest proximity to spawn
ing streams. 

2) Determine the timing of bear activity in rela
tion to fish spawning activity. 

3) Determine the number of bears that routinely 
utilize the fish spawn in the Grant and Lake 
Developments and recognize any significant 
trends in bear use and occupancy at these 
developments. 

4) Determine the variability in peak numbers of 
spawning fish and the reliability of this sea
sonally important, high-quality food source. 

5) Use the monitoring results to generate a long
term management strategy at Lake and 
Grant Village that will·allow human occu.
pancy of developments yet minimize bear 
translocation and I or mortalities. 

6) Determine whether the monitoring results can 
be used to predict the onset, peak, and end 
of spawning. 

The study area included the Grant Village and 
Lake-Bridge Bay developments. Park lakeshore de-

Figure 1. Map of Yellowstone National Park developments. 
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velopments are defined as areas within one kilome
ter of hotels, campgrounds, stores, or restaurants. 
Three spawning streams in the Grant Village devel
opment (Sandy Creek, Stream 1167, and Sewer 
Creek) and 5 spawning streams in the Lake-Bridge 
Bay developments (Lodge Creek, Hatchery Creek, 
North and South Incinerator Creeks, and Bridge 
Creek) were monitored from 1989-1995 (Figures 1 
and 2). Reinhart {1990) describes the limnology and 
landscape physiognomy of Yellowstone Lake and 
the lake drainage basin. 

Methods 

Spawning streams near Grant Village and Lake
Bridge Bay developed areas were checked from 1 
May until spawn onset from 1989 through 1995. 
After spawn onset, streams were monitored weekly 
to determine cutthroat spawner abundance and ex
tent of bear fishing activity. Cutthroat trout spawner 
abundance was recorded by counting adult spawn
ers while walking from the mouth to the upstream 
extent of spawning activity. Presence or absence of 
bears and bear fishing activity were determined by 
recording bear tracks, scats, and fish carcasses. Bear 
tracks were measured to establish the number and 
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species of bears on each stream for each visit. Tracks 
that varied by greater than 2 cm in width, were dif
ferent species, or were associated (e.g., adult with 
young) were determined to be different bears. To 
maximize comparability among observations, 
stream surveys were made between 1030 and 1600 
hours and in the same order during the course of 
the stt1dy~ 

Bear activity reports and bear management 
translocations and removals were recorded for 
Yellowstone Park developed areas. The opening 
dates of human use facilities, including the camp
ground, lodge, and store at Grant, the 

SD= 6 days, n = 27) {F = 169.054, P = 0). The 2 groups 
separated predominantly into "early" or "late" 
years, with 3 exceptions out of 56 total occurrences. 
The years 1989 (except Sewer Creek at Grant Vil
lage), 1990, 1992, and 1994 (except North and South 
Incinerator Creeks at Lake-Bridge Bay) were classi
fied as "early" years. The remaining years, 1991, 
1993, and 1995 were "late" years. 

The spawn length, but not the ending date, var
ied between the "early" and "late" groups. The 
spawn was shorter in the "late" group (x = 23 days, 
SD= 12) compared to the "early" group (x = 39 days, 

hotel and lodge at Lake, and the camp
ground at Bridge Bay were recorded for 
each of the study years. 

Figure 2. Map of the Grant Village and Lake-Bridge Bay developments 
and spawning streams. 

The trends in the number of fish at 
peak spawn and the Recorded Bear Vis
its (the yearly sum of the number of 
bears recorded on each weekly monitor
ing trip on each stream) were tested for 
each stream over the course of the study 
using the Mann-Kendall test for trend 
(Gilbert 1987). Streams were clustered 
into "early" and "late" groups based on 
onset date using a K-Means cluster 
analysis. A repeated-measures two-way 
ANOVA was used to determine whether 
significant differences in mean length 
and mean end of spawn existed between 
groups ("early" versus "late") (Kachigan 
1982, Zar 1984). All statistical analyses 
were performed using SYSTAT software 
(Wilkinson 1988). 

Results 

Timing of Spawner and Bear Activity 

The timing of cutthroat trout spawn
ing varied among study years. Average 
yearly onset ranged from 7 May through 
6 June. Peak spawn ranged from 21 May 
through 16 June. End of spawn ranged 
from 12 June through 6 July. 

Streams were clustered into 2 groups 
("early" versus "late") based on mean on
set date. Mean onset date differed between 
the ''early" group ( x = 14 May, SD = 6 days, 
n = 29) and the "late" group (x = 4 June, 
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SD= 8) (F = 29.851, P = 0). There was no significant 
difference in the spawn ending date between the 
"late" group (x = 27 June, SD= 10 days) and the 
"early" group (x = 22 June, SD= 9 days) (F = 3.27, P 
= .077). 

Bear fishing activity at Grant and Lake area 
streams was apparently related to fish migration. 
Out of a total of 215 Recorded Bear Visits during 
the course of the study, 190 (88%) occurred at or af
ter peak spawner abundance. This total included 138 
(64%) Recorded Bear Visits at Grant Village and 77 
(36%) at Lake-Bridge Bay. 

Trends in Spawner Abundance and Bear Use 

Peak spawner counts (the number of fish 
counted during the peak week each year) on most 
streams declined during the study (Figure 3). Sandy 
Creek (S = -19, P < .05), Stream 1167 (S = -17, P < 
.05), Sewer Creek (S = -13, P < .05), Lodge Creek (S 

Figure 3. Number of spawners during the peak week for Grant 
Vil I age and Lake-Bridge Bay streams, i 989-1995. 
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= -17, P < .05), South Incinerator Creek (S-= -13, P < 
.05), and Bridge Creek (S == -15, P < .05) declined 
significantly. Peak spawner count declined on 
Hatchery Creek, but the trend was not as signifi
cant as other creeks (S == -9, P = .119). Peak spawner 
count did not decline significantly on North Incin
erator Creek (S = -3, P = .386). 

Bear use of spawning st.reams in the study area, 
measured by the number of Recorded Bear Visits, 
apparently declined from 1989 through 1995 (Fig
ure4). Although the Marm-Kendall S values for each 
stream were negative, only Stream 1167 (S = -15, P < 
.05) and Bridge Creek (S = -15, P <.OS) showed sig
nificant downward trends. 

Bear Management 

Most recorded bear activity within park devel
opments, especially grizzly bear activity, occurred 
at the Grant Village and Lake-Bridge Bay develop-

Figure 4. Number of recorded bear visits for Grant Village and 
Lake-Bridge Bay streams, 1989-i 995. 
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ments (Table 1). This included 42% of all bear activ
ity reports and 58% of all grizzly bear activity re
ports that were recorded in YeJlowstone National 
Park developments during the study period. Grant 
Village accounted for 27% of total reported bear ac
tivity and 35% of reported grizzly bear activity while 
Lake-Bridge Bay accounted for 14% and 23% of to
tal and grizzly bear activity, respectively. 

The Grant Village and Lake-Bridge Bay devel
opments have been the site of the majority (70%, n"' 
10) of bear translocations in Yellowstone National 
Park since 1989. All grizzly bear management re
movals from 1989 through 1995 have occurred at 
either Grant Village or the Lake-Bridge Bay Devel
opment (1 at each location, n = 2). Related grizzly 
mortalities included 1 grizzly bear hit by a car near 
a Grant spawning stream and 2 individual grizzly 
bears habituated to people while frequenting Lake
Bridge Bay spawning streams but later killed out
side of Yellowstone National Park. 

Figure 5. Opening dates of the Grant Village Lodge, Hamilton's 
Store, and Campground, the Lake Hotel and Lodge, and the 
Bridge Bay Campground, 1989-1995. 
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Human Use Management 

During the 7 years of this study, Grant Village 
opening dates for the Lodge, Store, and Camp
ground varied from 26 May to 6 June, 27 May to 10 
June, and 20 June to 23 June, respectively (Figure 5). 
In 1995, the Grant Village Lodge and the Grant Vil
lage Hamilton's Store opened 5 days earlier and 14 
days earlier, respectively, than in 1989. The Grant 
Village Campground opened 1 day later in 1995 
compared to 1989. 

Opening dates for the Lake Hotel, Lake Lodge, 
and Bridge Bay Campground varied from 13 May 
to 24 May;. 5 June to 11 June, and 22 May to 27 May, 
respectively. In 1995, the Lake Hotel opened 12 days 
earlier compared to 1989. There was no change in 
the opening date of the Bridge Bay Campground 
from 1989 through 1995. The Lake Lodge opened 4 
days later in 1995 compared to 1989. 

Discussion 

Cutthroat Trout Spawn and Bear Activity 

Spawn ending date did not vary significantly 
among study years, regardless of spawn onset and 
length. Spawn onset varied considerably among 
study years, probably related to winter snowpack 
and spring snowmelt conditions within the drain
age basin (Reinhart 1990). When spawn onset oc
curred after 24 May, the spawn length was consid
erably shorter than during years when onset oc
curred earlier. 

Classifying a year as "early" or 11late11 is pos
sible based on average onset date. However, the 
onset date is less relevant to managers than the end
ing date, since the temporal overlap between bear 
and human use typically occurs closer to the end of 
spawn. Since the end of spawn is relatively consis
tent among years, regardless of spawn onset, this 
information can be used to establish opening dates 
for human use facilities in close proximity to spawn
ing streams. 

The majority of bear activity occurred at or af
ter the peak of spawner abundance. Reinhart and 
Mattson (1990) found similar trends during a sur
vey of all Yellowstone Lake tributaries. The timing 
of bear use was likely related to increased prey vul
nerability from post spawner fatigue and lower 
stream depths and bear use of riparian vegetation 
(Reinhart 1990). 
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Cutthroat trout spawner abundance declined on 
streams in the Grant and Lake-Bridge Bay areas dur
ing the course of the study. This trend was also re
ported in another large Yellowstone Lake tributary 
(Kaeding et al. 1995a). However, spawner abun
dance increased slightly on most streams in 1995, 
and pre-study data (Reinhart 1990) showed spawner 
numbers on study area streams were lower than 
peak numbers during the early years of the current 
study. Declines in cutthroat trout abundance dur
ing the 1960s in Yellowstone Lake have been previ
ously documented (Cresswell and Varley 1988, 
Cresswell et al. 1994). However, changes in angling 
restrictions implemented in the 1970s have reversed 
this downward trend (Cresswell and Varley 1988). 
Recent evidence of declines in spawning cutthroat 
trout found in this study might best be explained 
by 'natural variation in spawner abundance due to 
annual climatic conditions. This variation is prob-

ably related to poor age class recruitment during 
extreme water years (Bulkley and Benson 1959), 
varying weather conditions during the spawning 
season, pisdvorous predator influences, and human 
caused perturbations (Cresswell et al. 1994). 

The long-term health of the Yellowstone Lake 
cutthroat trout population may be in jeopardy. In 
1994, illegally introduced lake trout (Salvelinus 
namacush) were discovered in Yellowstone Lake. In 
1995, 195 lake trout were taken from the lake (153 
from experimental gill netting efforts and 42 from 
angler catches). The data suggest that tens of thou
sands of lake trout may now inhabit Yellowstone 
Lake (Kaeding et al. l 995b ). The effects of introduced 
lake trout on the native cutthroat trout population 
and the wildlife that depend on cutthroat trout are 
not completely understood. The presence of lake 
trout in Yellowstone Lake may not be the cause of 
the documented declines in cutthroat trout spawner 

Table 1. Number of reports of grizzly bear, black bear, or unknown spe
cies. of bear activity recorded within different developed areas in 
Yellowstone National Park, 1989-1994. 

abundance during the study period. How
ever, lake trout have reduced and even 
eliminated native cutthroat trout popula-
tions in other lakes in the United States 

Developed Area Grizzly Bear Black Bear Unk. Spp. 

Grant Village 83 67 19 

Lake-Bridge Bay 54 13 20 

Roosevelt 8 46 1 

Canyon 21 26 8 

Mammoth 8 30 9 

Slough Creek 23 18 3 

East Entrance 21 3 0 

Indian Creek 5 15 1 

Tower Falls 0 18 1 

Pebble Creek 2 14 1 

Gardinera 3 9 4 

Northeast Entr. 1 14 0 

Norris 5 5 3 

Fishing Bridge 9 1 1 
Madison 0 5 6 

Old Faithful 6 2 2 

Snake River 1 4 0 

Bechler 1 3 0 

Lewis Lake 0 0 1 

West Entrance 0 0 0 

Larnar 0 0 () 

a Areas within Yellowstone National Park boundary only. 
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Total (Gerstung 1988, Dean and Varley 1974). The 
advent of lake trout in Yellowstone Lake has 
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87 

55 

55 

the potential to greatly reduce the cutthroat 
trout population (Mcintyre 1995) and ad
versely affect the grizzly bear population 
that depends on spawning trout. 

47 Bear and Human Use Management 
44 
24 

21 

19 
17 

16 
15 
13 
11 
11 
10 

5 

4 

1 
0 

0 

Spawning cutthroat trout and 
Yellowstone Lake spawning streams are an 
important component of Yellowstone griz
zly bear food habits and habitat use. Cut
throat trout were used by grizzly.bears oc
cupying 30-45% of the Yellowstone Grizzly 
Bear Recovery Area. More than 80% of all 
grizzly bears located within 2 km of spawn
ing streams during the spawning season for
aged on cutthroat trout (Mattson and 
Reinhart, 1996). Reinhart and Mattson 
(1990) estimated that a minimum of 44 au
tonomous bears used Yellowstone Lake 
spawning streams in 1987 when all streams 
were surveyed. 

Understanding the relationship be
tween spawning cutthroat trout and 
Yellowstone grizzly bears is essential for 
managers. The highest incidence of Yell-
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owst<;me National Park grizzly bear activity reports 
and management actions in developed areas have 
occurred in recent years near the Grant and Lake
Bridge Bay developments. However, not all bear 
sightings and management actions occurred at the 
time of bear fishing activity or resulted directly from 
bear use of front country spawning streams. Bear 
use of the Grant Village and Lake-Bridge Bay de
velopments was likely a result of a number of 
complex factors. These include grizzly bear popu
lation dynamics and behavioral responses, overall 
grizzly bear habitat quality including the protein 
component of spawning trout, and the extent that 
human use overlapped bear use in these developed 
areas (Mattson 1990, Mattson et al.1992). Some bears 
that use front country spawning streams may not 
be involved in bear-human conflicts for a number 
of years. However, these bears, given the opportu
nity to forage near human facilities, may eventually 
become habituated, which often leads to bear-hu
man conflicts, especially during poor food years 
(Mattson et al. 1992, Meagher and Fowler 1989). 

Overall bear activity on spawning streams was 
lower at Lake-Bridge Bay compared to Grant Vil
lage. Reasons for this difference may include: 

1) Three grizzly bears that used Lake area streams 
were removed during the study period.An 
adult female that persistently returned to front
country spawning streams after being translo
cated was sent to a zoo. An adult and subadult 
male that became habituated to humans while 
frequenting Lake-Bridge Bay spawning streams 
were later illegally shot outside YNP. Only 1 
grizzly bear, a subadult male, was trapped and 
removed from the Grant area during this pe
riod. 

