Grizzly Bears in the Greater Yellowstone Ecosystem
From Garbage, Controversy, and
Decline to Recovery
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closed and loss of a large portion of the population precipi-

tated listing under the Endangered Species Act, the grizzly
bear has recovered in numbers and expanded its range in the
Greater Yellowstone Ecosystem (GYE). Here we provide a brief
account of the history and concerns for the future that have
shaped its story.

Prior to European settlement of North America, griz-
zly bears could be found from northern Alaska south through
Canada and the western United States and into northern Mex-
ico (Rausch 1963). In the contiguous United States, habitat
was altered or destroyed by farming, ranching, livestock graz-

IN THE 30 PLUS YEARS since dumps in Yellowstone were

ing, logging, mining, and development of cities, towns, and
homesteads. Important bear foods like salmon, elk, and bison
were greatly reduced by dam building, market hunting, and
competition with livestock. Primarily during the 1920s and
1930s (Servheen 1999), the grizzlies historical range decreased
nearly 98% (Mattson et al. 1995). Of the 37 grizzly bear
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populations known to exist in 1922, 31 were gone by 1975.
In the West, grizzly bears were poisoned, shot, and trapped to
reduce depredation on domestic cattle, sheep, and poultry. A
stockman captured the prevailing attitude in the 1920s: “The
destruction of these grizzlies is absolutely necessary before the
stock business...could be maintained on a profitable basis”
(Bailey 1931).

Yellowstone National Park (YNP) was established in
1872 to protect the area’s geysers, thermal features, and scenic
wonders. However, due to its remoteness and the protections
afforded by national park status, it also became one of the last
refuges for grizzlies in the lower 48 states (Craighead and Craig-
head 1967). Grizzly and black bears became one of the park’s
most popular attractions (Schullery 1992). By the 1880s park
visitors enjoyed watching bears that gathered to feed at garbage
dumped behind the hotels. As early as 1907, park staff were
killing some black and grizzly bears because of conflicts with

people (Craighead and Craighead 1967). By 1910, black bears
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had learned to panhandle for food from tourists traveling in
horse-pulled wagons (Schullery 1992). The first recorded bear-
caused fatality occurred in 1916, when a grizzly bear killed a
wagon teamster in a roadside camp (Schullery 1992).

When cars replaced horses and wagons, the number
of park visitors and the amount of garbage they left behind
increased. More garbage attracted more bears and park manag-
ers even encouraged bear viewing at some dumps by provid-
ing log bleachers and interpretive rangers (Schullery 1992).
Unfortunately, this mix of people interacting with food-con-
ditioned bears created problems. From 1931 through 1969,
bears caused an annual average of 48 human injuries and 138
incidents of property damage (Gunther 1994). After a bear
killed a woman in the Old Faithful Campground in 1942,
Congress criticized park managers for failing to solve the bear
problems (Schullery 1992).

In 1960, in response to public complaints of personal
injury and property damage by black bears in many national
parks, the National Park Service implemented a Bear Manage-
ment Program and Guidelines (National Park Service 1960).
This program included: (1) expanded visitor education about
bear behavior, ways to reduce conflicts, and proper storage of
food, garbage, and other attractants; (2) prompt and efficient
garbage removal to make bears less dependent on garbage as a
food source; (3) strict enforcement of regulations prohibiting
bear feeding; (4) use of tip-proof garbage cans and develop-
ment of better bear-proof garbage cans; and (5) removal of
bears that were potentially dangerous, habitual beggars, or

damaging property in search of human food. Although these
guidelines reduced the availability of garbage, they did not
eliminate it. Because bears were still attracted to roadsides and
developments by human foods and garbage, the 1960s pro-
gram did not significantly reduce human injuries or property
damages.

A New Bear Management Program

In 1963, an Advisory Committee to the National Park
Service issued a report titled “Wildlife Management in the
National Parks” that recommended maintaining park biotic
communities in as near a primitive state as practical (Leopold
et al. 1963) and nearly complete removal of human influence
on wildlife populations to allow natural processes to work. In
1968, YNP closed two of its dumps, one at West Thumb and
one at Tower. The Leopold report, in combination with the
fatal mauling of two women by grizzly bears in separate inci-
dents in Glacier National Park, the frequency of bear-caused
injuries and property damages in YNP, and new environmental
regulations for open-pit garbage dumps, led to the implemen-
tation of a more intensive Bear Management Program in YNP
in 1970. Its goals were to: (1) maintain populations of grizzly
and black bears as part of the native fauna at levels that were
naturally sustainable; (2) eliminate human food and garbage
from the bears’ diet; (3) reduce bear-inflicted human injuries
and bear-caused property damage; and (4) reduce the number
of bears removed from the park in management actions (Cole

Table I. Comparison of demographic and reproductive data between the pre-dump (1959—-1970) and post-dump (1983-2002)
closure grizzly bear population in the Greater Yellowstone Ecosystem.

Time Period

Reproductive and

Demographic Parameters

Pre-dump closure, 1959-1970

Post-dump closure, 1983—-2002

Age of first pregnancy

5.3 years®

5.8 yearsb

Inter-litter interval

3.29 years/litter®

3.16 year‘s/litterd

Average litter size

2.10 cubs/litter®

2.04 cubs/litter

Average number of females
producing cubs annually

14 females/yearg

25 females/yearh

Average total number of
cubs produced annually

31 cubs/year‘i

51 cubs/yearj

Reproductive rate

0.61 cubs/year‘/femalek

0.636 cubs/year/femaleI

Ecosystem population
estimate

m

312

n

571

Population density

o

| grizzly per 25 mi 2

| grizzly per 23-35 mi’ P

Area occupied
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5 million acres®

e r
8.5 million acres

*Craighead et al. 1995:178
®Schwartz et al. 2006b:19
‘Craighead et al. 1995:175
dSchwartz et al. 2006b:20
¢Craighead et al. 1995:173
Schwartz et al. 2006b:19
¢Craighead et al. 1974:14
"Haroldson 2006:12
‘Craighead et al. 1974:14
Haroldson 2006:12
“Craighead et al. 1995:176
'Schwartz et al. 2006b:22
mCraighead et al. 1995:81
"Haroldson: in press
°Craighead et al. 1995:81
PRuth et al. 2003:1152
9Craighead et al. 1995:81
'Schwartz et al. 2002:209



