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Abstract

"Ancient Corridors” is the Trapper’s Point story of the pronghorn antelope and the prehistoric American Indi-
ans dependent on hunting them in the longest big game migration corridor in the lower 48 United States. The
archeological record suggests seasonal hunting more than 7,000 years ago at the Trapper’s Point “bottleneck”
—a narrow route through the hourglass-shaped migration route along this corridor west of Pinedale, Wyoming.
Ancient hunters and animals traveled from Grand Teton National Park through the Trapper’s Point bottleneck
as they migrated to winter in the sagebrush steppe of the upper Green River Basin. The pronghorn migration
and early human occupation of Greater Yellowstone were documented in the 1992 archeological excavation of
Trapper’s Point. Humans and wildlife have been interacting for at least 12,000 years in Wyoming, and prehistoric
hunters would have adapted to pronghorn migration patterns. As hunters became familiar with game move-
ments, migration landscapes, and intercept points, they established key hunting sites, such as archeologists
found at Trapper’s Point. The interaction between pronghorn and humans along this migration corridor contin-
ues to this day, but the route is now impacted by human encroachment in the form of fences, roads, housing,
and mineral development that have all narrowed and may eventually block the bottleneck. In areas of low hu-
man population, such as Wyoming, pronghorn antelope still succeed as one of the remaining New World long-
distance migrators. However, according to a recent study by the Wildlife Conservation Society, there is reason for
concern in the upper Green River Basin: few remaining long-distance migrations (LDMs) have good long-term
prognoses if current land management practices continue. In the interest of protecting this LDM, conservation-
ists recommend that this longest big game migration corridor in the continental U.S. be made the world’s first

National Migration Corridor.

The Trapper’s Point story is about Antilocapra
americanus—the American pronghorn, which dates
back more than 20 million years. Inhabiting the sage-
brush plains from Canadato Mexico, there once were
at least 40 million pronghorn, the fastest land mam-
mal in North America. At the time when Lewis and
Clark came West two centuries ago, pronghorn were
allegedly as abundant as bison, but historians claim
that a century later they were reduced by habitat
fragmentation and overhunting to fewer than 5,000
in Wyoming. Now, with proper habitat management
and hunting regulations, they have recovered; they
outnumber people in Wyoming, with a population
of almost 500,000.

Recentresearch has shown that pronghorn trav-
el about 160 miles each way on the longest migration
route in the lower 48 United States. The pronghorn
migration corridor addressed in this paper passes
through the southern Greater Yellowstone Ecosys-
tem (GYE). Research by the Wildlife Conservation
Society shows that more than 75% of the historic mi-
gration corridors in the GYE have already been lost
to habitat fragmentation, so it is especially important

that the pronghorn are still able to travel along this
longest big game migration route today.

Since the last ice age, wildlife have followed their
ancient migration paths each year. The 1,500-2,000
pronghorn from the portion of the Sublette herd
unit that migrate along this long distance migration
(LDM) corridor each year still use the same route
from their winter range on the Red Desert and Little
Colorado Desert (Wyoming) up the Pinedale Mesa
to Trapper’s Point through the Green River Basin.
Only about 200-300 actually get through to Grand
Teton National Park, according to radiotelemetry
surveys.

In 1898, Dr. Frank Dunham submitted a pro-
posal to Recreation magazine to protect this prehis-
toric migration route for the tens of thousands of
pronghorn, elk, mule deer, and moose that, accord-
ing to eyewitness accounts, migrated through each
spring and fall. This historic proposal documented
the need for habitat protection for all migratory big
game.

The Trapper’s Point map (Figure 1) shows the
prehistoric path of the pronghorn north along this
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ancient corridor as they fun-
neled through this natural
geographic bottleneck at the
Cora Y junction. As the ani-
mals negotiated this excep-
tionally narrow bottleneck,
early American Indian hunt-
ers may have hidden behind
sagebrush blinds to hunt them
as the pronghorn migrated
north each spring. In 1992,
the Office of the Wyoming
State Archaeologist surveyed
Trapper’s Point in preparation
for the reconstruction of U.S.
Highway 191. In that excava-
tion, archeologists discovered
three layers estimated to be
4,690-7,880 years old by radiocarbon dating. The
site revealed 87,000 pieces of stone artifacts, 86,000
pieces of bone artifacts, 400 bone tools, 300 projec-
tile points, and 27 adult and 3 fetal pronghorn skele-
tons. The size of the pronghorn fetal bones indicated
that pronghorn migrated through Trapper’s Point in
late March-April. Lithic tools, including chert and
obsidian found from Rock Springs to Jackson, Wyo-
ming, indicated that these native hunters followed
the pronghorn from the Red Desert to Grand Teton
National Park. This route has also been called the
People’s Trail.

The archeological survey also revealed how
Early Archaic hunters strategized to use the seasonal
spring/fall migration route through the naturally nar-
row geographic bottleneck. The sheer numbers of
bones found led archeologists to conclude that pre-
historic hunters may have corraled the pronghorn
and killed them with atlatls or other projectile weap-
ons, then butchered the meat on site. Petroglyphs
found south of the area may have been carved by the
same native peoples.

Today, both pronghorn and mule deer migrate
along the prehistoric route at this bottleneck that
has now become another obstruction along a diffi-
cult route. The Trapper’s Point bottleneck, once 1.5
miles wide, has now been reduced to less than 0.75
mile wide by roads, fences, and development along
U.S. Highway 191, where thousands of pronghorn
and mule deer migrate bi-annually. Like pieces of a
puzzle, the land is chopped up into a checkerboard
of different ownership patterns where the animals
must cross land managed by the Bureau of Land
Management, the Bridger-Teton National Forest,
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Figure 1. The Trapper’s Point bottleneck (at arrow).

the state of Wyoming, and private individuals. In ad-
dition, the high natural gas potential demonstrated
in the Pinedale Mesa and Green River Basin is an
increasing threat to the pronghorn winter range and
migration corridor on the Pinedale Mesa.

As the pronghorn leave the bottleneck, they
stage on the ridges north of Trapper’s Point at Cora
Butte. The pronghorn encounter yet another bottle-
neck at the Bridger-Teton National Forest bound-
ary, now called the Funnel, where they literally
wind down the driveways between summer homes.
Once they have skirted snowbanks along the upper
Green River, they reach Mosquito Lake Flats. There
the pronghorn break trail across snow-covered
meadows to small bare patches where they can for-
age. They then cross a huge expanse of open space
at Union Pass and the upper Green River on their
way to their summer range in the high country, and
continue north over the triple hydrographic divide
at Union Pass that separates the headwaters of the
Green, Snake, and Wind rivers. These rolling slopes
offer pronghorn a high-altitude summer range of
rich sagebrush grasslands, but many (200-300 an-
nually) continue over the Green River Divide and
north down the Gros Ventre.

The route down the Gros Ventre is a well-es-
tablished, ancient trail. The pronghorn move down
Bacon Creek on the Gros Ventre drainage, but soon
the open space becomes an obstacle course of doz-
ens of fences and roads. Another bottleneck occurs
on the Gros Ventre at the Red Cliffs, where prong-
horn literally go single-file along the riverbed and
the sagebrush slopes above Slide Lake. They contin-
ue down until they reach their goal in Grand Teton
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National Park, the northernmost terminus of the
migration route, where they will have their fawns.
Recent Wildlife Conservation Society research has
shown poor fawn survival and reduced recruitment
here; a doe/fawn study is underway to determine the
cause of the mortality.

In Greater Yellowstone is one of the last intact
ecosystems in the temperate zones of Earth. In order
to ensure that the connectivity of these migration
route linkages along this ancient corridor continue
to function in the future, conservationists are coor-
dinating efforts to designate a National Migration
Corridor so that together we can keep our native his-
tory and wildlife heritage alive. The National Migra-
tion Corridor Protection Proposal would be the first
designated migration corridor in the world; main-
tain Ancient Corridors protection for the longest big
game migration route in the continental U.S.; keep
migration bottlenecks open for connectivity; protect
the ecological integrity of Greater Yellowstone Eco-
system; and preserve the American Indian history
and wildlife heritage of the West. Where else could
this visionary proposal be better accomplished than
in Greater Yellowstone, where Wyoming is home to
the first national park, the first national forest, and
the first national monument?

At the end of the day, the question remains,
“What can we do to help protect this longest mi-
gration corridor in the lower 48 states, the second
longest in North America only after the Porcupine
caribou herd, to ensure connectivity in perpetuity?”
The National Migration Corridor is a vision for the
future.
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University (Canada).

Just how this address will turn out is something
of a mystery—even to me. I arrived from Europe
at the Missoula, Montana, airport this morning at
10:30. At this point I have slept three hours out of
the last 36. My wife, Kathleen, prevailed upon my
stalwart graduate student, Alex Sienkiewicz, to drive
me down here from Missoula. And during intermit-
tent moments of consciousness, I wrote my speech
on the way. So I would ask each of you to cross your
fingers and let’s all hope it turns out all right.

I was sound asleep when we arrived in the park-
ing lot just outside this room. A day and a half ago I
was salmon fishing and stalking red deer in Scotland.
At the end of the hunt we were saying goodbye to
our hosts when Lord Wigan laughed and asked if I
had ever considered that God might be a salmon or
an elk. I was dreaming about that when I was awak-
ened by a huge bull elk bugling and giving me an in-
tent look. I came wide awake in a hurry.

Well, any time I make a talk that involves folks
from a national park, I try to establish a bit of rapport
with a story from my days as Chief of the U.S. Forest
Service (USES). All federal land management agen-
cies run what public relations staffers call “tracking
polls” that are intended to reveal public opinion on
one question or another. The folks who did that sort
of work in the headquarters of the USFS showed up
in my office for their regular monthly meeting [one
day, and] the team leader started off with the old saw,
“Chief, I have the summary from our latest tracking
poll, and there is good news and bad news. Which do

you want to hear first?” I opted for the good news.

He continued, “The U.S. Forest Service is the
most highly respected agency in the federal govern-
ment.” [ was elated with that wonderful news and
cautiously asked for the bad news. He went on, “The
bad news is that the public doesn’t know the differ-
ence between the National Park Service and the for-
est service.”

Now, when I have a chance to talk about Yel-
lowstone National Park (YNP) and about the Na-
tional Park Service (NPS), to some extent I base my
comments on my experiences involving Yellowstone
and its employees. I was with the National Academy
of Sciences team that was here during the big fires
that caused the huge and ongoing changes in how
both federal scientists and administrators in all fed-
eral land management agencies think about wildfires
and their “management.” The “management” of that
fire was more about backing up and praying for rain
[than anything else]! I have lived long enough as a
natural resources management professional to see
the humor in the myths that grow up quickly around
such dramatic events. For example, I remember the
accusations that the NPS was “letting Yellowstone
burn.” The firefighters, in most cases, were wisely
backing up as fast as they could go. That was a fire
that nobody—no how, no way—was going to “con-
trol” until circumstances of weather and exhaustion
of fuel allowed that to happen. Just being there as an
observer was an enlightening, interesting, and edu-
cational experience. It gave me a chance to become
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acquainted, and develop respect and admiration for,
many of Yellowstone’s personnel.

My next close association with Yellowstone was
a different matter and left a bitter taste in my mouth
that still lingers. That bad taste emanates from the fi-
asco that swirled around the proposed New World
Mine that took place in 1996. A Canadian mining
company acquired the mining rights to some USFS
land in a drainage off of—not adjacent to—the east-
ern edge of Yellowstone. As was their right, the min-
ing company announced their intention to resume
mining in a drainage that had been ecologically
devastated by mining in the early twentieth century,
and from which there had been only slight recovery.
The USFS, as was required by law, partnered with
the State of Montana to prepare the environmental
impact statements on the mining company’s pro-
posed alternatives. The work was reaching its final
stages when, out of the blue and with no consulta-
tion or discussion with the USFS, Yellowstone Su-
perintendent Michael V. Finley accused the USFS
of rigging the outcome of the environmental impact
statements. That statement, made without warning
or consultation, made headlines all over the coun-
try. Without investigation or contact with the USFS
or the State of Montana, some of the powers in the
Clinton administration took Finley’s statement at
face value. When I called my friend, NPS Director
Roger Kennedy, he was as shocked and irritated as
I was. Clearly, Finley was a fair-haired boy with the
administration, and they would entertain no discus-
sion of this—if nothing else—breach of protocol.
The mining company, in my opinion, was pursuing
a “can’t lose” strategy: mine the mine or mine the
U.S. Treasury. They were now set up to do the latter,
which they ultimately did.

I checked things out and concluded that the
USFS/State of Montana effort relative to the prepa-
ration of the required environmental impact state-
ments was being properly conducted, as required by
law. However, just to be sure, I had the USFS con-
tract with the best private environmental impact out-
fit in North America for a review and critique of the
ongoing process.

However, in the meantime, the press and envi-
ronmental activists grabbed onto Finley’s statement
and painted him asagreat hero standing alone against
the evil mining company and the USFS. Finley, along
with some allies of the environmentalist persua-
sion who should have known better, had managed
to paint a picture in the public’s mind of a pristine
watershed that was about to be torn to shreds on the

very boundary of Yellowstone National Park, which
was downstream of the coming devastation. None of
that was true. But it provided a political platform for
President Clinton to establish his bona fides with the
environmentalist camp. Without consultation with
the USFS, or attaining a thorough understanding of
what that agency was required by law to do, the ad-
ministration bought Finley’s fairy tale.

In the meantime, the consulting firm I had en-
gaged delivered its assessment of the USFS/State of
Montana’s environmental impact statement relative
to the matter. Their conclusion was not only that the
effort was proper and thorough; it was among the
very best they had ever examined. Katie McGinty,
Director of the Council on Environmental Qual-
ity, was scheduled to testify before a congressional
committee the very next day and tell them how the
administration, tipped off by Finley’s courageous
stand against the USFS’s “flawed” efforts at an en-
vironmental impact statement, intended to “save
Yellowstone” by trading off national forest lands in
exchange for mining rights. That decision also had
been made without consultation with the USFS.

I informed her about the consulting firm’s re-
port. She was not appreciative. She had forgotten all
about the ongoing evaluation. I sent her the report
via messenger, and she immediately cancelled her
scheduled appearance. I think she considered what
I had done to be treacherous, though she had been
informed of the ongoing review.

That summer, President Clinton and his family
vacationed near Yellowstone, and the president, in a
ceremony in the park, announced that the U.S. Gov-
ernment would buy out the New World Mine—that
is, the mining company would mine the Treasury in-
stead of the mine. The platform was filled with dig-
nitaries—none of whom were from the USFS, upon
whose lands the New World Mine would have been
located. I, along with the regional forester, forest su-
pervisor, and others, was ordered to attend the cer-
emony—in uniform, no less. We were seated in the
peanut gallery.

In order for the president to keep his word with-
out increasing federal expenditures, some political
operative came up with the really swell idea of swap-
ping some National Forest System lands near YNP
for the mining rights. That was, simply, too damned
much for me to swallow. I was simultaneously ag-
gravated by an order to fire five of my top staff for
what I thought were clearly political reasons. It was
time for me to step down. However, I made arrange-
ments to make several speeches over the next several
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months—really the same speech to several differ-
ent audiences. Foremost among the audiences was
a meeting of the Outdoor Writers and the North
American Wildlife and Natural Resources Confer-
ence in Washington, D.C., in March 1997. With the
secretaries of agriculture and interior in attendance,
I delivered what, in retrospect, I consider the best
and most heartfelt speech of my career. The speech
focused on the equally sacred trust of the national
forests relative to the national parks. I bore down on
the dangers of establishing a precedent of using pub-
lic lands as chips in political wheeling and dealing.
The crowd came to its feet in loud and sustained ap-
plause and cheering. The secretaries of agriculture
and interior and other political appointees stand-
ing in the back of the hall got the message. The New
World Mine was bought out using Land and Water
Conservation funds.

I did enjoy, for my three years in Washington as
Chief of the USFS, a close personal and professional
relationship with NPS Director Dr. Roger Kennedy.
He was, and is, a scholar and a gentleman. I spent
many hours in the Kennedy’s home, especially in the
days immediately after my wife died. We spent many
hours discussing public land issues and the relation-
ships between national forests and national parks.

Sally Fairfax, a social scientist at the University
of California—Berkeley, recently published an article
in the Journal of Forestry suggesting that the USFS,
NPS, and the Bureau of Land Management (BLM)
be combined in the Department of Interior. Her ra-
tionale was that the missions of the three agencies
had more or less evolved to be centered around pro-
tection of environmental values (preservation) and
recreation.

Such is not a new concept. Secretary of Inte-
rior Harold Ickes made the same determined pitch
during the administration of Franklin D. Roosevelt
in the late 1930s. His thrust was defeated, largely by
the actions of the USFS chief and top staff—which,
understandably, shortened their careers. Likely, they
were not surprised. Ickes retaliated by engineering
massive transfers of land from the USFES to the NPS.
President Jimmy Carter’s government reorganiza-
tion proposals in the 1980s included some aspects of
the same plan, and it failed again.

Why did those efforts fail? Agencies have con-
stituencies, and those constituencies may, from
time to time, consider the agency with less than to-
tal enthusiasm. However, the old adage, “the devil
you know is better than the devil you don’t know”
applied, and those constituencies have consistently

raised their voices—and power—against consoli-
dation. So historically, at least, the Department of
Interior has been seen as the one more focused on
preservation of the public lands as opposed to con-
servation (“wise use”) of lands under their jurisdic-
tion, the BLM being the exception. The Department
of Agriculture was the “use” agency when it came
to public lands. Gifford Pinchot, the first chief of
the USFS, had once headed the forestry operations
in the Department of Interior, which he considered
to be corrupt at that time. He worked long and hard
to have the forest reserves, and all forestry opera-
tions, transferred to the Department of Agriculture.
Pinchot, I think correctly for that moment in his-
tory, did not believe that large withdrawals of public
lands from the public domain to form the U.S. Forest
Reserves would stand if the lands were not actively
managed to produce goods and services in a sustain-
able fashion.

