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f o r e w o r d

Mark S. Boyce

ix

Most of western North America is ranchland. Ranches are large, and some
ranchers are powerful people in state and provincial politics. Until recently,
the best and most profitable use of the land was thought to be for raising
cattle. But the livestock industry has shriveled such that livestock produc-
tion accounts for only 1 percent of the gross domestic product in western
states and provinces. In contrast, energy development has soared with oil
and gas drilling; surface mining of oil sands, oil shale, and coal; and under-
ground gasification, steam-assisted gravity drainage, and coal bed methane
production. Revenues and royalties are so great from energy extraction that
environmental regulations are often compromised to ensure that energy re-
sources are developed.
Along with the changing economies of the West have come new chal-

lenges to managing wildlife in areas affected by industrial development.
Most egregious to me is the erosion of habitats for threatened and endan-
gered species that continues despite legislation that is supposed to protect
these species. The demand for energy resources is so great and the economic
values are so large that environmental considerations often are ignored.
These habitat losses are particularly disturbing when one realizes that

minor changes by industry could substantially reduce the footprint associ-
ated with energy development. Directional drilling, seasonal surface occu-
pancy, gating of roads, and minimized vegetation disturbance can be highly
effective at reducing the effects of energy development on wildlife. Cana-
dian Forces Base Suffield demonstrates how gas development can be nearly
invisible without permanent roads and underground wellheads and pipe-
lines. In some cases corporate social responsibility results in best manage-
ment practices by the energy developers, but in remote areas with low hu-
man populations corporate responsibility to shareholders often prevails.
Responsible energy development can be guaranteed only with sound envi-
ronmental regulations and government oversight.
Government oversight is necessary to coordinate multiple users of the

land. The cumulative effects of energy development, along with timber



harvest, agriculture, and recreation, can be destructive. Coordinating devel-
opment by many stakeholders can be challenging. The province of Alberta
is developing a land use framework to tackle this problem, and various land
management agencies throughout the West have permitting requirements
intended to monitor and coordinate development.
Science has much to offer to industry and government to assist with

sustainable development. Advances in geographic information systems
make it fairly easy to anticipate the consequences of alternative develop-
ment plans. We can map the distributions of species, and we can project
how these distributions will change given alternative future landscapes. By
running alternative scenarios in a computer, we can find the best solution
for development that will have the least impact on the environment.
Although such scenario modeling is possible, without background re-

search and data such scenarios are fantasy. Unfortunately, we often do not
know the consequences of development. Likewise, we do not know how
various management practices will affect wildlife. There is opportunity to
join forces with industry and government to design experiments so that re-
searchers can document the consequences of alternative development
schemes. As we accumulate results from such studies, we can improve our
ability to make reliable predictions of the consequences of land use prac-
tices. Such joining of forces would be a fantastic step forward, and I have
worked on three such efforts, each of which has failed.
Ultimately, scientists have visions of development being shaped by

adaptive management. This entails predicting the consequences of develop-
ment based on scenario modeling, implementing a development or a
change in management, monitoring the consequences, and revising the
model so that we might do a better job of anticipating the consequences of
the next development. The idea is to inject the scientific method into the
process of natural resource management. In practice, however, adaptive
management is rare. Seldom is scenario modeling done before develop-
ment, and seldom is monitoring in place with sufficient precision and repli-
cation to document the consequences. Implementation requires that some-
one perform the modeling and collect the monitoring data, which costs
money. If modeling and monitoring are not required by government regu-
lations, it is unlikely that anyone will take the initiative. Some resource
managers are not supportive of adaptive management because research and
monitoring might yield data that suggest that a change is needed; it is easier
to maintain the status quo.
Even though the energy sector makes vast amounts of money from the

extraction of fossil energy resources, there are few incentives for investment
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in environmental programs and wildlife conservation. Investment in high-
profile wildlife projects might be supported if it can improve corporate
public image, but conservation investments are most likely to happen if en-
couraged by regulations or permitting requirements. Conservation offsets
are sometimes leveraged to purchase land for conservation as a trade for
land destroyed by development (e.g., oil sands and strip mining).
Energy use from fossil fuels is rapidly changing global climates, with

potentially disastrous consequences for the future of agriculture and con-
servation. An offshoot of recent concerns about carbon emissions is the po-
tential to manage conservation properties for carbon sequestration. Grass-
lands can be highly effective places to sequester carbon in western North
America because the carbon is safely underground, where it might stay if
the land remains in continuous grass cover. In contrast, forests in the North
and in the Rocky Mountains burn at various intervals, discharging the car-
bon back into the atmosphere. Taxes on corporate carbon emissions could
be invested in conservation projects allowing plants to sequester carbon
into the soil. Many energy extraction industries have vast carbon emissions;
for example, steam-assisted gravity drainage and oil sand operations burn
natural gas to separate the oil from the sand. Engineering solutions for car-
bon capture and storage can be very expensive relative to using natural
grassland vegetation to sequester carbon from the atmosphere.
Croplands in North America have lost 40–60 percent of the carbon

from the soil, but when cropland is restored to native grass cover we ob-
serve a rapid rebound, with 20–30 metric tons of carbon dioxide equiva-
lents being sequestered per hectare in the first 15–20 years. At a global
scale, land use changes, such as converting marginal cropland to permanent
grassland, easily can compensate for current carbon emissions.
I am optimistic that future landscapes of western North America will

continue to support productive vegetation and thriving populations of
wildlife. But to ensure that this occurs we must coordinate planning to re-
duce cumulative effects, apply best management practices, and pay special
attention to key habitats. Examples reviewed in this book can show us the
way forward.
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xiii

To many people, the word West conjures up mental images of wide open
spaces that support world-class populations of mule deer and iconic species
such as pronghorn. But with increasing energy demands, open space is at a
premium, and poorly placed developments threaten our wildlife heritage.
From boreal caribou in Alberta to sage-grouse in Wyoming, much has al-
ready been lost, and recent increases in domestic production to reduce de-
pendence on foreign oil portend the challenge ahead. And as this crisis
deepens, decision makers look to science to help them develop solutions to
maintain viable and connected wildlife populations before this conserva-
tion opportunity is lost.
Human demand for energy, which is projected to increase by 50 per-

cent by 2030, is an issue of economic and national security in the United
States and Canada. The question of increasing energy development in the
West is not whether to do so, but rather where to reduce impacts and still
extract resources to meet domestic demand. Halting development would
result in economic hardship, yet too much development in places that
support imperiled species will invoke federal laws that protect at-risk eco-
systems. The key is to locate energy developments to reduce impacts on
wildlife populations and other natural resources. Lawsuits and political
wrangling will continue until we implement tangible on-the-ground con-
servation at scales equivalent to those of development.
This book provides a vision for landscape conservation that elected of-