2) Bear use of habitat may vary between the Lake
Bridge Bay and the Grant Village areas. Over
all habitat complexity and perhaps.quality may 
be higher near the Lake area compared to the 
Grant area (National Park Service 1984). Bears 
at Lake-Bridge Bay appear to have other forag
ing options, such as ungulate carcasses and elk 
calves, during poor spawner years. Overall bear 
foraging options appear less near the Grant 
Village area where streams run through lodge
pole forests. Bears may use spawning streams 
and associated riparian vegetation at Grant 
even during years of poor spawner abundance 
(Reinhart 1990). 

3) The opening date of the major overnight facility 
in dose proximity to spawning streams at Grant 
Village, Grant Campground, has been regulated 
through a Bear Management Area since 1986 
(National Park Service 1986, Sholly 1989), en
suring a consistent, later opening. In contrast, 
the Lake Hotel, the largest Lake facility near 
spawning streams, has consistently opened ear
lier each year of the study. It is likely that the 
high level of human activity associated with the 
earlier opening of Lake Hotel has displaced 
some bear use of Lake-Bridge Bay spawning 
streams (Mattson et. al. 1987, Reinhart and 
Mattson 1990). At Lake, only the Lake Lodge 
opening date has been controlled in recent years 
due to grizzly bear mitigation from the Lake
Bridge Bay Development Concept Plan (Na
tional Park Service 1993). 

Bear use of spawning streams overlapped with 
the opening of most lakeshore visitor facilities. 
While spawning runs and associated bear use typi
cally did not end until 22 through 27 June, visitor 
facility opening dates occurred from 13 May through 
21 June. While some facilities near spawning streams 
have opened on consistent dates because of man
agement decisions to protect bear use of spawning 
streams, others continued to open earlier each year. 
This increasing temporal overlap between bear use 
of spawning streams and opening of visitor facili
ties increases the likelihood of bear-human conflicts 
and may lead to more bear management actions and 
removals. 

The following management actions were imple
mented before or during the study period based on 
the results of the spawning stream surveys: 

1) Oosing specific areas near spawning streams to 
park visitors during spawning runs. 

2) Regulating the opening dates of some human-use 
facilities near spawning streams. 

3) Developing a public and employee education pro
gram on bear use of cutthroat trout. 

4) Incorporating information about trout spawning 
and bear activity into park planning efforts to 
reduce the temporal overlap of bear and human 
use. 

167 



Greater Yellowstone Predators: Ecology and Conservation in a Changing Landscape 

While these actions have helped reduce the fre
quency of bear-human conflicts in Yellowstone Na
tional Park, more effort is needed to ensure greater 
protection for bears using spawning streams near 
developments and to reduce the risk of future bear
human confrontations. Because bear populations 
appear to be vulnerable to human caused mortality 
(Mattson and Reid 1990), and the proximity of hu
man and bear aggregations is considered detrimen
tal to the grizzly bear population (U.S. Fish and 
Wildlife Service 1993), management of park devel
opments near spawning streams should include 
eliminating or further reducing the temporal over
lap between bears and humans in the Lake and 
Grant developments. 

Recommendations 

Management measures that we recommend to 
ensure further protection of both peop1e and bears 
using front-country areas near spawning streams 
include: 

1) Open visitor facilities no earlier than 22 Tune to 
27 June at Grant Village and Lake-Bridge Bay 
to reduce or eliminate the temporal overlap be
tween bears using front country spawning 
streams and humans using these developments. 
A more consistent opening date will allow bears 
to utilize a valuable food resource and reduce 
the risk of bear-human conflicts (Jope 1985, 
Mclellan and Shackleton 1989, Mattson 1990). 

2) Protect the Yellowstone Lake cutthroat trout 
population. Conduct more research and moni
toring to determine the overall health of the cut
throat trout population. This includes better ex
planations for the recent declines in spawner 
abundance as well as potential risks from and 
possible management strategies to control a 
growing lake trout population in Yellowstone 
Lake. 

3) Continue monitoring spawning streams. Front 
country streams should be surveyed on an an
nual basis to maintain a long-term database for 
cutthroat trout spawning activity and bear use. 
Data from yearly monitoring can be used by 
park managers to determine the opening of ar
eas near spawning streams in the Lake-Bridge 
Bay and Grant developments. 

4) Initiate long-term monitoring on other 
Yellowstone Lake spawning- streams. Monitor
ing results can be used to further understand 
the influence of developments on bear use of 
spawning streams and to detect changes in bear 
use of spawning fish resulting from changes in 
the cutthroat trout population. 
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Abstract 

In 1986, a grizzly bear (Ursus arctos) mortality risk model was developed as 
part of the Eriv.ironmental Impact Statement (EIS) for the Development Concept 
Plan (DCP) of the Fishing Bridge developed area. The model provided an esti
mate of the number of management transfers and, ultimately, bear mortalities 
that could be attributed to each of the 16 developed areas in the park for the sub
sequent 10-year period, 1987-96. Given that bear mortalities in relation to devel
oped areas actually declined during the following decade, the model overesti
mated the number of transfers and mortalities that occurred across all develop
ments from 1987-96. The model, however, accurately accounted for the 15 trans
fers and 3 mortalities that occurred at the 5 developments requiring bear manage
ment actions. Although restricted in utility to identifying point sources of contin
ued mortality and the incremental risk associated with the placement of new fa
cilities or the expansion of existing facilities within the park, the empirical model 
could supplement other efforts in quantifying mortality risk as part of a cumula
tive effects assessment for grizzly bears in the Greater Yellowstone Ecosystem 
(GYE). 

Introduction 

Attempts to model human-caused grizzly bear 
(Ursus arctos) mortality across the Greater 
Yellowstone Ecosystem (GYE) have theoretically fo
cused on the type and intensity of human recre
ational activities across the landscape {e.g., Weaver 
et al. 1987). It was assumed that the density, concen
tration, or frequency of the various activities could 
be correlated with bear deaths. For subsequent mod
eling, activity types could then be assigned a mor
tality coefficient to reflect the relative risk of caus~ 
ing or contributing to grizzly bear mortality. But in 
assessing ecosystem-wide mortalities, several au
thors (Povilitis 1987, Knight et al. 1988) demon-

strated that major causes differed among adminis" 
trative units within the GYE. Generally, human
caused grizzly bear mortalities in Yellowstone Na
tional Park (YNP) were. attributed to management 
actions associated with front country developed ar
eas whereas other activities like hunting (both legal 
and illegal) and the management of livestock dep
redating bears accounted for a majority of bear 
deaths beyond park boundaries. 

Recognizing such limitations, the National Park 
Service (NPS) introduced a grizzly bear mortality 
risk assessment in 1986 as part of the Final Environ
mental Impact Statement (EIS) of the Development 
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Concept Plan (DCP) for the Fishing Bridge Devel
oped Area (National Park Service 1988). The devel
opment of an empirical "mortality model" was de
scribed whereby the number of bear management 
trappings and transfers (and ultimately bear mor
talities) was attributed to each of 16 front country 
developed areas in YNP over a 10-year period. For 
purposes of the EIS, the mortality model was used 
to estimate the number of bear management trans
fers and mortalities attributable to each of the 16 de
veloped areas under various management alterna
tives for the 10-year period 1987-96. 

Here we compare known grizzly bear manage
ment transfers and mortalities that occurred in rela
tion to the 16 developed areas during 1987-96, with 
those estimated by the model in 1986. We further 
compare known bear management transfers and 
mortalities at the 16 developed areas between 2 time 
periods: the 10-year period 1977-86, from which the 
model was constructed, to the subsequent 10-year 
period 1987-96, in which the model was applied. The 
purpose of these comparisons is to evaluate the util
ity and application of the mortality model, as well 
as to provide insight into trends in grizzly bear mor
tality in relation to developed areas in YNP. 

Methods 

Initial Derivation and Application of 
the Model, 1977-86 

Data used to derive the empirical mortality 
model were obtained for the 10-year period 1977-86 
relative to bear management actions, conditions that 
existed at each of the 16 developed areas within YNP, 
and local measures of bear habitat quality and popu
lation density indices (National Park Service 1988). 
The model was developed using the statistical tech
niques and assumptions of simple- and multiple-cor
relation analysis followed by least squares analysis. 
The resulting equation explained 90% (R2 = .903) of 
the variation in bear management actions as related 
to all developments: 

TRAN= e (-2.305 + .0025l*CA P + .141*WALL + .05532*MALE) 

Where: 
TRAN= the estimated number of bear trappings and 

transfers over a 10-year period; 
e = 2.718281828 (natural logarithm, base e); 
CAP = the number of campsites and lodging units 

at each developed area; 
WALL= the presence (1) or absence (0) of a physical 

barrier (i.e., large lake or canyon) that would 
channel bear movements into a development; 

MALE = the percent of adult males in the local bear 
population. 

The final step in estimating bear mortalities re
quired the extrapolation of mortalities as a function 
of bear management trappings and transfers (Na
tional Park Service 1988). From 1977-86, 34 manage
ment trappings resulted in 10 bear mortalities and 
24 bear transfers to other backcountry localities 
within the park (Table 1 ). The corresponding rela
tionship of 1 bear mortality for every 3.4 manage
ment trappings (3410 = 3.4) was then applied to the 
estimated number of trappings and transfers to de
rive the estimated number of bear mortalities for 
each of the 16 developed areas. Mortality used here 
includes management kill:;, or bears otherwise re
moved from the population and sent to zoos or re
search facilities. 

Estimating bear mortalities in relation to devel
oped areas therefore becomes a two-step process. 
First, estimate the number of trappings and trans
fers relative to each development and then extrapo
late mortalities as a function of management trap
pings and transfers. This process was used to evalu
ate a wide range of administrative alternatives on 
grizzly bear trappings and mortalities in relation to 
removal, reduction, and/ or relocation of visitor fa
cilities to various existing and proposed locations 
throughout YNP (National Park Service 1988). While 
the number of bear mortalities is the underlying 
management concern, the number of trappings and 
transfers (TRAN) is the variable or index used to 
evaluate the power of the regression equation and, 
ultimately, the utility of the model. 

Application of the Model, 1987-96 

The estimated number of grizzly bear manage
ment trappings and transfers and related mortali
ties for each of the 16 developed areas as earlier re
ported (National Park Service 1988) for the 10-year 
period 1987-96 were compared to known trappings 
and transfers and mortalities that actually occurred 
from 1987-96. lnput data were relative to Alterna
tive A in the DCP, which called for removal of the 
310-site Fishing Bridge Campground beginning in 
1988. 
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Grizzly bear management trappings and trans
fers and subsequent mortality information were de
rived from records archived in the YNP Bear Man
agement Office. By maintaining detailed records and 
compiling a management history of problem bears, 
it is possible to determine at which location a given 
bear initially developed problem behavior. In this 
way, problem bear behavior and subsequent bear 
management actions can be attributed to a particu
lar development even when many developments are 
in dose proximity, as in the case of the Fishing 
Bridge, Lake, and Bridge Bay developed areas. Only 
successful attempts at capturing problem bears are 
included here. 

Chi-square analysis (Zar 1984) was employed 
to compare observed vs. estimated bear trappings 
and transfers (TRAN) across all 16 developments as 
well as only those developments (n = 5) where trap
pings and transfers actually occurred. Ninety-five 
percent confidence limits (Zar 1984) were also cal
culated for estimated trappings and transfers at each 
development and used for presentation purposes 
only. 

Predicting Grizzly Bear Mortality, Renkin and Gunther 

Results 

Estimated versus Observed Bear Management 
Trappings and Transfers 

Table 1 lists the model input variables used to 
derive the estimated number of bear management 
trappings and transfers (TRAN) for the 10-year time 
period 1987-96 at each development. The model sig
nificantly overestimated the number of trappings 
and transfers across all 16 developments (X2 =10.14, 
df === 1, P < .05). While 33.4 transfers were estimated, 
only 15 (44.9%) occurred. Eleven developed areas, 
including Fishing Bridge and Old Faithful, did not 
experience any bear transfers, even though 16.3 were 
estimated. Bridge Bay, Grant Village, and Mammoth 
all experienced transfers in proportion to those es
timated. Only Lake Village experienced more trans
fers than estimated (6 vs. 3.9); Canyon Village expe
rienced fewer transfers (3 vs. 7.0) than expected. 

On the other hand, 88% of the estimated num
ber of transfers actually occurred at the 5 developed 
areas requiring bear transfers (Table 1 ). The 15 trans-

Table 1. Model input variables, the estimated number of grizzly bear management transfers (±95% confidence limits), and extrapo
lated estimates of bear mortality attributable to the 16 front country developed areas of YNP. Estimated mortalities were obtained 
from the relationship of 3.4 transfers resulting in 1 bear mortality (see text) . The observed number of bear management transfers 
and mortalities for 2 time periods (1977-86 and 1987-96} is also shown. "Other" reflects the pooled data for 7 developments (Indian 
Creek, Lewis Lake, Roosevelt, Tower, Slough Creek, Pebble Creek, and West Thumb) where CAP ~ 100. Here, the range of input 
variables is given. The empirical model and variable definitions are describec:l in the text 

OBSERVED 
INPUT VARIABLES OBSERVED TRANSFERS MORTALITIES MORTALITIES 

Cap Wall Male Tran. per 10-year 
(95% CL) '77-'86 '87-'96 period ' 77-'86 '87-'96 

DEVELOPMENT 
Canyon Village 868 1 35 7.0 (3-16) 7 3 2.1 I 0 
Old Faithful 705 0 36 4.3 (l-13) 5 0 1.3 1 0 
Grant Village 536 1 36 2.5 (0-10) 1 3 0.7 0 le 
Lake Village 475 1 42 3.9 (l-12) 6 6 1.1 1 2d 
Bridge Bay 43S 1 36 2.5 (0-10) 3 2 0.7 3 0 
Fishing Bridge 351 1 so 4.4 (1-13) 9 0 1.3 1 0 
Mammoth 309 0 31 1.2 (0"8) 0 1 DA 0 0 
Madison Jct 292 0 36 1.5 (0·9) 1 0 OA 1 0 
N orris Jct 116 0 35 0.9 (0-8) 1 0 0.3 0 0 
Other 0-100 0-1 31-36 5.2 (0-58) la 0 1.5 2b 0 

TOTALS: 33.4 (6-157) 34 15 9.8 10 3 

atransfer occurred at Roosevelt; bmortalities occurred at Lewis Lake and Indian Creek Campgrounds; 'bear 223, 
subadult male, removed 8/94; dbear 134, adult female, removed 4/90; bear 83, adult female, removed 10/87. 
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fers that occurred did not significantly differ from 
the 17. l estimated by the model ('X2 = 0.26, df = 1, P 
> .05). The empirical model adequately accounted 
for management trappings in those developed ar
eas requiring bear management actions. 