John and Frank Craighead - Pioneers in Grizzly Bear Research

dedicated team began their research of grizzly bears in

the Yellowstone ecosystem. Their innovative approaches
led to the development of methods to safely capture, immo-
bilize, age, and mark grizzly bears. Nearly 50 years ago, they
developed the first radio-transmitter collar and directional
receiver used on wide-ranging animals and tracked two
grizzlies to their winter dens. Today, radio telemetry is one
of the most important tools used by wildlife biologists. It
enabled the Craigheads and their graduate students at the
University of Montana to learn about bear behavior and
movements, and to document grizzly bear social structure,
reproduction, survivorship, mortality, population dynam-
ics, food habits, habitat use, and spatial requirements. They
experimented with and eventually perfected the mapping of
grizzly bear habitat using LANDSAT satellite imagery data.
They studied grizzly bear intra-specific behavior in the large
aggregations at the Trout Creek and Rabbit Creek garbage
dumps. With the data that they collected, the Craighead

I N 1959, brothers John and Frank Craighead and their

brothers’ team was able to calculate the age of first repro-
duction, inter-birth interval, average litter size, and repro-
ductive rate for grizzly bears as well as how population age
structure influenced population dynamics. This information
would later enable biologists to make valuable demographic
comparisons between the pre-dump closure (and pre-
threatened species status) population and the population
that was delisted in 2007 (Table 1).

In 1988, John and Frank received the National
Geographic Centennial Award (along with Jane Goodall,
Jacques Yves Cousteau, and Richard Leakey). In 2001, the
brothers were presented with the U.S. Fish and Wildlife
Service Great Bear Stewardship Award at the International
Bear Biology Association meetings held in Jackson,
Wyoming. They were also inducted into the Wyoming
Outdoor Hall of Fame in 2006. Frank Craighead died
October 21, 2001, in Jackson, Wyoming, at the age of 85.
John is retired, in good health, and resides in Missoula,
Montana.
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Ten of the 20 grizzly bears seen on a bison carcass at the same time on August 3, 2007, at Alum Creek in Hayden Valley.

1976). In addition to strict enforcement of regulations pro-
hibiting the feeding of bears, the new program called for bear-
proof garbage cans and dumpsters and the closure of all the
parK’s garbage dumps (Cole 1976, Meagher and Phillips 1983).

Today most people would agree that the new Bear Manage-
ment Program was a success. However, in 1970, the decision to
close the park’s last two garbage dumps was highly controver-
sial and very unpopular. Park visitors expected to see and pho-
tograph panhandling black bears lining the roads and grizzly
and black bears feeding at garbage dumps in and around park
developments. Brothers John and Frank Craighead, pioneers
of grizzly bear research, agreed that the dumps were inconsis-
tent with National Park Service management philosophy, but
believed they played a crucial role in reducing human-caused
bear mortality. The highest proportion of grizzly bear mortality
in the GYE occurred outside YNP (Craighead and Craighead
1967). Park dumps, especially the Trout Creek dump located
in the center of bear range, attracted the largest concentration
of bears, including many from outside the park (Craighead and
Craighead 1967). When inside the park these bears were not
exposed to hunting or killed due to depredations on livestock
or conflicts with people and property on private land. The
Craighead brothers recommended that the National Park Ser-
vice leave the Trout Creek dump open indefinitely (Craighead
and Craighead 1967). The Craigheads also recommended that
if the dumps were to be closed, they be closed gradually over
a period of 8-10 years or longer, and that the park provide
elk and/or bison carcasses to the bears to ease their transition
to a natural diet (Craighead and Craighead 1967, Craighead
et al. 1995). They opposed a rapid phase-out of the dumps,
especially the Trout Creek dump. They believed an immediate
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Today most people would
agree that the new Bear
Management Program was

a success. However, in 1970,
the decision to close the park’s
last two garbage dumps was
highly controversial and very
unpopular.

closure of all dumps would not allow bears adequate time to
develop new feeding habits. They believed that rapid closure
would increase conflicts, management removals, and mortality
both inside and outside the park (Craighead and Craighead
1967, Craighead et al. 1995).

The National Park Service believed a gradual phasing out
of dumps would result in several more generations of bears
becoming dependent on human foods, leading to more bear—
human conflicts over time (National Academy of Sciences
1974, Schullery 1992). Park managers wanted to shorten the
adjustment period and reduce the time required for emergency
measures to prevent injury to people and damage to property
(National Academy of Sciences 1974). The current belief was
that there were two populations of bears: garbage bears and
“backcountry” bears. It was felt that backcountry bears would
not be affected by dump closures. After obtaining the advice
of the National Sciences Advisory Committee (Leopold et al.
1969), park authorities chose to close the park’s remaining
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two dumps quickly (Craighead et al. 1995) in 1970 and 1971
(Meagher and Phillips 1983). The state of Montana closed the
three dumps in the park gateway communities of West Yel-
lowstone, Gardiner, and Cooke City in 1970, 1978, and 1979,
respectively (Meagher and Phillips 1983).

Within 12 years (1968-1979), all municipal dumps in
the GYE that had aggregations of grizzly bears were closed and
many bears that previously ate garbage dispersed in search of
alternative foods (Craighead et al. 1995). Many of the bears
that came into conflict with people at developed sites, camp-
grounds, private homes, and on cattle and sheep allotments
were removed by the National Park Service and the state fish
and game agencies from Wyoming, Montana, and Idaho, or
were killed by private citizens (Craighead et al. 1988). At least
140 grizzly bear deaths were attributed to human causes dur-
ing 1968-71 (Craighead et al. 1988). Bears that were trapped
but not killed generally had their ear tags and/or radio col-
lars removed. Due to the disagreement between the Craighead
brothers and the park over the dump closures and restrictions
placed on their research and publications that the brothers
did not accept, their research permit in Yellowstone was not
renewed after 1971 (Schullery 1992, Craighead et al. 1995).