ficials, industry representatives, natural resource managers, conservation
groups, and the public can use to safeguard our wildlife heritage while se-
curing our energy future. I conceived of this book in 2005 while conduct-
ing research inWyoming’s Powder River Basin, where we first documented
the cumulative impacts of energy development on sage-grouse. Since then,
although myriad studies have demonstrated cumulative impacts of energy
development on populations of imperiled species in prairie, shrubland, and
forested landscapes throughout the West, no book-length synthesis has
been published. This void in the conservation literature at first seemed



ironic because energy independence is a major issue that will be debated for
years to come. Perhaps the void is best explained by its recent emergence;
indeed, the peer-reviewed science on energy and wildlife impacts has been
published in just the last 10 years. This book synthesizes the pertinent sci-
entific information, and the Literature Cited is listed at the end of the book
to reduce redundancy between chapters.
Tradeoffs between energy development and conservation are unfolding

before our eyes, and the intention of this book is to help policymakers turn
science into solutions to this pressing issue. The right science is a rallying
point that allows conservation partners to focus on their similarities rather
than their differences. This book speaks to a philosophy of science-based
conservation that seeks to understand how a system works and then to use
that knowledge to develop solutions. In part I, we frame the issue, describe
the major types of extraction, and quantify the pace and extent of current
and future development. In part II, we provide the biological foundation
for understanding cumulative impacts, synthesize the biological response
of wildlife to development, discuss energy infrastructure as a conduit for
the spread of invasive species, and compare impacts of alternative energy
with those of conventional development.
Finally, in part III we call for a paradigm shift away from random op-

portunism to broad-scale and strategic planning and implementation of
conservation in priority landscapes. We show how science can help identify
landscapes that support viable caribou populations, delineate core areas for
sage-grouse, and forecast future development scenarios to aid in conserva-
tion design. We champion community-based landscape conservation as a
solution for maintaining large and intact habitats that support healthy wild-
life populations. Most importantly, we weave solutions into the social fab-
ric of communities and rural ways of life, for the will of the people of
the West, not its governments, will ultimately determine our conservation
future.
We also provide readers with a photo essay of the major types of extrac-

tion and their associated footprints. Many readers have not experienced
firsthand the density of roads, transmission and seismic lines, traffic, noise,
and other forms of human disturbance that accompany development in
otherwise small and traditional ranching communities. Readers unfamiliar
with energy development may be surprised by the extent of the impact as-
sociated with extractive activities. Our photo essay illustrates the magni-
tude of cumulative impacts of energy development facing mule deer,
pronghorn, caribou, sage-grouse, and other western icons. Aerial photos of
development impress on the reader that impacts from an individual oil well
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or wind turbine pale in comparison to multiplicative impacts of develop-
ment that accumulate across the broader landscape. The text that accompa-
nies the photo essay conveys why the scale of conservation must be analo-
gous to that of development if we are to maintain the large and open spaces
on which wildlife depends.
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PART I

Energy Development and the
Human Footprint

1

Forecasts point to the Rocky Mountain West as a primary place where the
United States and Canada must look to increase energy production. The
essence of the conflict between energy development and wildlife conserva-
tion in the West is the large amount of spatial overlap between competing
resource values. Many of the landscapes being developed, and others that
have been leased for exploration and potential development, overlie our
largest and best remaining wildlife habitats. Viable solutions to this conflict
must include large open spaces for wildlife because modern-day energy de-
velopments are industrial zones with disturbance levels that are incompati-
ble with wildlife conservation. Wind and solar developments address cli-
mate change problems by reducing carbon emissions and reduce air and
water pollution by providing clean and renewable energy. But simply
switching a portion of our energy portfolio to renewable sources will not
solve wildlife problems because wind and solar production requires an
amount of space per unit of power second only to that needed for biofuel
production. Rather, placing wind and solar developments in areas that have
already been heavily disturbed by people will help us realize all the benefits
of renewable sources of energy.

The first step toward sustainable development is an unbiased inventory
and analysis of our onshore energy resources and a working knowledge of



the human footprint that accompanies development. Part I characterizes
the increasing demand for energy and quantifies the extent to which major
biomes will be affected by development.

Chapters 1 and 2 provide the big energy picture that is the background
and foundation for the rest of the book. New and existing energy develop-
ment may directly or indirectly affect 96 million hectares (291 million
acres) of the five major biomes in western North America. Boreal forest,
shrublands, and grasslands are especially vulnerable because of their geo-
graphic concurrence with the sedimentary basins that hold hydrocarbon
deposits. These same systems will be further affected if renewable energy
development proceeds on a maximum-development basis. Predicted im-
pacts resulting from renewable energy extraction are especially disconcert-
ing because the affected systems support high biodiversity yet have received
little protection.
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Chapter 1

Introduction to Energy Development
in the West

David E. Naugle and Holly E. Copeland

The story of North American “progress” is best characterized by the wave
of human influence that originated in the East and spread westward. We
first cleared eastern forests for European settlement and subsequently
plowed midcontinent grasslands to produce food and fiber. Now the heavy
footprint of energy development threatens to destroy the last of our large
and intact western landscapes. People in the West are beginning to realize
the social and economic tradeoffs associated with burgeoning develop-
ment. Canadians enjoy the economic gains from exporting energy to U.S.
markets but worry that declines in air and water quality accompanying ex-
traction may be too high. Americans happily consume Canadian imports
because buying oil from countries unfriendly to the United States poses a
threat to national security. Energy development is a key to domestic pros-
perity in both countries, but poorly planned and largely unregulated, it
comes at a high cost to nature.

We define theWest as the eleven U.S. states located west of and includ-
ing Montana, Wyoming, Colorado, and New Mexico and the Canadian
provinces of Saskatchewan, Alberta, and British Columbia. Extracting oil,
gas, coal, and uranium in theWest is not new, but the pace and extent of de-
velopment are. Also new is the realization that the West harbors some of
the best renewable energy resources—plenty of wind, sun, and geothermal
power—at a time when clean, green energy is part of a critical long-term so-
lution to the problems of energy security, carbon emissions, and pollution.

DOI 10.5822/978-1-61091-022-4_1, © Island Press 2011
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The famous NASA nighttime Earth satellite image tells the story best.
While we have settled the coasts and heartlands of North America, the inte-
rior West has remained largely dark. With the addition of new wind tur-
bines, wells, and mines, we risk losing our last dark spaces on the map.