I think it is just as likely that Pinchot wanted to
establish the USFS in the Department of Agricul-
ture because, he reasoned, the secretary of agricul-
ture would be focused on production of agricultural
commodities (e.g., cotton, corn, and livestock), and
would have not have the expertise or interest to
guide the USFS. That guidance would be left to the
chief of the USFS. And that was largely true until
some 20 years ago. Today, the primary spokesman
for the USFS is not the chief of the USFS, but the
undersecretary of agriculture. What does that mean,
and what does it portend? Time will tell if that condi-
tion persists after the current administration leaves
power.

It is well to recall the conflicts during the early
years of the USFS (1905-1910) between John Muir,
the preservation guru, and Gifford Pinchot, the “wise
use” guru. Even today, it is possible to visit the offices
of those involved in the ongoing saga of the public
land management game—those in government and
those in lobbying groups—and see pictures of Pin-
chot hanging on the wall of those interested in ac-
tive land management and pictures of Muir on the
walls of the preservationists. When I was chief of the
USFS, I ordered that pictures of Muir, [Aldo] Leop-
old, [Arthur] Carhart, and [Bob] Marshall be hung
in the “Hall of USFS Heroes.” So far as I know, they
hang there still. I thought there was a need for and
room for both focuses, and both sets of heroes, on
the public’s lands.

There are differences in mission between the
federal land management agencies. The mission for
the USFS was set out in its Organic Act of 1897. It
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called for the management of the forest reserves for
three purposes: protection of the forest reserves,
production of a sustained flow of water, and provi-
sion of a flow of timber for the use of the American
people. That mission was not modified until the pas-
sage of the Multiple Use Sustained Yield Act of 1960,
which added livestock grazing, fish and wildlife, and
recreation to the mandate.

In 1905, the forest reserves were transferred
from the Department of Interior to the Department
of Agriculture. Gifford Pinchot was appointed the
first chief of the USFS. He had maneuvered for this
change and this appointment for more than a de-
cade. The chance came when his friend Theodore
Roosevelt became president with the assassination
of President McKinley.

Pinchot firmly established direction for the
USFS when, early on, he wrote a letter for Secretary
of Agriculture [James] Wilson to send to the chief of
the USFS. That letter told the new chief how and for
what the new agency would be managed. That direc-
tion still stands after 100 years. Sometimes it pays to
know history, as such knowledge can provide a play-
book for use in the political games of today—and
tomorrow. In 1993, I had the opportunity to write a
letter for President Clinton to send to me describing
how we were going to deal with ecosystem manage-
ment on public lands in the Pacific Northwest. Those
instructions still stand.

The NPS, of course, has had its share of mixed
messages over the last century. The primary confu-
sion has been over achieving a politically correct
balance between the mixed, and sometimes incom-
patible, messages of preservation and satisfying in-
creasing recreational use.

Pinchot’s USFS wanted to increase the amount
of lands in the National Forest System. In order to do
that, it was essential to assure local people, and their
politically elected officials, that these lands were not
to be “locked up,” but were to be actively managed to
provide goods and services in an equitable fashion.
For Pinchot, that dictated application of “practical
forestry” (forestry that would make money and be
sustainable) and the regulation of livestock grazing
in a fashion that was equitable and would help re-
pair damaged range conditions. In doing so, Chief
Pinchot had to take on both the “timber barons” and
the “cattle barons,” not to mention the miners. They
were formidable opponents that he considered to be
future allies.

Wanting into the business of “practical forestry”
and actually achieving that objective turned out to be

two very different things. The USFS, by and large, did
not have control of the most productive forest lands.
In fact, many of the national forests were composed
of what might be called marginal timberlands, which
made it difficult for the USFS to make money in the
“practical forestry” business. And the USFS was
competing against a very powerful timber industry
not constrained by any lofty ideas of actually prac-
ticing sustainable forestry. Worse yet, that industry
did not want any competition from “cheap govern-
ment timber” and, by and large, they made sure that
such did not happen until 1929. The Great Depres-
sion began in 1929 and, as a result, there was very
little demand for wood products. Demand picked up
during World War IT (1939-1945), but the “cost plus
10%” contracts being passed out to private timber
companies kept the USFS largely on the sidelines
relative to timber production.

The USFS, during the period 1910-1945, con-
centrated on bringing grazing under control, build-
ing roads and trails into the vastness of the National
Forest System to facilitate management (largely ef-
forts at fire control), and fighting wildland fires. The
ideawas to protect the forests from fires until, at some
future date, the nation would need the wood and
turn to the National Forest System as a source. And,
sure enough, when World War II ended in late 1945,
the moment finally came when the timber from the
National Forest System was in high demand at prices
that made “practical forestry” a reality. There was a
pent-up demand for housing that had been building
since the onset of the Great Depression in 1929 and
had lasted through the end of 1945—a hiatus of 16
years in home- and other construction. The timber
supply from much of the private lands had been ex-
pended during the war years. The nation turned to
the National Forest System and the USFS to supply
much of the skyrocketing demand for timber and
other wood products. Timber cut from the National
Forest System increased continuously from less than
2 billion board feet/year in 1945 to some 13 billion
board feet/year in 1990. Then there was a collision
with a changing public will and the environmental
laws passed in the period of the 1960s and 1970s.

Beginning in the 1970s, there was a gradual shift
relative to the way fire was considered in the forested
landscape. The “10:00 am fire policy,” which called
for the extinguishing of any wildfire on the national
forests by 10 am on the day after its discovery was put
in place in 1911 and was now being questioned on
both ecological and economic grounds.

By 1990, timber yields from the national forests
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began to drop due to a public backlash against “indus-
trial-strength forestry” which included broad-scale
application of pesticides, road densities exceeding
four miles per square mile, even-aged timber man-
agement involving clear cutting, planting of mono-
cultures of single species of trees, and harvesting
of trees at “economic maturity.” “Old growth” had
essentially disappeared from private lands and was
being rapidly logged on USFS and BLM lands. The
attitude toward fire in the forest was also changing.
Fire became more and more recognized as a natural
part of the ecology of forests. This was taking place
at the same time that fuel loadings, due to 80 years
of increasingly effective wildfire suppression efforts,
were increasing on both national forest and national
park lands. Managers began to wonder how to in-
corporate fire into forest management.

The new approaches were complicated by sev-
eral factors. First was the simple fact that forests
come in a variety of ownerships—federal, state, other
government, and private. Though these landowners
had different management objectives, wildfires do
not respect property lines. To make matters worse,
homes were and are, and at an increasing rate, being
built in locations where they are susceptible to being
destroyed by wildfires in adjacent forests.

It is common today to hear and read castigation
of the federal land managers of yesterday for their at-
titudes toward wildfire—and even for their success
in, to some extent, controlling wildfires. We tend to
forget that their intention, in the case of the USFS
at least, was to preserve the forests in their care un-
til the wood could be harvested and used to benefit
the American people. No one could have foreseen
the shift in public attitudes that would dramatically
alter the management of public lands more toward
preservation and away from active management for
the production of wood. The early forest managers
thought of the green trees in the forest as products in
a warehouse to be accessed and utilized at some fu-
ture date. It seemed only prudent to keep the ware-
house from going up in flames. It is hard to argue
against that logic, given the knowledge of the time.
Now, during a period when we have decided that
burning up such a warehouse, for some reason or
other, has its good points, the original concept ap-
pears stupid to some. Is it? Was it?

We are beginning to learn that living with wild-
fire, including its intentional use in forest and range
management, is much easier in theory than it is in the
overall political and economic sense. The NPS’s fire
managers had the great misfortune to be responsible

forthe firstlarge-scale “controlled burn” thatbecame
so “uncontrolled” as to have burned up a significant
portion of a town: Los Alamos [New Mexico]. But if
the truth be known, anyone who has dealt with con-
trolled burning could view that scene, shudder, and
mouth the worn words, “There, but for the grace of
God, go I.” My prediction is that in the end, we will
find that [policies of] “controlled fire” and “let-it-
burn” will have much less application than some vi-
sualize at the moment. That is particularly true when
we consider the increasingly mixed ownerships as
one large timber company after another gets out of
the timber business and sells to or becomes a real es-
tate investment trust—i.e., land developer.

Global warming is now accepted—by scien-
tists, at least—as a reality. The National Academy
of Sciences has concluded that the phenomenon is
responsible for increases in the number, size, and
extent of wildfires in North America. There are, to
be sure, holdouts in industries that will be adversely
influenced by any attempt to deal with the situation,
and they hold more influence in the political arena
than scientists. But they will be overwhelmed by de-
veloping evidence. Such is merely a matter of time
and, now, cascading evidence.

Beginning in the 1920s, the NPS became the
USFS’s primary competitor for allocations of land
out of the public domain and for the purchase of
land for inclusion in the federal estate. The NPS has
a founding father, and icon, that matches the USFS’s
Gifford Pinchot. Things began to change for NPS
with the arrival of Stephen T. Mather as director.
He was just as charismatic, just as ego-driven, just as
shrewd, just as ambitious, and just as focused as Pin-
chot. But Mather’s focus was on land preservation as
opposed to Pinchot’s (and his successors’) doctrine
of wise use. Mather’s objective was to build a nation-
al system of parks. Given that the USFS had a sig-
nificant head start in acquiring lands from the public
domain, and that the agency had “cherry-picked”
the best, most beautiful, and most productive of the
lands available, what was Mather to do? The answer
was simple. Mather would, on a selective basis, raid
the National Forest System for the lands he wanted
for national parks. And he was to prove to be a most
successful pirate, from the view of the USFS. In the
view of the preservation community, he was a most
successful crusader for keeping vast stretches of wild
lands forever protected in their pristine state. That
was, frankly, a little hokey, and not in keeping with
ecological realities, but it sold, and it still sells.

The USFS mandate was too narrow to allow a
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successful defense of the lands desired by Mather
and [his] associates. The USFS’s narrow mandate
to protect the forest and assure water flows and a
supply of timber for the American people left the
NPS to seize the mission of protection of natural
landscapes, provide havens for plants and wildlife,
and provide pleasuring grounds for the American
people. Clearly, those mandates are to some degree
contradictory, and are increasingly so. But, as some
would say, whatever works. And it did work. Direc-
tor Mather and his successors were every bit as suc-
cessful in their quest for what they thought was the
best future for the public lands of the United States
as Gifford Pinchot and his successors were in terms
of the National Forest System. But, understandably
enough, [Mather was] viewed with animosity and
suspicion; acceptance required a painful adjustment
for the USFS. Those “raids” stimulated the USFS to
bring forth the Multiple Use Sustained Yield Act of
1960. Passage leveled the playing field between the
NPS and the USFS. NPS success in raiding the Na-
tional Forest System for new park lands essentially
stopped.

Now, I fast-forward to the end of World War
IT in 1945. The USFS entered what some, especially
those enamored by the production of goods from
federal lands, consider its glory years. The nation
had been overwhelmingly successful in World War
I1, vanquishing Germany and the Empire of Japan in
a two-front war. Millions of GIs were coming back
from the war, many of whom had suffered through
the Great Depression. Those veterans, most drafted
into military service, had not gone into combat on a
rotation basis; they went overseas and did not come
home until victory was achieved. Casualties were
not in the thousands or tens of thousands, but in the
hundreds of thousands. The nation had two feelings
about those returning veterans: (1) they were owed
a tremendous debt, and (2) unless they were appro-
priately recognized, rewarded, and appreciated, and
quickly reintegrated into a society that had changed
much in their absence, political and social unrest was
possible or even likely.

In a stroke of genius, Congress passed, and
President Truman signed, the most successful social
legislation in the history of the United States: the G.I.
Bill. That bill made two promises to returning veter-
ans. First, through guaranteed low-interest loans, it
became possible for veterans to own a home (keep
in mind that essentially, there had been no homes
built in the United States since the onset of the Great
Depression in 1929). Second, it was made possible—

through stipends and tuition payment—for veterans
to enhance their education in ways ranging from
vocational training to university education. Home
ownership became common for middle- and lower-
class Americans, and the new surge in an educated
work force set off prosperity never before known.

And as far as the NPS was concerned, there was
a huge surge in outdoor recreation. The war was
over. The economy was booming. Cars were roll-
ing off the assembly lines and into garages and onto
driveways. Gasoline, which had been rationed, was
readily available at low prices. Recreation, particu-
larly outdoor recreation, was booming,.

The USFS provided a great deal of the wood that
fueled the housing boom. Examination of newspa-
pers and magazines for the period 1946-1980 reveals
story after story extolling the virtues of the agency’s
performance. The USFS was the agency that “could
do the job,” “the Marine Corps of the civil service,”
“the only agency that pays its way,” and so on. Bud-
gets climbed, personnel numbers increased, and ap-
plause was common. These were heady times for the
USFS. The USFS, in 1960, finally got the mandate it
wanted to deal with range, fish and wildlife, and rec-
reation. Now, they could beat off additional raids for
lands from the NPS—and they did.

The 1960s and 1970s gave rise to both the mod-
ern environmental movement and a plethora of en-
vironmental laws. These laws had markedly delayed
effects, as it was about 10 years after their passage
before they were commonly used as the basis for le-
gal actions against federal agencies. In the meantime,
the timber cut on the national forests was inching up
to 13 billion board feet/year. And it was becoming
clear, through experience and research results, that
if the USFS was to continue “practical (money-mak-
ing) forestry,” it must be done through the avenue of
even-aged management, with its built-in efficiencies
of road construction and maintenance, harvesting,
stand regeneration (natural or planted), and stand
tending.

The USFS was still suffering from a hangover
from the Progressive Era, under which it was antici-
pated that the technological elite, when given respon-
sibility and authority, would make the best decisions,
and then execute those decisions so as to maximize
the greatest good for the greatest number for the lon-
gest time. The Progressive Era was long gone, yet the
USFS and several other federal agencies, such as the
Bureau of Reclamation and the Army Corps of En-
gineers, proceeded as if that were not so. The USFS
was faced with increasing public backlash and, now,
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there were environmental laws that could be used to
force attention to the public will.

There was nothing wrong with the research
relative to even-aged timber management. It worked
quite well if the manager’s objective was the maxi-
mization of wood production per unit of area. Oth-
erwise, it has some rather nasty, if short-term, attri-
butes—one being that from the time of cutting for a
decade or two afterward, the result is just plain ugly.
Only a forester can see the beauty of a clear-cut in
its infancy. Then, to make matters even worse, silvi-
culturalists commonly laid out the cutting units in
40-acre squares that were clearly visible marching
up the hillsides with the roads, while granting mo-
torized access of timber managers and recreation-
ists into the backcountry, which was adding up to
an economic and environmental liability. Then, in
Montana, the ugly factor was multiplied by terracing
hillsides within clear-cut areas to maximize “water
capture” and speed tree growth. That was referred
to as “ugly squared.” It didn’t matter to the public,
the owners of the national forests, that these practic-
es might have been quite effective for their intended
purpose: maximization of wood production. The
USEFS pressed ahead.

When I went to work for the USFS in Morgan-
town, West Virginia, in 1966, I was quickly embroiled
in research relative to the reaction of wildlife and
hunters to even-aged timber management. White-
tailed deer, turkeys, and ruffed grouse responded
positively, but hunters, most decidedly, did not. A
retired shoemaker in Gauley, West Virginia, was
working part-time as the head of the Chamber of
Commerce for that small town. He and a number of
his constituents were aficionados of turkey hunting,
and were appalled by the clear-cutting of hardwood
forests. By happenstance, he was also an influential
member of the West Virginia Chapter of the Izaak
Walton League. When he and his friends protested
to the USFS about clear-cutting, they were, at least
in their minds, paternalistically brushed off, with the
implication that such matters should be left to the
experts—by definition, the USFS.

The Izaak Walton League went to federal court
and charged the USFS with violating the USFS Or-
ganic Act of 1897, which specified that any trees cut
for commercial purposes on national forests had to
be “mature” and individually marked for cutting.
The USFS maintained that in spite of what the law
said, they were the experts, and times had changed
relative to knowledge about the most appropriate
silvicultural treatments; therefore, they had the right

and obligation to proceed with forest management
as they deemed appropriate. The judge ruled that
the USFS was in clear violation of a clearly written
statute. Further, the judge said the law might be an-
tiquated, but it was the law until modified. Ergo, the
USFS would cease and desist so far as clear-cutting
was concerned.

Meanwhile, out in Montana, a committee of
forestry professors from the University of Montana
came forth with the Bolle Report (named for Arnold
Bolle, the chairman and dean of the school’s School
of Forestry), which took the USFS to task for the
clear-cutting and terracing in the Bitterroot Nation-
al Forest. It was a second staggering punch for the
USFES’s timber management program.

Congress jumped into the fray and sought clari-
fications from the applicable laws (primarily, the
simple instructions in the Organic Act) that guided
management of the National Forest System. Two
primary pieces of legislation vied for consideration
in the Senate. The first was the so-called “Randolph
Bill,” named for its sponsor, Senator Jennings Ran-
dolph of West Virginia. That proposed legislation,
written with assistance from the developing and
growing environmental community, was very pre-
scriptive in nature as to what the USFS could and
could not do in forest management. The USFS saw
the Randolph Bill as a significant encroachment on
the managerial prerogatives of its professionals, and
worked with Senator Hubert Humphrey of Minne-
sota on an alternative. That alternative restored man-
agerial flexibility to the USFS and mandated that the
agency should prepare 10-year management plans—
whereby, at least in theory, appropriations could be
controlled or, at least, strongly influenced.

Senator Humphrey’s legislation prevailed as the
National Forest Management Act of 1976. In retro-
spect, it might have been better if the agency had
held its collective nose and swallowed the Randolph
Bill. The old caution comes to mind, “Be careful
what you ask for; you may just get it.”

The USFS also maneuvered to get the For-
est and Rangeland Renewable Resources Planning
Act of 1974, which directed the agency to do three
things: assess all the potential actions of the federal
land management agencies; assess the best alterna-
tives for the expenditure of federal funds; and pre-
pare plans for the most efficient use of federal funds
in federal land management. As a sideline, it is inter-
esting to note the act also provided for the follow-
ing (emphasis added): “an analysis of the potential
effects of global climate change on the condition of
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renewable resources on the forests and rangelands of
the United States; and an analysis of the rural and ur-
ban forestry opportunities to mitigate the buildup of
atmospheric carbon dioxide and to reduce the risk
of global climate change.” Congress recognized
and acknowledged, 32 years ago, that global warm-
ing was a reality.