As a consequence of the high grizzly bear mortality fol-
lowing the dump closures, the lack of current information
about the population after the Craigheads’ research ended, and
increasing concerns about the future welfare of grizzly bears,
Secretary of the Interior Rogers C. B. Morton established a
Committee on the Yellowstone Grizzlies led by the National
Academy of Sciences in February 1973. This committee was
asked to “study and evaluate data on the population dynam-
ics of the grizzly bears in Yellowstone National Park and to

Female grizzly bear with cubs-of-the-year in tow, June 2006.
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Figure I. The current occupied range for grizzly bears in
the Greater Yellowstone Ecosystem is shown in blue and
encompasses approximately 37,000 km?. The Primary
Conservation Area (formerly the Yellowstone Grizzly Bear
Recovery Zone) is shown in gray.

make recommendations concerning the scientific and techni-
cal implications of those data.” Some key conclusions of the
committee included: (1) the ecosystem supported one grizzly
bear population and should be managed as such; (2) prior to
dump closures the population was relatively stable, with a con-
servative estimate of 234 bears; (3) the population was reduced
substantially during 1968-73; (4) it was necessary to mark an
element of the population in order to estimate new biologi-
cal parameters; (5) there was no convincing evidence that the
population was in immediate danger of extinction; and (6) a
conservative policy of removals should be pursued until better
information on population parameters was available.

Creation of the Interagency Grizzly Bear
Study Team

The need for better information after the Craigheads’
study was motivation for the creation of the Interagency Griz-
zly Bear Study Team (IGBST) in 1973. The study team initially
had representatives from the National Park Service, the Forest
Service, and the U.S. Fish and Wildlife Service; representatives
from the states of Wyoming, Montana, and Idaho were added
later. Dr. Richard Knight was named the study team leader
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Interagency Grizzly Bear Study Team

Estimating Population Trend

HEN THE INTERAGENCY GRIZZLY BEAR STUDY TEAM was first
Wcreated in 1973, its primary objective was to determine the sta-

tus and trend of the grizzly bear population. At the time, meth-
ods for estimating population size for grizzly bears with reasonable confi-
dence were extremely difficult and costly. Thus, the team concentrated their
efforts on ways of determining population trend. Scientists estimate popula-
tion change with some fairly complicated mathematical equations. A simple
analogy may make this more understandable. We can think about the grizzly
bear population in Yellowstone as a bank account. The population represents
the amount of money in this account. Reproduction in the population is the
same as interest paid on the principal.

Grizzly bear sow and three cubs.

New money added increases the size of the deposit and withdrawals reduce
the account. Estimating population change is simply tracking new bears enter-
ing the population (reproduction) and bears leaving (mortality). The best
expression of trend for a population is Lambda (1) or “finite rate of change”
(Caughley 1977). Estimates of A tell us whether, on average, numbers of
births and recruitments for a population are greater than deaths or vice
versa. Thus, A > | indicates an increasing population, A = | stable,and A < |
a decreasing population. A population that remains stable (neither grows nor
declines), has a trajectory of 1.0. This would be equivalent to a bank account
where withdrawals equal the interest paid to the account. A declining popula-
tion has a trajectory of less than 1.0. A population with an estimated trajec-
tory of 0.9 is declining at 10% per year; we've withdrawn the interest paid to
the account plus 10% of the principal. However, population change is much
more sensitive to the loss of an adult female than the loss of a cub because
adult females are currently producing cubs, whereas a cub must remain in the
population for at least five years before it can produce offspring. If we put
this into dollar terms, the loss of an adult female is equivalent to withdraw-
ing 73¢, whereas the loss of a cub is only about 3¢, or the loss of one adult
female has the same potential impact on the population as the loss of five
cubs. It’s like getting interest paid on the account each year or waiting five
years before any is paid. Obviously, the account with annual interest grows
faster. Biologists estimate reproductive and mortality rates from radio-col-
lared animals and can determine population trajectory, just like you do when
you check your bank account statements.
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by Assistant Secretary of the Interior
Nathaniel Reed. The primary objectives
of the team were to determine the status
and trend of the grizzly bear population,
the use of habitats by bears, and the rela-
tionship of land management activities
to the welfare of the bear population.

Due in part to uncertainty about
the status of Yellowstone bears and
declines in other grizzly bear popula-
tions, the U.S. Fish and Wildlife Ser-
vice listed grizzly bears in the lower
48 states as a threatened species under
the Endangered Species Act in 1975.
Indeed, early research conducted by the
study team indicated that bear num-
bers in the GYE likely declined through
the late 1970s and into the mid-1980s
(Knight and Eberhardc 1984, Knight
and Eberhardt 1985, Knight and Eber-
harde 1987). Much of this early work
pointed to a decline in litter size follow-
ing the dump closures and lower sur-
vival rates for female bears. At the time,
reducing adult female mortality by one
or two bears per year would likely have
been enough to stabilize the population.
Action was needed to reverse the trend,
and in 1983 the Interagency Grizzly
Bear Committee (IGBC) was formed to
address mortality and other issues facing
the grizzly population in Yellowstone
and other populations in the contermi-
nous states.

The IGBC was comprised of high-
level administrators from most federal
and state agencies with authority and
responsibility for management of bears
or their habitat. To improve bear sur-
vival, they initiated better garbage man-
agementin communities throughout the
GYE, removal of sheep grazing on For-
est Service lands within the Yellowstone
Grizzly Bear Recovery Zone (Figure 1),
backcountry food storage requirements
in grizzly habitat, and a reward system
for those turning in poachers.