Since the late 1990s, as energy development intensified throughout
theWest, scientists began carefully studying this development and its effect
on wildlife populations and ecosystems. In Canada, energy-related roads
and seismic lines cut through the boreal forest have decreased populations
of woodland caribou (Rangifer tarandus tarandus) through increased pre-
dation by wolves (Canis lupus) (chap. 5). In Montana and Wyoming, sage-
grouse (Centrocercus urophasianus) populations are declining because adult
birds remain in traditional nesting areas regardless of increasing levels of
development, only to experience high rates of mortality, and yearlings that
have not yet imprinted leave the gas fields in an attempt to escape human
disturbance (chap. 4). In Wyoming, studies have shown that energy devel-
opment has severed historic pronghorn (Antilocapra americana) migration
corridors linking breeding and winter ranges (chap. 5). In addition to wild-
life impacts, scientists are concerned that energy development acts as a con-
duit for invasive plant species, altering and degrading otherwise intact and
functioning landscapes (chap. 7). Together, these studies implicate the cu-
mulative effect energy development has on wildlife populations, resulting
in declines of many iconic western species and the habitats on which they
depend. These species are biologically important to the ecosystems that
they inhabit and also socially relevant to the people who live and recreate in
theWest, resulting in heightened public awareness of impacts and an inten-
sified desire to find a balanced solution to development.

Using less energy is an obvious and partial solution to the problem.
Conservation efforts in the United States could reduce overall global de-
mand because the United States consumes 21 percent of all the energy the
world produces. To date, the systemic changes needed for significant en-
ergy conservation have not yet occurred, and projections in future U.S. en-
ergy demands by leading experts reflect this failure. Energy demands in the
United States are projected to grow 0.5–1.3 percent annually (Energy In-
formation Administration [EIA] 2009a). Projections that incorporate con-
servation-related energy policy changes, best available technology, and in-
creased prices still indicate overall annual U.S. energy demand growing
from 107.5 exajoules (1 exajoule = 0.95 quadrillion British thermal units)
in 2007 to 115.8 exajoules in 2030, an increase roughly equivalent to Cali-
fornia’s current annual energy consumption. These projections show that
conservation and energy efficiency measures could reduce overall residen-
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tial demand by 1 percent per year and commercial demand by 0.1 percent
per year. Unfortunately, energy savings from more efficient lighting and
building upgrades are projected to be offset by increases in energy use else-
where. For example, population growth coupled with in-migration to the
Sunbelt increases air conditioning demands, and efficiencies gained from
better household refrigerators and lights are offset by the increasing num-
ber of home electronics. Energy conservation alone will only slow demand,
not decrease it.

The abundance of energy resources in theWest ensures that the demand
will bemet there, at least in part. A recentU.S. inventory (Energy Policy and
Conservation Act of 2008) shows the largest amount of future U.S. oil and
gas resources coming from theWest. Solar, wind, and geothermal resources
are also likely to be concentrated in geographically distinct areas of theWest,
with wind in the high plains and solar in the desert Southwest.

Western states and provinces are already heavy energy producers. In
2007, the United States produced 76.5 exajoules domestically and im-
ported the remaining 36.5 exajoules to meet demand (the balance, 5.5 exa-
joules, was exported). Canada produced 20 exajoules in 2006; nearly all the
oil Canada produced but did not consume was exported to the United
States (EIA 2008). Coal dominated U.S. production with 25 exajoules, 34
percent of which occurred in Wyoming and Montana, and nearly all Cana-
dian coal was produced from large mines located in the western provinces
(Stone 2007). Natural gas was the second largest source of energy pro-
duced in the United States (22 exajoules), 28 percent of which came from
western states. Oil was the third largest source of U.S. energy production
(11 exajoules), with 20 percent produced in western states (EIA 2009a).
Nuclear energy produced 9 exajoules in the United States, with almost all
active uranium mines in western states; Canadian uranium mining also oc-
curs predominantly in western provinces. Renewable energy, including hy-
dropower, made up the remaining U.S. energy production at 8 exajoules
(EIA 2008). EIA (2009a) scenarios show renewable energy consumption
growing at 3.3 percent per year for solar, biofuels, and wind, but fossil fuels
remain the dominant energy source overall.

Americans’ love affair with the West has created clusters of “40-acre
ranchettes” around many western cities, carving up intact landscapes into
low-density housing fragments. This exurban sprawl has become a primary
environmental concern in theWest. Increasingly apparent is a new threat of
energy sprawl—the land area used for roads, wind turbines, wells, and
transmission lines—that compounds the threat of exurban sprawl.With en-
ergy sprawl factored in, more than 206,000 square kilometers of land could
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be affected by new energy production by 2030 (McDonald et al. 2009).
The increase in energy sprawl presents a “green dilemma” (chap. 8). All cur-
rent sources of energy except nuclear have a large terrestrial footprint or
carbon footprint. Siting new renewable energy sources in already disturbed
habitats would decrease their footprint; along with decreases in air and wa-
ter pollution, such measures make renewable energy more desirable for
wildlife and for conservation as a whole.

Given the abundance of resources in theWest and the species at imme-
diate risk, this book covers energy resources (hydrocarbons, solar, wind,
biofuels, geothermal, and nuclear) in the westernUnited States and Canada
likely to affect terrestrial systems. Hydropower is not covered because the
impacts are largely aquatic and have already occurred. Offshore and on-
shore energy development in the East, Alaska, and the Yukon Territory is
beyond the scope of this book.

To overcome the challenges of energy development in a place as so-
cially valued and biologically rich as theWest, we need a unifying vision for
how to safeguard wildlife and allow development so that the right actions
occur in the right places. To create that vision, the chapters that follow
bring together the ideas of a diverse group of biologists, ecologists, and
rangeland specialists representing a small nucleus of western federal and
state agencies, nongovernment organizations, and universities that have
been working on these issues. They have each pioneered and championed
approaches to quantifying impacts of wildlife from energy development.
Collectively, their studies show the similarities and challenges that species
face with energy development and present a unifying vision and shared
conservation strategies.

This story begins in chapter 2 with the likely extent and severity of fu-
ture impacts in dominant biomes of the West. Chapter 2 uses the spatial
tools of geographic information systems and the myriad publicly available
datasets to provide an unbiased and holistic view of current and probable
future energy development and the biomes affected. Although previous
studies have shown that grasslands and shrublands are some of the least
protected biomes in theWest, chapter 2 highlights the immediate risk of oil
extraction in the boreal forests of Canada. Everyone has a stake in the future
of theWest. The world expects the historical West to retain its wildness and
wildlife, even if only a fraction of those people ever come to see it. The mere
knowledge of its existence is a comfort. We need the West’s oil, gas, wind,
and other energy resources and yet also its essential character of wildness.
Our choices will define this character well into the future.