The USFS’s intent in guiding the preparation
and passage of the act was to put the agency in the
driver’s seat relative not only to the multiple-use
management of the national forests, but also to other
federal lands, as well. The Multiple Use Sustained
Yield Act of 1960 gave the USFS license to expand its
mission to include timber, water, recreation, range,
fish and wildlife, and minerals. The National Forest
Management Act of 1976 restored managerial flexi-
bility and required national forest planning. The For-
est and Rangelands Renewable Resources Planning
Act of 1974 directed the USFS to assess the best al-
ternatives for expenditures on all the public lands. It
was, in concept, brilliant from the standpoint of the
USEFES. The USFS now had a wide-ranging mission,
a direction to carry out, national forest by national
forest, on a 10-year basis. And the USFS could, on
a regular basis, assess and point out to Congress the
best opportunities for effective additional spending
on the federal estate.

It was a brilliant bureaucratic maneuver, but it
didn’t work in practice. The USFS seemed to have
missed the point that Congress does what Congress
does in terms of allocations of federal dollars, more
in light of political expediency than in terms of what
is logical or efficient. As former house speaker Tip
O’Neill of Massachusetts once said, “Everything is
political, and all politics are local.”

Then, to drive the last nail in the coffin of the
independence of federal land management agen-
cies, the Equal Access to Justice Act arrived on the
scene, and things were never the same. This act al-
lowed citizens to “sue the Crown” if they thought
any entity of the Executive Branch violated the laws
under which it operated. And in the event of a vic-
tory by the plaintiff, the government was to pay all of
the plaintiff’s costs. The land management agencies
were now vulnerable to lawsuits under a number of
federal statutes if their actions were believed to be in
non-compliance. Not only could citizens sue a gov-
ernment agency and have their expenses paid in the
case of victory, there also was no penalty involved in
a loss, outside of sunk costs. Compliance with the
Endangered Species Act, National Environmental
Policy Act, and the National Forest Management Act

were the source of most such lawsuits.

During the period 1945-1990, the USES, in
general, seemed quite insensitive to the concerns
of the NPS relative to the management of national
forests adjacent to national parks. In fact, some of
those actions went beyond the bounds of insensitiv-
ity to “in your face” management actions. The one
such action that leaps to were clear cuts on a park’s
[Yellowstone’s] boundary delineated by straight
lines that could be seen from outer space. Such was,
in retrospect, as stupid as it was insensitive. If the
intent was to draw a clear contrast between federal
land management agency missions and actions, it
was certainly achieved.

By the 1960s, two differing constituencies were
developing around the USFS and the BLM relative
to the NPS. The NPS received support from the
“greenies—” folks of the protectionist/preservation-
ist branch of the conservation community. Greenies
were little-courted by the land management agencies
prior to 1960, but by 1980, the greenies were a force
to be reckoned with. So the NPS got the support of
the greenies; the USFS was supported by conserva-
tionists of the old school, that is, those who believed
in “wise use” (with emphasis on “use”). This group
included those involved in active forest manage-
ment, livestock grazing, mining, commercialized
recreation, outfitting, and hunting and fishing. Many
gave active support to both agencies with full appre-
ciation of their differing missions. But in general, the
body politic that was interested in natural resources
began to fracture along the green/brown line.

The Endangered Species Act of 1973, a decade
after its passage, emerged as a turning point in how
public lands of all kinds were to be managed. One
of the species and places that received immediate at-
tention under the Endangered Species Act was the
grizzly bear, with the Yellowstone ecosystem (Yel-
lowstone National Park and surrounding national
forests) being the focus of this attention. There was
an initial focus on what became known as “charis-
matic megafauna,” and [the grizzly bear] was, and is,
a sterling example. Wolves were soon added to the
mix in the Yellowstone ecosystem.

But there was a new star emerging in the ongo-
ing saga—or is it a tragedy—of application of the En-
dangered Species Act. It was a cryptic little known
species of owl—the northern spotted owl—that
would produce the biggest conflict relative to pub-
lic land management of the last half of the twentieth
century.

I was appointed director of the USFS’s Range
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and Wildlife Laboratory in La Grande, Oregon, in
1972. In those days, federal agencies, at the end of
the fiscal year, had to deal with what was internally
referred to as “year-end money—” budgeted dollars
that were left unspent at the end of the fiscal year
after all the obligations had been paid. Any money
that was unspent was returned to the U.S. Treasury
(and it was likely that the next year’s budget was
reduced by the unspent amount). The director of
the Northwest Forest and Range Experiment Sta-
tion called me out of the blue and announced that I
was to be assigned some year-end funds. He wanted
me to contract for some research with the U.S. Fish
and Wildlife Service Cooperative Research Unit at
Oregon State University, thereby healing over some
irritations that had been festering for a few years.
This healing was to be accomplished by means of a
couple of small research grants to the unit to carry
out research of mutual interest. So I called my friend
Howard Wight, who was the co-op unit leader, and
told him the good news. I asked him to have a half-
dozen young graduate students who were scratching
for research support present me their proposals. If
warranted, I could support a couple of studies.

A week or so later, I journeyed to Corvallis [Or-
egon] to listen to the presentations. All of the six pre-
senters did an excellent job, and all of the proposed
studies were within the parameters of research that
I could legitimately fund. So I put the onus on Pro-
fessor Wight, and told him he could pick the studies
to be undertaken. Howard’s first pick was a study
proposed by Eric Forsman to determine the habitat
associations of the northern spotted owl. I don’t re-
member the second. But I do remember whispering
to Howard Wight, “Howard, that’s O.K. with me,
but what’s the bag limit on the damned things?” Our
profession of wildlife management, in those days, fo-
cused almost entirely on species that were hunted or
were predators of species that were hunted.

Nobody laughed, save for maybe the greenies,
when Forsman’s study indicated that the primary
habitat of the northern spotted owl was old-growth
forests—the very same old-growth forests that had
been essentially eliminated from private lands and
reduced by more than 80% on public lands through
logging. Forsman’s initial report triggered a number
of other studies that added to understanding of the
ecology of the northern spotted owl and it s habi-
tats.

Those of the hardcore environmentalist persua-
sion saw an opportunity to significantly reduce the
rate of cutting of old growth, particularly on public

lands. Here was a relatively slow-breeding bird with
a large home range that is dependent on old-growth
forests that were being steadily logged and simulta-
neously fragmented in the process. This added up
to a “perfect storm” relative to, first, the owl’s listing
as “threatened,” and, then, dramatic reductions in
the harvest of old-growth forest from public lands.
They did not take long to exploit that opportunity.
As one of their leaders later remarked, “If the north-
ern spotted owl had not existed, we would have had
to invent it.”

All of this added up to a mega-voltage jolt to the
federal agencies involved. The USFS went through
two iterations of plans to provide habitat for the
northern spotted owl while continuing to cut old-
growth forests at a rapid pace. But the economic/po-
litical consequences of these plans on timber harvest
and jobs in the timber industry were just too tough
to face, and the efforts failed. Finally, the handwrit-
ing was clear on the wall: the northern spotted owl
would be listed by the U.S. Fish and Wildlife Service
(USFWS) as “threatened,” and it would be necessary
to cobble together a recovery plan as required by the
Endangered Species Act. In the meantime, logging of
old growth would be held in abeyance. The four fed-
eral agency heads concerned (F. Dale Robertson of
the USFS, Cyrus Jamison of the BLM, John Turner
of the USFWS, and James Ridenour of the NPS) cre-
ated a team (the Interagency Scientific Committee,
or ISC) to create, within six months, a plan for the
management of the northern spotted owl. Clearly,
the four agencies would have to cooperate if a po-
litical meltdown was to be avoided. I was assigned
the team leader and given carte blanche to pick the
scientists who would make up the team and make
the necessary expenditures. The team was to include
scientists from all four of the agencies, the California
and Oregon departments of wildlife, private indus-
try, and academia.

Whatever federal land management agencies
were to do relative to cutting old-growth had little
direct effect on the NPS. To this point the NPS had
been standing around watching as the USFS, BLM,
and USFWS were sweating blood. But now, the NPS
had been drawn into a game they preferred to avoid.
Boundaries between agencies were crumbling—just
a little.

In the meantime, President George H. W. Bush
attended the Rio summit in South America relative
to the worldwide environment. He needed to make
some dramatic announcement that would show
the leadership of the United States relative to the
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environment, and his staff was coming up short. A
call was made to the chief of the USFS asking for a
statement that was heavy with meaning, yet nebu-
lous enough to afford some wiggle room if and when
push came to shove at some time in the future. They
suggested “ecosystem management” to the presi-
dent’s aides, and they grabbed onto it. From today’s
vantage point, I am not so sure that what they had
in mind at the time was what we consider ecosys-
tem management today, but nonetheless, the com-
mitment was made. So the management plan for
the northern spotted owl was based on principles
of ecosystem management, and lands of the USFS,
NPS, BLM, and USFWS were all in the pot.

Similar things were happening elsewhere in the
United States with different triggers. But it was the
northern spotted owl that made the news. And no
wonder, for no matter which way the struggle turned
out, there would be 30,000-40,000 jobs lost, dam-
aged or disappearing communities, and severe social
disruption. Politicians do not appreciate such sce-
narios.

In desperation, the Bush administration essen-
tially put the ISC and their work on public trial in
Portland, Oregon. This was accomplished using the
provisions of the Endangered Species Act (ESA). The
ESA allows for the institution of an Endangered Spe-
cies Committee, all political appointees of the presi-
dent, to determine if the consequences of attempting
to save a species are simply too great. The ISC, and
the results of their work, survived unscathed when,
in a humiliating defeat for the administration, all the
members of the Endangered Species Committee,
save for Secretary of Interior Manuel Lujan, upheld
the work and recommendations of the ISC.

My first night home after the trial, the phone
rang in the middle of the night. I was sound asleep
and groped around for a moment or two before en-
countering the telephone. “This is Jack Thomas.”
The caller, who had obviously been drinking, asked,
“Are you the spotted owl guy?” His words were
more than a bit on the slurred side. “Well, I'm going
to burn down your house, blow up your car, kill your
dog....”

When he paused for breath, I said, “Now, wait
just a minute! Look, Mister, I have rules that govern
my reactions in a situation like this, and with which
I must comply. I simply cannot accept death threats
at home. I would like to make an exception in this
case, but I can’t do it. I can only accept death threats
at the office between 8:00 and 12:00 on Mondays,
Wednesdays, and Fridays. My number is 406-273-

3040.” All I could hear was heavy breathing. I said,
“Let me repeat that number.” I could visualize the
drunk writing down the number. I repeated it slowly
and distinctly. Needless to say, I had bodyguards off
and on for a while.

While there were ongoing drops in timber har-
vests across the entire United States, the most severe,
with the greatest political backlash and the most
public involvement, took place in the Pacific North-
west with the spotlight on the northern spotted owl.
But similar patterns were developing on national
forests across the United States. The timber cut from
national forests dropped from some 13 billion board
feet/year in the late 1980s to some 2 billion board
feet/year in 2000, where it has hovered since.

In late 2005, I was in Washington, D.C., to at-
tend the ceremonies celebrating the hundredth an-
niversary of the establishment of the USFS. As a re-
sult, I had occasion to visit with the undersecretary
of agriculture about the USFS. He had served as the
chief of staff for the Senate Committee on Natural
Resources during my tenure as chief of the forest
service. Before that, he had been head of a lobbying
outfit for the timber industry. We had known each
other for many years, and were friends in spite of
some significant disagreements over the years. He
was a hired gun, and a very good one. He fed the Re-
publican members of the Natural Resources Com-
mittee questions intended to beat me up over de-
clining timber harvests on the national forests. The
committee insisted that we were simply not doing
our job relative to timber harvests, that is, the USFS
was not “getting out the cut.” My response was, al-
ways, that Congress made the laws and the USFS
carried out budget directions under the laws.

I said, “Mark, what’s happening? You and the
Republicans (presidency, House, and Senate) have
been in charge for almost six years, and the timber
cut from the national forests per year hasn’t changed
appreciably.” He just smiled. Ah, the games that peo-
ple play.

Where do we stand today relative to man-
agement of federal lands? Things have not really
changed very much since the departure of the Clin-
ton administration and the advent of the George W.
Bush administration, except for the continuation of
declining budgets relative to inflation and erosion
in employee numbers. No big changes seem to be
looming on the horizon. There does seem to be an
increasing recognition that the federal land manage-
ment agencies must increase their cooperation. Who
could disagree with that?
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I don’t think, for example, that the NPS, with
any semblance of a straight face, can continue to
cling to the wreckage of the failed policy of “natu-
ral regulation.” Migratory elk, deer, and buffalo that
move in and out of national parks continue to make
that concept a fairy tale. Any discussion of natural
regulation as a land management policy should be-
gin with the words, “Once upon a time. . . .”

A new cooperative era of management of fed-
eral lands is, or at least should be, dawning. It will
be increasingly necessary to fully appreciate what
is entailed when we talk about “ecosystem manage-
ment” or such places as the “Greater Yellowstone
Ecosystem.” That will require the abandonment of
fairy tales and a longing for circumstances that no
longer exist and, most likely, can never exist again.
The most-intact ecosystems that exist, or will exist,
in the United States exist where large blocks of fed-
eral land, regardless of the agency in charge of the
pieces, exist. If ecosystem management has any place
and any chance to be successful, it is in those places.
That will require increased attention to what might
be called “conservation across boundaries.”

I know that USFS Chief Dale Bosworth spoke
to you earlier. I think that in the circumstances of
the moment, he is doing a most excellent job. He,
and the rest of the USFS leadership, knows that a
new day has emerged requiring new approaches to
address the oldest of human problems: how to live
well in this world and maintain its ability to support
life—our life form included—forever. Such will re-
quire accelerated learning and adaptation—adap-
tive management of the most astute sort. What an
incredible challenge.

Chief Bosworth puts it this way—he has a way
of making the complex simple and understand-
able—in exploiting our environment, what we leave
is more important than what we take. There is both
keen perception and wisdom in that message. When
USES personnel are working in and around YNP
in the Greater Yellowstone Ecosystem, or in other
areas around national parks, that adage of what we
leave being the most important factor in our man-
agement is even more important. Clearly, it is doubt-
ful that we will see a new, straight-edged clearcut
along a national park boundary in the future. That,
at least, is some progress. But more is required. The
aesthetic quality of roads, roadsides, and watersheds
leading into the parks is being more carefully ad-
dressed. Plans for dealing with population numbers
of migratory ungulates should be more in touch with
reality, with shared responsibility for actions and

consequences. New thinking, and increasingly co-
operative approaches, to dealing with fire—wildfire
and managed fires—across boundaries is well un-
derway. Demands for coordinated management will
continue to increase.

There is one immediate issue in the manage-
ment of national forests to which USFS and NPS
personnel, and the constituencies of both agencies,
should ensure maximum attention and maximum
exposure. Near the end of the Clinton administra-
tion, all “roadless areas” of 5,000 or more acres were
placed off-limits to the construction of new roads.
Many of those areas are adjacent to and comple-
mentary to national parks. That rule was negated by
the George W. Bush administration. The states have
been asked to recommend, on a case-by-case basis,
which of those areas should remain in roadless sta-
tus and which should be considered for road con-
struction. As a pretty good old wildlife biologist—
certainly old—I can not think of any benefits to fish
and wildlife of road construction; ditto water qual-
ity. Will the quality of the national parks adjacent to
such roadless areas be enhanced by a change in their
land use allocation?

So was Dr. Fairfax right? Is it time to simply
amalgamate the three federal land management
agencies?

There is a myth in the USFS that maintains that
the agency’s first chief, Gifford Pinchot, left a sealed
letter in the middle drawer of his (and successive
chiefs’) desk with detailed instructions of the course
of action to be taken if there were ever a serious ef-
fort to meld the federal land management agencies
into the Department of Interior. I have had dozens
of inquiries over the years as to whether such a letter
actually exists. My first reply is that “If I tell you, I
will have to have you killed.” Joking aside, so far as
I know, no such letter exists—at least, I could never
find it.

If that letter exists, it wouldn’t mean much today.
Too much water has gone under the bridge. Times
change, and managers of the federal lands must
change with them. Pinchot said that the national for-
ests should be managed for “the greatest good of the
greatest number for the longest time.” He thought
he knew what that meant for the national forests in
his time. But he also knew and appreciated that new
knowledge and new circumstances would require
change in focus and day-to-day operations. There
is no going back, and who would really want to? In-
creased cooperation and coordination between fed-
eral land management and regulatory agencies will
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be the order of the days to come. And once past the
pain of change, such will be challenging, exciting,
taxing, and maybe even fun.

I started this rambling talk with that story about
the good news and the bad news—that the USFS
is the most respected agency in government but
the public can’t tell the difference between the two
agencies. With that in mind, I would suggest that
the two agencies are increasingly less different than
in the past. But they are also not the same; they are
siblings born of Theodore Roosevelt and the Boone
and Crockett Club, but not twins.

Matters relative to natural resource manage-
ment never stay the same for long. Let me use tim-
ber as a surrogate for all natural resource products.
Timber yields from federal lands are down 80% over
a 15-year period. During that same period, the num-
ber of large timber holdings has declined to two or
three, with the remainder sold into real estate invest-
ment trusts. Mills have closed by the hundreds.

But if you go to the lumberyard, wood products
are plentiful, and at more-or-less reasonable prices.
Where did the wood come from? Where will it come
from in the future? What are the ecological conse-
quences?

That wood is coming, and will come for the
foreseeable future, from “elsewhere.” In most cases,
itis agood bet that elsewhere does not have the same
environmental laws nor the cutting-edge expertise
to do the same level of environmentally sensitive
forestry that is, or can be, practiced in the United
States. Yet we use more and more wood in toto and
per capita than any other nation in the world. Upon
consideration, such circumstances legitimately could
be classed as morally bankrupt. And along with the
importation of such huge amounts of wood, we in-
crease our already soaring balance of trade deficits;
such could be labeled as fiscally irresponsible. Then,
to top things off, we export the jobs that are associ-
ated with growing, tending, harvesting, transport-
ing, manufacturing, and distributing wood products.