Estimated and Observed Bear Mortalities 

Table 1 shows the estimated and observed bear 
mortalities attributed to the 16 developed areas. Al
though 9.8 were estimated, only 3 {30.6%) occurred. 
Two bear mortalities were attributed to Lake Village 
and 1 to Grant Village. The pooled estimate of bear 
mortalities for these two developed areas was 1.8. 

Differences in transfers and Related Mortalities 
between 1977-86 and 1987-96 

An overall decrease in bear transfers was ob
served between the 10-year period 1977-86 and the 
10-year period1987-95. Fishing Bridge, Canyon Vil
lage, and Lake Village experienced the greatest pro
portion of transfers (22/34 = 64.7%) during the 
former period, whereas Lake, Canyon, and Grant 
Villages experienced the greatest proportion ( 12 I 15 
= 80%) during the latter period. Collectively, Fish
ing Bridge and Old Faithful experienced a dramatic 
decrease in bear transfers between the 2 periods (14 
vs. 0). All other developed areas experienced trans
fers that were proportional (20 vs. 15) between the 
two periods (x.2 =1.67, df = 1, P > .05). Bear transfers 
at Lake Village, however, remained relatively high 
(6 vs. 6), and transfers at Grant Village may be in
creasing (1 vs. 3}. 

Similar trends were observed with bear mortali
ties between the 2 periods. The rate of mortality de
creased from an average of 1 bear per year during 
the former period to 1 bear per 3 years recently. No 
mortalities occurred during either period at 7 de
veloped areas in the park, while 7 other develop
ments experienced a mortality decrease. Only Lake 
(1 vs. 2) and Grant (0 vs. 1) Villages experienced in
creased mortalities during the latter period. 

Discussion 

Model Utility and Application 

Use of the empirical model is predicated on in
dependent variables that appear static but, realisti
cally, may be quite dynamic. Only the presence or 

absence of a physical barrier (WALL) will remain 
constant over time. Changes in the percent of adult 
males in the local population (MALE) require con
tinual modification based on bear population moni
toring data and are subject to the inherent difficul
ties of quantifying bear population numbers. This 
input could be expected to change in response to 
landscape-level bear population trends or habitat 
disturbances such as the fires of 1988. Furthermore, 
annual variation in food availability can affect the 
seasonal distribution of bears (Mattson et al. 1991), 
but this variation is assumed to average out over 
the 10-year period. As such, the number of camp
sites and lodging units at each developed area (CAP) 
is the only independent variable easily manipulated 
or justified for analysis of administrative alterna
tives. Application of the mortality model is there
fore limited to anticipated or proposed changes in 
the number of campsites and lodging units (CAP). 
There is no opportunity to allow for independent 
variables to co-vary within a given development 
without a rigorous reevaluation of bear density 
trends. 

The empirical model is further constrained by 3 
underlying assumptions, all of which are expeded 
to remain constant over time: 1) bear behavior; 2) 
management actions in response to bear behavior; 
and 3) human behavior within developed areas. 
Enforceme11t of sanitation within developments will 
most likely ensure consistency of human behavior 
with regard to providing little or no human food 
opportunities for bears over the long term. How
ever, increased bear use of spawning streams result
ing from changes in the management of cutthroat 
trout in Yellowstone Lake (Reinhart and Mattson 
1990, Reinhart et al. this volume) and the suspected 
increase in bear predation on elk calves following 
the cessation of elk population controls (Gunther 
and Renkin 1990) could potentially violate the 
former assumption. Additionally, as problem bear 
behavior has evolved from a human-food-condi
tioned to a habituated (but not human-food-condi
tioned) situation in developed areas, managers have 
become increasingly tolerant of bear activity in de
veloped areas (Gunther et al. this volume). However, 
the increasing practice of relocating problem bears 
throughout the ecosystem may decrease the toler
ance for a given bear, even if the bear has no previ
ous management action history in relation to a given 
development. 

These described limitations and the inherently 
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small sample size and concomitant high degree of 
variation in transfers among developments probably 
account for the overestimation of transfers across all 
park developments. Still, the model appears suffi
ciently robust to account for management transfers 
and subsequent bear mortalities where repeated 
problems do exist. It appears the greatest utility of 
the empirical mortality model is that it allows for 
the identification of specific developments as "mor
tality sinks" where managers should focus efforts 
to mitigate bear problems. 

Other applications may include analyses of 
where to situate a proposed new development in 
the park, or the predicted consequences of expand
ing an already existing facility. Such applications 
may be valid provided the independent variables 
(particularly CAP) fall within the range of values 
presented here. Caution should be exercised, how
ever, when attempting to apply the model outside 
park boundaries where other causes of mortality 
may predominate or when evaluating the mortality 
contribution of gateway communities. If such ap
plications were desired, it would be beneficial to 
reexamine independent-dependent variable rela
tionships by including relevant data for the gate
way communities. Alternately, developing a mor
tality risk index similar to Povilitis (1987) may be 
preferred. A more inclusive analysis would allow 
for quantitative comparisons between park devel
opments, gateway communities, and, perhaps, other 
mortality sources. Such an approach would contrib
ute substantially to modeling population viability 
by way of a cumulative effects analysis. Regardless 
of the intended application,. the mortality model will 
predict an increase in management actions and, ul
timately, bear deaths whenever recreational devel
opments are situated or expanded in occupied griz
zly bear habitat. 

ComRarisons between 1977-86 and 1987-96 

A reduction in both management transfers and 
mortalities within the park was observed during the 
last decade. As a result, the ratio of mortality to trap
pings and transfers decreased from 1:3.4 to 1:5. 
These trends parallel the decrease in ecosystem
wide, human-caused bear mortalities where an av
erage of 9.1 per year (n == 91) were observed during 
1977-86compared to 7.9peryear (n =79)from 1987-
96 (Knight and Blanchard 1995, Gunther et al. 1996, 
K. Gunther, pers. cominun.). The reduction of visi-

Predicting Grizzly Bear Mortality, Renkin and Gunther 

tor recreational facilities at Fishing Bridge undoubt
edly contributed to this decrease. The observed de
clines can also be attributed to the continual empha
sis on sanitation, visitor education, and elimination 
of human foods within park developments. 

Contemporary management removals not only 
involve habituated, human-food-conditioned bears, 
but a1so may include habituated bears seeking natu
ral foods within developments, representing a par
ticularly challenging problem. Of the mortalities 
presented here during 1987-96, 1 involved a bear 
(#134, an adult female) with a known history of u ti
lizing spawning cutthroat trout within the confines 
of the Lake Village developed area. Given thatsani
tation and visitor education will remain a vital com
ponent of the bear management program, innova
tive strategies to deal with habituated bears seek
ing natural foods will be required to avoid unneces
sary bear deaths in relation to front country devel
oped areas (see also Reinhart et al. this volume). 

Potential Refinement of Model Constants 

Although the model provided reasonable esti
mates of transfers and bear mortalities, it may be 
desirable to refine model constants in the future. For 
instance, projecting mortality using the 1:5 ratio of 
mortalities to management trappings would result 
in a more conservative estimate of 6.7 mortalities 
per 10-year period rather than the 9.8 originally de
rived. Such an estimate would be more commensu
rate with the 3 observed mortalities from 1987-95. 
In addition, it may be desirable to express outputs 
over a 20-year period if both transfers and mortali
ties continue to decline across all 16 developments 
by at least 50% over the next 10-year estimation pe
riod (1997-2006). Model refinement may be prema
ture at this point, however, considering that ob
served transfers and mortalities were within the 
range of 95% confidence limits calculated for the 
dependent variable (see Table 1 ). 

Conclusions 

The grizzly bear mortality model as presented 
here appears to be a usefu1 tool for both scientists 
and managers and could be refined to reflect chang
ing relationships between management actions and 
subsequent bear mortalities over time. Management 
utility and application is related to the identifica
tion of developed areas where continual problems 
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exist or are increasing. The model could similarly 
be used to evaluate the effectiveness of localized 
management strategies designed to reduce problems 
within specific developments. While the model ap
pears to satisfy its intended use by managers to 
evaluate the consequences of removal, reduction, or 
relocation of visitor facilities within the park, it also 
provides scientists with a quantitative means to 
evaluate the contribution of park developments rela
tive to other ecosystem-wide sources of bear ri1or
tality. The model further provides a promising 
framework to explore similar relationships with 
other non-park point sources of mortality. 
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Abstract 

-~---- - - - ---- - -1 

This paper examines the activities of the Wyoming legislature with regard to 
wolf (Canis lupus) bounties. A brief overview of wolf bounty legislation and results 
dating back to 1875 is provided, along with selected quotations from explorers and 
residents to give insight into the prevailing social context. Review of some historic 
and current references to wolves indicates that majority attitudes of Greater 
Yellowstone residents toward the wolf may have gradually undergone a transition 
from annoyance, to fear and hatred, and eventually, to respect. We suggest that a 
generally negative attitude toward government is the basis for much of the oppo
sition to wolf reintroduction, rather than a fear and hatred of the species itself, 
which may pose serious problems for wildlife managers. More than 100 years of 
history is reviewed, concluding with the activities of the 1995 legislature. 

Introduction 

Local opposition to wolf reintroduction into Yellowstone National Park was 
reflected in the actions of the 1995 Wyoming Legislature when it passed a $1,000 
bounty on wolves, although the state hadn't paid a wolf bounty for many years; 
We wondered whether wolf bounty legislation was generally indicative of public 
attitudes toward wolves at the time of enactment. To answer this question, we 
conducted a review of historic and current references to wolves in the Greater 
Yellowstone Ecosystem (GYE) and determined the bounties offered and the num
ber of wolves killed as a result. 

177 



Greater Yellowstone Predators: Ecology and Conservation in a Changing Landscape 

Trapper/Explorer Era 

To understand how transitions in public atti
tudes toward wolves have influenced Wyoming 
wolf bounties, we need to step back in time to the 
days before bounty laws were enacted. We start by 
reviewing the accounts of trappers and explorers, 
the first white men to become familiar with the wolf 
in the Rocky Mountain West. Journals of explorers 
to Wyoming in the early to mid-1800s contain few 
references to wolves beyond presence or abundance. 
Fur trappers were mainly interested in beavers (Cas
tor canadensis ); wolves were considered of little or 
no value. Brigadier General Hiram Martin 
Chittenden, in his American Fur Trade of the Far West, 
described the wolf as a source of extreme annoy
ance: "Such was the wolf, an animal of little value 
to man, yet one that he had to take account of be
cause of its troublesome habits" (Chittenden 
1954:829). The wolf was known to sneak into camp 
at night and kill tethered livestock and to steal ar
ticles from camps while the occupants slept. "They 
were thus always a source of extreme annoyance" 
(Chittenden 1954:830). Trapper Osborne Russell 
probably would have agreed when, after carefully 
caching a supply of meat by burying it deep in a 
snow drift and topping it with stones and burning 
gunpowder as a deterrent, he "found the wolves had 
dug it up and taken the best of it notwithstanding 
our precautions" (Russell 1965:110). George Ruxton, 
who traveled through the Rockies in the 1840s, com
plained that wolves would come into camp and 
chew up saddle leather, ropes, and buffalo hides 
(Porter 1950). Durward Allen noted: "Yet knowl
edgeable travelers had no fear of wolves and usu
ally did not waste ammunition shooting them. The 
animals lurked about waiting to share the spoils of 
a hunt, and at worst they were a nuisance" (Allen 
1979:402-403). 

We found no accounts of wolves being killed in 
the Yellowstone area during the fur trade era of the 
early 1800s. Russell was once surrounded by a pack 
of howling wolves, which he quickly dispersed with 
a "flashing" of his pistol (Russell 1965:35). Yet Russell 
stated that "they are not ferocious towards man and 
will run at sight of him" (Russell 1965:129). 
Chittenden agreed. "The animal was rarely, if ever, 
known to attack man, even when impelled by ex
treme hunger" (Chittenden 1954:830). Perhaps 
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Russell even felt some sympathy for the wolf, as 
suggested in his description of an incident that oc
curred when, upon catching the scent of Russell's 
dinner, a wolf sat upon a nearby rock and bewailed 
"his calamities in piteous moans" (Russell 1965:46). 
When describing the howl of the wolf, other trap
pers and explorers in the area in the late 1860s 
through the 1870s did not describe the blood-cur
dling howls of an evil beast, but instead used words 
such as "mournful," "dismal," "plaintive," and 
"doleful" (Schullery and Whittlesey 1992). These 
words are all associated with sadness, so regardless 
of whether these men actually held any compassion 
for the animal, perhaps they at least felt some slight 
empathy. Ruxton most certainly did. After a large 
gray wolf had followed him for several .days of travel 
he noted: "I had him twenty times a day within 
reach of my rifle, but he became such an old friend 
that I never dreamed of molesting him" (Porter 
1950:204). Later, while spending a cold and miser
able night in a storm near Pike's Peak, Colorado, 
Ruxton observed that his" old friend the wolf [how
ever] was still a companion, and sat all night within 
sight of the fire, howling piteously from cold and 
hunger" (Porter 1950:205). These words are not de
scriptive of an animal these mountain men feared. 
Ruxton also described an interesting incident while 
camping in a heavy snowstorm on the Platte River: 

In the middle of the night I was awakened 
by the excessive cold, and turning towards 
the fire, which was burning bright and 
cheerfully, what was my astonishment to 
see a large grey wolf sitting quietly before 
it, his eyes closed, and his head nodding in 
sheer drowsiness! Although I had fre
quently seen wolves evince their disregard 
to fires, by coming within a few feet of them 
to seize upon any scraps of meat which 
might be left exposed, I had never seen or 
heard of one approaching so close as to 
warm his body, and for that purpose alone. 
However, I looked at him for some mo
ments without disturbing the beast, and 
closed my eyes and went to sleep, leaving 
him to the quiet enjoyment of the blaze (Por
ter 1950:261). 

By the 1850s, the beaver population had been 
decimated in the Rocky Mountain West and atten-
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tion turned to wolves and bison (Bison bison). Wolves 
were easily taken by lacing bison carcasses with 
strychnine poison. George Bird Grinnell described 
that" often while this is being done, the wolfer would 
be surrounded by a circle of ten or a dozen or more 
wolves, waiting patiently for him to complete his 
operations and go away, so that their meal might 
begin. In those days wolves had no fear of man. They 
were seldom shot at, and knew of the gun chiefly as 
an implement to call them to a feast" (Grinnell 
1897:161). Stanley Young summarized similar ac
counts such as the following made by John 
Townsend: 

I have often been surprised at the persever
ance and tenacity with which these animals 
will sometimes follow the hunter for a 
whole day, to feed upon the carcass he may 
leave behind him. When an animal is killed, 
they seem to mark the operation, and stand 
still at a most respectful distance with 
drooping tai1 and ears, as though perfectly 
indifferent to the matter in progress. Thus 
will they stand until the same is butchered, 
the meat placed upon the saddle, and the 
hunter is mounted and on his way; then, if 
he glances behind him, he will see the wily 
forager stealthily crawling and prowling 
along towards the smoking remains and 
pouncing upon it, and tearing it with tooth 
and nail, immediately he gets out of reach 
(Young 1944:125r126). 