6 energy development and the human footprint



Chapter 2

Geography of Energy Development in
Western North America: Potential Impacts

on Terrestrial Ecosystems

Holly E. Copeland, Amy Pocewicz,
and Joseph M. Kiesecker

Rapid development of the rich energy resources found in western North
America may have dramatic consequences for its vast areas with low human
population density and undeveloped wild lands. If development continues
at its current pace, the outcome will probably be energy sprawl (McDonald
et al. 2009), resulting in a western landscape fragmented by energy infra-
structure such as roads, well pads, wind towers, and transmission lines. Sci-
entists increasingly warn of the threat posed by energy sprawl to iconic
western species such as sage-grouse (Centrocercus urophasianus) and prong-
horn (Antilocapra americana). Clearly, energy development is detrimental
to many wildlife species, and the increasing demand for energy and the
West’s abundant supply nearly ensure that these resources will be devel-
oped. Our aim here is to illustrate the scale of potential impacts, to draw
comparisons between different energy sources, and to catalyze large-scale
planning efforts designed to meet energy demands while reducing impacts
on sensitive wildlife species and habitats.

The energy demands of the United States are high, but so is domestic
production. In 2008, energy consumption in the United States exceeded
104.5 exajoules (1 exajoule = 0.95 quadrillion British thermal units), with
78.1 exajoules produced domestically, and imports supplying the remain-
der of demand (34.8 exajoules). Canada consumed 14.8 exajoules and pro-
duced 20.4 exajoules in 2006; nearly all the oil Canada produced but
did not consume was exported to the United States (Energy Information

DOI 10.5822/978-1-61091-022-4_2, © Island Press 2011
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Administration [EIA] 2008). Canada has large reserves of oil, natural gas,
coal, and uranium, along with promising potential for development of
wind and geothermal energy. Increasing political uncertainty in many oil-
producing nations has prompted accelerating exploitation of North Ameri-
can energy resources, and growing recognition of the potential social and
biological ramifications of climate change is driving trends toward increas-
ing development of low-carbon or carbon-neutral energy sources such as
solar, wind, nuclear, and geothermal power (Brooke 2008). If current
trends continue, Canadian fossil and renewable energy resources probably
will be developed rapidly and substantial proportions exported to the
United States, with development limited mainly by the availability of trans-
mission lines to carry energy from where it is produced to the highly popu-
lated areas where it is most needed.

Land tenure laws in theUnited States andCanada promote exploitation
of energy resources. Landsmanaged byU.S. federal agencies such as the Bu-
reau of Land Management (BLM) and the U.S. Forest Service make up
roughly 43 percent of thewesternUnited States, and government-owned or
Crown lands make up 60 percent of Alberta, 95 percent of British Colum-
bia, 20 percent of southern Saskatchewan, and 95 percent of northern
Saskatchewan. Overall, the Canadian and U.S. systems are similar in that
prospective developers purchase a temporary right (called tenure inCanada)
to develop or extract energy resources on government lands through com-
petitive auction; however, in the United States, leases with no winning bids
in a competitive auction are available as noncompetitive leases. Leases and li-
censes may be on lands where the government owns the surface rights or
where the surface rights are privately owned and the minerals are govern-
ment owned (called split-estate lands in the United States). Consequently,
the areas of mineral rights retained by the government are oftenmuch larger
than even the lands theymanage. For example, the Alberta Crown holds the
mineral rights to 81 percent of the province. In the United States, federal
agencies are usually governed by multiple-use directives that have histori-
cally emphasized resource extraction (Knight andBates 1995). Recently, the
BLMhas dramatically increased leasing for oil and gas development (Naugle
et al. 2011) and has opened special renewable energy coordination offices to
expedite development. Energy development on the 78 million hectares of
landmanaged by theU.S. Forest Service has historically been limited, but re-
cent controversial leases of oil and gas on national forest lands in places such
as the Roan Plateau in Colorado and theWyomingRange inWyoming indi-
cate growing pressure to develop energy resources wherever they occur.

Although demand for electrical energy in the United States has risen
steadily since 1990, annual construction of new transmission facilities has

8 energy development and the human footprint



not kept pace with demand (EIA 2009a). Efforts are under way to increase
electrical transmission capacity and thereby reduce the primary technologi-
cal constraint on new energy development in the West. New high-voltage
(more than 230 kilovolts) transmission lines totaling 33,593 kilometers
are proposed, which would augment capacity of the existing 99,875 kilo-
meters of lines by roughly one third (Ventyx Energy 2009). The BLM is
working on permitting projects in the western United States, such as the
GatewayWest and TransWest Express projects. Other proposed projects are
international in scope, such as the Northern Lights project to link Alberta
and Oregon. To increase efficiency of the growing number of transmission
projects and address environmental concerns, the Western Governors’ As-
sociation (2009) is supporting transmission corridor planning and facili-
tating coordination between the various participants, which would help
stakeholder agencies move beyond the traditional project-by-project ap-
proach and toward proactive planning with a landscape vision (chap. 12,
this volume).

Concerns about the environmental impacts of energy sprawl continue
to draw the attention of scientists, policymakers, citizens, and environmen-
tal groups, yet the scope of the cumulative impacts on ecosystems remains
largely unknown. Here we provide an overview of the major energy
sources—both renewable and nonrenewable—with high potential for ter-
restrial impacts in western North America and quantify these impacts by
terrestrial ecosystem. We provide an estimate of potential impacts from
these major energy sources using lease and license data from the U.S. Na-
tional Integrated Lands System database (BLM), Saskatchewan Mineral
Disposition Maps and Databases, Alberta Energy, and British Columbia
Ministry of Energy and Mines.

Major Energy Sources

We examine five major energy sources affecting terrestrial ecosystems in the
West: hydrocarbons, nuclear, wind, solar, and geothermal. We do not con-
sider hydropower because those impacts are largely aquatic, or the terres-
trial impacts have already occurred. Nor do we consider biofuels, which are
covered in chapter 8.

Hydrocarbons

The equatorial position of western North America during the Cenozoic
and Carboniferous eras favored development of vast accumulations of

Geography of Energy Development inWestern North America 9
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petroleum (oil), natural gas, and coal, created when organic matter was de-
posited as sediments in basins. Supported by these abundant resources,
production of conventional petroleum and natural gas has become, and is
projected to remain, a dominant use of U.S. federal and Canadian Crown
lands. Extraction of oil and natural gas typically creates a network of roads,
pipelines, and well pads to access the resource, although newer technolo-
gies allow for directional and horizontal drilling that can dramatically re-
duce the surface footprint, and many companies have committed to signif-
icant onsite restoration projects. Active or pending oil and gas leases
currently exist on nearly 59 million hectares of U.S. federal and Canadian
Crown lands in western North America, with production occurring on
leases occupying 25 million hectares (figs. 2.1 and 2.2).

Land use intensity is much higher for extracting conventional petro-
leum (oil), with a footprint of 369–2,114 thousand hectares/exajoule/
year, than for extracting natural gas (150–880 thousand hectares/exa-
joule/year).