Such exports are largely from rural areas, where
good-paying jobs are in short supply. That could be
called socially callous. Decisions relative to how we
manage our natural resources have consequences—
both locally and worldwide.

Circumstances can change quickly. September
11, 2001, brought us a war on terror. Stock markets
plunged and have recovered, but just barely, and are
bouncing along sideways. Energy prices have, and
likely will continue to, soar. Balance-of-trade defi-
cits are spiraling upward, and budget deficits stretch
ahead as far as the eye can see. Adjustments will be
required, including how we deal with natural re-
sources. We will, sooner or later, discover, and then
come to grips with the fact, that we can’t buy every-
thing we want from somebody else with a dollar that
is dropping in value as debts and balance-of-pay-
ment deficits increase inexorably. We will, sooner
or later, have to resume producing more of what we
use, while—on the flip side—conserving as much as
we can.

The struggle for appropriate management of
natural resources is always present; failure results
in destitution. Conservation is always of paramount
importance. For most of us in this room, it is our
calling—a noble and worthwhile calling. I will retire
at the end of this year after 50 years as a professional
conservationist in various roles: 10 years with the
Texas Parks and Wildlife Department, 27 years as a
USFS research scientist, 3 years as chief of the USFS,
and 10 years as professor at the University of Mon-
tana. I cherish the teaching part, because I could
pontificate endlessly and, in the end, not have to be
responsible for what I said and did. But that is not
quite true, because those students who listened and
learned are going forth to continue the struggle—I
hope a little better prepared for what they learned.

An interviewer asked me a while back if I'd do
it all over again—the 50 years as a professional con-
servationist. I didn’t have to ponder. I answered, “In
a heartbeat!”
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Abstract

In the summer of 1988, during the driest period in Yellowstone National Park’s history, large-scale fires burned
more than one-third of the park’s area. The 2002 inventory of Wyoming's forest conducted by the U.S. Forest
Service's Forest Inventory and Analysis (FIA) program marked the first comprehensive forest inventory of Yellow-
stone National Park. Information was collected on each FIA sample that identified sample plots with evidence of
burn in 1988. This information allows for summaries and statistical analysis of current forest conditions in Yel-
lowstone that had evidence of fire in 1988. Forest area attributes such as forest type, stand size, stand age, stand
density index, and basal area class are presented in this paper. Tree-level attributes such as species, numbers of
trees, diameter class distribution, growth, and mortality are also presented. FIA's estimate of the amount of for-
est area that burned in 1988, based on the 2002 plot burn history, is 803,000 acres. The most dramatic effect is
the heavily skewed age class distribution toward the youngest age class. Sixty-four percent of the burned area
is currently classified as a lodgepole pine forest type, and another 19% is non-stocked. Spruce-fir types account
for 7% of the burned area; the remaining 10% is comprised of aspen, Douglas-fir, Engelmann spruce, whitebark
pine, and limber pine types. More than 58% of the burned area is classified as a sapling/seedling stand size class,
18% is sawtimber stands, and 5% is poletimber stands.

Introduction

In the summer of 1988, the driest recorded pe-
riod in the history of Yellowstone National Park,
large-scale fires burned more than one-third of the
park’s area. The fires created a unique forest ecosys-
tem that has been extensively studied in subsequent
years to evaluate how forests and wildlife recover
from severe disturbance. Ecological succession, spa-
tial heterogeneity, herbaceous production, and ef-
fect on mammal populations are some examples of
studies conducted on the areas burned in 1988.

The U.S. Forest Service’s Forest Inventory and
Analysis (FIA) program recently completed a com-
prehensive forest inventory for the state of Wyoming
that included Yellowstone National Park. The data
from this inventory included information about
those sample plots that had evidence of burn in
1988. The forest inventory estimates from sample
plots that burned in 1988 provide an opportunity to
examine forest area attributes, population estimates
of live trees, and stand dynamics from a broad-scale

perspective about 11 years after the fires occurred.

Methods

FIA’s extensive, sample-based inventory in-
cludes a systematic grid of permanently established
field plots across all lands in the interior West. The
FIA program uses a mapped, fixed-plot design as
part of its national core sampling protocols (Hahn
et al. 1995). Each ground plot contains a cluster of
four points spaced 120 feet apart. Each point is sur-
rounded by a 24-foot, fixed-radius subplot where
trees 5.0 inches diameter at breast height (d.b.h.) and
larger are measured. All four subplots total approxi-
mately 1/6 of an acre. Each subplot contains a 6.8-
foot, fixed-radius microplot where saplings (1.0-4.9
inches d.b.h.) and seedlings are measured. All four
microplots total approximately 1/75 of an acre.

To divide the forest into various domains of in-
terest for analytical purposes, the tree data recorded
on these plots is properly associated with the area
classifications. To accomplish this, plots are mapped
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by condition class. Field crews assign an arbitrary
number (usually 1) to the first condition class en-
countered on a plot. This number is then defined by
a series of predetermined discrete variables attached
to it: land use, forest type, stand size, regeneration
status, tree density, stand origin, ownership group,
and disturbance history. Additional conditions are
identified if a distinct change occurs in any of the
condition-class variables on the plot.

Sometimes a plot straddles two or more distinct
condition classes. Boundaries between condition
classes can bisect the subplots, or they can be lo-
cated between the subplots. Microplots are mapped
in a similar fashion. Thus, for each ground plot, the
microplot and subplot area in each condition class
is known, as are the location and condition class of
every tree tallied.

Fieldwork began in Wyoming in 1998, and was
completed in 2003. Most of Yellowstone National
Park was inventoried in 1999. The most recent inven-
tory of Wyoming marks the first wall-to-wall cover-
age inventory of Yellowstone National Park. Previ-
ous forest inventories did not install sample plots on

reserved public land. For each inventory plot that
sampled forest land, field crews recorded evidence
of fire and the year in which it occurred. Figure 1 il-
lustrates those inventory plots that sampled forest
land with evidence of burn in 1988, overlaid with
ancillary coverage of the 1988 burned area. Figure 2
illustrates those inventory plots that sampled forest
land with no evidence of fire in 1988. A total of 132
inventory plots had evidence of burn in 1988, and a
total of 131 inventory plots had no evidence of burn
in 1988.

Forest area

Forest Inventory and Analysis estimated the
total land area (excluding census water) in Yellow-
stone National Park to be 2.0 million acres. Eighty
percent of the total land area was classified as forest
land. About 803,000 acres were estimated to have ev-
idence of fire in 1988; 795,000 acres were estimated
to have no evidence of fire in 1988.

Forest type is a classification of forest area based
on the predominant tree species in a stand. It affects
wildlife habitat, timber supply, and other forest eco-
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Figure 1. Forest inventory plots that sampled forest land
with evidence of fire in 1988, Yellowstone National Park, in
Wyoming, 2002.
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Figure 2. Forest inventory plots that sampled forest land
with no evidence of fire in 1988, Yellowstone National Park,
Wyoming, 2002.
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system goods and services. Lodgepole pine occupies
the largest amount of forest area burned in 1988,
at 64% (513,000 acres) (Figure 3). Second in abun-
dance is non-stocked timberland at 19% (149,000
acres). Non-stocked timberland refers to land that
is less than 10% “stocked” (covered) with live trees
but has the potential to support live tree cover at or
above 10%. Third, the spruce-fir type accounts for
7% of the burned area, followed by aspen forest
types at 3%.

Comparisons of forest inventory estimates on
burned and unburned forest land illustrate some
striking differences in forest cover type in Yellow-
stone National Park. Figure 4 compares the area
burned in 1988 against the area with no evidence of
burn in 1988 by major forest type. Lodgepole pine
predominates on the unburned area at 55% (441,000
acres). There is significantly less non-stocked timber-
land on the unburned area compared to the burned
area, where non-stocked timberland accounts for
20,000 acres, or 3%. Spruce-fir, Englemann spruce,
and whitebark pine types on the unburned area are
more than double that recorded on the burned area.
Also noteworthy is the absence of aspen forest types
recorded on the unburned area.

The most significant impact of the 1988 fires
from a macro-forest land condition perspective is
the effect on stand-age class. Stand age is a com-
puted variable using only those ages of trees within a
computed stand-size class and weighted by trees per
acre. If a computed stand-size class is non-stocked,
the age class is defined as non-stocked/unclassi-
fied. Figure 5 shows 50-year stand age classes for the
burned and unburned areas. Fifty-seven percent of
the burned forest area is concentrated in stands less
than 50 years of age, and nearly 77% of the burned
stands classified as lodgepole pine forest type are less
than 50 years of age. Most of these young stands,
especially lodgepole pine, are newly regenerated
stands that reestablished following the 1988 stand-
replacing fires. In contrast, only 13% of the un-
burned forest area in Yellowstone National Park is
in stands of 50 years and younger. The forest area in
the unburned area is more normally distributed than
the burned area, with the majority (50%) in stands
100-200 years old.

Several studies suggest that all forest types across
all stand ages were affected by the 1988 fires (Chris-
tensen et al. 1989). Initially the public and some ecol-
ogists assumed that the 1988 fires would result in a
uniform landscape of exclusively even-aged stands
similar to what would be expected following a large,
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Figure 3. Area of forest land with evidence of burn in 1988
by forest type, Yellowstone National Park, Wyoming, 2002.
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Figure 4. Area of forest land by forest type and 1988 burn
status, Yellowstone National Park, Wyoming, 2002.

Figure 5.
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Figure 5. Area of forest land by stand-age class and 1988
burn status, Yellowstone National Park, Wyoming, 2002.
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Figure 6.
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Figure 6. Distribution of all live trees by 1988 burn status,
Yellowstone National Park, Wyoming, 2002.

Figure 7.
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Figure 7. Number of live lodgepole pine seedlings on forest
land classified as lodgepole pine forest type by 1988 burn
status, Yellowstone National Park, Wyoming, 2002.

human-caused disturbance such as clear cutting fol-
lowed by natural or artificial regeneration. However,
the fires actually created a spatially complex mosaic
of unburned and burned patches as the result of a
wide range of burn severities (Turner et al. 2003).
Within the burned area, the amount and spatial dis-
tribution of the forest area classified as non-stocked/
unclassified suggest that the fires created patches of
marginally stocked forest land. These non-stocked

forest conditions are widely distributed spatially in
the burned areas and are not concentrated in any
one geographic location. The large numbers of these
forest areas with low live-tree density are probably
the result of patch size, burn severity, and pre-fire
cone serotiny. Small patches, low intensity of sur-
face burns, and small percentages of pre-fire stand
serotiny (measured by percentage of lodgepole pine
trees bearing serotinous cones) are strongly corre-
lated with post-fire lodgepole pine seedling density
(Turner et al. 2003).

Numbers of live trees

Forest Inventory and Analysis generates popu-
lation-level estimates of numbers of live and dead
trees. These estimates are used for species diversity
measurements, timber supply studies, old-growth
analysis, and stand density assessments. On the for-
est area burned in 1988, the estimate of all live trees,
including seedlings, is 2.6 billion trees. Lodgepole
pine accounts for 79% of all live trees on the burned
area, at 2.0 billion trees. Next in abundance is subal-
pine fir at 10%, followed by Englemann spruce at 4%,
whitebark pine at 2%, Douglas-fir at 2%, and limber
pine at 1%. Lodgepole pine also predominates on
the unburned area, at 1.4 billion trees or 42% of the
live tree total. Subalpine fir is second in abundance
at 37%, followed by whitebark pine at 10%, Engel-
mann spruce at 7%, and limber pine at 4%. Figure
6 illustrates the distribution of all live trees on the
burned and unburned forest areas.

Lodgepole pine regenerated well in most for-
est areas following the 1988 fires. Figure 7 compares
the estimate of live lodgepole pine seedlings on for-
est areas classified as lodgepole pine between the
burned and unburned areas. Figure 8§ compares the
estimate of live lodgepole pine trees on lodgepole
pine stands between the burned and unburned ar-
eas. These illustrations indicate the significant dif-
ferences in number of lodgepole pine stems by di-
ameter class and also underscore the slow-growing
nature of lodgepole pines in the subalpine plateau.
Most lodgepole pine stands that burned in 1988 still
remain in the seedling/sapling stage despite 11 years
between the date of the fires and date of inventory.

The 1988 post-fire dynamics of aspen were sur-
prising to many ecologists who discovered seedling
regeneration in areas where aspen did not previ-
ously exist. From a broad-scale perspective, aspen
is a minor component in Yellowstone National Park,
accounting for less than 1% of the live tree popula-
tion. However, there is a striking difference in the
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estimate of live aspen stems between the burned and
unburned areas. The number of live aspen trees on
the burned areas totals 22 million trees, all of which
are in the seedling and sapling size class. This figure
is more than 22 times the number of live aspen trees
in the non-burned areas, where the estimate of live
aspen trees is 965,000 trees (Figure 9). Turner et al.
(2003) also found that aspen regenerated success-
fully throughout the burned forests and well beyond
the pre-fire range of aspen.

Summary

The 1988 Yellowstone fires produced spatially
complex patterns of succession in what a casual
observer might consider a homogeneous landscape
dominated by lodgepole pine. The large proportion
of non-stocked forest conditions on the burned area
are areas with low stand density where gradual re-
cruitment may or may not continue. The heavily
skewed stand age distribution on the burned areas is
a classic macro-scale example of stand structure fol-
lowing a major stand-replacing disturbance. Aspen
appears not only to have established itself success-
fully following the fires, but also to be appearing in
areas where it previously did not exist.

Estimates from FIA inventories are broad-scale
in nature. These estimates of forest area and num-
bers of trees in Yellowstone National Park are coarse
compared to many of the site-specific studies con-
ducted after the 1988 fires. However, FIA can be
used to verify many of these studies conducted at a
much finer scale. The difference between population
estimates of live aspen stems on the burned and un-
burned areas is an example of how FIA inventories
may be used to verify the findings of other studies.

The FIA program of the U.S. Forest Service is
rapidly implementing an annual inventory system
that features a nationally consistent plot configura-
tion; a nationally consistent sample design; integra-
tion with the ground sampling component of the
Forest Health Monitoring program; a complete,
statewide, systematic, annual sample of each state;
and new reporting requirements. These new sys-
tems will be implemented in future inventories of
Wyoming, and will greatly enhance the timeliness,
quality, and usefulness of estimates on unique eco-
systems such as Yellowstone National Park.
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Abstract

The Upper Green River Basin of Wyoming supports the largest block of publicly owned winter range in the
Greater Yellowstone Ecosystem (GYE) and some of the fastest-growing natural gas developments in the West.
The Bureau of Land Management has the opportunity, in an ongoing management plan revision, to maintain
the ecological integrity of winter range, a critical link for wildlife that migrate across national forest, national
park, state, and private lands in the GYE. A landscape analysis of the transportation network was conducted to
assess the spatial impacts of energy development on pronghorn, mule deer, elk, and greater sage grouse habi-
tat. Landscape fragmentation metrics were measured for the entire landscape, for gas fields, and within species
habitat boundaries. A comparison of the results with biological field literature describing road and energy im-
pacts on wildlife suggests that impacts are significant. For example, 80% of pronghorn crucial winter range has
route densities higher than a 1-mi/mi? threshold, which has been shown to cause adverse effects on pronghorn.
In addition, all sage grouse leks are within three miles of a route—a distance from surface disturbance that is
recommended for seasonal closures to preserve breeding functions. Specific transportation and energy develop-
ment management recommendations were crafted based on the findings. A few examples include (1) closure
and reclamation of routes to increase core area to more than 1,542 feet from a route in mule deer crucial winter
range, (2) reduction of transportation route densities to less than 1 mi/mi? within elk crucial winter range, and (3)
ensuring directional drilling and cluster development to minimize habitat fragmentation.

Introduction

The Upper Green River Valley, in western Wy-
oming, contains a prime example of the vital and
threatened sagebrush ecosystem of the western
United States (Knick et al. 2003; WYG&F 2004).
Sagebrush steppe and grassland habitats in the lower
elevations of the valley are surrounded by the for-
ested slopes of the Wyoming Range to the west, the
Wind River Range to the east, and the Gros Ventre
Range to the north. Much of the valley falls within
the Bureau of Land Management (BLM)’s 4.8-mil-
lion-acre Pinedale Resource Management Area
(RMA) (Figure 1).

The Upper Green River Valley contains cru-
cial habitat for big game species including prong-
horn (Antelocarpa americana) (Figure 2), mule deer
(Odocoileous hemionus) (Figure 3), elk (Cervus ela-
phus) (Figure 4), bighorn sheep (Ouvis canadensis),
and moose (Alces alces). Wyoming has by far the
greatest concentration of pronghorn of any North
American state or province, and the Green River
Valley holds the highest concentration of this ani-
mal in Wyoming (BLM 2000). More than 100,000
big game animals winter in the Upper Green River
Valley (Berger 2004a), the largest block of publicly
owned winter range for big game in the 19-million-
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Figure 1 (left). Surface ownership within the Pinedale Resource Management Area.

Figure 2 (right). Pronghorn in the Pinedale Resource Management Area: migration routes, crucial winter range, and birthing
areas. More than 170,000 acres of the Pinedale RMA have been designated as pronghorn crucial winter range by the
Wyoming Game and Fish Department. More than 125,000 acres of that winter range fall on BLM lands. Another 23,000 acres
of the RMA are designated as birthing areas, of which 22,000 acres fall on BLM lands.

acre Greater Yellowstone Ecosystem. The valley also
contains birthing areas used by pronghorn and mule
deer.