!-Jorace Greeley commented on wolves after his 
1859 trip across the country, stating, "It is very comr 
mon for these wolves to follow at night a man trav
eling the road on a mule, not making any belliger
ent demonstration, but waiting for whatever may 
turn up" (Young 1944:126). These men did not fear 
the wolf, even given the close association they had 
in sharing a hunter 's harvest. To these early resi
dents of and visitors to the West, the wolves were 
neither feared nor hated, but were merely another 
interesting member of the natural wildlife commu
nity. 

Western Settlement 

The early fur trappers and explorers had told of 
the richness and diversity of nature to be found to 
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the west. By 1845, at least 5,000 emigrants had fol
lowed the Oregon Trail, crossing the Rocky Mounr 
tains at South Pass, Wyoming, to settle the 
Willamette Valley of Oregon, known as the Garden 
of Eden for its free virgin land. In 1847, Brigham 
Young, the new leader of the Mormon Church, ber 
gan settlement of the Salt Lake Basin, organizing a 
huge migration to the new Zion. And, in 1849, the 
gold rush to California began. Freighters became 
wolfers during the winter. Thousands of dollars 
worth of wolf hides (at only 50 cents a hide) were 
shipped from the Upper Missouri as a result of the 
popularity of strychnine by the 1860s. In 1862, Conr 
gress passed the Homestead Act, furthering the 
cause of western settlement. The "long drives" of 
cattle began in 1866, and a year later Horace Greeley 
urged easterners to "Go west, young man." This 
great westward movement may have led to the era 
of fear and hatred of the wolf. While explorers and 
trappers in the uninhabited Rockies were adventure
some, self-reliant outdoorsmen who had no real rea· 
son to fear the wolf, later emigrants experienced an 
entirely different reality. The emigrants faced a 2,000-
mile trek from the Missouri River to the Pacific 
Coast, leaving the Missouri early in May. "More of
ten than not, men made the decision to make the 
crossing. Wives either went with their husbands or 
faced being left behind. Four out of five men on the 
overland trail had picked up stakes and moved be
fore, some of them several times. Most had little cash, 
but they needed only strong legs, a few staples, and 
a willingness to tighten the belt when game was 
scarce. The majority of people traveled in family 
groups, including in-laws, grandchildren, aunts, and 
uncles" (Divine et al. 1984:495). 

The first leg of the journey, following the North 
Platte River to Fort Kearney, was fairly pleasant and 
was usually completed by late May. But the second 
leg, into the Wyoming Territory and the Great 
American Desert to Fort Laramie, was much more 
difficult for the emigrants. There was no wood for 
campfires and the blazing sun burned the grass. In
dian wars raged. In a hurry to beat the snowfall, trav
elers rushed on to South Pass, a barren land with 
cold nights even in mid-July. The emigrants were 
lonely and exhausted. Still, more than a month of 
h·avel was ahead of them if they were to get as far 
as Fort Hall, Idaho, before winter set in. Wyoming 
was a land of desolation to these travelers. After 
months of hardship on the trail and many miles still 
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to go, the wolves appeared to be the physical mani
festation of everything that had gone wrong on the 
trail or that could go wrong. They were always there, 
in view, watching and waiting for the next misfor
tune to befall the travelers. General Chittenden ob
served: 

The wolf was the most ignoble of the in
habitants of the plains. It personified cow
ardice, beggary, craftiness, deceit, merciless
ness, and all the group of evil qualities that 
are comprised in the term wolfishness. It 
was the shark of the plains, and it followed 
the caravans for whatever it might find 
along the route, such as the refuse of camps, 
or the remains ot buffalo and other game 
slain by the hunters. It delighted to disin
ter the bodies of persons who dieq on the 
way, and only the most thorough protec
tion could save the graves of the dead from 
this desecration .... In the night it filled the 
air with its unearthly and hideous 
how lings, and gave an impression of power 
out of all proportion to what it really pos
sessed (Chittenden 1954:829). 

Young wrote: 

During the earlier days of western settle
ment, the eating of dead humans by wolves 
seems to have occurred whenever bodies 
were available. During the outbreak of chol
era among the traveling emigrants in 1849-
50~51, accounts of the epidemic state that 
rnore than 500 fresh graves on the south side 
of the Platte between the Missouri and Fort 
Laramie were visible along the trail. 
Brigham Young admonished the migrating 
Mormons to avoid this part of the road 
while traveling west for fear of the epi
demic. Narrators of the Mormon trek at the 
time state: 'Scarcely a grave that had not 
been robbed of its contents by wolves, and 
the bones of its occupants lay bleaching on 
the prairie. At the same time those who per
ished on the trail while trekking to try their 
fortunes at gold digging in California were 
reported disinterred by wolves' (Young 
1944:216-217). 

For the emigrants, to experience the hardships 
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of travel followed by the trauma of sickness and 
eventual death of beloved members of the family 
and to bury these loved ones in hastily dug graves 
along the trail, only to witness this 'shark of the 
plains' quickly excavating the gravesites and con
suming the remains, made the wolf an animal to fear 
and hate. The wolf had become the personification 
of evil, the physical manifestation of death and hard
ship. 

Cattle Depredations 

Hatred of wolves was further reinforced in the 
early settlers by the wolves' acceptance of domestic 
livestock as a food source. With the 1871 discovery 
that buffalo hides made quality leather, bison hunt
ing mounted. Six years later, however, bison hunt
ing began to decline and by 1884 only a few hun
dred bison remained. As bison were eliminated and 
the range was stocked with herds of cattle, wolves 
began to change their prey base. Young wrote: 

The wolf was thus brought into direct com
petition with the livestock producer and 
provoked continued warfare. Every known 
means such as guards, grms, traps, poisons, 
bounties, and wolf-proof enclosures were 
sooner or later employed to obtain relief 
from wolf depredations .... Although disease 
might decimate his flocks and herds, or 
drought or severe winters might result in 
starvation or extreme cold losses, none of 
these factors seemed to arouse such out
standing resentment and determination of 
the stockman-farmer to adopt every means 
of elimination, as when the wolves killed 
on the open prairie or mountain range, or 
maimed and mutilated his range cattle and 
entered corrals to prey upon domestic stock. 
The cowman of the Old West wrought spe
cial vengeance on the wolf. Combating the 
wolf was not, however, a matter of mere 
revenge. Losses caused by this animal were 
often the chief factor in determining 
whether a season's range operations were 
to produce a profit or the reverse, to the in
dividual stockman, particularly the small 
producer (Young 1944:378). 

In 1875 the Wyoming Territorial Legislature en
acted legislation authorizing a 50-cent bounty to be 



paid on wolves, increasing it to $1 in 1879 and to 
$1.50 in 1884. The 1875 and 1879 laws were entitled 
''for the protection of sheep" and wolves were the 
only predators bountied. Only later were the laws 
expanded to include the destruction of other preda
tors. The year 1886 brought a summer of drought in 
which the grass on the range burned and cattle went 
into the winter in poor condition. That winter of 
1886-1887 became known as the Great Die Up be
cause of the death of thousands of head of livestock. 
Wyoming became a state in 1890, and by 1893, the 
bounty on wolves was up to $8 per wolf. Ranchers 
and stock associations offered rewards of up to 
$1,000 for the killing of individual renegade wolves, 
which were responsible for the killing of thousands 
of dollars worth of livestock. 

History of Wyoming Wolf Bounties, Urbigkit and Urbigkit 

Sights now to be witnessed on the range are 
such as to take all the heart away from the 
sturdy ranchman who has worked for the 
upbuilding of this country. The damnable 
terrorists of the timber-the wolves-are 
sweeping down on the range and playing 
havoc with the cattle. Riders coming in ev
ery day tell of the damage being done. Ani
mals have been found hamstrung, and with 
portions of the carcass eaten away, while oth
ers have been found in a crippled form, but 
had managed to get away from the beasts .. 
The shame should be pointed in the face of 
every member of our late legislature who 
opposed the bounty appropriation or had 
any part in the reduction of the bounty on 
predatory wild animals. A little hamstring
ing of some of them one year from next fall 
might prove compulsively that the voice of 
the people must be respected (Pinedale 
Roundup, May 24, 1905). 

By 1896, it was claimed that wolves were caus
ing almost a million dollars worth of damage to the 
Wyoming livestock industry every year. Wyoming's 
United States Senator Thomas B. Kendrick testified 
before a congressional committee that wolves had 
sometimes destroyed as much as 50% of the year' s 
calf crop. From 1895 to 1907, 24,113 wolves were 
bountied by the State of Wyoming for $3-5 per pelt 
(see Table 1). When the Wyoming Legislature low
ered the wolf bounty from $5 to $3 in early 1905, the 
citizenry was outraged as evident by the following, 
taken from the Pinedale Roundup at the time: 

The depredations continued. The Wyoming Leg
islature appealed to the United States Congress for 
assistance, which wasn't provided until several 
years later. Problems were reported in 1906 in the 
area from Jackson to Pinedale. The killing had 
started with the appearance of the wolves in the 

Table 1. Wolf bounties paid by the s1ate of Wyoming . 

Year Number Price ($/wolf) 

1895 1699 3.00 
1896 3458 3.00 
1897 897 4.0D Adu lt 

.75 Pup 

1898 3384 4.00 
1899/1900 4908 3.00 
1901/1902 4480 3.00 
190311904 2256 5.00 
190511906 3214 3.00 
1907 447 3.00 
1908 2928 5.00 
1909 /1910 3419 5.00 
1911 /1912 313 5.00 
1913 /1914 1559 5.00 
1915 100 5.00 
1916 113 7.50 Ad. Male 

12.00 A d. Female 
5.00 Pup 

1917 /1 918 71 15.00Adult 
241 10.00 Pup 

Source 

Bailey 1907 
Day & Nelson 1928 
Bailey 1907 

Day& Nelson 1928 
Bailey 1907 
Bailey 1907 
Bailey 1907 
Bailey 1907 
WY Auditor 
WY Auditor 
WY Au ditor 
WY Auditor 
WY Auditor 
WY Auditor 
Hamp ton 1995 

WY Auditor 
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lower country in mid-Janua1y of that 
year. It was reported: 

Ranchers are using up good horse 
flesh every day in riding after 
them but to no avail. Nearly a 
score of cattle have been reported 
killed by the varmits which sweep 
down at night. The sight is heart 
rendering to the rancher who 
must ride among his cattle and 
note the work of destructfon. 
Many that were not killed have 
been badly bitten, chunks being 
taken out, leaving them badly 
crippled (Pinedale Roundup, Feb-
ruary 7, 1906). 

Locals formed bounty associations 
in an attempt to provide some relief. 
It seemed the wolf population was 
growing. In 1906, Charles Budd near 
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Big Piney had yearling calves and 4 colts killed in 
his pasture over a 6-week period centering on March. 
In one area near Pinedale, 22 head of cattle were 
killed by wolves between January and April. These 
were significant numbers for individual stock pro
ducers. Eva Hayes of Lander grew up in the Split 
Rock area of central Wyoi:ning in the early 1900s. 
She told us of the wolves that had come in and killed 
the family's turkeys. The family had invested all of 
their life-savings in these turkeys, and the wolves 
had effectively deaned out the family accounts in 1 
night. The family was heartbroken, angry, and des
titute. 

By 1908, Wyoming was again paying a $5 bounty 
on wolves. From 1908 to 1910, the State of Wyoming 
paid a $5 bounty on more than 6,000 wolves. A 1911 
report on the legislative bounty appropriation noted 
that "the last appropriation (1909) made under this 
act was sixty thousand dollars, but it was all spent 
on bounties long before the meeting of the next leg
islature, when another appropriation might be 
made" (Hebard 1911:200). In 1911, then Governor 
Carey, believing the bounty program wasn't work
ing, vetoed the bounty legislation. The citizens felt 
this unjust: "The stopping of bounty payments was 
a mistake of the present administration and a poor 
economy plan, for the man who owns a ranch and a 
small bunch of cattle has as much right to protec
tion from predatory animals as the citizen of any 
town has in having police protection" (Pinedale 
Roundup, April 25, 1912). Governor Carey again ve
toed a bounty bill in 1913, but before the end of the 
legislative session he relented. 

Table 2. Wolves taken in Wyoming by the U.S. Biological Sur
vey and its cooperators, 1917-1926. 

Year Number Source 

1917 98 Hampton 1995 
1918 55 Young 1944 
1919 88 Young 1944 
1920 26 Young 1944 
1921 104 Young 1944 
1922 116 Young 1944 
1923 52 Hampton 1995 
1924 14 Hampton 1995 
1925 1 Hampton 1995 
1926 12 Roop 1971 

U.S. Government Begins 
Predator Eradication 

In 1914, the United States Congress passed leg
islation calling for the elimination of predators from 
all public lands and in 1915, the U.S. Biological Sur
vey took over predator control efforts in Wyoming. 
Hundreds of wolves were killed in the following 
years. Wolves were reportedly abundant in 
Yellowstone National Park at the time and did much 
damage to the wildlife in the park The local wolf 
bounty associations in northwestern Wyoming were 
paying $20 for a wolf pup, and $50-60 for an adult 
wolf. In 1916, the National Park Service was created 
and the new agency took over management of 
Yellowstone, becoming active participants in the 
predator eradication program. In the next 10 years, 
more than 100 wolves were killed or taken alive from 
the park. 

In 1922, after a pack of wolves had killed and 
partially consumed 5 elk calves, Park Ranger Harry 
Anderson killed 3 members of the pack. According 
to the Livingston Enterprise, "The others escaped, but 
the park ranger has vowed to avenge the death of 
the tiny elk and is determmed to clean out all wolves 
in Wonderland" (Livingston Enterprise, July 13, 1922). 
By 1926, only a few wolves remained in western 
Wyoming. Several wolf hunters in the region out
side of Yellowstone National Park live-captured a 
few dozen wolf pups for the purposes of sale to east
ern zoological parks and local exhibitions; a few 
were kept as pets by locals. The U.S. Biological Sur
vey and its cooperators had killed 566 wolves in 

·Wyoming in the 10 years prior to 1927 (see Table 2). 
By 1928, the Biological Survey estimated that there 
were no more than 5 adult wolves left ranging in 
Wyoming outside of Yellowstone National Park 
(Day and Nelson 1928:4). 

The last of the lobos, the renegade wolves 
known by the physical characteristics unique to each 
individual and some of the worst livestock killers 
of all time, prompted a change in public attitude. 
These wolves were wary, clever animals that seemed 
almost impossible to stop, regardless of the enor
mous capture efforts. These wolves gained the re
spect of their observers, though it may have been 
only a grudging respect. Even the wolf hunters that 
in time dispatched the last of these legendary stock 
killers expressed some hesitancy about their work. 
H.P. Williams, after finally catching up to and kill-
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ing the famous Custer Wolf in 1920, stated, "I tell 
you I'd built up such respect for the old devil that, if 
he hadn't had a trap on one foot, I might not have 
killed him. I really think I might have let him go" 
(Roop 1971:37). Ernest Thompson Seton also popu
larized these wolves in his widely read stories, such 
as. "Lobo, the King of the Currumpaw", and "Bad
lands Billy: The wolf that won" (Seton 1985). 