Deposits of oil sands (also known as tar sands) contain a combination
of clay, sand, water, and bitumen. Oil sands are excavated in two ways: from
open pit mining and from in situ techniques. With mining, open pits are
created and the oil-rich bitumen near the surface is extracted, processed,
then refined to oil (BLM 2009). With in situ techniques, the bitumen lies
more than 75 meters from the surface and is extracted through wells in a
process known as steam-assisted gravity drainage. Three deposits in north-
ern Alberta, known as the Peace River, Athabasca, and Cold Lake oil sands,
cover approximately 14 million hectares and are estimated to contain up to
309 billion barrels, including 173 billion barrels that are economically re-
coverable today (fig. 2.3).

There are 6.1 gigajoules (6.1 × 109) per barrel of oil, and the United
States consumes 43 exajoules of liquid petroleum fuel annually (19.5 mil-
lion barrels of oil per day), so 173 billion barrels of recoverable oil from the
Athabasca oil sands would provide 1,055 exajoules of energy, or enough oil
for approximately 25 years of U.S. demand. Because of its oil sands, Canada
is second only to Saudi Arabia in terms of countries with the greatest oil re-
serves. Currently, 9.2 million hectares of Canadian Crown lands are leased
for oil sand mining. Using data fromAlberta Energy (2010) listing oil sand
projects by barrels per day output, we calculated the average land use inten-
sity for oil sands at 275,000 hectares per exajoule per year (fig. 2.2). Poten-
tial for oil sand mining in the United States is limited to deposits in eastern
Utah covering 410,000 hectares, with an estimated 12–19 billion barrels.
Extraction of these deposits is not commercially viable at present because
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Figure 2.1. Oil and gas leases in the study area. Active and pending leases are
shown in light gray, and the subset of these leases that are producing is shown in
black. (Data on producing leases in the United States were acquired from the Bu-
reau of Land Management National Integrated Lands System database, and those
in Canada were derived from a spatial query in a geographic information system of
lease and license parcels with producing oil and gas wells.)



the sands are wetted by hydrocarbon fluids, making extraction more diffi-
cult. Limited availability of water, in addition to substantial environmental
concerns, further reduces economic viability of U.S. oil sand development.

Oil shale is a fine-grained sedimentary rock containing organic matter
from which liquid hydrocarbons can be extracted; although no economi-
cally viable approach to extraction exists currently, research is under way.
Vast oil shale deposits of the Green River Formation in Colorado, Wyo-
ming, and Utah (BLM 2009) contain 1.5 trillion barrels of oil reserves, or
five times Saudi Arabian reserves (Energy Information Administration
2009a). Oil shale can be extracted in one of two ways: through surface re-
torting or mining and in situ retorting. Surface retorting involves an open
pit mining process in which the rock is removed and processed. In situ re-
torting involves heating the oil shale in place and extracting the liquid with

12 energy development and the human footprint

Figure 2.2. Area (hectares) leased (left axis) and land use intensity (hectares/exa-
joule/year) of various energy sources from literature-based calculations and from
McDonald et al. (2009; right axis). Oil sands and oil shale land use intensity num-
bers were derived using estimates of project area and barrels of oil per day. See chap-
ter text for details. Conventional oil and natural gas data were combined so that the
mean represents both oil and natural gas. Only producing leases are shown for con-
ventional oil and natural gas.



little surface disturbance. Companies are experimenting with newer in situ
retorting technologies that could make oil shale extraction viable within 25
years. Using the Piceance Basin example (Bartis et al. 2005), land use inten-
sity calculations of oil shale development using in situ technologies are ex-
ceptionally small at only 37 hectares per exajoule per year (fig. 2.2). Oil
shale leases in the region currently cover 679,000 hectares, but approxi-
mately 1.4 million hectares of lands in the Green River Formation contain
oil shale deposits.

Geography of Energy Development inWestern North America 13

Figure 2.3.Map of oil sands, oil shale, coal, and uranium leases and potential in the
study area.



In addition to oil and gas, coal resources are abundant and mined
throughout western North America (fig. 2.3). Of all energy produced in
the United States, coal provides the largest share at 25.2 exajoules of energy
annually (EIA 2008). The United States has the largest coal reserves in the
world, and current production is second only to that of China. Canada
ranks thirteenth in international coal production, with 1.6 exajoules pro-
duced annually. Canadian coal reserves represent greater energy potential
than oil, gas, and oil sands combined; coal is currently the most important
fossil fuel energy source in the country (International Energy Agency
2008). The twenty-nine large coal mines in the western United States pro-
duce 79 percent of the coal originating from mines in the United States,
and 80 percent of this production comes from fourteen mines inWyoming.
Large coal mines also exist in Montana, Colorado, NewMexico, Utah, and
Arizona. Nearly all of Canada’s coal is produced from twenty large mines
located in British Columbia, Alberta, and Saskatchewan (Stone 2007).
Active coal leases currently cover approximately 6 million hectares in west-
ern North America. Coal mining, along with nuclear and geothermal
power, affect small land areas relative to the amount of energy produced
(fig. 2.2).

Nuclear

Uranium mining takes place throughout western North America; Canada
is the world’s largest producer and exporter (most is mined in Saskatch-
ewan). Mined uranium supports 104 nuclear power plants in the United
States and 7 in Canada. The uranium industry has experienced many
booms and busts from price fluctuations. Price declines in 1980 effectively
closed all active uranium mines, but rising prices in 2009 renewed interest
in uranium mining and active uranium leases. The number of active ura-
nium mines in the United States rose from four in 2003 to seventeen in
2008 (EIA 2009b), directly reflecting rising interest in nuclear energy and
subsequent increases in the commodity price. Active and pending uranium
leases covered 2.7 million hectares in 2009 (fig. 2.3). As society weighs the
pros and cons of various sources of energy, interest in nuclear energy has re-
newed despite concerns voiced in the 1980s and 1990s over nuclear trans-
port, production, and waste. Concerns about climate change have largely
driven the new look at nuclear energy, given its low carbon footprint. In
addition, even when the area of the plant, uranium mining, and waste
storage are considered, nuclear power generation is a localized activity with
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a compact anthropogenic footprint compared with other energy sources
(fig. 2.2).

Wind

TheU.S. and Canadian projections suggest that wind resources may be able
to provide 20 percent of annual electrical energy demand within the next
20 years. This would mean adding capacity for an additional 293,000
megawatts of wind power in the United States and 55,000 megawatts in
Canada (U.S. Department of Energy 2008a; Canadian Wind Energy As-
sociation 2009). Large expanses of western North America have the po-
tential for commercial wind energy development to help meet these goals
(fig. 2.4).

Montana and Wyoming have the highest capacities for wind develop-
ment, with a combined potential to generate more than 200,000 mega-
watts of power (American Wind Energy Association 2009). Commercially
viable locations for generating wind power typically require minimum
wind power densities of 300 watts per square meter and average wind
speeds of 6.4 meters per second at a 50-meter height (Western Governors’
Association 2009).