The Upper Green River Valley contains impor-
tant big game migration routes. Round-trip migra-
tion distances documented in the valley range from
62 miles for moose and 137 miles for elk to 186 miles
for mule deer and 311 miles for pronghorn (Berger
2004b). The annual journey of herds of mule deer
and pronghorn from Grand Teton National Park and
nearby national forest lands to snow-free areas of the
Upper Green River Valley containing crucial winter
forage represents North America’s longest big game
migration outside the Arctic (Sawyer and Lindzey
2000; Berger 2004a). Archeological evidence indi-
cates that the pronghorn migration has continued
uninterrupted for more than 6,000 years (Sawyer
and Lindzey 2000). Berger (2004a) has proposed
formally designating a national migration corridor to
acknowledge and protect this unique phenomenon.

The Pinedale RMA also contains one of the larg-
est populations of greater sage grouse (Centrocercus
urophasianus) in the western United States (Braun
1998). This species has recently declined throughout

western North America, and in Wyoming, in par-
ticular (Braun 1998; Connelly and Braun 1997). The
BLM has demonstrated its concern for the species
by establishing a National Sage Grouse Habitat Con-
servation Strategy, a comprehensive approach to the
management of sage grouse habitat on public lands.

Because sagebrush is slow to regenerate follow-
ing disturbance, conservation of sagebrush habitat
is critical for the success of sage grouse (Knick et al.
2003). Sage grouse are a meaningful indicator of the
ecological health of sagebrush steppe habitat because
they depend on sagebrush throughout their life pro-
cesses. During the winter months, for example, sage
grouse are totally dependent on sagebrush for food
and cover (Lyon 2000). The Pinedale RMA provides
important winter habitat for sage grouse, with wind-
scoured slopes and ridgetops that ensure year-round
sagebrush exposure. The Pinedale RMA also con-
tains important complexes of sage grouse breeding
habitat, the availability of which limits populations
of sage grouse in many areas (WYG&F 2004). Sage
grouse habitat and lek courtship and mating loca-
tions in the Pinedale RMA are shown in Figure 5.

In addition to its importance for wildlife species,
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Figure 3 (left). Mule deer in the Pinedale Resource Management Area: migration routes, crucial winter range, and birthing
areas. Nearly 350,000 acres of the Pinedale RMA have been designated as mule deer crucial winter range by the Wyoming
Game and Fish Department. More than 200,000 acres of crucial winter range fall on BLM lands. More than 80,000 acres in
the RMA serve as birthing areas, with 14,000 of those acres on BLM lands.

Figure 4 (right). Elk in the Pinedale Resource Management Area: migration routes, crucial winter range, and birthing areas.
More than 198,000 acres of the Pinedale RMA have been designated as elk crucial winter range by the Wyoming Game and
Fish Department. More than 105,000 acres of that winter range fall on BLM lands. Another 354,000 acres of the RMA are
designated as birthing areas, of which 62,000 acres fall on BLM lands.

the sagebrush ecosystem in Wyoming also supports
the region’s cultural heritage; scientific research; hik-
ing, hunting, and other recreational pursuits; and the
local economy. Notably, wildlife-associated spend-
ing is Wyoming’s second-largest source of income,
bringing in $500 million annually (WYG&F 2004).

However, the same Upper Green River Valley
lands that provide this outstanding wildlife habitat
and important cultural values also contain some of
the largest and most productive onshore natural gas
fields in the nation. With escalating pressures to de-
velop domestic energy supplies, oil and gas produc-
tion in southwestern Wyoming has grown rapidly.
More than 8,500 well sites have already been drilled
on public lands in the region, and another 10,000-
15,000 are forecast over the next decade (Berger
2004a). In fact, energy production in the Pinedale
RMA is further accelerating due to Executive Order
13212, which requires federal agencies to expedite
permitting and other reviews for approval of energy
development projects (Berger 2003).

Substantial infrastructure and human activity

are associated with energy development in the Pine-
dale RMA. For example, the environmental impact
statement (EIS) for the Pinedale Anticline Natu-
ral Gas Project (BLM 2000) projects that up to 276
miles of roads will be built or upgraded during de-
velopment of the Pinedale Anticline Field. The EIS
estimates traffic at 702 round-trips per well over the
80-day drilling and construction phase, followed
by 100 trips per year during the production life of
the well, or 168 trips per day for the entire field of
500 wells. Similarly, the Jonah II Natural Gas Proj-
ect EIS projects up to 180 miles of new or upgraded
access roads, with 421 round-trips per well during
construction and another 739 trips over each well’s
production life (or a total of 521,900 trips for the
450-well field over its 20-year life) (BLM 1998). The
road mileage for the Jonah Field is expected to in-
crease substantially under a new development plan
in preparation at the time this report went to press.
Surface ownership of the lands in the Pinedale
RMA is held by a variety of entities. The higher-ele-
vation lands are primarily managed by the U.S. Forest
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Service (USFS), while the lower-elevation areas are a
patchwork of BLM and private ownership, with lim-
ited state holdings. However, across surface owner-
ships, the BLM controls substantial portions of the
subsurface mineral rights and the development of oil
and gas resources in the Pinedale RMA.

The BLM has a responsibility to manage the
landscape for wildlife, energy development, and
many other purposes. The agency is in the process
of revising its Resource Management Plan (RMP)
for the Pinedale RMA, which will set the terms for
management over the next 15 to 20 years. The plan-
ning process will require the BLM to assess various
alternatives for management and use of the public
lands within the Pinedale RMA, and is guided by the
BLM'’s obligations under the Federal Land Policy
and Management Act (FLPMA) and the National
Environmental Policy Act (NEPA).

FLPMA requires the BLM to “manage the public
lands under principles of multiple use and sustained
yield” in a manner that will “minimize adverse im-
pacts on the natural, environmental, scientific, cul-
tural, and other resources and values (including fish
and wildlife habitat) of the public lands involved”
(43 USC §1732). In developing management plans,
the BLM must take into account physical, biological,
economic, and other sciences; give priority to the
designation and protection of Areas of Critical Envi-
ronmental Concern (ACEC); and give consideration
“to the relative values of the resources and not nec-
essarily to the combination of uses that will give the
greatest economic return” (43 USC §1712; 43 CFR
§1601.0-5(f)). NEPA dictates that the BLM take a
“hard look” at the environmental consequences of
a proposed action, and the requisite environmental
analysis “must be appropriate to the action in ques-
tion” (42 USC §4321 et seq; Metcalf v. Daley, 214
F.3d 1135, 1151 (9th Cir. 2000); Robertson v. Methow
Valley Citizens Council, 490 U.S. 332, 348 (1989)).
The impacts and effects that the BLM is required to
assess include “ecological (such as the effects on nat-
ural resources and on the components, structures,
and functioning of affected ecosystems), aesthetic,
historic, cultural, economic, social, or health, wheth-
er direct, indirect, or cumulative” (40 CFR §1508.8).

Oil and gas development in the Upper Green
River Valley could threaten wildlife populations by
fragmenting and causing disturbance in the crucial
winter habitat, birthing areas, and migration corri-
dors of big game species, and in the winter habitat,
lekking areas, nesting sites, and rearing areas for sage
grouse. For example, compromising winter habi-
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Figure 5. Sage grouse in the Pinedale Resource Management
Area: habitat and leks. The Pinedale RMA includes more than
1.5 million acres of primary sage grouse habitat and about
200,000 acres of secondary habitat. Forty-nine of the 151
documented lek locations in the area fall within the Pinedale
Anticline and Jonah gas field boundaries. In addition, more
than 470,000 acres of BLM land in the area are within two
miles of a lek, and 595,000 acres of BLM land are within
three miles of a lek.

tat for big game in the valley could affect ungulate
populations in five surrounding western Wyoming
mountain ranges (Sawyer et al. 2004). Migration
corridors are also vulnerable, particularly at “pinch
points” where physiographic constrictions force
herds through relatively narrow corridors (Berger
2004a). Loss of habitat continuity due to human
activity along migration routes would severely re-
strict the seasonal movements necessary to maintain
healthy big game populations (Sawyer and Lindzey
2000; 2001). In addition, unguided energy develop-
ment would further depress declining sage grouse
populations throughout the West. Prudent man-
agement that limits habitat fragmentation and dis-
turbances from human activity along roads could
give the species an opportunity to maintain, if not
increase, its numbers. However, the direct and in-
direct impacts of energy development on wildlife
are poorly understood (Sawyer and Lindzey 2004).
Continued research and monitoring by wildlife man-
agement agencies, the BLM, and biologists at other
institutions will be critical to designing a sustainable
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wildlife management strategy for the Pinedale
RMA.

This report documents the intensity, extent,
and spatial arrangement of wildlife impacts of the
transportation network associated with oil and gas
development in the Pinedale RMA. While the direct
impacts from oil and gas drilling may be limited to
the physical footprint of roads and well pads, the
complex web of these structures across the land-
scape causes much broader, indirect effects on habi-
tat quality and connectivity. Thus, a full understand-
ing of the impact of oil and gas development on the
region’s wildlife requires an assessment of the spatial
distribution of roads and other transportation routes
(in both the areas subject to BLM management and
the areas outside the agency’s jurisdiction), com-
bined with the latest wildlife research on the effects
of roads and other infrastructure on specific wildlife
species.

The methods and results of this report repre-
sent one of the major topics of information needed
to design future management strategies in the Pine-

Methods

Study area

This study focuses on the impact of roads and
other transportation routes on wildlife in the lower-
elevation areas of the Pinedale RMA that encom-
pass most BLM surface ownership. The study area
is roughly the southern half of the Pinedale RMA,
which includes what residents and land managers
consider the Upper Green River Valley. The study
area accounts for about 2.9 million acres of BLM,
USES, state, and private lands within the 4.8-mil-
lion-acre Pinedale RMA. It encompasses the por-
tion of the Pinedale RMA within Lincoln, Sublette,
and Fremont counties. The full Pinedale RMA, the
study area boundaries, and surface ownership pat-
terns within the Pinedale RMA are shown in Figure
1. The acreage of surface lands by ownership type
within the study area is shown in Table 1.

The BLM has subsurface management authori-
ty, and thus authority over energy development, over
1.2 million acres of the study area. This includes the

Table 1. Acreage and percentage of the landscape within the four major land ownership categories in

the study area.

U.S. Forest Service BLM Private State
Area in acres 1,252,815 922,370 609,134 86,501
Percent of study area 44% 32% 21% 3%

dale RMA. This report details a recommended pro-
cess for assessing the ecological impact of roads on
big game and sage grouse, shows the feasibility of
performing such an analysis as part of the Pinedale
RMP revision, and demonstrates the importance of
using the results in evaluating management alterna-
tives.

The Pinedale RMA was selected for this spatial
evaluation of the impacts of energy development on
wildlife because of its abundant and actively studied
wildlife populations, its highly developed oil and gas
fields, and the ongoing public planning process that
will set the terms for energy development over the
next 15-20 years. The analysis used to create this re-
port, and the results generated, can be used by the
BLM in revising the Pinedale RMP, in designating
or limiting areas for further development, and in de-
termining those areas where transportation routes
should be closed or subject to limited use. The meth-
ods also serve as an example for other energy devel-
opment sites.

992,370 acres that the agency manages at the surface,
as well as additional “split estate” lands managed
by state or private entities at the surface and by the
BLM for subsurface energy development. Gas fields
evaluated in this study include Jonah, Pinedale Anti-
cline, and South Piney. These three gas fields are the
current focus of industry development. They are ei-
ther recently permitted or, in the case of South Piney,
soon to be permitted.

Data collection

Data representing the transportation network
in the Pinedale RMA were obtained from the BLM
Pinedale Field Office. This dataset is an updated
version of the Topologically Integrated Geographic
Encoding and Referencing (TIGER) data for trans-
portation routes from the U.S. Census Bureau road
dataset and includes additional routes digitized by
Geographic Information System (GIS) staff at the
BLM. Significant edits were made to the BLM data-
set to remove duplicate records. The BLM is in the
process of updating the dataset. Because this dataset
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includesroads and some, but notall, additional trans-
portation routes that may not legally be considered
“roads,” we will use the more inclusive term “routes”
or “transportation routes” when discussing this da-
taset (see sidebar, “Defining a Road.”) Though the
agency has digitized some user-created two-tracks
and other routes, this dataset has not been complet-
ed, and thus our analysis represents a conservative
assessment of the actual transportation network.
Additional administrative data were collected from
the Pinedale BLM Field Office, including the field
office boundary, surface ownership boundaries, and
gas field development area boundaries.

All data for big game species originated from
the Wyoming Game & Fish Department (WYG&F).
Winter range boundaries were used directly as sup-
plied by WYG&F. Big game birthing areas and mi-
gration routes were updated with guidance from a
local wildlife biologist with experience in the Pine-
dale area. The locations of occupied sage grouse leks
were collected by WYG&EF, and predicted distribu-
tion of sage grouse habitat originated from the Wyo-
ming Gap Analysis Project, an interagency mapping
effort. While these data layers were the best available
at the time this work was conducted, WYG&F will
continue to refine many of the habitat boundaries.
The statistics documenting the impacts of transpor-
tation routes and habitat fragmentation on specific
wildlife species that were used to guide our spatial
analysis were collected from the scientific literature
and will be cited throughout this document.

Habitat fragmentation metrics

Fragmentation of habitat affects the ecological
composition, structure, and functions of a land-
scape. Habitat fragmentation has been defined as
the “creation of a complex mosaic of spatial and
successional habitats from formerly contiguous
habitat” (Lehmkuhl and Ruggiero 1991). Although
fragmentation can be difficult to measure, we have
chosen three landscape metrics to show the degree
of fragmentation and the condition of the landscape,
and applied them to available data regarding the dis-
tribution of wildlife and habitat. The metrics below
were calculated for the entire landscape, as well as
for areas within specific surface ownership types,
gas fields, and critical wildlife habitat areas. Wildlife
habitat boundaries were also used to calculate some
basic habitat acreage figures and, for sage grouse,
acreages within two and three miles of leks.

Route density. Route density is a measure of the
number of miles of transportation routes per unit

Defining a “road”

In this report, the terms “routes” and “trans-
portation routes” refer to all linear fea-
tures used by motorized vehicles, including
“roads.” However, the term “road” holds
a precise legal definition with important
management implications. Many but not all
routes in the BLM's transportation dataset
used in this analysis meet the definition of
a road.

Within the Pinedale RMA, roads must meet
criteria established in Title 43, Part 19.2(e)
of the Code of Federal Regulations: “an im-
proved road that is suitable for public travel
by means of four-wheeled, motorized ve-
hicles intended primarily for highway use.”
In addition, the legal definition of a road,
according to the U.S. Department of the
Interior, is derived from the definition of
“roadless” in the legislative history of FLP-
MA: “roads which have been improved and
maintained by mechanical means to insure
relatively regular and continuous use. A way
maintained solely by the passage of vehicles
does not constitute a road” (H.R. Rep. No.
94-1163 at 17 (1976)).

area, and is a common metric in quantitative assess-
ments of ecological impacts of development from a
landscape perspective. The density calculation in-
volves measuring the length of linear transportation
features in a given sub-area at regular intervals. For
this analysis, the BLM transportation dataset was
used to construct a “continuous” measure of route
density across the Pinedale RMA. A sample spacing
of 1,500 feet was used to measure route length within
a 4-mi? circular sub-area. The result is a grid of den-
sity measurements where the value in each 1,500 x
1,500-foot cell is the total length of all routes in the
nearest 4 mi?, divided by 4 mi%. Route density distri-
bution curves were plotted to document the percent
of the landscape with route densities greater than or
equal to any given route density value. Density mea-
surements are reported as miles of routes per square
mile (mi/mi?).

Core area. In order to characterize the degree
of habitat fragmentation, the distribution of un-
roaded areas, or core areas, was measured for the
entire Pinedale RMA. Core areas are defined as
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land beyond a given distance, or effect zone (Forman
1999), from transportation routes. Different wildlife
species respond to disturbances related to a trans-
portation network at varying distances. Thus, the
size distribution of core areas was determined for ef-
fect zones of 100 ft, 500 ft, ¥ mile, % mile, and 1 mile
from all routes in our dataset. A map of core areas
was then plotted for one of these effect zones, 500 ft.

Distance to route. Wildlife-related restrictions
on road or infrastructure construction and use are
commonly given in terms of the distance by which
the feature or activity must be separated from a given
wildlife habitat of interest. Measuring the amount
of land within a given distance to a transportation
route (or route effect zone) is the reverse of measur-
ing core areas. These two habitat fragmentation met-
rics complement one another and will be discussed
together in later sections. To illustrate the amount of
land that lies within various distances from trans-
portation routes in the Pinedale RMA, we generated
cumulative distance-to-route distribution curves
for specific surface ownership types, gas fields, and
wildlife habitat areas.

Other considerations. Note that all measures
of habitat fragmentation in this report are conserva-
tive, because they do not take into account all of the
undocumented routes visible in digital air photos of
the landscape (Weller et al. 2002), other human in-
frastructure (e.g., well pads, pumping stations, pipe-
lines, power lines) or natural breaks in the landscape
(e.g., steep topography, rivers or washes, breaks in
vegetation types). Actual infrastructure densities are
likely higher, and core area sizes and distances to
routes lower, than those captured in this analysis.

In addition, the varying speeds and volumes of
traffic on different roads were not taken into account,
because these attributes were not available for the
BLM route dataset. These factors do affect wildlife,
and are reflected in recommendations in this report.
Similarly, seasonal access restrictions were not ad-
dressed in the analysis, because this information was
not in the GIS data and because of imperfect enforce-
ment of and exemptions granted to restrictions. For
example, WYG&EF has noted, “Seasonal stipulations
are only effective if actually applied on the ground.
To date, these stipulations have been inconsistently
applied among BLM resource areas. Exceptions are
routinely granted by some BLM resource areas, at
times under what our Department believes are inap-
propriate circumstances” (WYG&F 2004). Specific
access restrictions are suggested in the recommenda-
tions section.