The 1927 Wyoming legislature reenacted the 
wolf bounty at $5 for each wolf, but lowered it to $3 
2 years later. With few wolves left, bounty hunting 
became an unprofitable business. By 1939, the For
est Service estimated that only 6 wolves remained 
on the national forests in Wyoming (Young 1944:54~ 
55). In 1940, Wyoming Game and Fish Department 
game warden H.B. Sanderson shot a large male wolf 
on the north rim of Shell Canyon in the Bighorn 
Mountains. Three years later, a sheep rancher on the 
Wind River Indian Reservation killed a male wolf, 
later stating: "But it was kind of sad to think that he 
was the only one that I'd ever seen and I killed him. 
Of course, at the time I was thinking there was noth
ing else I could do. But at the time he was endan
gering my sheep herd" (Cottenoir 1993:12). In 1944, 
Young noted: 

In many parts of the West ranchmen are still 
to be found who vividly recall the depreda
tions and the costliness of these renegade 
wolves. It is probable that never did more 
intelligent wolves exist. Rarely have more 
dramatic hunts been planned and carried 
out, nor greater ingenuity employed, then 
the efforts put forth by the hunters who 
trailed these wolves and finally killed them. 
These animals had become wise beyond all 
other wolves through constant experience 
with the devices employed for capturing 
thein. At times they seemed to be possessed 
of uncanny intelligence in avoiding steel 
traps, and in detecting various poisons, de
spite the variety of methods used in attempt
ing to give the drugs to them. They likewise 
seemed to know when a man was weapon
less. With every hand turned against them, 
their wisdom was respected by the stockmen 
upon whose cattle they depredated, as well 
as by the wolf trappers who finally elimi
nated them at the cost of much time, money, 
and patience (Young 1944:285). 

History of Wyoming Wolf Bounties, Urbigkit imd Urbigkit 

The short era of the lobos produced a startling 
effect. Despite the recent memory of the monetary 
damage wolves could cause to livestock, these last 
wolves instilled a very different attitude in at least 
a few people. They were seen as worthy adversar
ies-cunning, intelligent, and bold animals that 
could strike back with vengeance. Wolves had won 
respect. 

The bounty for wolves in Wyoming remained 
on the books at $2-3 through the late 1950s, even 
though control of predators was mainly accom
plished by designated predatory animal control dis
tricts and other government programs. Government 
predator control agents were unable to receive the 
bounties. In 1949, a federal predator control agent 
accidentally killed a white wolf near Lander using 
a cyanide poison set which had been placed to kill 
what was believed to have been a depredating dog. 
Government predator control efforts were not aimed 

. at controlling individual problem animals, but in
stead were geared toward complete eradication of 
all predatory animals and rodents, mainly through 
the use of Compound 1080 poison baits. In the 1960s, 
poison baits were dropped from airplanes through
out western Wyoming, until a ban on this practice 
went into effect in 1972. 

Wolves were seen periodically by locals, but 
there were so few wolves that they were not viewed 
as a threat and instead were viewed with pleasure. 
Even the old timers who remembered past damage 
were not inclined to kill a wolf, unless it caused 
trouble. One rancher, Snook Moore, whose stepfa
ther hunted wolves for the Fish Creek Wolf Asso
ciation in the early 1900s, has seen a few wolves (as 
many as 4 together) on his ranch in the Gros Ventre 
periodically over the last 50 years and has never shot 
at one. When asked whether he was tempted to 
shoot the wolf he had spotted out his kitchen win
dow 3 years ago, Snook (pers. commun.) replied: 
"No, I didn't want to shoot it. I could have, but I 
didn' t want to." But Snook also cautioned, "If the 
wolves get thick, they'll bother." The few wolves 
living in the wilds of Wyoming offered opportuni
ties for rare wildlife encounters that residents en
joyed (see Halfpenny this volume re sightings in GYE 
post government eradication). Snook explained that 
there were always a few wolves around until the 
government use of 1080, but then "that poison situ
ation, they really destroyed the wolves, there's no 
doubt about it." According to Snook, the public, in-
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eluding many ranchers "felt pretty bad about that 
poison 'cause it killed so damned much stuff than 
what they was putting it out for." 

Federal Protection Begins 

Wolves were finally given federal protection in 
1973. It seemed that the rarer the wolf became, the 
higher the regard it received. One Carbon County, 
Montana, rancher stated: "The last time I saw a gray 
wolf was the winter of 1978 on my ranch in Carbon 
County. This wolf hung around for days and 
watched us feed. We had no reason to shoot this 
wolf; he didn't bother the cattle" (Strickler 1993). A 
Wyoming woman who saw a wolf while hunting 
described the experience: "His broad head, beauti
ful gray coat, and his dignity as he stood watching 
us, made a lasting impression. It was an experience 
I shall never forget" (Barthell 1988). Other residents 
of the Greater Yellowstone Ecosystem became some-
what protective of the few remaining wolves. For 
instance, 3 Sublette County ranchers whom we con
tacted about their wolf observations initially denied 
that they had ever seen a wolf. Eventually they 
shared their experiences, which included taking 
their wives to a remote lake to catch a glimpse of a 
mother wolf and her pups. They explained their ear
lier denial of wolf sightings by stating that they sim
ply wanted the wolves to be left alone. 

Wyoming residents have been hesitant to report 
wolf sightings. We've heard seve,:al reasons for this, 
including 2 based on the old "if it ain't broke, don't 
fix it" philosophy: 1) some residents don't approve 
of the hands-on, aggressive approach to wildlife 
management practiced today-the thought of biolo
gists capturing these wolves and putting radio col
lars on them to "save" them is very unappealing; 
and 2) some residents also believe that public aware
ness of these wolves could lead to their demise. 
However, the primary reason seems based on a dis
like and mistrust of government agencies. Many 
people believe thatif government agencies discover 
the presence of an endangered species, hunting sea
sons, grazing leases, etc., will be closed or revoked 
in the area where the species occurs. This reasoning 
featured prominently in the debate over wolf rein
troduction into Yellowstone National Park. Perhaps 
Wyoming's U.S. Senator Malcolm Wallop summa
rized it best when he stated, "I think most people in 
the West have had a belly full of the U.S. govern-

ment and its ability to keep its word." Wallop con
tinued: "The wolf isn't as much the problem as are 
the regulations under the Endangered Species Act 
that come with him. The wolftakes over the man
agement of everything-of recreation, wildlife, tim
ber operations, and other kinds of things" (Senator 
Malcolm Wallop, July 13, 1993). 

Exactly 1 week after the first wolves were rein
troduced into Yellowstone National Park from 
Canada, the Wyoming House of Representatives 
Agriculture Conunittee passed a measure to put a 
$500 bormty on wolves that strayed outside the park. 
This would require the State Attorney General to 
legally defend any hunter who attempted to collect 
the bounty if the federal government were to pros
ecute. The bill was sponsored by Republican busi
nessman Roger Huckfeldt of Torrington. When 
asked why he sponsored the bill, Huckfeldt (pers. 
commun.) explained: ''The federal government is 
forever imposing unfunded mandates on states and 
communities. We want the federal government to 
be more responsible for the actions they take." 
Huckfeldt, who collects wolf artwork, said, "I am 
not a wolf hater, but the federal government is wast
ing our money. We have a truly endangered species, 
one unique to Wyoming-the black-footed ferret. 
Wyoming can't get enough money to save this en
dangered species from extinction, yet the federal 
government spends millions on a species that really 
isn't even endangered. We are sick of the waste and 
the bureaucracy." Huckfeldt reported he had 
watched 2 wolves cross a meadow in front of him 
while elk hunting south of Yellowstone Park 3 years 
prior. He said of this encounter: "I was angry. I was 
angry because the Fish and Wildlife Service had lied 
to us for years and years, saying that there were no 
wolves." After weeks of debate and negotiation, 
Huckfeldt's bounty bill, revised to a $1,000 bounty 
on wolves and requiring the state to file a friend of 
the court brief on behalf of anyone prosecuted, was 
approved by the 1995 Wyoming Legislature. Just 
hours before the bill was to become law, Governor 
Jim Geringer vetoed it. 

Conclusion: Dislike of Government and Its 
Impact on Wildlife Management 

Public dislike for government has become a 
heavy burden for resource managers to bear. Many 
residents of the West believe the United States gov-
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errunent is a government out of control. Many are 
involved in the "local control" movement, an at
tempt to bring decision making to the local level, 
rather than through the Federal Register. I terns such 
as the Nye County, Nevada, road controversy, re
flect citizens' mistrust and dislike of the federal gov
ernment. Closer to home, we have the case of the 
killing of the wolf reintroduced into Central Idaho 
and the local sheriff, citizens, and legislators con
demning federal wildlife agents for what they 
viewed as "heavy-handed actions" in dealing with 
the rancher on whose land the wolf was found. 

It is evident that these negative attitudes toward 
the federal government can and will be felt by wild
life managers, making predator management only 
more difficult. One wolf biologist, commenting on 
wolf reintroduction, wrote that" certainly it has been 
observed over and over again that wolves which 
'arrive' on their own are more acceptable by folks 
who are not generally keen on wolves than wolves 
that are shoved down their throats by Big Brother" 
(Fairchild 1993). Another wolf biologist expressed 
the same sentiment: "the local residents in the wolf 
area do not feel that naturally recolonizing wolves 
have been shoved down their throats. When wolves 
are physically moved into an area by agency actions, 
I believe they are less likely to be accepted than if 
they wa1k there on their own" (Boyd 1993). These 
are examples of how negative attitudes toward gov
ernment can affect wildlife management. One of 
these biologists went on to say, "I sincerely fear that 
by having the government reintroduce wolves that 
they will forever be tainted" (Fairchild 1993). Re
source managers should realize that an anti-govern
ment attitude does exist and will interfere with ef
fective wildlife management. Unfortunately, we can 
offer no suggestions or solutions to this problem. 

In summary, our brief review suggests that 
Wyoming people have undergone transitions in their 
attitudes toward wolves. The eady mountain men 
considered the species a mere annoyance, western 
emigrants feared and hated the wolf, and pioneer
ing livestock producers viewed them as an economic 
threat. Eventually, once it occurred only in low num
bers, the wolf gained some measure of respect. We 
suggest that generally negative attitudes toward 
government form the basis for much of the current 
opposition to wolf reintroduction and recovery, 
rather than any fear and hatred of the species itself. 

Histon; of Wyoming Wolf Bounties, Urbigkit and Urbigkit 
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We determined wolverine (Gulo gulo) presence, 
ecology, spatial charac~eristics, movement, demo
graphics, social structure, and habitat use in central 
Idaho from 1992-1995. Our study area encompassed 
approximately 8,000 km2 of primarily roadless and 
wilderness habitats. The study area was character
ized by montane coniferous forests at lower eleva
tions and subalpine habitats associated with talus 
rock scree and open mountain tops at higher eleva
tions. Nineteen wolverines were captured and in
strumented with intraperitoneal implant transmit
ters. We monitored wolverines weekly by ground 
and aerial telemetry, collecting more than 1,200 re
locations. Annual home ranges of resident adults av
eraged more than 400 km2 for females and more than 
1,600 km2 for males.Adult home ranges were segre
gated by sex, with female home ranges overlapping 
less than 10% and male home ranges overlapping 
less than 15%. 

Offspring of both sexes remained associated 
with the natal area for up to 2 years, which corre
sponded with sexual maturation. Juveniles and sub
adults associated with resident kin, including their 
mother, the resident male, and siblings. Evidence of 

resident adults associating with subadults has not 
previously been described for wolvei:ines. Periods 
of association lasted as long as 7 days with individu
als traveling together or localizing at foraging sites. 
The extended association of subadults and adults 
may be related to the highly dispersed nature of food 
resources and may account for the large home range 
sizes of resident females. Adult male home ranges 
encompassed up to 3 female home ranges. Snow
tracking sessions were conducted to document 
scent-marking and foraging behavior. Food re
sources were widely dispersed but consistent in tim
ing and presence, which may cause formation of tra
ditional foraging routes. These sites were revisited 
both within a season of use and between years and 
were shared within kinship groups. Urination was 
the primary method of scent-marking observed dur
ing this study. Distinct seasonal shifts in elevation 
use (P < 0.05) by several individuals were recorded, 
with higher elevation habitats used during summer 
months. Movement to lower elevations during win
ter months may be correlated with increased pres
ence of carrion attributable to the fall big-game hunt
ing seasons. 
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The reproductive rate for 4 adult females was 
less than 1 kit per female per year. Females used se
cluded high elevation cirque basins for natal den 
sites. Human disturbance at maternal dens resulted 
in den abandonment but not kit abandonment. Kits 
remained with the adult female for approximately 
3 months after weaning at 9 to 10 weeks of age. Fe
males commonly left dependent kits at rendezvous 
sites consisting of large boulder talus or riparian ar
eas associated with mature overstory and dense tim
ber deadfall. Boulder talus associated with subal
pine habitats was also used for resting and foraging 
sites. 

Ungulate species, including mule deer 
(Odocoileus hemionus), elk (Cervus elaphus), moose 

(Alces alces ), domestic cow (Bos bos ), and domestic 
horse (Equus spp.}, were present in similar propor
tions in both summer and winter scat and foraging 
site collections. Other prey items included 5 species 
of carnivores, 12 rodent species ( including 5 
sciurids) and 1 lagomorph species. Avian species 
constituted 4.9% of species occurrences while in
sects, primarily ants, constituted 5.9%. Four male 
wolverines dispersed at sexual maturity, with 2 emi
grating distances greater than 185 km. Two of these 
individuals appeared to establish at the new loca
tion while the other 2 returned to the study area. Six 
wolverines died during the study, with predation 
accounting for 50% of the mortality. 
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With the notable exception of long-term research 
on grizzly bears (Ursus arctos), and more recent stud
ies on mountain lions (Puma concolor), pine martens 
(Martes americana), and coyotes (Canis latrans), we 
know very little about Yellowstone's mammalian 
carnivores. They are typically secretive, nocturnal, 
and exist at low population densities. In many cases, 
we do not even have reliable methods to determine 
presence let alone estimates of abundance and other 
important demographic parameters. During the 
winters of 1992-93, 1993-94, and 1994-95 we evalu
ated 3 field techniques for their suitability to inven
tory and monitor species of the order Carnivora. 
Forty-two hair snare stations, 33 remote camera sta
tions, and 80 snow-track transects were operated for 
2803 and 2013 effort-days and 425 km, respectively. 
These methods were then evaluated based on their 
site variability, efficiency, precision, bias, and main
tenance costs, as well as their utility to estimate pres
ence, distribution, and abundance. 