The 220 wind projects completed or under construction in the western
United States have a combined generating capacity of 8,967megawatts, yet
they represent less than 3 percent of the total potential capacity of 339,070
megawatts present (American Wind Energy Association 2009). In western
Canada, twenty-seven operating wind projects have an annual capacity of
702 megawatts (Canadian Wind Energy Association 2009). Many more
projects are in the planning stages in both countries, and more than 1.8
million hectares of federal lands have authorized or pending leases for wind
development in the United States or are affected by existing developments
in Canada (fig. 2.4). At least 3,625 megawatts of additional wind power ca-
pacity is planned within the next several years across the three Canadian
provinces. Wind power development is occurring on private lands, espe-
cially in the United States, but it is difficult to estimate the number of
planned projects on private lands because there is no associated public leas-
ing or environmental review process.

Wind power generation affects more land per unit of energy produced
than hydrocarbon, nuclear, solar, or geothermal energy. The area occupied
by wind turbines, access roads, and other infrastructure requires 2 million
hectares per exajoule of energy generated (fig. 2.2), the highest land use
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intensity of all energy sources studied. Thus, existing wind farms in western
North America probably affect between 193,000 and 240,000 hectares of
land. Recently the Western Governors’ Association (2009) proposed re-
newable energy zones for the United States and Canada, which include
both public and private lands, in all states and provinces except Saskatch-
ewan. The areas designated as wind development zones encompass 14.3
million hectares. Although development would not be restricted to these
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Figure 2.4.Map showing renewable energy areas and potential in the study area.



zones, nor is development likely to affect the zones entirely, the zones do
provide a coarse-scale estimate of the amount of land area that could be
affected.

Solar

Generation of power from solar photovoltaic and solar thermal technolo-
gies more than doubled in the United States between 2000 and 2007. For
these technologies to become more cost effective, 86,000–125,000 addi-
tional megawatts would have to be installed across the United States by
2030, with solar photovoltaic technology supplying 81 percent of that
power (U.S. Department of Energy 2008b). Solar resources adequate for
utility-scale projects are concentrated in the southwestern United States
(fig. 2.4). The region currently has an installed capacity of 982 megawatts,
87 percent of it located in California. More than 97,000 hectares of federal
lands have authorized or pending leases for development of solar energy,
and areas identified as suitable for utility-scale solar development encom-
pass 18.6 million hectares (Western Governors’ Association 2009; fig. 2.4).
Utility-scale projects consist of large solar arrays, and many of these projects
are proposed in previously undeveloped landscapes. The area occupied by
solar plants, access roads, and other infrastructure for photovoltaic power
requires an average of 1 million hectares to produce an exajoule of energy
per year; this is half the land use intensity of wind energy development but
orders of magnitude greater than geothermal or nuclear energy (McDonald
et al. 2009).

Geothermal

Geothermal power plants are currently operating in California, Idaho, Ne-
vada, and Utah, producing 2,901 megawatts of power (U.S. Department
of Energy 2008b). California has 60 percent and Nevada 15 percent of
identified geothermal resources. Additional geothermal potential exists in
British Columbia, Montana, NewMexico, Oregon,Washington, andWyo-
ming (U.S. Geological Survey 2008). Development of geothermal energy
sources in the United States increased by only 5 percent between 2000 and
2007, but currently identified geothermal resources in the western United
States could produce at least 3,355 megawatts. Furthermore, that level
of energy production could increase 100-fold through use of enhanced
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systems consisting of engineered reservoirs that allow heat to be extracted
from geothermal sources with low permeability or porosity (Massachusetts
Institute of Technology 2006).More than 449,000 hectares of federal lands
in the United States have authorized or pending leases for geothermal en-
ergy development, and more than thirty projects are currently planned (fig.
2.4). Geothermal energy has a much smaller footprint than other types of
energy development, requiring an average of 208,333 hectares per exajoule
per year of energy produced.

Cumulative Impacts of Energy Development on
Terrestrial Ecosystems

The cumulative impact of current and potential future energy development
on terrestrial ecosystems in western North America is largely unknown, but
one estimate puts the cumulative footprint from new (i.e., 2009–2030) en-
ergy development in the United States as likely to exceed 20.6 million hec-
tares (McDonald et al. 2009). Approximately 13 percent of the western
United States is currently affected by an anthropogenic footprint (Leu et al.
2008), but similar estimates are not available for energy development alone
or for Canada. Here we mapped the spatial distribution of all available
pending and active energy leases across western North America, estimating
the footprint of development on each of five terrestrial ecosystem types
(temperate forests, boreal forests, shrublands, grasslands, and wetlands)
(MEDIAS-France/Postel 2004; ESRI 2006). Wind lease data for Canada
were unavailable, so we used existing projects to estimate minimum im-
pacts (Ventyx Energy 2009). Each wind project point was expanded to rep-
resent the land area affected based on the power production of the project,
assuming an impact of 20 hectares per megawatt (U.S. Department of En-
ergy 2008a). We also calculated the footprint of proposed renewable en-
ergy zones for wind and solar energy development (Western Governors’
Association 2009) to provide an upper estimate of the amount of land that
may be affected.

Overall, we predict that new and existing energy development could af-
fect, either directly or indirectly, up to 21 percent (96 million hectares) of
the five major ecosystems in western North America, or 18 percent of all
lands in the study area (table 2.1).

The highest overall predicted impacts as a percentage of the ecosystem
type are to boreal forest (32 percent), shrublands (24 percent), and grass-
lands (21 percent). In absolute terms, the largest potential impacts are to
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shrublands (41,134,735 hectares). Boreal forests, shrublands, and grass-
lands are especially vulnerable because of their geographic concurrence
with the sedimentary basins that hold hydrocarbon deposits. These predic-
tions probably inflate overall impacts because leased lands grossly overesti-
mate areas that will ultimately be developed. A case in point is oil and gas
development in the western United States, where significant portions of in-
dividual states such as Wyoming have been leased, but only small portions
actually experience development. Conversely, impacts to some species are
known to extend well beyond the actual development footprint (Doherty
et al. 2011). Table 2.1, showing hectares of area leased and resulting im-
pacts on ecosystems, should be interpreted with caution because these esti-
mates are probably inflated. We use leases to provide an estimate of direct
and indirect future impacts from energy development across our study area.
Our findings are most useful for identifying broad trends and enabling
comparisons of impacts between ecosystems.

The cumulative impacts of energy development from hydrocarbons
probably will be greatest on boreal forests (30 percent) and grasslands (15
percent). Among types of hydrocarbon development, conventional oil and
gas have the most land area leased for current or future production (fig.
2.1). Oil sands and coal mining could affect a disproportionately large per-
centage of boreal forests in Canada (11 percent and 4 percent, respec-
tively). Potential impacts to other ecosystems are smaller, though not in-
significant (table 2.1). A limited number of lands are currently leased for
oil shale, with minimal (less than 1 percent) predicted impacts to terres-
trial ecosystems, suggesting that although the long-term potential for sig-
nificant development exists, current leases for oil shale development are
largely experimental.