Results

Route density analysis

Route densities vary considerably within the
Pinedale RMA (Figure 6). A few key statistics char-
acterize the differences in route densities across vari-
ous land ownership types. The distribution of route
densities is similar for state, private, and BLM lands,
but route densities are markedly lower on USFS
lands (Figure 7). Eighty percent of BLM lands have
route densities of more than 1 mi/mi% and 36% of
BLM lands have route densities of more than 2 mi/
mi?. By contrast, only 17% of USFS lands have route
densities of more than 1 mi/mi*

Route densities within the crucial winter rang-
es of different ungulate species vary (Figure 8). For
example, 66% of elk crucial winter range has route
densities of more than 1 mi/mi’. In addition, 80%
of pronghorn and 89% of mule deer crucial winter
range has route densities of more than 1 mi/mi*

The size and permit year of the Jonah, Pine-
dale Anticline, and proposed South Piney natural
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Figure 6. Transportation route densities in the Pinedale
Resource Management Area. Eighty percent of BLM lands

in the Pinedale RMA have route densities of more than 1
mi/mi2. More than 35% of BLM lands have densities of more
than 2 mi/mi2. Fifty percent of the mule deer and pronghorn
crucial winter range on BLM lands have route densities of
more than 2 mi/mi?. Fifty-four percent of the sage grouse
leks on BLM land fall within areas with route densities of
more than 2 mi/mi2.
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Figure 7. Transportation route density by land ownership
type.

gas fields are summarized in Table 2. Route densi-
ties vary among the three fields. The Jonah Field, a
fully developed gas field that is being considered for
further “infill” drilling, has the highest route densi-
ties. Already, 95% of its area has route densities of
more than 2 mi/mi* Route densities are lower in the
Pinedale Anticline and proposed South Piney gas
fields (Figure 9). The Pinedale Anticline is a recently
permitted gas field (BLM 2000) where fewer than
half the wells permitted have been drilled and half

Figure 8. Transportation route densities for pronghorn, mule
deer, and elk crucial winter ranges.

Core area analysis and distance to route

The size of core areas—that is, wildlife habitat
away from the disturbance of routes—varies sub-
stantially across the Pinedale RMA. State, private,
and BLM lands are generally much closer to routes
and have smaller core areas than USFS lands (Fig-
ures 10 and 11). About 63% of BLM land within the
study area is less than % mile from a route. Less than
20% of USFS land lies within this same proximity to

Table 2. The development permit year and
gas field size for the three gas fields where
development is focused in the study area.

Field size
Gas field Year permitted (acres)
Jonah 1998 47,000
Pinedale Anticline 2000 200,000
South Piney pending 30,000

the new miles of road permitted have been bladed
to date. The South Piney project is a proposed new
gas field that to date has experienced only limited
exploratory drilling. An EIS is currently being pre-
pared to evaluate and potentially permit full field de-
velopment. In both the Pinedale Anticline and South
Piney fields, about 45% of the development area has
route densities of more than 2 mi/mi?.
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Figure 9. Transportation route densities in three gas fields.
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Figure 10. Core habitat areas outside the 500-foot transpor-
tation route effect zone. Considering an effect zone of 500
feet on either side of a route, the study area is fragmented
into more than 2,021 “unroaded” core areas on BLM lands.
These core areas have an average size of just over 300 acres.

aroute. Notably, 87% of BLM land is within %2 mile
of aroute.

Statistics relating to core areas as defined by var-
ious route effect zone widths on BLM lands within
the study area are shown in Table 3. For example, for
effects on wildlife that extend 100 feet from a route,
90% of the landscape falls within the 2,596 core areas
with a maximum patch size of 20,925 acres. For im-
pacts on wildlife species that extend one mile from
a route, only 2% of the landscape would fall within
the 50 core areas with a maximum patch size of just
5,384 acres. A route effect zone of 500 feet is illus-
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Figure 11. Cumulative distributions of distance to routes by
land ownership type.

trated graphically in Figure 10, where BLM lands in
the study area are fragmented into 2,021 core areas.

Core area habitat is limited in ungulate crucial
winter range (Figure 12). For example, 90% of elk
crucial winter range is within one mile of a route.
Eighty-nine percent of pronghorn and 90% of
mule deer crucial winter habitat is within %2 mile of
a route. The study also shows little core area in the
vicinity of sage grouse leks. Less than 30% of sage
grouse leks falls within core areas farther than % mile
from a route, and only about 5% are farther than %
mile from a route.

Core area habitat is most severely restricted
within the study area’s gas fields (Figure 13). The
Jonah Field is most heavily affected by routes, with
about 70% of its total area within 600 feet of a route
and nearly all of the field within 2 mile of a route. In
the Pinedale Anticline and South Piney fields, nearly
40% of the total area is within 600 feet of a route, and
just under 90% is within %2 mile of a route.

Discussion

The nationally significant wildlife populations
of the Upper Green River Valley are threatened
by habitat loss and fragmentation from roads con-

Table 3. Characteristics of core areas as defined by different route effect zone widths.

Route effect zone width

Core areas 100 ft 500 ft Y4 mi Y2 mi 1 mi
Number 2,596 2,021 1,105 430 50
Max acres 20,925 16,268 13,277 7,886 5,384
Min acres <1 <1 <1 <1 <1

Mean acres 318 305 305 282 323
Total area in acres 826,172 616,685 336,526 121,380 16,163
Total area as percentage

of study area 90% 67% 36% 13% 2%
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Figure 12. Cumulative distributions of distance to routes in
pronghorn, mule deer, and elk crucial winter ranges.

structed for energy development (WYG&F 2004).
The BLM inventoried a substantial network of roads
and other transportation routes, many directly asso-
ciated with energy development, that fragment wild-
life habitat in the Pinedale RMA.

Increasingly, scientists are assembling reviews
of the effects of roads, other types of routes, and as-
sociated human activities on wildlife (Gucinski et al.
2001; Gaines et al. 2003). However, literature on this
topic remains relatively scarce for rangeland land-
scapes. The Wyoming Game and Fish Department
recently completed a report containing guidelines
for wildlife protection in areas of energy develop-
ment (WYG&F 2004). It includes a review of the lit-
erature on the impacts of roads, other infrastructure,
and human activities associated with energy devel-
opment on sagebrush and grassland habitats and
their associated wildlife species in Wyoming.

Many studies have found that the effects of
roads and other infrastructure extend well beyond
the physical footprint of the feature (Lyon and
Christensen 2002; Lutz et al. 2003; WYG&F 2004).
The effects on terrestrial and aquatic wildlife include
mortality from collisions, modifications of animal
behavior (and effects on energetics), disruption of
the physical environment, alteration of the chemical
environment, fragmentation of connected habitats,
spread of exotic species, and changes in human use
of lands and water (Trombulak and Frissell 2000;
Lutz et al. 2003).

More specifically addressing the infrastructure
of energy development, the WYG&F report states:
“As densities of wells, roads, and facilities increase,
the effectiveness of adjacent habitats can decrease
until most animals no longer use the habitat. Al-
though vegetation and other natural features may
remain unaltered within areas near oil and gas fea-
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Figure 13. Cumulative distributions of distance to routes for
three gas fields.

tures, wildlife make proportionately less use of these
areas than their availability. Animals attempting to
forage inside the affected zones are also subjected to
increased physiological stress. The avoidance/stress
effect impairs the function by reducing the capability
of wildlife to use the habitat effectively” (WYG&F
2004).

The Wyoming Game and Fish Department at-
tributes six categories of effects specifically to oil
and gas development: “1) direct loss of habitat, 2)
physiological stress to wildlife, 3) disturbance and
displacement of wildlife, 4) habitat fragmentation
and isolation, 5) introduction of competitive and
predatory organisms, and 6) secondary effects cre-
ated by work force assimilation, growth of service
industries, etc.” (WYG&F 2004).

Implications of habitat fragmentation for
wildlife species

In the present study, the highest route densities
and lowest distance-to-route values (i.e., the small-
est core areas) are found on the BLM, state, and pri-
vate lands within the study area (Figures 7 and 11). In
fact, route densities and distance-to-route values are
very similar for these three land ownership classes.
Route densities are lower and distance-to-route val-
ues higher on the USFS lands on the east, north, and
west edges of the study area. Yet these less-fragment-
ed lands cannot be expected to provide needed hab-
itat for many of the wildlife species on BLM lands,
because these lands are higher in elevation, provide
substantially different vegetative habitat, and expe-
rience snow depths that prohibit use by many spe-
cies during the winter months. The concentration of
more-fragmented lands at the lower elevations criti-
cal for big game and sage grouse populations makes
evaluating the impact of energy development and
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managing for sustainable habitat exceedingly impor-
tant.

While the degree of impact of roads on wildlife
is not fully understood, our results indicate that route
densities are high enough, and distance-to-route val-
ues low enough, in the BLM route inventory to ad-
versely affect the four wildlife species studied. Com-
parison of wildlife habitat areas (Figures 2, 3, 4, and
5) with the route density map (Figure 6) and the core
area map (Figure 10) illustrates graphically just how
abundant routes are in ungulate winter range, birth-
ing areas, and migratory corridors, as well as around
sage grouse leks.

Mule deer

Energy development has the potential to direct-
ly and indirectly impact mule deer and their habi-
tat, possibly leading to reductions in survival and
reproductive capacity and potentially limiting the
population’s ability to sustain itself (Lutz et al. 2003).
These effects can extend well beyond the area of the
development and continue past the time period of
the development (Lutz et al. 2003). Rost and Baley
(1979) used mule deer pellet counts in north-central
Colorado as an indication of winter habitat use, re-
porting lower densities of deer in open, mixed shrub,
and forest habitat compared to sites with more forest
cover. Their data showed that deer were three times
more likely to occur 984-1,312 feet from a road than
328 feet from a road. Within our study area in the
Pinedale RMA, 23% of BLM land and 29% of mule
deer crucial winter range are closer than 328 feetto a
route, and thus likely to show relatively reduced use
by mule deer.

Another study of female mule deer in sagebrush
winter range in north-central Colorado observed re-
sponse distances to people on foot and on snowmo-
biles (Freddy et al. 1986). Mule deer were observed
to alert to persons on foot and on snowmobiles at
1,096 feet and 1,542 feet, respectively, and to move
away from these disturbances at distances of 436 feet
and 627 feet. Measuring these response distances
relative to routes in the Pinedale RMA reveals that
mule deer could be affected by activities on roads in
35-77% of their crucial winter range habitat. This
suggests human activity around drill pads in the win-
ter could affect mule deer movements. The Wyoming
Game and Fish Department used the alert distance
of 1,542 feet to calculate that there is a 29-acre area
of reduced habitat effectiveness around each drill
pad (WYG&F 2004).

While data on mule deer response specifically to

energy development are minimal (Lutz et al. 2003),
mule deer have been shown to avoid human activity
associated with roads and energy production facili-
ties. A study in a North Dakota energy development
area observed that active deer used habitat within
316 feet of a road less than its availability might sug-
gest, while bedded deer avoided habitat within 158
feet of aroad (Fox 1989).

An ongoing study by Sawyer et al. (2004) of
Global Positioning System (GPS)-collared deer in
the Pinedale Anticline Field found that deer utilized
habitat progressively farther from roads and well
pads over three years of increasing gas development
and showed no evidence of acclimating to energy-
related infrastructure. The effects of development
were immediate, and areas of “high probability of
use” before gas development were used substan-
tially less after development, suggesting that deer
may be displaced to less-preferred habitat (Sawyer
et al. 2004). Lutz et al. (2003) agree that mule deer
can be pressured into using less-preferred or lower-
quality habitat, and that this could negatively affect
an individual’s energy balance “and ultimately de-
crease population productivity, especially on winter
range.” Sawyer et al. (2004) further suggest that di-
rect loss of habitat from road and pad construction,
combined with indirect loss from changes in habitat
quality, may reduce winter range carrying capacity.
To date, NEPA-based monitoring of the impacts of
energy development on mule deer has not been suf-
ficient to add to needed knowledge and has not been
published in peer-reviewed literature (Sawyer and
Lindzey 2004).

Pronghorn

Pronghorn are likely to be affected by the same
types of human disturbance as mule deer, but are
known to have a more sensitive flight response
(WYG&F 2004). Based on preliminary results from
on ongoing study by Berger and Beckmann (2004)
in the Jonah and Pinedale Anticline fields, WYG&F
(2004) concludes that migrating pronghorn avoid ar-
eas of dense energy development. BLM documents
indicate that pronghorn are adversely affected at
road densities of 1 mi/mi* (BLM 1999). Eighty per-
cent of BLM lands and 80% of pronghorn crucial
winter range in the study area have road densities of
more than 1 mi/mi’.

A study in central Arizona showed that prong-
horn generally exhibited a weak avoidance of ar-
eas within 3,168 feet of a maintained road, as well
as areas near non-maintained dirt roads and four-
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wheel-drive trails (Ockenfels et al. 1994). Ninety-
two percent of BLM lands and 94% of pronghorn
crucial winter range in the study area fall closer than
3,168 feet to a route. Additionally, pronghorn may be
more strongly affected by the noise and activity asso-
ciated with a road than by the roadbed itself (Ocken-
fels et al. 1994), suggesting that temporal occupancy
restrictions are particularly important. Also, an on-
going pronghorn study in the Pinedale area shows
that the configuration and density of well pads and
other surface disturbances further affect pronghorn
use, and that there may be a threshold beyond which
habitat utilization no longer occurs (Berger and
Beckmann 2004).

Elk

In a major volume reviewing elk ecology and
management, Lyon and Christensen (2002) stated,
“Access—mainly that facilitated by roads—is per-
haps the single most significant modifier of elk habi-
tat and a factor that will remain central to elk man-
agement on public and private lands.” Research by
Lyon (1983) in forested habitat indicated that elk
habitat effectiveness is reduced by 25% at road den-
sities of 1 mi/mi?, and by 50% at densities of 2 mi/
mi’. Eighty percent of the BLM lands in our study
area have route densities of more than 1 mi/mi? and
36% have densities of more than 2 mi/mi* A study of
elk habitat effectiveness in a forested area of north-
central Wyoming found that few elk used areas with
road densities of more than 0.5 mi/mi? (Sawyer et al.
1997). Ninety-five percent of BLM lands and 80%
of elk crucial winter range in the study area of the
Pinedale RMA have route densities of more than 0.5
mi/mi2.

The above numbers are conservative, because
the studies by Lyon (1983) and Sawyer et al. (1997)
were conducted in forested landscapes, and road
avoidance by wildlifeisincreased in open landscapes,
such as in the study area, where one finds reduced
habitat security (Perry and Overly 1976; Morgantini
and Hudson 1979; Rost and Bailey 1979; Lyon 1979).
A study in open habitat at Jack Morrow Hill in Wyo-
ming observed that elk avoid areas within 1.2 miles
of roads and active oil and gas wells in the summer
and within 0.6 miles of these features in the winter
(Powell 2003). It is possible that in areas with no cov-
er, road densities of less than 1 mi/mi® may eliminate
effective habitat (Lyon 1979). In our study area, 80%
of BLM lands and 66% of elk crucial winter range
have route densities of more than 1 mi/mi*

Additionally, Phillips and Aldredge (2000) ob-

served that human disturbance during the calving
season reduces elk calving success rates; they rec-
ommend maintaining “disturbance-free” areas dur-
ing the calving season, based on work in alpine areas
in Colorado. A radiotelemetry study by Edge and
Marcum (1991) measured only a 5% probability of
elk using lands within 0.6 mi of a road during calving
season. In our study area, 82% of the 62,000 acres of
elk birthing areas on BLM lands fall within 0.6 miles
of aroute.

Note that the role of elk winter feedgrounds is
not addressed by the present study. State and fed-
eral agencies have made a substantial effort to pro-
tect ranchers’ stored and feed hay from elk since the
early 1900s (Dean et al. 2004). Since the 1970s, they
have also endeavored to separate elk from cattle in
order to minimize the spread of the ungulate disease
brucellosis (Dean et al. 2004). These actions greatly
complicate management strategies for elk. However,
they do not negate the need to manage for high-
quality elk winter range, birthing areas, and migra-
tion routes in the Upper Green River Valley.

Sage grouse

Research indicates that activities associated
with gas field development—including road con-
struction—can cause declines in nearby sage grouse
populations (Braun 1998). Habitat used for winter-
ing, lekking, nesting, and brood-rearing are of most
concern in our study area. Because roads construct-
ed for gas exploration and development result in
permanent travel routes to previously inaccessible
regions, the negative impacts on sage grouse are not
limited to the initial development phase of an oil or
gas field. Landscapes with less habitat fragmentation,
better shrub structure, and a diverse understory of
grasses and forbs are more secure for prey animals
such as sage grouse (Braun 2002). The construction
of fences, power lines, and other infrastructure, as
well as the associated decreases in patch sizes and di-
versity, benefit sage grouse predators (Braun 2002).

Work by Lyon (2000) indicates that traffic dis-
turbance has a long-term negative impact on breed-
ing hens. The study, conducted in the region of the
Pinedale Anticline Field, involved documenting
nest-initiation and brood-rearing success rates of
48 hens from six leks in the area. The nest-initiation
rate over a two-year period was 55% for hens from
the three leks in close proximity to a road (average
distance of 2,382 feet to aroad). Hens from the three
leks farther removed from roads (average distance of
7,742 feet) had a nest-initiation rate of 82% over the
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same period. Following the same hens through early
brood-rearing, Lyon determined that the hens that
were most successful at raising chicks nested far-
ther from roads (an average of 3,734 feet) than hens
whose broods did not survive the first three weeks
after hatching. Unsuccessful brood-rearing grounds
averaged 879 feet from the nearest road. Forty-nine
percent of BLM lands in the study area are within
this distance of a route.

A recent field study by Holloran and Anderson
(2004) measured the influence of natural gas devel-
opment on sage grouse in the Pinedale Anticline and
Jonah fields between 1998 and 2004. Results showed
mean annual declines of 32% in the maximum num-
ber of males at leks within two miles of a drilling
rig and declines of 19% within 1,640 feet of a road.
The authors also stated, “Although lek attendance,
male and female survival, and female demographics
varied depending on lek-to-drilling-rig and nest-to-
drilling-rig distances, the data suggest that the pres-
ence of a drilling rig within 5.5 kilometers [3.4 miles]
directly and indirectly influenced sage grouse.”