Response to baited hair snares and camera sta
tions varied with location and between years. In 
comparison, snow-track transects yielded consistent 
results. Sixty percent, 76%, and 100% of sites pro
duced sign of carnivores with hair snares, camera 
stations, and snow-track transects, respectively. Hare 
snares received 0.012 visits per night while camera 
stations yielded 0.113. Snow-track transects pro
duced 33.0. Hare snares detected 70% of known car
nivore species. Camera stations and snow-track 
transects detected 50% and 100%, respectively. 

All 3 methods evaluated exhibited significant 
advantages and disadvantages. For example, while 
hare snares can provide DNA evidence allowing 
identification of individuals, they require regular 
maintenance. In addition, hare snares and especially 
camera stations were actively avoided by several 
species. Unlike snow-track transects, however, cam
era stations and hair snares performed well in cold 
temperatures and under most other climatic condi
tions. Still, camera stations were costly in terms of 
expense and maintenance. Transect sampling, in 
comparison, enabled identification of 3 additional 
species and proved to be a simple, inexpensive sur
vey method that required little maintenance. 
Whereas camera stations and hair snares are baited 
with food and scent lures and thus bias habitat use 
data, transect surveys cover large areas and can pro~ 
vide valuable information on precise habitat use and 
food habits if scats are found. For example, we suc
cessfully extracted DNA from fox (Vulpes vulpes) 
scats. Snow-track transects require skilled, full-time 
labor (2 individuals) able to track approximately 30, 
2- to 5-km transects per winter season. Furthermore, 
species identification using snow-track transects can 
be difficult under certain climatic conditions, par
ticularly given the similarity of many species' track 
characteristics. The aforementioned problems asso
ciated with each method result in questionable spe
cies identification. Upon evaluation, we consider re
liability to be poor to fair for tracks and snared hair, 
and good only for camera stations. 
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Although specific research objectives and logisti
cal considerations will influence selection and use 
of these methods, we suggest employing a combi
nation of all 3 to determine presence and distribu
tion of mammalian carnivores. We strongly recom
mend initial, large-scale surveys using snow-track 
transects conducted under the constraints of strati
fied random sampling. This should allow coverage 
of large areas (required for carnivores with large 
home ranges) in multiple habitat types. Because poor 
climatic conditions can render most winter days 
(e.g., -60% in this study) unacceptable for snow
track transects, we further recommend augmenting 
these transects with hair snares and camera stations 

when important species are suspected to occur and I 
or probable sign requires positive identification. 

Not finding evidence of a particular species 
when it is present and incorrectly concluding it is 
absent is a common problem in presence I absence 
surveys of carnivores. It is statistically analogous to 
a Type I error. Without assigning a probability value 
to a given level of effort, biologists are violating fun
damental, reliable methods of scientific inquiry. We 
need to further develop and test new methods. A 
variety of traditional and novel abundance estima
tors (and associated techniques) for monitoring 
change are discussed. 
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Preliminary analysis of data was presented on 
the first year of a 2-year study beginning winter of 
1994-95. We examined habitat use, phenotypic and 
genotypic variation, and parasitic fauna of red foxes 
(Vulpes vulpes) in the northern Yellowstone ecosys
tem. The study area was divided into 3 regions based 
on differences in habitat and elevation. We identi
fied these regions as lower, middle, and upper. Us
ing Global Positioning System devices, foxes were 
snow-tracked to obtain information on habitat use, 
prey base, and movement. Seventy track sets were 
examined across 26 transects in the middle and up
per regions. This resulted in approximately 40 kilo
meters of fox tracks ranging in length from 100 
meters to 1,500 meters. Several foxes were captured 
this winter in addition to 4 trapped previously and 
6 collected from road kills. 

The Geographic Information Systems database, 
created from data collected during the winter of 

1994-95, includes 330 habitat points along track sets. 
At each point, we measured habitat type, cover type, 
distance to nearest ecotone, slope, aspect, snow 
depth, snow hardness, sink depth, and squirrel, wea
sel, grouse, and hare crossings. We also located 33 
forage points on the track sets and examined the 
same set of parameters. In addition, 8 bed sites were 
located and described. The 330 habitat points were 
located approximately 100 meters apart, yielding an 
estimated total of 40 kilometers of fox tracks during 
the 1994-95 winter. 

Red fox habitat use will be analyzed by com
paring movement data and data collected at habitat 
and forage points to habitat availability in the north
ern Yellowstone ecosystem. Distribution of foxes will 
also be examined, especially in relation to known 
coyote (Canis latrans) pack territories. Additional 
comparisons will be made of parasitic fauna and dis
ease titers between foxes and coyotes. 
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The influence of social and environmental fac
tors on the foraging ecology of coyotes (Canis latrans) 
is relatively unknown. We examined the influence 
of social and environmental factors in relation to be
havioral budgeting (time~activity) of coyotes in 
Yellowstone National Park by observing 54 coyotes 
{ 49 residents from 5 packs, plus 5 transients) for 2,507 
hours from January 1991 to June 1993. We found that 
4 environmental variables significantly influenced 
the amount of time coyotes devoted to resting, trav
eling, hunting small mammals, and feeding on car
casses; namely snow depth, ungulate carcass biom
ass, habitat type, and prey density. Age and social 
status of the coyotes were the social factors that sig
nificantly influenced behavioral budgets. We ob
served that, during times of deep snow and high 
carcass biomass, pups fed less on carcasses and spent 
more time hunting small mammals than did alpha 
and beta coyotes. 

Pups were restricted from feeding on carcasses 
by older pack members. Hence, they adopted a dif
ferent foraging strategy and spent more time hunt
ing for small mammals. Our observations suggest 
that resource partitioning (mediated through de
fense of ungulate carcasses) occurred among resi
dent coyote pack members in Yellowstone. Parental 
care of the pups was terminated by winter and, 
thereafter, pups fended for themselves. Resource 
partitioning appeared to be a mechanism for regu
lation of pack size. Dispersers were low-ranking in
dividuals, spent little time with other pack mem
bers, were subordinate in interactions with other 
coyotes, and had little or no access to carcasses. 
Philopatric coyotes were higher~ranking, more 
dominant, spent more time with other pack mem
bers, and had greater access to carcasses. 
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This study examines the population demo
graphics of 5 coyote (Canis latrans) packs in Lamar 
Valley (LV) and 7 packs in Blacktail Deer Plateau 
(BOP) in Yellowstone National Park from 1989 to 
1994, prior to wolf reintroduction. Focal observations 
were used to determine pack size, litter size, social 
status, and pack affiliation of coyotes. Focal obser
vations of scent-marking and territory defense were 
used to determine pack territory boundaries in LV. 
To ascertain BDP territory botmdaries, 127 radio-col
lared or radio-implanted coyotes were tracked from 
fixed radio-telemetry stations using programs 
INDATA and HOME RANGE (50% harmonic mean 
contour). Territory landscape attributes were deter
mined using U.S. National Park Service data layers 
with Geographic Information Systems. Estimated 
small mammal bio:m'ass was obtained from a con
current Northem Range study. 

Mean January pack sizes of 5.90 in LV and 5.42 

for BDP were not significantly different (t "" 0.59, P 
= 0.60). Mean litter sizes of 3.64 and 5.45 pups for 
the same respective areas were not significantly dif
ferent (t = -1.58, P == 0.89). Mean territory litter size 
was negatively correlated with estimated mean 
small mammal biomass (adj. R2 =: 0.58, P = 0.004, n 
= 12). Pups typically dispersed in the fall or late 
winter at a rate of 13.4 % before the end of their first 
year. The annual rates of mortality for pups and 
adults were 40.2% and 8.0%, respectively. Average 
territory size was 1,005 hectares in LV and 768 hect
ares on BDP. Estimated small mammal biomass per 
territory was significantly different between LV (2.48 
kg/ha) and BDP (1.75 kg/ha) (t = 3.33, P = 0.008). 
Winter ungulate carrion biomass also appears to be 
greater in LV. Reintroduced wolves will probably 
change coyote population demographics in Lamar 
Valley and Blacktail Deer Plateau. 
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Whenever an animal is translocated, its resident 
micro- and macro-organisms are also transported. 
Therefore, disease concerns must be addressed for 
any wildlife reintroduction or translocation. To pre
pare for potential gray wolf (Canis lupus) reintroduc
tion, a base-line study of canine diseases was con
ducted in Yellowstone National Park from 1991 to 
1994. 

Because wolves could potentially be infected 
with harmful diseases in the new environment, 1 
objective of this survey was to identify diseases in 
the Yellowstone ecosystem that could negatively in
fluence gray wolf reintroduction. Specifically, the 
diseases of concern were canine parvovirus, canine 
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distemper, and infectious canine hepatitis. Reintro
duced wolves could also potentially bring diseases 
with them that could be harmful to Yellowstone 
fauna, especially if wildlife did not have previous 
exposure. Therefore, the second objective was to de
termine which canine diseases were present in 
Yellowstone wildlife, particularly canids and 
mustelids. 

The last objective was to determine if zoonotic 
canine diseases (that is, diseases transmitted from 
wildlife to humans) were already present in the 
Yellowstone ecosystem and to understand their dis
ease ecology to assess the significance of adding 
wolves to this ecosystem. Specifically, the zoonotic 



diseases of concern were a tapeworm, Echinococcus, 
and rabies. 

The pre-wolf disease survey was a multi-faceted 
study, which involved: 1) disease sampling associ
ated with the Yellowstone Coyote Ecology Project, 
2) data obtained from the Yellowstone Disease Moni
toring Program, 3) q. hantavirus study conducted in 
Yellowstone National Park, and 4) literatme review. 

The pre-wolf disease study was closely tied to 
the Yellowstone Coyote Ecology Project conducted 
from 1991to1994 that provided a unique opportu
nity to thoroughly investigate diseases of 
Yellowstone coyote (Canis latrans) populations. We 
utilized the coyote as the primary model because 
closely related species, such as coyotes and wolves, 
are generally susceptible to similar diseases. In ad
dition, coyotes and reintroduced wolves will share 
territories, carcasses, and other mechanisms sup
porting disease transmission. The coyote disease 
study involved sampling from live animals, post
mortem necropsies, and demographic study. 

Disease information from live coyotes was gath
ered using: 1) physical examinations to evaluate 
general health status and detect clinical signs of in
fectious disease, 2) external parasites collected dur
ing the physical exam along with ear swabs, 3) blood 
serum for serologic testing, and 4) fecals for detec
tion of internal parasites. 

Post-mortem examinations were conducted on 
54 adult coyotes and 41 pups. Each carcass was 
necropsied to determine the cause of death, iden
tify specific or general pathological conditions, and 
to collect tissues for further examination. 

Demographic data, such as reproduction, pup 
survival, and mortality factors were gathered with 
the help of radiotelemetry and field observations. 
Adult coyotes were trapped in the fall with padded, 
offset-jaw leghold traps with tranquilizer tabs. The 
adult coyotes were anesthetized with ketamine and 
xylazine, ear-tagged, radio-collared, and sampled as 
previously described. 

To gather data on pup survival, 8-to-12-week
old pups were surgically implanted with an intra
peritoneal transmitter possessing a mortality signal. 
In addition to providing social and behavioral data, 
intraperitoneal telemetry allowed biologists to re
cover many pups within 24 hours after death, which 
significantly increased our ability to determine the 
cause of death. Pups were captured by hand, anes
thetized with both ketamine and xylazine or Te1azol, 

Pre-wolf Disease Suroey, Johnson et al. 

then implanted and eartagged prior to sample col
lection for the disease survey. These procedures are 
described by Slade et al. (this volume). 

In addition to the coyote disease investigation, 
resu1ts from the Yel1owstone Wildlife Disease Moni
toring Program were reviewed. The monitoring pro
gram provides a valuable avenue to opportunisti
cally gather disease information from carcasses that 
are recovered throughout the year. 

A hantavirus study conducted in Yellowstone 
National Park in spring of 1994 w.as also utilized 
for the pre-wolf investigation. The life cycle of Echi
nococcus multilocularis, which uses coyotes and foxes 
as definitive hosts, includes a larval stage that in
fects an intermediate host, such as mice and voles. 
Therefore, small mammals collected for the 
hantavirus study were also inspected for Echinococ
cus larvae. Examined carcasses suspected of having 
larvae were sent to the Wyoming State Diagnostic 
Laboratory for further examination. 

A broad array of internal and external parasites 
was identified from Yellowstone coyotes. These 
parasites were collected during both live sampling 
and necropsies. However, none of the parasites col
lected have been reported to be harmful in free-rang
ing gray wolves. 

Implants were surgically placed in 59 coyote 
pups. Slade et al. (this volume} describe the fate of 
these pups. The most significant finding relative to 
the pre-wolf survey was the detection of a 
parvovirus outbreak in coyote pups in 1991 and 
again in 1992. At least 11of31 pups died at about 3 
months of age due to parvovirus. The Yellowstone 
Disease Monitoring Program documented a pine 
marten (Martes americana) from the Old Faithful area 
that died of canine distemper in April of 1993. 

The hantavirus study conducted in Yellowstone 
during the spring of 1994 collected 616 small mam
mals, and every carcass was opened and visually 
inspected for Echinococcus. No Echinococcus larvae 
were detected. However, published literature re
ports the presence of E. multilocularis in or near the 
Yellowstone ecosystem. Seesee and Worley (1976) 
reported E. multilocularis in 2 foxes from the Gallatin 
Valley, and Seesee et al. (1993) reported this tape
worm in coyotes and foxes in Gallatin and Madison 
counties. Feigley (1981) reported Echinococcus cysts 
in 2 muskrats (Ondatra zibethicus) from the East 
Gallatin River. Although Ecftinococcus was not de
tected during this pre-wolf survey, literature review 
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supports the likely presence of E. multilocularis in 
the Yellowstone ecosystem, which involves the coy
ote I fox - rodent cycle. 

A thorough literature review by Johnson (1995) 
was conducted to evaluate the potential role of ra
bies in Yellowstone wolf populations. Rabies has not 
been reported in Yellowstone National Park. The 
review, which correlated the disease ecology of ra
bies with its geographic distribution and distribu
tion among species, concluded that the addition of 
the wolf to the Greater Yellowstone Ecosystem is 
unlikely to contribute additional risks associated 
with rabies to humans, domestic animals, or wild
life. Nonetheless, steps were taken to prevent even 
the remote chance of wolves l.:>ecoming infected with 
rabies. To address rabies concerns, wolves for trans
location were captured from areas known to be free 
of terrestrial rabies. Also, wolves were serologically 
tested for rabies and all test results were negative. 
Jn addition, all wolves were vaccinated with a killed 
rabies vaccine to protect them from even the most 
remote chance of exposure. 

Coyote serology demonstrated that the common 
canine diseases tested for are present in Yellowstone 
as they are in most parts of North America. There
fore, Yellowstone populations of susceptible fauna 
are, as a whole, immunologically protected. There 
is essentially no risk if these diseases were brought 
along with the wolves. Even so, the potential trans
port of these diseases was minimized by examining 
each and every translocated wolf for signs of infec
tion. 