The overall impact of uranium mining is likely to be small, potentially
affecting 0.6 percent of all terrestrial ecosystems we studied. The largest
predicted impacts are to the boreal forests (2 percent) in Canada, followed
by grasslands (0.6 percent) located mostly inWyoming (fig. 2.3).

Wind development will probably have the greatest impacts on shrub-
lands at 0.8–3.0 percent and grasslands at 0.3–4.0 percent (table 2.1), eco-
systems where many wildlife species are negatively influenced by the pres-
ence of tall structures. Current wind leases represent only about 11 percent
of potential in a maximum-development scenario (Western Governors’
Association 2009). Solar leases currently occupy a small area, exclusively
on nonforested ecosystems, but these leases represent only about 3 per-
cent of areas with potential for development in Western Governors’ Asso-
ciation zones. Therefore, current wind and solar leases probably greatly
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underestimate the future impact on terrestrial ecosystems. Geothermal
leases also occupy a small area but are most concentrated in shrublands (0.2
percent), like many of the other energy types.

Overall, conventional and unconventional oil and gas development
have and probably will continue to have a large footprint, especially on the
boreal forests in Canada but also on grasslands, shrublands, and temperate
forests. However, if renewable energy development proceeds on a maxi-
mum-development basis, then new solar and wind power generation could
significantly affect shrubland and grassland ecosystems in the United
States.

Conclusion

The changes predicted to shrubland and grassland systems in the United
States and boreal forests in Canada are especially disconcerting because
these systems currently receive little legislative protection, yet they support
key inhabitants such as sage-grouse, pygmy rabbit (Brachylagus idahoensis),
boreal woodland caribou (Rangifer tarandus caribou), andWyoming pocket
gopher (Thomomys clusius) that are being considered for protection under
the Endangered Species Act. In addition to impacts associated with energy
development, these systems are also suffering under stresses from residen-
tial development, invasive species, disease, and climate change.

The history of the West has been marked by prolonged confrontations
between resource use and conservation, and the distribution of energy re-
sources in the region ensures that such conflicts will continue and probably
intensify. Policymakers face the complex task of balancing competing envi-
ronmental and energy independence concerns, various federal agency inter-
ests and missions, and the numerous permutations of available energy re-
sources. The goals of energy development and conservation need not be
mutually exclusive, but reducing environmental damage will entail a funda-
mental transformation in how we think about planned development (chap.
9). Understanding the scale of anticipated impacts on Western ecosystems
may motivate policymakers to engage in proactive planning, ideally before
projects begin, about how to avoid siting conflicts, maintain biodiversity,
and determine suitable mitigation responses. Reducing impacts on wildlife
also will entail much greater investment in offsets (compensating conserva-
tion actions) to address residual project impacts and deliver net gains for
nature (Kiesecker et al. 2009, 2010).
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PART II

Biological Response of Wildlife and
Invasive Plants to Energy Development

23

Science provides the biological basis for formulating conservation actions
and shaping policies that permit sustainable development while safeguard-
ing wildlife. Paramount to linking science with management is the ability to
ask the right questions in a way that is relevant to decision makers. Equally
important for producing credible science is scrutiny of our research ap-
proach to ensure that its rigor stands up to the highest levels of peer review.
The best and most recent studies are those that evaluate cumulative effects,
defined here as the synergistic, interactive, and sometimes unpredictable
outcomes of multiple land use practices, including energy development,
that aggregate over time across broad landscapes.

Early studies typically evaluated short-term and behavioral avoidance
by an individual animal of the drilling of one or a few exploratory energy
wells. Such studies provided the impetus for later research but alone are in-
adequate to evaluate cumulative effects of developments large enough to
influence the hundreds or thousands of animals that make up wildlife pop-
ulations. More obvious in recently published literature are well-designed
studies that evaluate cumulative effects of development at the scale of the
population rather than the individual animal. These improvements provide
decision makers with the ability to reliably predict the outcomes of alterna-
tive management scenarios to conserve at-risk species. The new yet largely



unexplored frontier in science extends beyond the species of interest to
include possible effects of energy development on interactions between
species that may drastically alter predator–prey dynamics and other inter-
specific relationships.

Society places a premium on science and its role in natural resource
management. The most important thing to keep sight of is our desire to
produce the most credible science possible. Readers will see firsthand that
most wildlife–energy impact research is in its infancy, that much has been
learned in the last 5–10 years, and that many unanswered questions remain.
In total, we know enough to move forward in conservation with the under-
standing that our knowledge will never be perfect. Historically, available
funding supported studies on big game and other charismatic species. But
as the public interest in biodiversity conservation grows, so does our result-
ing knowledge for an array of other plant and animal life.

A sampling of the recent science reveals the wealth of new information
available and the ways in which we can improve the rigor and depth of the
resulting science. Part II represents the first time that recent wildlife impact
studies have been synthesized and made widely available. Chapter 3 pres-
ents a unifying approach for the design and interpretation of research to
evaluate potential effects of human developments on wildlife. This ap-
proach provides scientists with a framework for designing new studies and
gives decision makers a basis for evaluating the merits of existing studies for
use in policy and management decisions. Chapter 4 synthesizes the impacts
on sage-grouse (Centrocercus urophasianus) of oil and gas development and
lays out a conservation strategy for maintaining a set of large, intact popula-
tions. Recent research also documents thresholds of impact relative to de-
velopment intensity that can be used to forecast biological tradeoffs of
newly proposed drilling. When additional drilling is approved, the authors
show how thresholds can be used to offset impacts by conserving an equal
or greater number of birds in priority landscapes.

Chapter 5 provides a mechanistic understanding of population-level
declines in woodland caribou (Rangifer tarandus tarandus) attributable to
increased predation by wolves (Canis lupus) along energy roads and seismic
lines cut through the Canadian boreal forest. Management models that suc-
cessfully predict caribou population growth rates as a function of the per-
centage energy development and percentage area burned confirm the grim
predictions of the cumulative effects of landscape change. The newest re-
search has worked out the economics of conservation triage for caribou in
hopes of proactively applying conservation over a broad enough landscape
to save a few representative populations. Chapter 6 synthesizes studies
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showing that ovenbirds (Seiurus aurocapilla) do not incorporate energy
seismic lines into their breeding territories. A follow-up control impact de-
sign with and without seismic lines shows declines in the number of territo-
ries with increasing seismic line density, suggesting that behavioral avoid-
ance of lines may lead to local reductions in songbird abundance. Chapter 7
is a call for research to elucidate the role of energy infrastructure as a con-
duit for invasive plants. The authors provide a compelling case for decision
makers to consider the risks of biological invasions in landscapes where
human disturbance in the form of energy development alters critical eco-
system processes. Chapter 8 shows that with anticipated increases in re-
newable energy, careful planning is needed to avoid conflicts between de-
velopment of green energy and concerns about wildlife impacts. If such
developments are properly sited and sufficiently mitigated when impacts
are unavoidable, we can finally advance renewable energy production be-
yond current levels without compromising wildlife conservation.
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Chapter 3