Estimating Population Trend

Females with Cubs. For the first
two years (1973-1974) after its forma-
tion, the IGBST was not permitted to



capture and/or mark bears in YNP (Knight et al. 1995). This
early prohibition against marking individuals eventually led
the study team to develop two methods for assessing popula-
tion trend that the team continues to use today, only one of
which requires marked bears. Dr. Knight and the study team
observed that adult females with cubs were easy to see and that
the number of cubs provided clues for distinguishing family
groups. Summing the count of unique females over three suc-
cessive years provided a conservative estimate of how many
adult females were in the population. Counts were added over
three years because, on average, adult female grizzlies produce
a litter every three years (Craighead and Craighead 1967).
Hence, this sum represented a reasonable estimate of adult
females. Efforts were made to develop other methods, but
Knight and Eberhardt (1984) considered this technique the
best available index of grizzly abundance in the GYE.

To distinguish unique females from repeated sightings of
the same female, the study team developed a rule set for obser-
vations (Knight et al. 1995). It was recognized that these rules
were not perfect and if errors occurred, two different females
were more likely called the same female as opposed to calling
two sightings of the same female two different females. Thus,
it was felt that employing the rule set returned conservative
(or low) estimates for the number of females. This method
was adopted as part of the Grizzly Bear Recovery Plan in 1993
(USFWS 1993). A running three-year average of females with
cubs was used to establish a minimum population number and
set allowable mortality limits (USFWS 1993). However, using
counts of unique females with cubs was criticized by some sci-
entists because (1) the rules to differentiate females had not
been verified, (2) the technique did not account for variation
in observer effort (number of people looking for females) or
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the sightability of bears in area and time (bears tend to be more
easily seen in dry years), and (3) the estimate was a minimum
count not an estimate of the total population (Craighead et al.
1995, Mattson 1997).

During the late 1990s, the study team and numerous col-
laborators began investigating methods to address these con-
cerns. An evaluation of the rule set used to differentiate unique
females with cubs confirmed that the method returned con-
servative (low) estimates and suggested that the negative bias
increased as population size increased (Schwartz et al. 2008).
Methods to estimate total numbers of females with cubs and
account for variation in sightability of bears and observer efforts
were also investigated (Boyce et al. 2001, Keating et al. 2002,
Cherry et al. 2007). Employing the best of these methods, the
estimated trend indicates an increase of about 5% per year dur-
ing 1983-2007 (Figure 2; IGBST 2006, Harris et al. 2007).
The requisite assumption for considering the trend in females
with cubs as representative of the trend for the entire popula-
tion is that the population’s age distribution is relatively stable.
This is a reasonable assumption considering demographic rates
derived from monitoring radio-marked females in the GYE,
which is the second and arguably more reliable method the
study team employs to monitor population trend.

Estimating Vital Rates from Radio-marked Bears. The
study team began capturing and radio-collaring grizzly bears
in 1975. Early efforts were limited because of the time and
expense required to capture, instrument, and monitor the
bears. Aircraft were required to locate and monitor the status
(i.e., alive or dead) of collared bears and to obtain observations
of females for estimates of reproductive performance. The vital
rates (i.e., survival and natality) derived from monitoring radi-
oed bears through the early 1980s were not encouraging, and
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Figure 2. Model-averaged estimates (solid dark blue) for the number of unduplicated female grizzly bears with cubs-of-the-

year in the Greater Yellowstone Ecosystem for the period 1983—-2007, where the linear and quadratic models of Ln(II\\I

ChaoZ)

were fitted. The dashed lines represent a 95% confidence interval on the predicted population size. The linear model has

about 75% of the model weights, with an estimated A of 1.0453.
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JOHN MURNANE

g

Right: Chad Dickinson (standing),
Jeremiah Smith (kneeling foreground), |
Craig Whitmen (kneeling background)

and adult female grizzly bear #541.

suggested that the population was still declining (Knight and
Eberhardt 1984, Knight and Eberhardt 1985). They pointed
to the need for an increase in female survivorship (Knight and
Eberhardt 1987) and highlighted the need for unambiguous
estimates of survivorship from which the population trend
could be estimated. The study team concluded that the best
way to obtain this information was to increase the number of
female bears monitored.

In 1986 the study team began collaring bears specifically
for the purpose of monitoring population trend. The initial
target was to monitor 10 adult females that were well-distrib-
uted throughout the ecosystem. However, because of their
larger home ranges, male bears were captured about four times
as often as females, providing additional information on top-
ics including habitat use, movements, and cause of mortality.
But it is female bears that drive the demographic vigor of the
population.

In the mid-1990s, the target was raised to 25 monitored
females to allow more precise estimates and increase confidence
in the results. By then, estimates of adult female survival and
population trend suggested that the population had stabilized

Yellowstone Science 16(2) * 2008

Left: Standards of care for drugging and handling
grizzly bears have improved. Standard procedures
now routinely require providing oxygen and IV fluids,
and continuous monitoring of heart rate, oxygen
saturation, and temperature. Shown here is Jeremiah
Smith and adult male grizzly bear #450.

MATT NEUMAN

(Eberhardt et al. 1994, Eberhardt 1995) but disagreement per-
sisted over whether the population was likely increasing. An
analysis published in 1999 that used data for vital rates obtained
from 1975 through 1995 suggested that the population had
changed little to none during that period (Pease and Mattson
1999, see also Eberhardt and Cherry 2000). Subsequent work
published by the study team and collaborators (Schwartz et
al. 20064,) clearly demonstrates that GYE grizzly bear num-
bers increased at an average annual rate of about 4-7% during
1983-2001. This increase is likely a result of increased female
survival and is similar to trend estimates derived from counts of
females with cubs. The agreement between these two methods
that used independent approaches provides confidence that the
increase in the population was real (Harris et al. 2007).

Current Status of Grizzly Bears in the Greater
Yellowstone Ecosystem

Over the years, the study team has collected one of the
longest running and largest datasets on any grizzly bear popu-
lation in the world. That information has provided significant



insight into the status and trend of the population, how griz-
zlies use the ecosystem, major food items, and human impacts
on bears.