Johnson et al. (1994) attributed the death of wolf 
pups in Glader National Park to canine parvovirus 
and/ or canine distemper. Because these diseases are 
endemic to the Yellowstone ecosystem, they could 

potentially have a negative impact on developing 
wolf populations in Yellowstone. Therefore, disease 
monitoring is included as an objective of the 
Yellowstone Wolf Recovery Project. Other potential 
hosts, such as canids and mustelids, can be moni
tored for these diseases on an opportunistic basis. 
Diseases infecting wolves can also be monitored as 
part of present or future ecological studies (see 
Fuhrmann, this volume). 
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Breeding wolves (Canis lupus) have been present 
in and around Glacier National Park for almost 10 
years. Information from this area can be used to 
predict the effects of predators on cervid popula
tions and behavior in the Greater Yellowstone Eco
system and throughout the northern Rocky Moun
tains. This information will identify possible man
agement alternatives to ensure healthy populations 
of both predator and prey. Since the initiation of our 
study in 1992, wolves, cougars (Felis concolor), bears 
(Ursus spp.), coyotes (Canis latrans), and humans 
have all killed radio-tagged, female, white-tailed 
deer (Odocoileus virginianus), elk (Cervus elaphus), 
and moose (Alces alces) to varying degrees. Cougar 
predation was the greatest mortality factor for both 
deer and elk. Grizzly bears (Ursus arctos) and wolves 
were the primary predators on moose. Currently, 
deer and elk populations appear to be declining and 
the moose population is increasing. Wolves and cou
gars selected white-tailed deer as their primary prey 

item. Cougars killed a greater proportion of male 
deer than did wolves, but there was no difference 
in the age class of deer killed by wolves or cougars. 
Spatial and habitat variables affected prey encoun
ter, detection, and capture by predators. Wolves 
traveled and killed deer in areas of high deer den
sity in 1992-93 but not in 1993-94. Wolves killed deer 
in areas of greater hiding cover in 1992-93 but not 
in 1993-94. There was no relationship between snow 
depth or canopy and kill sites; however, depth of 
prey tracks did appear to be related to kill sites in 
1993-94. The density of deer at wolf and cougar kill 
sites differed in both winters. Hiding cover was 
similar at cougar kill sites and wolf kill sites in 1992-
93, but differed in 1993-94. There was no difference 
in canopy at wolf kill sites versus cougar kill sites 
in either winter. The more severe winter of 1992-93 
and the resultant change in prey distribution prob
ably accounts for most of the between-winter dif
ferences. 

199 



1- - - ·- -- - - - - - .. ·- ·-------

I 
I 
I 

Wolf Abundance in Relation to Landscape and Prey 

PAUL R. MOORCROFT 
Department of Ecology and Evolutionary Biology 

Princeton University • Princeton, NJ 08544 

ROBERT L. CRABTREE 

Yellowstone Ecosystem Studies 
P.O. Box 6640 • Bozeman, MT 59771 

and Department of Biology 
Montana State University• Bozeman, MT 59717 

Analysis of data from 28 North American stud
ies suggests that the numerical response of wolves 
(Canis lupus) to ungulate biomass may be saturating 
rather than linear. A saturating response may be the 
result of an intrinsic spatial limitation of wolf densi
ties. In this study, we explored the possibility that a 
saturating response may result from changes in the 
spatial distribution of prey. Implicitly, a linear nu
merical response assumes a spatially uniform distri
bution of prey, yet elk (Cervus elaphus), the primary 
prey species on the Northern Range (NR) of 
Yellowstone National Park, exhibit a highly clustered 
distribution. 

We explored the implications of spatial cluster
ing for predator-prey encounter rates using a point
process model to characterize the observed distribu
tion of elk across the Northern Range. The model 
constituted a Poisson distribution of elk herds with 
the spatial distribution of individuals within each 
herd being uniformly circular and the number of 
animals in the herd drawn from a geometric distri
bution of herd sizes. The model was fitted to the ob
served locations and sizes of elk herds on the NR 
between 1986-1991 using a maximum-likelihood fit
ting procedure. We then used the model to explore 
how changes in elk density, caused by (1) increases 
in the number of herds and {2) increases in herd size, 
affected the probability of a wolf encountering an 

elk within a given search radius·. Our analysis 
showed that higher elk densities caused by increases 
in the number of elk herds elevated the encounter 
rate, but higher elk densities caused by increases in 
herd size had a negligible effect on predator-prey 
encounter rates. Our finding that the encounter rate 
depends primarily on the number of herds rather 
than the number of animals within a herd is an in
tuitive and robust result that arises as a natural con
sequence of the observed clustering of elk on the NR. 
Interestingly, increases in elk density on the NR be
tween 1986 and 1991 (there was a 3-fold variation in 
total density between the lowest and highest years) 
resulted entirely from increases in herd size. This sug
gests that from the viewpoint of a searching preda
tor, increases in the biomass of elk on the NR may 
not translate into increased prey availability. This 
finding is also consistent with empirical observations 
that have shown that prey selection by wolves in J as
per National Park is based on the number of elk herds 
(Weaver 1994). 

In addition to prey density, the number of wolves 
occupying the NR will be determined by habitat 
availability. Evidence from heterogeneous land
scapes similar to the NR has shown that wolf habi
tat use is strongly governed by sinking depth in snow 
during winter, which directly limits wolf movements 
and also influences the spatial location of prey a. 
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Weaver, P. Paquet pers. commun.). Sinking depth is 
a complex variable that varies in relation to snow 
depth and the snow density profile, which, in turn, 
vary remporally throughout the winter (Farnes and 
Romme 1993). However, work in Jasper National 
Park has shown that wolves generally restrict their 
movements to areas with snow depths less than 20-
28 inches (about 51-71 cm) (J. Weaver, P. Paquet pets. 
commun. ). Moreover, in Yellowstone the vast ma
jority of elk are found in areas with a snow depth of 
less than 20 inches (Farnes 1993). 

We calibrated a spatially explicit model to pre
dict snow depths across the northern section of 
Yellowstone National Park. The model included es
timated, empirical relationships between snow depth 
and the following landscape attributes: (1) slope, (2) 
aspect, (3) vegetation type, (4) distance along the rain 
shadow, and (5) cumulative snowfall measured at 
the park weather stations. The model was used to 
construct a Geographic Information Systems (GIS) 
layer of snow depth for the northern third of the park· 
Assuming a criterion of less than 24 inches snow 
depth as an indicator of habitat suitability for wolf 
occupancy, we performed a GIS analysis of the re
gion. The analysis suggests that, in any given year, 
the total area suitable for wolf occupancy varies de
pending on snowfall. In a typical year, approximately 
60% of the northern section of the park is suitable 

. Wolf Abundance, Moorcroft and Crabtree 

for the establishment of wolf territories. We are con
ducting further field research to improve the model. 
In particular, we are investigating the relationship 
between sinking depth, snow depth, and snow den
sity. 
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The Case of Yellowstone's Predator Pelicans: Ecology 
and the National Park Service Wildlife Division, 1920-35 

James Pritchard 
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Beginning in 1924, Yellowstone National Park 
briefly carried out experiments to control the num
bers of pelicans on Yellowstone Lake. This issue be
came public knowledge in September 1992 when 
Rosalie Edge published the Emergency Conservation 
Committee's inflammatory "Slaughter of the 
Yellowstone Park Pelicans." Although control had 
stopped years before, this unfavorable publicity was 
nevertheless unpleasant for the National Park Ser
vice. 

The story of Yellowstone's pelicans takes on new 
significance if viewed as an example of the coevolu
tionary changes in ecological ideas and management 
agendas that took place during the dynamic period 
from 1920 to 1935. The pelicans feeding at Grouse 
Creek occupied the center of a complicated web of 
human relationships between the National Park 
Service's Washington office, Yellowstone Park per
sonnel, fish culturalists of the Bureau of Fisheries, 
fishermen visiting Yellowstone, mainstream actors 
in the 1920s conservation movement, more "radical" 
conservationists like Rosalie Edge, scientists study-

ing birds and parasites, and finally, Joseph Dixon and 
Ben Thompson of the National Park Service's Wild
life Division. 

Perplexing management dilemmas are not new 
in Yellowstone. Although the players have changed, 
Yellowstone managers have never made decisions 
in a "vacuum." People, such as Assistant Chief 
Ranger George W. Miller, made wildlife management 
decisions within the greater context of national con
servation interests, as well as changing ideas and 
attitudes among scientists. Letters of protest and 
support to Horace Albright from scientists all over 
the country in 1932 illustrate the nature of the rela
tionships that surrounded Yellowstone at that time, 
and bring to light the contribution of our evolving 
scientific knowledge and nnderstanding of natural 
resources to management direction. The growth of 
ecological ideas and conservation efforts surround
ing the pelicans from 1920 to 1935 were significant 
precursors to the renewed emphasis on scientific 
management of natural resources beginning in the 
1960s. 
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American Martens, Fishers, Lynx, and Wolverines: 
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Scientists from Forest Service Research, the Na
tional Forest System, and independent institutions 
worked together to produce an assessment of the 
scientific basis for conserving forest carnivores in 
the western United States, a group that includes 
American martens (Martes americana ), fishers (Martes 
pennanti), lynx (Lynx canadensis), and wolverines 
(Gula gulo) (Ruggiero et al. 1994). This conservation 
assessment reviews what is known about the biol
ogy and ecology of these species, the management 
implications, and what information is needed for the 
development of scientifically reliable conservation 
strategies. Narratives for each individual species elu
cidate the state of knowledge within a conservation 
biology framework with emphasis on factors that 
affect population persistence. Additional narratives 
synthesize findings as the basis for discussing over
all management implications that arise from the state 
of knowledge. Specific information needs are iden
tified and a research approach is presented toward 
the development of conservation strategies for the 
4 species. 

Both the quality and quantity of knowledge are 
explicitly addressed in this assessment. Much of 
what is known about these forest carnivores is de
rived from just a few designed studies, combined 
with anecdotal information. Some of this knowledge 
merely documents the presence of animals in an area 

or habitat type, without addressing key issues of 
population ecology necessary for analysis of habi
tat requirements and persistence probabilities. Such 
knowledge can be misleading for conservation pur
poses, and this potential problem is addressed in 
the assessment. Overall, huge gaps in knowledge 
were identified for all of the species considered. 
Thus, the production of reliable conservation strat
egies is not possible and an evaluation of conserva
tion status is problematic 

All species addressed in this assessment have 
distributions in the western United States that are 
limited to boreal forest ecosystems. Boreal forests 
are characterized by extensive landscapes with a 
major component of structurally complex, mesic co
niferous stands that are characteristic of the late 
stages of forest development. The center of the dis
tribution of this forest type, and of these forest car
nivores, is the vast boreal forest of Canada and 
Alaska. In the western contiguous states, the distri
bution of boreal forest is less continuous and more 
isolated than to the north, so forest carnivore popu
lations and their habitats are more fragmented at 
the southern limits of their ranges. Also, forest car
nivores tend to be wilderness species that are largely 
intolerant of human activities, and they tend to have 
low reproductive rates and large spatial require
ments by mammalian standards. All of these factors 
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contribute to the sensitive nature of these animals 
relative to human influence and the changing West
ern landscape. 

The smallest bodied of the forest carnivores, the 
American marten, is also the most widespread, 
abundant, and best known. Still, its conservation 
status varies by area, with some populations show
ing no human impact and others possibly endan
gered. Distributional losses have been particularly 
extensive in the Pacific Northwest (i.e., Washington, 
Oregon, and northern California). Martens avoid 
non-forested areas almost completely, at least in 
winter, when they seek out complex structure near 
the ground (see Bissonette this volume). 

The fisher is larger bodied than the marten, oc
curs at lower densities, and is known mostly from 
studies conducted in the eastern U.S. and Canada. 
Fishers have undergone extensive distributional 
losses, especia!Iy in the Pacific Northwest, and are 
given state and federal designations that reflect this 
status. Our knowledge of fishers in the western U.S. 
is based on only 4 field studies. These studies indi
cate a close association with mesic late-successional 
forests, an avoidance of non-forested habitats, and 
an affinity for physical structure near the ground like 
that of the marten. 

The only cat among the forest carnivores, the 
lynx occurs in eastern Washington, where 2 studies 
have been conducted, and in the mountains of Idaho, 
Montana, Wyoming, and Colorado. The range of the 
lynx appears to be steadily retreating northward, as 
reflected by state and federal designations. It asso
ciates with late-successional forest for resting and 
denning, but uses early successional stands for hunt
ing snowshoe hares, its primary prey. Lynx popula
tions in the lower 48 states do not exhibit the dra
matic cycles of those farther north. Our lack of 
knowledge about alternate prey, dispersal abilities, 
and responses to landscape attributes precludes bet
ter understanding of how lynx may be affected by 
human alterations of forests. 

Wolverines are the largest, widest-ranging, least 
known, and most protected of the forest carnivores. 
Populations in the lower 48 states are limited to for
ested habitats, perhaps because of the wilderness 
character of these lands. Wolverine populations may 
receive important ingress from Canada. Only 4 field 
studies on wolverines have been completed in all of 
North America (see Copeland et al. this volume), and 
information from the western contiguous states is 

mostly anecdotal. Mature and old growth forests 
may provide important denning and/ or rendezvous 
sites for wolverines. Only 1 study has been con
ducted where logging had been done. Very large 
areas will likely be needed to conserve wolverine 
populations. 

An ecosystem approach to management will be 
central to the success of all conservation strategies 
given the complexity of ecological processes that 
likely affect persistence probabilities for these spe
cies. Complex physical structure associated with 
mesic late-successional stands will be important for 
conserving these forest carnivores, and immediate 
management attention will be needed to conserve 
populations that are already isolated and threatened. 
Until further research is completed, additional for
est fragmentation via activities such as clear-cutting 
should be avoided in areas where forest carnivore 
conservation is of concern. 

This conservation assessment leads to the con
clusion that concern about the status of forest carni
vores is justified and conservation strategies will be 
needed to assure the persistence of populations of 
these species. Additional information at multiple 
spatial scales is required to develop scientifically re
liable conservation strategies, along with a substan
tial, sustained commitment to research. 
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How do coyotes (Canis latrans) solve the mul
tiple problems of resource defense, relocation of 
separated pack members, territorial maintenance, 
and interspecific competition with gray wolves {Ca
nis lupus)? Part of the answer lies in the suite of Iong
range vocalizations that coyotes use to address these 
complex sets of inter- and intra-pack problems. In 
this study we analyzed coyote vocalization behav
iors from January to July of 1995 and, in addition, 
assessed coyote litter production and coyote spa
tial responses to reintroduced gray wolves. We 
monitored known coyote packs in 2 study areas in 
the Northern Range of Yellowstone National Park: 
Lamar Valley served as the treatment area, where 
gray wolves were present in 3 enclosures from Janu
ary to March, and then free-ranging from April to 
June; and Blacktail Plateau served as the control, 
where gray wolves were absent throughout the 
study. Data collected were divided into 2 periods: 
pre-wolf release (winter), and post-wolf release 
(spring/ summer). In addition, Lamar Valley was 
subdivided into "wolf" and "wolf-adjacent" areas 
across all seasons. We spent more than 700 hours in 
Lamar Valley and the Blacktail Plateau during 1995 
and used more than 400 of these hours in the analy
sis. Data collected included the type of call, pack of 
origin, and vocal responses. For all areas, we cor
rected for the number of packs audible from a given 

vantage point based on known territorial boundaries 
derived from the previous 6 years of observations. 