The Wyoming Game and Fish Department
(2004) recommends that where sage grouse habitat
has already been fragmented (as we have document-
ed for this study area of the Pinedale RMA), future
development “should completely avoid remaining
habitats.” The agency proposes a series of guidelines
for development within two miles of a lek or nest-
ing and rearing habitat, and recommends no roads
or other infrastructure within 656 feet of identified
winter habitat. To protect breeding areas, a number
of authors (Braun 2002; Connelly et al. 2000; Braun
et al. 1977) have suggested that areas within three
miles of leks should be free of road disturbance
during breeding and brood-rearing. All BLM lands
within the study area are within three miles of a
route. In fact, 98% of BLM lands are within one mile
of a route. This suggests that most of the leks identi-
fied by WYG&F (Figure 5) may lie within habitat suf-
ficiently fragmented and potentially open to distur-
bance during the breeding season as to have already
reduced breeding functions.

Additional route impacts to wildlife

Beyond the fragmentation effects discussed
above, transportation routes directly affect these
wildlife species by blocking migration paths. Natu-
ral and human-made bottlenecks, or pinch points,
in the 40-150-mile migration corridors for prong-
horn and mule deer in the Pinedale RMA have been
documented by Sawyer and Lindzey (2000; 2001)

and Berger (2004a). Severing migration routes at
these pinch points through additional road building
for energy development or other purposes would
threaten the fall and spring migrations, and thus
maintenance of healthy populations, of these species
(WETT 2003). According to WYG&F (2004), “long
term displacement of wildlife from preferred habi-
tats and disruption of migration routes could, in the
extreme case, extirpate ‘migration memory’ that re-
quired several thousand years to evolve.” Addition-
ally, vehicle traffic and other human activities along
roads can tax animals’ limited energy reserves dur-
ing the winter months. Increased stress and activity
required to avoid roads (or other infrastructure) are
likely associated with many roads in our study area
within ungulate crucial winter range.

Limitations of this assessment and future
research needs

Most importantly, additional monitoring is
needed to understand the specific direct, indirect,
and cumulative effects of roads, well pads, other en-
ergy infrastructure, and related human activities on
wildlife species. Citations from the biological litera-
ture included in this report—while not exhaustive—
are some of the best available, but fall short of what is
needed. Nevertheless, our comparison of landscape
measures of route density and distance-to-route
values with scientific literature on the responses of
wildlife to such infrastructure indicates that substan-
tial caution is warranted in the permitting of addi-
tional energy roads and infrastructure.

Further, because the RMP currently in prepara-
tion will likely guide activities in the Pinedale RMA
for 15-20 years, it is reasonable to expect an increase
in proposed roads and infrastructure, and a corre-
sponding increase in impacts to wildlife, over that
time. Still, additional research is vital to understand-
inging the effects of this development. In particular,
research is needed on species-specific impacts from
different types, levels, and times (of day and season)
of road use as well as activity levels and times of use
on drill pads.

Our analysis is based on the best available GIS
data for transportation routes and for the habitat
boundaries of the targeted wildlife species. How-
ever, no GIS dataset is ever entirely complete and ac-
curate, and many of the data layers used in this study
will continue to be updated by various land-manage-
ment and wildlife-management agencies. As stated
earlier, the GIS route data available from the BLM at
the time of our assessment did not include seasonal
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restriction information; consequently, this informa-
tion was not incorporated into our analysis.

There are several additional caveats. This study
likely underestimates actual habitat fragmentation in
the study area because it only addresses fragmenta-
tion resulting from transportation routes. That is, it
does not account for other features that fragment
the landscape such as other human infrastructure
(e.g., pipelines, fences), natural topographic barri-
ers, and natural vegetation breaks. In addition, the
BLM route dataset did not capture all transportation
routes. Nor does the study address habitat connec-
tivity, variations in scale, differences in types of trans-
portation features, or habituation to hunting regula-
tions or other human activities. When these factors
are considered, it may well be that even less optimal
habitat remains than we have estimated here. With
additional field research, a more comprehensive as-
sessment of fragmentation metrics for each species
or set of species could be generated.

Finally, the study does not address additional
fragmentation and wildlife impacts from routes that
have been permitted but not yet built. In the Pinedale
Anticline Field, for example, many miles of roads,
drill pads, and related infrastructure will be built in
the coming years under the limits established in the
2000 EIS record of decision.

Recommendations and conclusions

This report demonstrates the feasibility of spa-
tial analysis and its applicability to the decisions that
will be made during the Pinedale RMP revision.
Transportation routes and associated energy devel-
opment infrastructure have a range of effects—di-
rect, indirect, and cumulative—on the landscape.
Informed decisionmaking requires state-of-the-art
tools such as spatial analysis to provide critical in-
formation and gauge the potential negative effects of
these routes on ecosystems.

As noted earlier, NEPA requires federal agen-
cies to assess the direct, indirect, and cumulative
environmental impacts of proposed actions, taking
a “hard look” at environmental consequences and
performing an analysis commensurate with the scale
of the action at issue. In addition to field monitor-
ing, spatial analysis is an appropriate way to take that
hard look, particularly in relation to the impacts of
roads and all energy development infrastructure on
wildlife. We believe the BLM must apply these tech-
niques to meet the requirements of NEPA.

The results of our spatial analysis suggest that
the existing transportation route network in the

Pinedale RMA is endangering wildlife populations
through fragmentation and destruction of habitat.
As noted above, the pressures on wildlife from de-
velopment are likely to increase during the RMP’s
applicability over the next 15-20 years. Therefore,
accurately assessing the effects of transportation
routes on wildlife and taking action to ameliorate
these impacts through RMP revision and other ef-
forts is essential.

We recommend that the BLM employ the spa-
tial analysis techniques used in this report to careful-
ly evaluate the impacts of the existing transportation
network on other species and natural and cultural
resources in order to assess the need for closure and
other limitations on the use of existing roads (and
other routes), and to develop and thoroughly evalu-
ate alternative transportation networks. We also
recommend that the BLM continue to update data
on the distribution and quality of wildlife habitat.
Under the Data Quality Act, the BLM is required to
use high-quality information that is objective, useful,
and verifiable by others, and to use “sound statistical
and research” methods (BLM 2002).

Especially in the absence of adequate data, sci-
ence cannot always provide clear and certain an-
swers to important questions about potential en-
vironmental impacts in a timely fashion. Lack of
accurate boundaries for wildlife habitats and an in-
complete understanding of the impacts of roads and
other types of routes on wildlife are real problems
that demand additional research.

However, such gaps in knowledge must not
stop or delay decisions to protect wildlife resources
by reducing the number and mileage of transporta-
tion routes across a landscape. Substantial numbers
of published scientific studies suggest that roads
and other transportation routes and their associ-
ated human activities can negatively affect wildlife
at route-density and distance-to-route values like
those measured in the present study. We recommend
that management planning—using the best available
data, techniques, and results such as those presented
in this report—should proceed, with an emphasis
on reductions in road densities and increases in the
number and size of core habitat areas in ungulate
wintering grounds and along migration corridors,
and in sage grouse wintering, lekking, nesting, and
rearing areas.

A key step in achieving these goals is imple-
menting a consistent approach to identifying roads
and other routes for closure and reclamation. We
recommend that the BLM identify and schedule for
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closure routes that do not have a specific ongoing use
(i.e., those that are not associated with active energy
development or do not provide access to a publicly
recognized destination) and those providing redun-
dant access, as suggested in the BLM’s “Guidance
for the Management of Sage Brush Plant Communi-
ties for Sage grouse Conservation” (BLM 2004).

In addition, we recommend that the BLM iden-
tify routes that impact wildlife habitat or increase the
likelihood of non-compliance with existing conser-
vation mandates, such as the Endangered Species
Act, and then consider closing those routes or oth-
erwise mitigating their identified impacts, including
by rerouting, seasonal closures, or limitations on
use. For those roads and routes that will be closed,
the BLM should adopt obliteration and reclamation
standards that will restore the area.

Our recommendations are in concert with the
“precautionary principle” of conservation biology,
which states that precautionary measures should be
taken when a certain activity or inactivity threatens
to harm human health or the environment, even
when science has not fully established cause-and-ef-
fect relationships (Meffe and Carroll 1994; Noss and
Cooperrider 1994). This principle is rooted in the
recognition that scientific understanding of ecosys-
tems is complicated by numerous factors, including
dynamic ecosystem processes and the various effects
of human activities. Put simply, it is easier to prevent
harm to biodiversity than to attempt to repair it later.
This prevention of harm is critical for ungulate win-
ter range and migratory routes and for sage grouse
wintering, lekking, nesting, and rearing areas in the
Pinedale RMA.

Specific wildlife recommendations

Our analysis indicates that the existing trans-
portation network identified by the BLM fragments
wildlife habitat across the Pinedale RMA and is suf-
ficiently likely to cause negative effects on all four of
the wildlife species studied such that constraints on
road use and energy development are warranted.
We did not assess the potential impacts of the trans-
portation network on other wildlife species in this
analysis. However, the study area contains numer-
ous additional species that would also be subject to
the effects of transportation routes and their use. We
recommend that the BLM take several actions to al-
leviate these effects:

(1) Ensure that plans are developed and
implemented so that the scientifically derived
standards listed below for reducing the impact of

transportation routes on the four wildlife species
addressed in this report are met. These standards
should be met by closing and reclaiming routes not
associated with active energy development or other
specifically designated uses, routes providing redun-
dant access, and routes excessively impacting habi-
tat—and by mitigating the impacts of transportation
routes through seasonal activity restrictions.

a. Mule deer: Increase the amount of core area
to more than 1,542 feet (Freddy et al. 1986)
from a road or other transportation route
within mule deer crucial winter range and
along migration routes. Allow no drilling or
surface occupancy between November 15
and April 30 (WYG&F 2004) within crucial
winter range.

b. Pronghorn: Increase the amount of core area
to more than 3,168 feet (Ockenfels et al. 1994)
from aroad or other transportation route and
reduce route densities to less than 1 mi/mi?
(BLM 1999) within pronghorn crucial win-
ter range and along migration routes. Allow
no drilling or surface occupancy between
November 15 and April 30 (WYG&F 2004)
within crucial winter range.

¢. Elk: Reduce road or other transportation
route densities to less than 1 mi/mi? (Lyon
1979) within elk crucial winter range and
along migration routes. Allow no drilling or
surface occupancy between November 15
and April 30 (WYG&F 2004) within crucial
winter range.

d. Sage grouse: Implement seasonal restrictions
on traffic on all roads and other transporta-
tion routes within 656 feet (WYG&F 2004) of
winter habitat (9:00 AM—5:30 pm, mid-Novem-
ber through March), within three miles of leks
(Braun 2002; Connelly et al. 2000; Braun et
al. 1977) or breeding and nesting areas (9:00
AM—5:30 pMm, March through mid-May), and
in brood-rearing areas (9:00 aM-5:30 pm, June
through mid-July) (C. E. Braun, pers. comm.).
Set a maximum speed limit of 30 miles per
hour during restricted seasons during unre-
stricted hours (C. E. Braun, pers. comm.).

(2) Allow few exceptions to temporal occu-
pancy restrictions. Temporal restrictions allow the
BLM to fulfill its mandate to manage lands for mul-
tiple use and to prevent undue and unnecessary deg-
radation of the land. Only short-term exceptions to
temporal occupancy restrictions should be allowed,
and only in limited cases as identified in the RMP.
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Per the BLM’s Handbook on Planning for Fluid Min-
erals, “[a]ll circumstances for granting a waiver, ex-
ception, or modification must be documented in the
plan” (BLM 1990). BLM regulations also emphasize
the importance of limiting exemptions from stipula-
tions, stating: “[a] stipulation included in an oil and
gas lease shall be subject to modification or waiver
only if the authorized officer determines that the fac-
tors leading to its inclusion in the lease have changed
sufficiently to make the protection provided by the
stipulation no longer justified or if proposed opera-
tions would not cause unacceptable impacts” (43
CFR §3101.1-4). Also, a 30-day public review and
comment period should be provided for modifica-
tion or waiver of a stipulation prior to lease issuance
if the stipulation involves an issue of major concern
to the public and subsequent to lease issuance if the
modification or waiver is deemed “substantial” (43
CFR §3101.1-4).

(3) Ensure directional drilling and cluster de-
velopment. In its revision of the Pinedale RMP, the
BLM should establish guidelines and requirements
for operators to use directional drilling techniques
and clustering of drill holes and other infrastructure
on a single pad (UGRVC 2004). Such techniques can
reduce the physical footprint of energy development
and the impacts on wildlife (Molvar 2003; WYG&F
2004) and reflect best management practices en-
dorsed by the BLM to mitigate the impacts of oil and
gas development in Instruction Memorandum No.
2004-194, Integration of Best Management Practic-
es into Application for Permit to Drill Approvals and
Associated Rights-of-Way.

(4) Implement a plan for staged development
for potential future energy development. The revi-
sion of the Pinedale RMP should lay out a staged leas-
ing strategy in which some areas of the landscape are
open for development while others are temporarily
withdrawn. The staged leasing should be designed to
ensure that critical winter range, birthing areas, and
migration corridors for ungulates and winter habitat,
breeding grounds, and nesting and rearing areas for
sage grouse are not intensely developed all at once.
This will not only disperse wildlife impacts over time
and allow economic benefits to last longer, but also
will allow time for the monitoring and evaluation of
development impacts on wildlife.

(5) Restrict new roads and energy develop-
ment. The revision of the Pinedale RMP should not
allow any new energy development, expansion of ex-
isting development, or road construction within big
game crucial winter range or at the pinch points of

migration routes. Directional drilling should be re-
quired for any extraction of natural gas under these
areas, with no surface disturbance or road construc-
tion allowed.

(6) Designate Areas of Critical Environmen-
tal Concern (ACEC). Designate the lands compris-
ing winter range and/or migration route pinch points
for multiple big game species as Areas of Critical En-
vironmental Concern (ACEC), subject to manage-
ment prescriptions that will protect their use for big
game winter range and/or migration. The prescrip-
tions should include: no creation of new routes, no
expansion of existing routes, no new leasing (unless
“no surface occupancy”), no new energy develop-
ment, no cross-country travel, limitation of off-road
vehicle use to designated routes, and closure of un-
necessary routes. The new ACEC should include
those nominated by various groups in a joint 2002
petition to the BLM during the RMP scoping period
(Defenders of Wildlife et al. 2002) and addressed in
the “Responsible Energy Development” proposal
submitted to the BLM by the Upper Green River Val-
ley Coalition (2004): the Trapper’s Point Mule Deer
and Pronghorn Migratory Bottleneck, Cora Butte
Mule Deer and Pronghorn Transition Range, Fre-
mont Lake Mule Deer Migratory Bottleneck, Green
River Crossing Area, LaBarge Creek Native Elk Win-
ter Range, and the Wind River Front area currently
off-limits to leasing. We also recommend including
ACEC designation for the Wyoming Range front
proposed for no leasing or leasing with no surface
occupancy by the Upper Green River Valley Coali-
tion (2004). Sage grouse winter habitat is not yet fully
documented. This habitat needs to be mapped, and
at least 90% should be designated as ACEC, with
the implementation of management strategies that
would preserve cover and forage required for winter
months (Braun 2002).

The above recommendations are based on the
best available research about wildlife-road interac-
tions and the distribution of habitat for the targeted
species. As better data become available from agency
and academic sources, the above recommendations
can and should be adjusted and improved through
an adaptive management process.

General recommendations for protection of
wildlife

(1) Apply the analysis used to create this report,
and the results generated, to inform the Pinedale
RMP revision and to create a responsible travel
management plan as part of the current planning
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process. The BLM is legally required to designate ar-
eas and routes, avoid impairment of the public lands,
and protect wildlife and other resources through its
land use planning process. A spatial analysis of the
impact of roads, other transportation routes, and
other infrastructure on wildlife is also a key com-
ponent of creating a comprehensive travel plan for
the Pinedale RMA. In the Pinedale RMA, rapid
expansion of roads to support gas exploration and
development has been occurring and is projected to
continue at a similar pace, heightening the adverse
impacts on wildlife and, as a consequence, the cor-
responding importance of addressing these impacts
through travel planning.

(2) Adopt an RMP that includes significant
route decommissioning and restoration of the
landscape’s ecological health and integrity. Spe-
cific procedures, protocols, and priorities should be
defined and implemented to close and reclaim roads
and other transportation routes, including a sched-
ule for closure and reclamation of specific roads
and routes; requirements for immediate reclama-
tion of unused areas and commencement of initial
reclamation if no production activities have taken
place for six months; requirements for submission
and approval of reclamation plans with applications
for permit to drill; requirements that reclamation
plans include decompaction of soils, restoration
of original contour and drainage, replanting of na-
tive vegetation, obliteration of visual evidence, and
use of specified seed, fill, and other materials and
methods as appropriate; monitoring of compliance
with reclamation plans; and institution of scientifi-
cally based standards to assess when reclamation has
been achieved (over and above simple re-seeding re-
quirements).

(3) Use landscape fragmentation metrics to
guide any and all management decisions regard-
ing transportation routes. Calculate route density,
core area, and distance-to-route (or route effect
zone) metrics in accordance with scientific literature
on wildlife species and evaluate the likely impacts of
potential road networks on wildlife species and oth-
er resources the BLM is required to protect under
relevant laws and policies. Goals should include re-
ductions in road density and increases in core areas
to provide greater habitat security.

(4) For all new roads that are built, follow the
road construction guidelines of WYG&F (2004) to
minimize the effect of routes on wildlife.

(5) Include clear enforcement mechanisms in
the revision of the Pinedale RMP so that impacts

of energy development on wildlife are minimized.
These mechanisms should include a plan for enforc-
ing permanent road closures, temporary/seasonal
road closures, limits on off-road travel in designated
areas or times of year, limits on road and well pad
construction in critical habitats, and requirements
for directional drilling and cluster development.

(6) Continue to evaluate the impacts of routes
on wildlife (and other resources) as part of the
travel management planning process and subse-
quent ongoing adaptive management. Ongoing
NEPA-related monitoring of wildlife impacts from
routes, well pads, and related human activities such
as those described by Sawyer and Lindzey (2004)
should be defined in the final RMP and implemented
over the course of the development. The BLM must
apply landscape fragmentation analysis to design a
plan that meets its responsibility to protect all of the
region’s resources for multiple use and sustained
yield, and give priority to designation and protection
of ACEC.