Additional analyses by the study team reveal that female
survival is highest inside YNP and the surrounding Forest Ser-
vice wilderness areas (Schwartz et al. in prep.), areas with a sig-
nificant amount of secure habitat. As road density, the number
of developed sites, and homes increase, bear survival declines.
The study team has been able to establish a clear link between
the health of the grizzly bear population and human activities
on the landscape.

Another important finding is that bear distribution within
the GYE has expanded during the last two decades as bears
began to recolonize habitats outside YNP. Bears increased their
range by 11% during the 1980s, and an additional 34% dur-
ing the 1990s (Schwartz et al. 2002). Grizzly bears continue to
expand their range and currently occupy more than 8.5 million
acres (Schwartz et al. 20066), significantly more than in the
1960s (Figure 1).

As the population of grizzly bears expanded in the eco-
system, bear density inside YNP also increased. Recent studies
suggest that bears inside YNP are probably at carrying capacity,
a term used to define the limits of available space, food, and
other resources in the environment (Figure 3). As a popula-
tion approaches this limit, juvenile mortality increases, females
tend to initiate breeding later in life, and reproduction tends
to decline (Eberhardt 2002). The study team has documented
a decline in litter size as bear numbers increased, and a higher
incidence of starvation and predation of cubs occurred inside
YNP (Schwartz et al. 2006¢).

The study team has also learned a great deal about how
bears use the ecosystem. It is well documented that one of the
first foods bears consume after emerging from their dens is
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Figure 3. Total number of unduplicated female grizzly bears with cubs-of-the-
year observed annually in the GYE during 1973-2007, and the number initially
seen within the boundary of Yellowstone National Park. (Bears initially seen

within park boundaries are counted as YNP bears.)

winter-killed elk and bison. In years following severe winters,
more carcasses are available (Podruzny and Gunther 2005) and
cub survival tends to improve (Schwartz et al. 2006¢). This is
likely due to less competition for each carcass and a reduced

likelihood that females with new cubs will encounter big male
bears that may prey on their offspring. In years with few car-
casses, cub survival tends to be reduced.

Cutthroat trout were previously an
important food for grizzly bears living
around Yellowstone Lake (Mealey 1975),
but their numbers have declined precipi-
tously since the illegal introduction of lake
trout there (Koel et al. 2005). Counts of
spawning cutthroat trout at Clear Creek
declined from more than 70,000 in 1978 to
around 500 in 2007. Studies of fish use by
bears in the late 1980s relied on detecting

fish parts or determining the presence of fish

remains in bear scats (Reinhart and Mattson
™0~ 1990). In the late 1990s, the study team dis-
S 383 covered that mercury in the effluent from
N NN

thermal vents in Yellowstone Lake could be
used as an indicator of fish consumption
by bears. When a bear eats a fish that has
eaten plankton containing this mercury, the
mercury is deposited in its hair. Measuring
the concentration of mercury in bear hair
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provides a direct measure of the number of fish consumed by
that bear (Felicetti et al. 2004). Coupling mercury concentra-
tions in bear hair with DNA analyses has allowed biologists
to estimate how many bears consume fish (Haroldson et al.
2005), how many fish each bear eats, and the sex of the bears
that eat fish. Results showed that in the late 1990s most fish
were caten by male bears (Felicett et al. 2004). A three-year
study, started in 2007, is documenting the extent to which
bears have shifted from fish to other foods. Preliminary results
confirm that very few bears still eat fish, and that most of the
bears that previously ate fish are now focused on preying on elk
calves adjacent to the lake (J. Fortin, Washington State Uni-
versity, personal communication). Elk are now calving in the
post-fire blow-down resulting from the 1988 fires and studies
suggest that the bears have shifted accordingly.

Whitebark pine, a high-elevation conifer, periodically
produces abundant crops of high-quality seeds that are readily
consumed by bears (Kendall 1983). In years following a good
crop of seeds, grizzly bear females tend to produce more three-
cub litters than one-cub litters (Schwartz et al. 20064). The
opposite is true following poor seed crops. In poor seed years,
bears in YNP shift their diets and their survival rate remains
high because the park is a secure environment. However, in
years of poor seed production outside the park, particularly on
the edge of the ecosystem, more bear conflicts occur (Gunther
et al. 2004) and mortality rates tend to be higher (Mattson et
al. 1992). Whitebark pine is currently under attack by native
mountain pine beetles, previous outbreaks of which have
resulted in high mortality rates in trees across the West. The
study team, in cooperation with the National Park Service’s
Inventory and Monitoring Program, is tracking mortality rates
in the GYE due to both pine beetles and blister rust infection,
an exotic fungus that has killed many whitebark pine trees in
the Pacific Northwest since it arrived in North America in the
late 1920s. It has been less lethal in Yellowstone, but continues
to spread. Surveys suggest that about 20% of the whitebark
trees in the GYE are infected with rust. We do not yet have
statistically rigorous estimates for whitebark pine mortality
rates from either blister rust or mountain pine beetles, or for
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the extent of their impacts on whitebark communities for the
entire GYE. However, the impact on some whitebark stands
from pine beetles appears to be considerable in portions of the
GYE. How the changes in whitebark abundance will affect
grizzly bear numbers is not known, but in poor whitebark seed
years grizzlies eat more meat (Felicetti et al. 2003). Bioelectrical
impedance analysis, which the study team uses to estimate how
fat each captured bear is (Schwartz et al. 2003), shows that the
bears have been able to attain adequate fat levels for denning
in both good and poor seed years.