We found a highly significant set of wolt effects 
on coyote vocalization bouts. A vocalization bout is 
defined as a clump of non-independent cans sepa
rated by a >5-minute interval. Bout rates served as 
an overall index of all types of vocal activity and 
were calculated on a per pack, per 24-hour basis. In 
winter, while gray wolves were kept in 3 holding 
pens in Lamar Valley, the number of bouts per pack 
in Lamar Valley coyote territories containing wolf 
pens and Lamar Valley coyote territories adjacent 
to wolf pens did not differ significantly from each 
other, but were nearly triple the rate of the control 
(P < 0;05). In summer, we divided the coyote terri
tories into wolf-use areas, where wolves superim
posed their home range, and wolf-adjacent areas, 
where coyote territories were adjacent to wolf-use 
coyote territories. In both Lamar Valley wolf-use and 
wolf-adjacent coyote territories, the overall bout 
rates were significantly elevated above the control. 
Unexpectedly, the Lamax Valley wolf-use coyote 
packs had a lower bout rate (P < 0.05) than the coy
ote territories where wolves didn't travel. 

The most frequent component of all coyote vo
calization bouts is the group-yip howl, or the long
range territorial announcement call. This call, given 
by 2 or more animals, is frequency modulated 
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(meaning it rises and falls in pitch repeatedly) and 
is interspersed with repeated yipping. As was also 
the case for coyote bout rates, there were closely 
matched values for wolf-pen and adjacentwolf-pen 
rates, both of which were triple the rate of the con
trol area (P < 0.05). In summer, the coyote packs in 
wolf-adjacent territories had a rate 3 times higher 
than in coyote packs in wolf-use areas, and 8 times 
higher than the control (P < 0.05 for both). 

Lone howls are relocation calls given by sepa
rated pack members and do not seem to be directly 
associated with territorial defense. Lone howl rates 
in the summer and winter were significantly el
evated above the control area in both wolf-use and 
wolf-adjacent coyote territories. Barks and yips, 
which function as alarm and threat calls, showed 
extreme variability. The rates were not significantly 
different between the study areas and exhibited the 
expected seasonal patterns characteristic of all coy
ote long-range vocalizations: bout rates, group-yip 
howls, lone howls, barks, and yips all declined from 
winter through spring in both treatment and con
trol areas. 

Bout intensity rates (defined as the number of 
discrete calls per bout) were consistent across all sea
sons and study areas. Coyote bout intensity rates 
appear to be stable, while both within-bout profiles 
(or the different types of calls contained within a 
single bout) and overall bout rates (or the frequency 
of calling episodes) seem to be responsive to changes 

in external stimuli such as the presence of. gray 
wolves. 

National Park Service patrol rangers kept 
records of coyote and wolf vocalizations and 
sightings while on patrol around the wolf pens dur
ing the winter portion of this study. The rates ob
served at the 3 wolf pens were similar, yielding an 
overall base rate of 10-20 bouts per 24-hour period, 
per coyote pack. This was consistent with other ob
served rates. 

Coyotes showed a general pattern of spatial and 
behavioral avoidance of wolves, with the marked 
exception of coyotes' agonistic behaviors associated 
with wolf-coyote interactions both at carcasses and 
at coyote denning areas. In Lamar, the Crystal Creek 
wolf pack, which numbered 6 animals, spent 50% 
of its time from late March through early July in 4 
known coyote territories. The litter sizes of these 4 
coyote packs were lower than that of neighboring 
packs. In 3 out of the 4 wolf-use coyote territories, 
wolves were observed excavating traditional coy
ote den sites. We documented 1 of these excavation 
episodes at the Norris pack. Two of the 4 wolf-use 
coyote packs used den sites in non-traditional areas 
at the periphery of their territories. Mapped loca
tions of den sites for the 2 study areas indicate that 
placement had been stable for the 5 years prior to 
wolf reintroduction. Thus, these location changes 
may be 1 of the earliest reliable indicators of spatial 
displacement of coyotes by wolves. 
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Each June from 1990 to 1993, we located coyote 
dens, captured pups, implanted them with radio 
transmitters, recorded their physical condition and 
general health status, and monitored adult and pup 
behavior in 15 packs found in the Lamar Valley and 
Blacktail Plateau of the Northern Range of 
Yellowstone National Park. 

To find dens, we used aerial flyovers, tracked 
radio-collared adults, observed unmarked adults 
from vantage points, and explored traditional den 
sites. Two methods were used to catch pups: the 
"strand" method, where we surprised pups outside 
the den and sealed off entrances; and the "ferret" 
method, where we inserted a wire with a wooden 
head into the den and startled the pups into rush
ing out. About 213 of the pups were caught by the 
"strand" method. 

Pups were 8 to 12 weeks old when captured in 
mid-June and weighed 4-8 pounds. They were ear
tagged, measured, examined for external parasites 
and ear mites, and had blood drawn for seriological 
analysis. Pups were then implanted with intraperi
toneal radio transmitters. 

During the 4-year period, 88 pups were ob-

served at the various den sites (though additional 
pups undoubtedly were not observed). Of the 88 
observed pups, 70 were captured and, of these, 59 
were implanted. There were no deaths associated 
with capture and implanting. Of the 59 implanted 
pups, 28 survived at least through the first winter, 
28 died prior to or during the first winter, and the 
fate of 3 pups remains unknown. Twenty-nine car
casses were recovered, including some unimplanted 
pups. The sex ratio was about equal: of the 59 im
planted pups, 31 were males and 28 were females. 
Deaths were equally distributed among males and 
females, with 14 of each sex dying, while 16 males 
and 12 females survived. 

Most of the pups died during the neonatal pe
riod, from birth (in April or May) to 5 months of 
age. During· 1991 and 1992, an epidemic of 
parvovirus occurred and was the principal cause of 
death, with at least 11 of the 19 neonatal deaths be
ing attributed to this disease (see Johnson et al. this 
volume). The surgical implant\l.tions of intraperito
neal transmitters were highly successful, which is 
consistent with the findings from numerous other 
studies. 
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We investigated predation rates of 164 elk 
(Cervus elaphus) captured and radio-collared as neo
nates in northwest Wyoming during 1990-1992 and 
monitored through 1994. Neonatal mortality (birth 
to 15 July) averaged 15% annually and was higher 
(P = 0.04) for male than for female calves. Predation 
by black bears (Ursus americanus) and coyotes (Ca
nis latrans) accounted for 68% of all neonatal mor
tality. Mountain lions (Puma concolor) killed 2 addi
tional calves that were 4.5 months old and another 
that was 12.S months old. Calves killed by preda
tors were born earlier (P < 0.002) than calves that 

died from other causes, though predation of indi
vidual calves was unrelated to weight at birth. 
Thirty percent of all first-year mortality was due to 
predation. Elk older than 12.5 months died only as 
a result of hunting. Predation rates of calves that 
were born and summered outside Grand Teton Na
tional Park did not differ from survival rates of 
calves that summered inside Grand Teton National 
Park, where elk densities were twice as high. The 
similarity in mortality suggests that predation was 
not density-dependent. 
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In late March 1995, after 10 weeks of acclima
tion in holding pens, 14 gray wolves (Canis lupus) 
making up 3 groups were released in the Lamar 
Va11ey of Yellowstone National Park. Initially, each 
group of wolves restricted movements to areas 
around the acclimation pens. Total area used was 
small and measured about 125 km2 for the Crystal 
Bench group, 90 km2 for the Soda Butte group, and 
25 km2 for the Rose Creek group. Distance traveled 
per day was also low, averaging 6.1, 3.1, and 1.7 km 
per day for the Crystal Bench, Soda Butte, and Rose 
Creek groups, respectively. 

After about 3 weeks, an abrupt increase in 
movements signaled the beginning of an explor
atory period. Area used increased to about 550 km2 
for the Crystal Bench and Soda Butte groups, and 
1,000 km2 for the Rose Creek group. Average travel 
distance per day was 22 km for the Crystal Bench 
and Soda Butte wolves, compared to 30 km for the 
Rose Creek group. 

After this exploratory period, the Crystal Bench 
wolves reh1rned to the park and settled into a 390 
km2 area between the Lamar and Pelican Valleys 
traveling an average of 5.4 km per day. The alpha 
female in this group excavated and explored 5 holes 
and behaved as if she were going to whelp, though 
she did not. Her pseudo-pregnancy was likely the 
result of rising prolactin concentrations. 

The Soda Butte wolves settled while exploring 
because female 014 whelped one pup. Movements 
became localized in an area north of the park in the 
Apsaroka-Beartooth wilderness. In mid-July, when 

the pup was capable of traveling with the pack, they 
moved south to Yellowstone where they remained 
through mid-September. 

On 26 April, the Rose Creek alpha male was shot 
and ki1led. His mate, who was alone at the time, 
whelped 8 pups. She was later captured with her 
pups and transported to the Rose Creek acclima
tion pen where she remained until early October. 

Two wolves traveled alone the first month post
release. A male pup from Crystal exited the pen af
ter the other wolves and did not rejoin the pack un
til early May. The female pup from Rose Creek ex
ited the pen with the 2 adults and traveled with them 
for 6 days before she separated and became a loner. 
Her movements did not exhibit an exploratory 
phase. Rather, she had an ever-increasing area of 
use before she settled in the northwestern portion 
of the park. 

The Crystal wolves were located infrequently 
as a group from late March through late July. The 
adult pair (004M and OOSF) were always located to
gether (n = 51 locations), but various combinations 
of yearlings (singles and duos) we.re tracked travel
ing separately. In early August, this pattern changed 
and the pack began traveling together. The Soda 
Butte wolves were always located together through 
April, but were rarely together after whelping (i.e., 
May to August). In September, this pattern changed 
once more and they resumed traveling together (n 
= 51 locations). 

The primary prey taken by all groups of wolves 
was elk (Cervus elaphus). Of 17 collected wolf kills, 
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15 were elk. Seven of these elk were calves (short
yearlings) and 6 were old elk. The Soda Butte group 
also killed one old cow moose (Alces alces) and a 
mountain goat (Oreamnos americanus). While trav
eling alone in April, the lone male pup from Crystal 
Bench killed an elk calf, and in September the lone 
female killed an old cow elk. There is no evidence 
that the wolves killed deer (Odocoileus hemionus) or 
bison (Bison bison) .. Kills observed opportunistically 
during tracking flights from 31 March through 14 
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May revealed a kill rate of 6.3 and 3.4 days/kill for 
the Crystal Bench and Soda Butte groups respec
tively. Observers in the Lamar Valley, who watched 
for wolves daily, recorded the Crystal wolves feed
ing every 5.2 days (observation period 11 May-6 
July). Kill utilization was moderate (i.e., carcasses 
articulated with hide and hair present on leg bones). 
Most of the kills had been visited by coyotes (Canis 
la trans) and 4 of them were visited by grizzly bears 
(Ursus arctos). 
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Red foxes (Vulpes vulpes) have been present in 
Yellowstone National Park since its inception, al
though they have been the focus of little research. 
Park records indicate that they have been found in 
all 3 traditional coat-color phenotypes: red, cross, 
and black. However, many Yellowstone red foxes 
have also been described as having "light yellow" 
and "gray" coats, colors that have not been reported 
for this species anywhere else in the world. 

Extensive work was done on the genetic control 
of coat color in foxes during the early 1900s due to 
the value of their fur. Production of the traditional 
coat colors (red, cross, and black) is controlled by 2 
loci, each with 2 alleles. Additional loci control coat 
color development for mutations that have occurred 
on fur farms, and at least 17 viable mutants have 
been discovered, none of which correspond to the 
novel color phases found in Yellowstone. A muta
tion at a homologous locus in mice, sheep, and foxes 
is responsible for converting coat color from black 
to either yellow or gray. This suggests that the novel 
color morphs in red foxes could be the result of a 
single mutation event. 

A similar situation exists in the Cascade moun
tain fox (V, v. cascadensis), where 2 populations of 

red foxes are isolated by elevation. High elevation 
populations are only found in the subalpine region, 
while low elevation populations are found below a 
belt of coniferous trees in the surrounding scrub and 
farmland. In addition, montane foxes are smaller 
than lowland foxes and Canadian red foxes (V, v. 
abietorum). It is thought that the difference may be 
the result of a founder effect that occurred during 
the Wisconsin glaciation. We are currently examin
ing the degree of isolation that occurs between the 
high and low elevation populations of the red fox 
in the Greater Yellowstone Ecosystem (GYE) to de
termine if a similar situation exists. 

Park records for the last 100 years indicate that 
the 2 novel color phases of the red fox, namely light 
yellow and gray, have been present in the park since 
the late 1800s. Analysis of the records suggests that 
the novel color phases occur most frequently at 
higher elevations. Sightings of the novel color phases 
increase dramatically at elevations greater than 2,000 
meters, the approximate boundary of subalpine 
habitat. Analysis shows that a significantly greater 
proportion of novel color phases is found at high 
elevations (Fisher's Exact test, P < 0.0001). 

Six foxes have been trapped, with additional data 
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collected from 5 road kills and 1 predator-killed fox. 
Elevations range from 1,926 m to 2,987m for the 
trapped foxes, and from 1,630 rn to 2,438 m for the 
road-killed foxes. Several morphological variables 
were significantly related to elevation: head girth 
(r2 ""0.857, P < 0.01), neck girth (r = 0.820, P < 0.01), 
and chest girth (r2 = 0.618, P < 0.01). Genetic analy
sis (conducted in R. Wayne's laboratory at UCLA) 
was performed on a 300 bp sequence of mtDNA. To 
date, scorable sequences have only been obtained 
from 6 of the foxes, those occurring at elevations of 
1,630 m, 2,072 m, 2,110 m, 2,145 m, 2,850 m, and 
2,987 rn. These sequences are identkat in scorable 
regions, except for a 1 base~pair substitution found 

in the road-killed fox from 1630 m. 
These preliminary results are consistent with the 

possibility that some degree of isolation exists be
tween the high and low elevation foxes in the GYE. 
A founder event during the Wisconsin glaciation or 
selective differences could explain the variability 
seen in the red fox populations. Further genetic 
analysis and increased sample sizes are needed to 
determine whether populations are indeed isolated. 
We are currently increasing our sample size and in
vestigating these questions with microsatellites to 
try to provide a clearer picture with respect to the 
amount of gene flow between the high and low el
evation populations of red foxes. 
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