(7) Promote additional wildlife research by
the BLM, WYG&F, and other agencies and insti-
tutions. The BLM should encourage the collection
of up-to-date, accurate digital data on the distribu-
tion of wildlife habitats and work to understand
more thoroughly the ecological impacts of all types
of transportation routes on wildlife species in the
Pinedale RMA. In particular, research is needed on
species-specific impacts from different types, levels,
and times (of day and season) of road use, as well
as impacts from different activity levels and times of
use on drill pads.

Conclusions

Sagebrush ecosystems found in the Upper Green
River Valley of western Wyoming contain crucial
habitat for some of the largest migratory populations
of ungulates in North America, and offer a chance
for survival of healthy populations of sage grouse and
other obligate sagebrush species. Yet fragmentation
and declining quality of the valley’s sagebrush and
grassland ecosystems are the principal reasons why
populations and distributions of dependent wildlife
are declining (WYG&F 2004). Given the rapid re-
cent development of new roads and infrastructure
for oil and gas development in this area, the BLM is
now at a critical juncture in deciding the long-term
fate of key habitat for the nationally significant wild-
life populations found here.

The BLM is responsible for adopting a protec-
tive RMP, including a travel management plan, that
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improves the Pinedale RMA’s long-term ecological
health and integrity while providing for balanced
public access and use of the landscape and its re-
sources. The scientific literature documents direct,
indirect, and cumulative impacts of transportation
features on ecological processes, wildlife, plants, and
archeological sites. In its upcoming RMP revision for
the Pinedale RMA, the Pinedale BLM Field Office
must make management decisions that recognize the
best available science and proactively mitigate docu-
mented impacts to wildlife and other resources.

Good science, the law, and sound policy can
guide the BLM as it develops an RMP and a travel
management plan to preserve large core areas of hab-
itat for the four species studied in this report. Those
areas will have value far beyond the targeted species.
Maintenance of unroaded core areas or minimally
roaded areas in key habitat units as recommended
in this report will provide an opportunity to balance
the needs of the area’s important wildlife popula-
tions with the area’s growing energy development.

This paper offers science-based information
and analysis for use in making critical management
decisions. The Pinedale RMA, while heavily devel-
oped for oil and gas, hosts critical wildlife habitat
for many species and has the potential to protect
this habitat for generations to come. In its upcom-
ing Pinedale RMP revision and in other analyses
and plans, we encourage the BLM to reach sound,
science-based management decisions that will close
routes to restore and maintain critical habitat and
habitat linkages.
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Introduction

The size and severity of the fires that burned
through Yellowstone National Park (YNP) and
surrounding lands during the summer of 1988 sur-
prised scientists, park managers, and the general
public. These fires burned under conditions of se-
vere drought and high winds (Renkin and Despain
1992), ultimately affecting nearly 40% of the park.
Although clearly not unprecedented within the
ecosystem, the fires were the largest observed since
the park was created in 1872, and they challenged
contemporary understanding of fire dynamics and
policy. Many people initially thought the fires had
destroyed America’s crown jewel, based on media
reports that summer (Smith 1996). That perception
was largely corrected as recovery of the burned ar-
eas through natural processes became increasingly
evident. Stand-replacing fires have occurred in YNP
at 100-to-500-year intervals throughout the past
10,000 years (Romme 1982; Romme and Despain
1989; Millspaugh et al. 2000; 2004). The 1988 fires
were most certainly not an ecological catastrophe,
but rather a natural event to which the plants and
animals that inhabit the Yellowstone landscape are
well adapted (Turner et al. 2003a; Romme and Turn-
er 2004).

Natural disturbances are key sources of het-
erogeneity in many ecosystems, yet the causes and
consequences of disturbances that are large, se-
vere, and infrequent are not well understood. Many
northern conifer forests, including those in Yellow-
stone, are characterized by a natural fire regime of
infrequent, stand-replacing fires driven largely by
climate (Turner and Romme 1994; Johnson 1992).
The 1988 Yellowstone fires provided scientists with
avaluable opportunity for ecological study of a large,
infrequent disturbance in a system minimally influ-
enced by humans. Such studies can provide impor-
tant insights into how ecological systems respond
to extreme events. We have studied vegetation and
ecosystem processes in response to the 1988 fires,
and here we highlight several of the surprises and
lessons that emerged from our research. Our studies
have addressed the effects of fire in the conifer for-
ests that dominate the central plateau, and we focus
on four major areas: (1) landscape heterogeneity, (2)
patterns of succession, (3) ecosystem function, and
(4) long-term trajectories.

Landscape heterogeneity
Disturbances both respond to and create het-
erogeneity in landscapes. During the period of natu-
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ral fire management in Yellowstone (1972-1987),
naturally ignited fires burned primarily in the oldest
forests, where there was abundant and well-connect-
ed (both vertically and horizontally) live fuel. During
that time, the summer of 1981 had the largest area
burned, with 3,300 ha affected by 28 fires (Renkin
and Despain 1992). During less severe drought years,
when conditions were suitable for burning but not
extreme, fire spread was constrained by the amount
and spatial distribution of old-growth (>250-yr) for-
ests. Fire behavior during the early summer of 1988
was similar to that which had been observed previ-
ously—fires burned through old forest and stopped
when they encountered young forests. However, as
the drought of 1988 worsened and conditions of
high wind developed, the fires no longer responded
to heterogeneity across the landscape. Forests of
all ages burned, and natural firebreaks such as the
Grand Canyon of the Yellowstone River did not stop
fire spread. Analyses of the spatial patterns of burn-
ing conducted after the fire season quantified these
differences in fire patterns between the early and
late summer periods of 1988 (Turner et al. 1994). As
in other landscapes with a natural fire regime of se-
vere, stand-replacing fire, pre-fire heterogeneity of
the landscape is important under moderate burning
conditions, but not when fire weather is extreme.
This is consistent with results reported for many ar-
eas in which few fire events (or years) result in most
of the area burned (Johnson 1992; Bessie and John-
son 1995; Flannigan and Wotton 2001).

The 1988 fires were large and severe, but im-
portantly, they did not homogenize the landscape.
Rather, they produced a complex mosaic of patches
of varying size, shape, and burn severity (Chris-
tensen et al. 1989, Turner et al. 1994). Photographs
of the post-fire landscape patterns provided strik-
ing visual evidence of this spatial heterogeneity (see
Christensen et al. 1989 and Turner et al. 2003a).
Within the burned area, 50% of the areas of crown
fire was within 50 m of green forest, and 75% was
within 200 m of a green edge (Turner et al. 1994).
Thus, the fires increased landscape diversity within
the burn perimeter. In addition, the complex burn
mosaic motivated our initial field studies to explore
the influence of this post-fire landscape heterogene-
ity on succession.

Patterns of succession

Plant re-establishment following the 1988 fires
was rapid. The fires did not burn deeply into the soil,
averaging 14 mm in areas of stand-replacing burn

(Turner et al. 1999). The “biotic legacies” that re-
mained after the fires dominated post-fire recovery
and generated plant communities similar to those
present before the fires. Native perennial plants re-
sprouted from surviving roots and rhizomes in 1989
and flowered abundantly in 1990, resulting in a large
pulse of seedling recruitment of numerous wild
flowers, grasses, and sedges within the burned area
(Turner et al. 1997). Local dispersal from surviving
individuals, rather than long-distance dispersal from
unburned forest, appeared to be the most important
process. Non-native invasive plant species largely
did not expand into the burned areas, counter to our
initial expectations (Turner et al. 1997).

Seedlings of the dominant tree, lodgepole pine
(Pinus contorta var. latifolia), established abundant-
ly in 1989 and 1990 (Anderson and Romme 1991;
Turner etal. 1997;1999). The spatial variability in the
density of lodgepole pine seedlings was particularly
noteworthy. Some burned forests had few if any tree
seedlings, whereas others had >500,000 seedlings
per hectare. We determined that this wide variability
in post-fire tree density resulted from two primary
causes. First, there exists in Yellowstone considerable
spatial variation in the proportion of lodgepole pine
trees that bear serotinous cones—an adaptation to
fire in which closed cones that are sealed with a resin
are retained on the tree for many years, releasing
their seeds when heated, as by fire. Lodgepole pine is
well known to be a serotinous species, but the varia-
tion in this trait across the landscape was surprising
(Tinker et al. 1994). Lodgepole pine seedlings were
most abundant in locations where pre-fire serotiny
was high, and least abundant where pre-fire serotiny
was low (Anderson and Romme 1991; Turner et al.
1997; 1999). In turn, the occurrence of serotiny in
Yellowstone’s lodgepole pine stands varied with el-
evation, which is correlated with fire return interval.
Schoennagel et al. (2003) found a low proportion
of trees bearing serotinous cones at high elevations
(>2,300 m), where fire return intervals average nearly
300 years. At lower elevations (<2,300 m), where fire
return intervals average 170 years, however, the pro-
portion of trees bearing serotinous cones was quite
high for stands >70 yrs old.

The second factor influencing post-fire lodge-
pole pine seedling density was burn severity. Post-
fire seedling densities were highest in areas of se-
vere surface fire, where the trees were killed but the
needles and cones not consumed by the fire (Turner
et al. 1997; 1999). Thus, the landscape mosaic of
burn severities had a direct influence on the initial
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pattern of stand density after the fire. Collectively,
the variation in topography, serotiny, and fire sever-
ity resulted in a spatially complex pattern of stand
densities initiated by the fires (Turner et al. 2004)
that was established soon after the fires. As of 1999,
post-fire stand densities of lodgepole pine averaged
29,380 stems ha! (median of 3,100 stems ha!'). Den-
sities exceeded 20,000 stems ha' over 20% of the
burned landscape; densities were <5,000 stems ha'!
over 55% of the landscape. Clearly, the spatial varia-
tion in stand structures produced by the fires was
substantial. By 2003, many of the trees were highly
productive and already producing abundant cones,
with cone densities ranging from 4,000 to 4,000,000
cones ha. Thus, post-fire tree recruitment was both
abundant and rapid.

Trembling aspen (Populus tremuloides) is a tree
species of concern in YNP and throughout the In-
termountain West. Aspen produces clonal stands
that may persist for centuries or more, but many au-
thors have noted a decline in the number, extent, and
vigor of aspen stands throughout the West (Romme
etal. 1995). In 1989, the year after the fires, there was
widespread and locally abundant establishment of
seedling aspen only in burned forests and well be-
yond the pre-fire distribution of aspen (Romme et
al. 1997; Turner et al. 2003b). This appeared to be an
infrequent seedling recruitment event in a long-lived
species, and genetic diversity in the seedling popu-
lations increased relative to mature aspen stands in
Yellowstone (Tuskan et al. 1996; Stevens et al. 1999).
As of 2000, the seedling aspen were persisting in
many locations, but most stems were not very tall
(averaging 30 cm) because of sub-optimal environ-
mental conditions and browsing by native ungulates,
primarily elk (Cervus elaphus) (Romme et al. 2005).

In sum, vegetation recovery in YNP occurred
rapidly and through natural processes. Reproduc-
tion by surviving grasses, forbs, and shrubs within
the burned area was more important than long-dis-
tance dispersal from unburned forests, and exotic
invasive species did not establish. Post-fire lodgepole
pine establishment was also rapid and abundant, and
the spatial patterns of stand density developed early
and have persisted thus far. Variation in the occur-
rence of serotinous cones and burn severity were
important controls on post-fire tree recruitment. Es-
tablishment of seedling aspen may not be so unusual
after all, but recruitment of tree-sized aspen may be
rare under current conditions.

Ecosystem function

What are the implications of the spatial varia-
tion in post-fire vegetation for ecosystem function?
We have addressed several functional indicators
in the YNP landscape, including aboveground net
primary production (ANPP), leaf area index (LAI),
the accumulation of coarse wood (fallen dead trees)
after the fires, and rates of decomposition, nitrogen
cycling, and microbial activity. We were surprised
by the high rates of ANPP that we observed only 10
years after the fires (Turner et al. 2004). ANPP aver-
aged 2.8 Mg halyr!in 1998, increased with increas-
ing lodgepole pine density, and was as high as 15 Mg
ha'! yr'! in some stands. When extrapolated to the
entire burned landscape, ANPP exceeded 2 Mg ha'
yr! across 33% of the area burned, and exceeded 4
Mg ha' yr'in 10% of the burned area (Turner et al.
2004). Thus, rates of primary production are being
restored rapidly across the landscape.

Although loss of nitrogen (N) following distur-
bances has been observed in many forested ecosys-
tems (cf. Chapin et al. 2002), changes in N cycling
associated with severe, stand-replacing fires have
received surprisingly little study (Smithwick et al.
2005a). Studies in YNP have not documented el-
evated nitrate concentrations in stream water after
the fires of 1988 or 1996 (Minshall et al. 2004; Rom-
me and Turner 2004). We observed higher rates of
nitrification in soils two years after the 1996 Pelican
fire compared to stands that were 10, 120, or >300
years post fire, but rates were still relatively low
(Romme and Turner 2004). None of our results to
date suggest extensive losses of N following fires in
Yellowstone, but ongoing studies will provide much
greater insight into these processes.

The trees killed by the 1988 fires began falling
noticeably in the mid-1990s, and 74% of the fire-
killed trees had fallen by 2003 (unpublished data).
There was considerable spatial variability in tree-fall
rates, however, with 90% of the trees down in some
locations and none in others. Trees were more likely
to still be standing at higher elevations and to have
fallen down at lower elevations. The fallen trees pro-
vide physical structure within the developing forest
stands and, as they decay, serve as long-term sources
of carbon and nutrients to the soil. However, the
downed wood also influences ecosystem processes
both within stands and across the landscape. For ex-
ample, decomposition rates were lower under newly
fallen logs that were elevated above the ground and
more rapid when associated with “legacy logs” (dead
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wood that was present before the fires) (Remsburg
and Turner in press). Only 8% of the dead wood that
was in the forests prior to the 1988 fires was con-
sumed in the fires (Tinker and Knight 2000), so lega-
cy logs remain an important component of post-fire
ecosystems. The recently fallen elevated logs appear
to create more spatial variability in microclimates
within a stand, resulting in dry soils directly under
the elevated logs but moister conditions where the
water is channeled down. Microbial communities
and the expression of extracellular enzymes also
varied with position relative to coarse wood or pine
saplings (unpublished data).

The abundant coarse wood and dense pine
saplings within the forests burned in 1988 appear to
be influencing habitat use patterns of Yellowstone’s
native elk populations. During summer, elk are pref-
erentially using the burned forests, especially if they
are within proximity to non-forest habitats (e.g.,
meadows) that provide a source of food (Forester
2005, Mao et al. 2005). The dense, young forests may
provide cover for the elk and protection from wolf
(Canis lupus) predation, and they may also make it
more difficult for wolves to effectively make a kill.
This also suggests that despite what several authors
have suggested (e.g., Ripple and Larsen 2001; Turn-
er et al. 2003), the abundant, coarse wood may not
protect aspen seedling from browsing if elk prefer-
entially use these sites (Forester 2005). Nonetheless,
there may be an important indirect effect of the fires
on higher trophic levels.

In summary, ecosystem function in the Yellow-
stone landscape seems quite resilient to the effects of
the 1988 fires. The fires clearly had a significant and
quantifiable effect on many ecosystem processes,
but ANPP and LAI recovered rapidly, with increas-
ing vegetative cover throughout the burned areas.
Our ongoing studies focus on both characterizing
and explaining the variability in ecosystem process-
es through time and across the landscape following
stand-replacing fires in YNP.

Long-term trajectories

What happens to post-fire stand structure and
function as succession proceeds through time? For
how long is the imprint of the 1988 fires likely to per-
sist in the landscape? By studying a chronosequence
of 62 lodgepole pine stands across the YNP land-
scape, Kashian et al. (2005a; 2005b) documented
declines in mean stand density and the spatial vari-
ability in stand density with increasing stand age.
The stands that regenerated following the 1988 fires

are of higher mean density and much more spatially
variable than older stands, but considerable varia-
tion remains in stands that are 125-175 yrs old (mean
density ca. 3,000 stems ha! with coefficient of varia-
tion among stands ca. 80%). By 200 years, however,
stand density and growth rates converge, and vari-
ability declines (mean stand density ca. 1,200 stems
ha' with coefficient of variation among stands ca.
30%). The variability in numerous other functional
attributes also changes with stand age. For instance,
variation in total soil N and the ratio of fungi:bacte-
ria in the soil have higher variability among stands
in younger age classes (Smithwick et al. 2005b). Col-
lectively, these results suggest that fires are a source
of significant functional heterogeneity at landscape
scales, and that the spatial variation in stand struc-
ture and function produced by the 1988 fires may
be detectable in this ecosystem for as many as 175
years.

Conclusions

Infrequent but severe stand-replacing fires have
long been part of the Yellowstone landscape. The
1988 fires offered an unusual opportunity for scien-
tists to study a rare event, to observe natural process-
es of recovery at work, and to unravel at least some of
the complex mechanisms that underpin the system’s
resilience. Studies to date indicate that Yellowstone’s
biota are well adapted to such disturbances. The
YNP landscape has demonstrated striking resilience
following the 1988 fires. Clearly not catastrophes
in any ecological sense, the fires were an important
source of landscape heterogeneity, producing tre-
mendous spatial variation in forest structure and
function throughout the burned areas. The lessons
learned from the 1988 fires should provide valuable
data for land managers in the Greater Yellowstone
Ecosystem, and may also apply to other forests char-
acterized by natural, stand-replacing fire regimes.
“Natural laboratories” like YNP are invaluable sys-
tems in which to study for such research, providing a
baseline of understanding of disturbance and recov-
ery that may help interpret the effects of large, infre-
quent disturbances in other locations. As succession
continues on its course, subsequent studies of the
patterns and processes associated with the 1988 fires
are likely to continue producing new insights into the
structure and function of this dynamic landscape.
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