Removal from Threatened Species Status

In April 2007, the U.S. Fish and Wildlife Service officially
removed the grizzly bear in the GYE from the Endangered Spe-
cies list (USFWS 2007). As expected, several lawsuits were filed
challenging this decision. Proponents for delisting point to the
successes that have occurred since 1975, including the increase
in bear numbers, the recolonization of previous habitats, high
rates of female survival, and the current health of the popula-
tion. Those opposed to delisting express concerns about the
possible effects of climate change and declines in whitebark
pine, and whether delisting the Yellowstone population sepa-
rately from the other U.S. populations was appropriate. The
agencies involved in the process prepared numerous documents
detailing how the bears will be managed, including monitor-
ing protocols, mortality limits, and habitat management pro-
grams. The courts will now determine if all these efforts meet
the requirements of the Endangered Species Act. Regardless
of that decision, the IGBST will continue to monitor griz-
zly bears in an effort to understand how the species adapts
in a dynamic ecosystem in the face of natural and man-made
change. The long-term survival of grizzlies in Yellowstone is
intimately linked with humans, how we impact the ecosystem
and how much space we leave for bears. To that end, the future
of the bear is in our hands.

Acknowledgments

We thank the many people who contributed to the study team’s
data collection effort over the years, especially the field crews who
captured and followed the bears, and the pilots who flew in search
of them. They are too many to mention here by name, but their
efforts contributed greatly to our understanding of grizzly bears in
the GYE. We especially thank former study team leader R. R. Knight
and team member B. M. Blanchard for their efforts in data collec-
tion and program direction from the study team’s inception in 1973
through 1997. We thank P. ). White, F. L. Craighead, and P. Schullery
for providing editorial suggestions as part of the U. S. Geological
Survey Fundamental Science Practices.

For more information:
www.igbconline.org
www.nrmsc.usgs.gov/research/igbst-home.htm


www.nrmsc.usgs.gov/research/igbst-home.htm
http:www.igbconline.org

[}
o
C
=
El
B
<
X
>
2
"l
- T
>
N
o
ke
o)
2
o
z

Mark A. Haroldson is a supervisory wildlife biologist for the U.S.
Geological Survey Interagency Grizzly Bear Study Team, based in
Bozeman, Montana. He has been involved in bear research for 33
years, and has worked for the study team in the Yellowstone ecosys-
tem since 1984. Most of his career has been spent as a field biologist
capturing and collaring bears. Mark has authored or coauthored
more than 30 peer-reviewed publications on grizzly bears. Recent
works include several chapters in Wildlife Monographs 161 (2006),
and co-authorship of the grizzly bear chapter in Wild Mammals of
North America: Biology, Management,and Conservation (Feldhamer
etal. 2003). Mark graduated from the University of Montana in 1979
with a BS in Wildlife Biology. Mark lives in Manhattan, Montana, with
his wife Cecily (also pictured), and son Zane.

Literature Cited

Bailey, V. 1931. Mammals of New Mexico. U.S. Department of Agriculture,
Biological Survey. Washington, D.C., USA.

Boyce, M. S., D. MacKenzie, B. F. J. Manly, M. A. Haroldson, and D. Moody.
2001. Negative binomial models for abundance estimation of multiple
closed populations. Journal of Wildlife Management 65:498—-509.

Caughley, G. 1977. Analysis of vertebrate populations. John Wiley & Sons,
New York, New York, USA.

Cherry, S., G. C. White, K. A. Keating, M. A. Haroldson, and C. C.
Schwartz. 2007. Evaluating estimators for numbers of females with
cubs-of-the-year in the Yellowstone grizzly bear population. Journal of
Agricultural, Biological, and Environmental Statistics 12(2):195-215.

Cole, G. F. 1976. Management involving grizzly and black bears in Yellow-
stone National Park, 1970-1975. U.S. Department of Interior, National
Park Service, Yellowstone National Park, Wyoming, USA.

Craighead, J. )., and F. C. Craighead. 1967. Management of bears in Yel-
lowstone National Park. Montana Cooperative Wildlife Research Unit,
University of Montana, Missoula, Montana, USA.

Craighead, J. ., K. R. Greer, R. R. Knight, and H. Ihsle Pac. 1988. Grizzly
bear mortalities in the Yellowstone Ecosystem 1959-1987. Montana
Department of Fish, Wildlife and Parks, Bozeman, Montana, USA.

Craighead, J. )., ). S. Sumner, and J. H. Mitchell. 1995. The grizzly bears of
Yellowstone, their ecology in the Yellowstone Ecosystem, 1959-1992.
Island Press, Washington, D.C., USA.

Craighead, J. )., J. R. Varney, and F. C. Craighead Jr. 1974. A population
analysis of the Yellowstone grizzly bears. Montana Forest and Conser-
vation Station Bulletin 40. School of Forestry, University of Montana,
Missoula, Montana, USA.

Eberhardt, L. L. 1995. Population trend estimates from reproductive
and survival data. Pages 13—19 in R. R. Knight and B. M. Blanchard,

Chuck Schwartz works for the U.S. Geological Survey at the
Northern Rocky Mountain Science Center in Bozeman, Montana.
He is leader of the Interagency Grizzly Bear Study Team, an interdis-
ciplinary group responsible for long-term research and monitoring
of grizzly bears in the Greater Yellowstone Ecosystem. Chuck has
worked on programs with grizzly bears in Alaska, Russia, Pakistan,
and Japan. His research with large mammals has included moose and
brown and black bears and focused on ecological issues of predator-
prey dynamics, carrying capacity, nutrition, and physiology. Chuck
earned his BS in agriculture from The Ohio State University, and
an MS and PhD in Wildlife Biology from Colorado State University.
Chuck currently resides in Bozeman, Montana, with his wife
Melody.

editors. Yellowstone grizzly bear investigations: annual report of the
Interagency Study Team, 1994. National Biological Service, Bozeman,
Montana, USA.

———.2002. A paradigm for population analysis of long-lived verte-
brates. Ecology 83:2841-2854.

Eberhardt, L. L., B. M. Blanchard, and R. R. Knight. 1994. Population trend
of the Yellowstone grizzly bear as estimated from reproductive and
survival rates. Canadian Journal of Zoology 72:360—-363.

Eberhardt, L. L., and S. Cherry. 2000. Demography of the Yellowstone
grizzly bear: comment. Ecology 81:3256-3259.

Felicetti, L. A, C. C. Schwartz, R. O. Rye, K. A. Gunther, J. G. Crock,

M. A. Haroldson, L. Waits, and C. T. Robbins. 2004. Use of naturally
occurring mercury to determine the importance of cutthroat trout to
Yellowstone grizzly bears. Canadian Journal of Zoology 82:493-501.

Felicetti, L. A., C. C. Schwartz, R. O. Rye, M. A. Haroldson, K. A.
Gunther, and C. T. Robbins. 2003. Use of sulfur and nitrogen stable
isotopes to determine the importance of whitebark pine nuts to Yel-
lowstone grizzly bears. Canadian Journal of Zoology 81:763-770.

Gunther, K. A. 1994. Bear management in Yellowstone National Park,
1960-93. International Conference on Bear Research and Management
9(1):549-560.

Gunther, K. A., M. A. Haroldson, K. Frey, S. L. Cain, ). Copeland, and C.
C. Schwartz. 2004. Grizzly bear-human conflicts in the Greater Yellow-
stone ecosystem, 1992-2000. Ursus I15(1):10-22.

Haroldson, M. A. 2006. Unduplicated females. Pages |1-16 in C. C.
Schwartz, M. A. Haroldson, and K. West, editors. Yellowstone grizzly
bear investigations: annual report of the Interagency Grizzly Bear Study
Team, 2005. U.S. Geological Survey, Bozeman, Montana, USA.

16(2) * 2008 Yellowstone Science

ZL4VMHDS DNHD ASILYNOD

23



Haroldson, M. A. In press. Assessing trend
and estimating population size from counts
of unduplicated females. In C. C. Schwartz,
M. A. Haroldson, and K. West, editors. Yel-
lowstone grizzly bear investigations: annual
report of the Interagency Grizzly Bear Study
Team, 2007. U.S. Geological Survey, Boze-
man, Montana, USA.

Haroldson, M. A., K. A. Gunther, D. P. Rein-
hart, S. R. Podruzny, C. Cegelski, L. Waits, T.
Wyman, and J. Smith. 2005. Changing num-
bers of spawning cutthroat trout in tributary
steams of Yellowstone Lake and estimates
of grizzly bear visiting streams from DNA.
Ursus 16(2):167-180.

Harris, R. B., G. C. White, C. C. Schwartz,
and M. A. Haroldson. 2007. Population
growth of Yellowstone grizzlies: uncertainty,
correlation, and future monitoring. Ursus
18(2):167-177.

Interagency Grizzly Bear Study Team. 2006.
Reassessing methods to estimate population
size and sustainable mortality limits for the
Yellowstone grizzly bear: workshop docu-
ment supplement. U.S. Geological Survey,
Northern Rocky Mountain Science Center,
Montana State University, Bozeman, Mon-
tana, USA.

Keating, K. A., C. C. Schwartz, M. A. Harold-
son, and D. Moody. 2002. Estimating number
of females with cubs-of-the-year in the
Yellowstone grizzly bear population. Ursus
13:161-174.

Kendall, K. C. 1983. Use of pine nuts by griz-
zly and black bears in the Yellowstone area.
International Conference on Bear Research
and Management 5:166—173.

Knight, R. R., B. M. Blanchard, and L. L. Eber-
hardt. 1995. Appraising status of the Yel-
lowstone grizzly bear population by counting
females with cubs-of-the year. Wildlife Society
Bulletin 23(2):245-248.

Knight, R. R., and L. Eberhardt. 1984. Pro-
jected future abundance of the Yellowstone
grizzly bear. Journal of Wildlife Management
48(4):1434-1438.

———. 1985. Population dynamics of
the Yellowstone grizzly bear. Ecology
66(2):323-334.

———. 1987. Prospects for Yellowstone griz-
zly bears. International Conference on Bear
Research and Management 7:45-50.

Koel, T. M., P. E. Bigelow, P. D. Doepke, B. Her-
tel, and D. L. Mahony. 2005. Nonnative lake
trout result in Yellowstone cutthroat trout
decline and impacts to bears and anglers.
Fisheries 30(11):10-19.

Leopold, A. S., S. A. Cain, C. Cottam, |. N.
Gabrielson, and T. L. Kimball. 1963. Wildlife
management in the national parks. Advisory
Committee to the National Parks, United
States Department of the Interior, National
Park Service, Washington D.C., USA.

Leopold, A. S., S. A. Cain, C. E. Olmsted. 1969.
A bear management policy and program for
Yellowstone National Park. Natural Sciences
Advisory Committee of the National Park
Service, United States Department of the
Interior, National Park Service, Washington
D.C., USA.

Yellowstone Science 16(2) » 2008

Mattson, D. J. 1997. Sustainable grizzly bear
mortality calculations from counts of females
with cubs-of-the-year: an evaluation. Biologi-
cal Conservation 81:103—111.

Mattson, D. |, B. M. Blanchard, and R. R.
Knight. 1992. Yellowstone grizzly bear mor-
tality, human habituation, and whitebark pine
seed crops. Journal of Wildlife Management
56(3):432-442.

Mattson, D. J., R. G. Wright, K. C. Kendall, and
C.J. Martinka. 1995. Grizzly bears. Pages
103-105 in E. T. LaRoe, G. S. Farris, C. E.
Puckett, P. D. Doran, and M. ]. Mac, editors.
Our living resources: a report to the nation
on the distribution, abundance, and health
of U.S. plants, animals, and ecosystems. U.S.
Department of the Interior, National Biologi-
cal Service, Washington, D. C., USA.

Meagher, M. M., and J. R. Phillips. 1983. Resto-
ration of natural populations of grizzly and
black bears in Yellowstone National Park.
International Conference on Bear Research
and Management 5:152-158.

Mealey, S. P. 1975. The natural food habits of
free-ranging grizzly bears in Yellowstone
National Park, 1973—1974. Masters Thesis,
Montana State University, Bozeman, Mon-
tana, USA.

National Academy of Sciences. 1974. Commit-
tee on the Yellowstone Grizzlies. Division
of Biological Sciences, Assembly of Life Sci-
ences, National Research Council, National
Academy of Sciences, U.S. Department of
the Interior, Washington, D.C., USA.

National Park Service. 1960. National Park
Service Bear Management Program and
Guidelines. U. S. Department of the Interior,
National Park Service, Washington, D.C.,
USA.

Pease, C. M., and D. J. Mattson. 1999. Demog-
raphy of the Yellowstone grizzly bears. Ecol-
ogy 80:957-975.

Podruzny S., and K. A. Gunther. 2005. Spring
ungulate availability and use by grizzly bears
in Yellowstone National Park. Pages 30-33
in C. C. Schwartz, M. A. Haroldson, and
K. West, editors. Yellowstone grizzly bear
investigations: annual report of the Inter-
agency Grizzly Bear Study Team, 2004. U.S.
Geological Survey, Bozeman, Montana, USA.

Rausch, R. L. 1963. Geographic variation in
size of North American brown bears, Ursus
arctos L., as indicated by condylobasal length.
Canadian Journal of Zoology 41:33—45.

Reinhart, D. P, and D. . Mattson. 1990. Bear
use of cutthroat trout spawning streams in
Yellowstone National Park. International
Conference on Bear Research and Manage-
ment 8:343-350.

Ruth, T. E., D. W. Smith, M. A. Haroldson, P.
C. Buotte, C. C. Schwartz, H. B. Quigley, S.
Cherry, D. Tyers, and K. Frey. 2003. Large
carnivores response to recreational big game
hunting along the Yellowstone National
Park and Absaroka-Beartooth Wilder-
ness boundary. The Wildlife Society Bulletin
31(4):1150-1161.

Schullery, P. 1992. The bears of Yellowstone.
High Plains Publishing Company, Inc., Wor-
land, Wyoming, USA.

Schwartz, C. C.,, M. A. Haroldson, K. A.
Gunther, and D. Moody. 2002. Distribution
of grizzly bears in the Greater Yellowstone
Ecosystem, 1990-2000. Ursus 13:203-212

Schwartz, C. C., M. A. Haroldson, and C.
Dickinson. 2003. Grizzly bear body composi-
tion. Page 44 in C. C. Schwartz and M. A.
Haroldson, editors. Yellowstone grizzly bear
investigations: annual report of the Inter-
agency Grizzly Bear Study Team, 2002. U.S.
Geological Survey, Bozeman, Montana, USA

Schwartz, C. C,, M. A. Haroldson, G. C.
White, R. B. Harris, S. Cherry, K. A. Keating,
D. Moody, and C. Servheen. 2006a. Tempo-
ral, spatial, and environmental influences on
the demographics of the Yellowstone grizzly
bear. Wildlife Monographs 161.

Schwartz, C. C.,, M. A. Haroldson, K. A.
Gunther, and D. Moody. 2006b. Distribution
of grizzly bears in the Greater Yellowstone
Ecosystem in 2004. Ursus 17(1):63-66.

Schwartz, C. C,, M. A. Haroldson, and G. C.
White. 2006c¢. Survival of cub and yearling
grizzly bears in the Greater Yellowstone
Ecosystem, 1983-2001. Pages 33-43 in C. C.
Schwartz, M. A. Haroldson, G. C. White,

R. B. Harris, S. Cherry, K. A. Keating, D.
Moody, and C. Servheen, authors. Temporal,
spatial, and environmental influences on the
demographics of grizzly bears in the Greater
Yellowstone Ecosystem. Wildlife Mono-
graphs 161.

Schwartz, C. C,, M. A. Haroldson, and S.
Cherry. 2006d. Reproductive performance
for grizzly bears in the Greater Yellowstone
Ecosystem, 1983-2002. Pages 18-23 in C. C.
Schwartz, M. A. Haroldson, G. C. White,

R. B. Harris, S. Cherry, D. Moody, and C.
Servheen, authors. Temporal, spatial, and
environmental influences on the demograph-
ics of the Yellowstone grizzly bear. Wildlife
Monographs 161.

Schwartz, C. C., M. A. Haroldson, S. Cherry,
and K. A. Keating. 2008. Evaluation of rules
to distinguish unique females grizzly bears
with cubs-of-year in Yellowstone. Journal of
Wildlife Management 72(2):543-554

Schwartz, C. C,, M. A. Haroldson, G. C.
White, and S. Cherry. In prep. Source-sink
dynamics: hazards affecting grizzly bear sur-
vival in the Greater Yellowstone Ecosystem.
Wildlife Monographs.

Servheen, C. 1999. Status and management
of the grizzly bear in the lower 48 United
States. Pages 50—54 in C. Servheen, S. Her-
rero, and B. Peyton, compilers. Bears: status
survey and conservation action plan. [UCN/
SSC Bear and Polar Bear Specialist Groups.
IUCN, Gland, Switzerland and Cambridge,
United Kingdom.

U.S. Fish and Wildlife Service (USFWS). 1993.
Grizzly bear recovery plan. Missoula, Mon-
tana, USA.

——— (USFWS). 2007. Final Rule designat-
ing the GYA population of grizzly bears as a
Distinct Population Segment and removing
the Yellowstone Distinct Population Seg-
ment of grizzly bears from the Federal List
of Endangered and Threatened Wildlife. 72
FR 14866. Available at http://www.fws.gov/
mountain-prairie/species/mammals/grizzly/
yellowstone.htm.


http:http://www.fws.gov

	YS16(2)ii-2 1.pdf
	YS16(2)ii-2 2
	YS16(2)ii-2 3
	YS16(2)ii-2 4
	YS16(2)ii-2 5
	YS16(2)ii-2 6
	YS16(2)ii-2 7
	YS16(2)ii-2 8
	YS16(2)ii-2 9
	YS16(2)ii-2 10
	YS16(2)ii-2 11
	YS16(2)ii-2 12