Unifying Framework for Understanding
Impacts of Human Developments

on Wildlife

Chris J. Johnson and
Martin-Hugues St-Laurent

Natural resource professionals recognize the negative impacts of human de-
velopments on the distribution, abundance, and, in some cases, persistence
of wildlife populations or species. Indeed, human activity in all its forms
(Kerr and Currie 1995) is a primary cause of the global decline in biodiver-
sity in general (Brooks et al. 2002; Dudgeon et al. 2006; White and Kerr
2006) and wildlife in particular (Ceballos and Ehrlich 2002; Laliberte and
Ripple 2004; Davies et al. 2006). This recognition has led to a rapid
increase in the number of studies designed to elucidate and document
wildlife–human interactions (fig. 3.1).

Ranging from site-specific wildlife–human encounters during recre-
ational activities (e.g., Naylor et al. 2009) to the large-scale development of
oil and gas reserves (e.g., Bradshaw et al. 1997), the effects can differ
greatly; however, many of the types of impacts are comparable. We use the
term effect to mean a change in the environment resulting from a human ac-
tivity and the term impact to represent the consequences of such changes for
wildlife populations (Wärnbäck and Hilding-Rydevik 2009). This distinc-
tion is important because all developments will have some effect, but the
impacts will vary according to a range of factors.

The distribution of wildlife populations and the occurrence of natural
resources interact with past land uses and regulatory frameworks to impact
the ecology or biology of a species. Impacts can include changes in animal
behavior, energetics and nutrition, physiology, distribution, resource use,
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population dynamics, and interspecific interactions leading to changes in
plant and animal communities. The dynamics of effects vary both spatially
and temporally (box 3.1).

At the coarsest scale, the types of development and associated effects
are a function of the geographic distribution of natural resources. Where
resource development opportunities occur, some jurisdictions are more
likely to encourage a high rate of resource development as a means to sup-
port or grow an economy, whereas other jurisdictions may have more re-
strictive environmental regulations that emphasize other values (Timoney
and Lee 2001; British Columbia Oil and Gas Commission 2004). Finally,
societal expectations, regulatory frameworks, and even the economic via-
bility of natural resource sectors may change over time (Jackson and Curry
2002).
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Figure 3.1. Number of scientific publications assessing human impacts (black bars)
and cumulative effects (gray bars) on wildlife species since 1991. Frequency of pub-
lications was tabulated using ISI Web of Science and the search terms “human im-
pacts and wildlife” and “cumulative effects and wildlife.” Dashed bars in 2009 re-
fer to incomplete years of data, as publication was still ongoing at the time of the
search.



In response to the societal challenge of balancing current levels of eco-
nomic development and ecological values, wildlife and conservation ecolo-
gists have focused on quantifying impacts and understanding the implica-
tions of industrial development. Although researchers and practitioners
have made much progress in the past 25 years (fig. 3.1), we have found lit-
tle evidence of consensus or even discussion of unifying theory, acceptable
definitions, or general methodological frameworks for addressing these im-
portant questions. This lack of dialogue is probably a product of perceived
taxonomic, life history, or effect-specific differences between projects de-
signed to reveal the impacts of specific wildlife–development interactions.
However, a lack of unity adds to confusion when impacts are interpreted,
especially when statistical effect sizes are small.
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BOX 3.1. DYNAMIC IMPACT OF DEVELOPMENT ON WILDLIFE IN NORTH AMERICA

Before colonization of North America, indigenous peoples used wildlife and in-
fluenced the environment, but the magnitude of these impacts is debated and
probably variable (Martin and Szuter 1999; Sherry and Myers 2002; Laliberte and
Ripple 2003). After settlement by Europeans, agriculture and unsustainable har-
vest had major influences on wildlife populations and their habitats (Mattson
and Merrill 2002; With et al. 2008; Brown and Boutin 2009). Through the twen-
tieth century the range of activities increased and the area and magnitude of ef-
fects grew to encompass most areas of the continent. Management and conser-
vation agencies have made progress in setting and enforcing harvest to
sustainable levels, and in some areas agricultural lands are being reclaimed by
the forest, with benefits for wildlife (Lancaster et al. 2008).

However, new threats have emerged to replace old challenges. Exploration
and development of oil and gas, mining, and forestry, at an industrial scale, re-
sult in isolated site-specific and cumulative impacts for wildlife populations, of-
ten over very large areas (Berger 2004; Johnson et al. 2005; Vors et al. 2007;
Nitschke 2008). In the second half of the twentieth century and into the
twenty-first century the newest and largest challenge for regulatory agencies
and biologists is energy development. North Americans’ reliance on fossil fuels
has resulted in widespread exploration and development of conventional
sources of oil and natural gas. Nonconventional sources of hydrocarbons, such
as coal bed methane and bitumen deposits, are now economically viable but
have a much larger ecological footprint (Johnson and Miyanishi 2008). Even
new green sources of energy, such as wind and solar, can result in measurable
environmental impacts for wildlife (Kuvlesky et al. 2007; Pruett et al. 2009b;
but see Devereux et al. 2008; Sovacool 2009).



We recognize the challenges in finding a unifying theory of impact re-
search and interpretation. Ecology as a science has long struggled to define
general theory and principles that apply across space, time, and taxonomy
(Pigliucci 2002). In the context of impact science, however, we believe that
improvement is possible and needed. Much progress can be made by ex-
plicitly recognizing the pathway and relative magnitude of effects, the
spatiotemporal dimensions of the effect, the regulation and mitigation of
effects, and the biological scale of the impact for the organism. In combina-
tion, these four elements can serve as a unifying framework to categorize
and predict the potential magnitude of impacts of energy development for
a wildlife population; to relate the effects of development to the realized
impacts for a population, an important component of the regulatory and
mitigation process; and to compare the range of expected or observed im-
pacts across populations using a consistent set of measures and definitions.

In this chapter, we draw on the four elements to construct a generic ty-
pology for wildlife impact research. This typology is premised on the prin-
ciples of scale, a concept that is now widely appreciated by ecologists and
has utility for directing research design and conveying findings to man-
agers, policymakers, and legislators. Although the focus of the supporting
chapters is on energy development, we take a broader perspective, review-
ing the pertinent literature from across the applied ecological, manage-
ment, and conservation sciences that addresses the full range of wildlife–
human interactions. Our objective is not to provide a formula but instead
define a general framework of ideas, principles, and methods that practi-
tioners and scientists can call on when making comparisons across spatial,
temporal, population, and taxonomic boundaries.

A Typology for Wildlife Impact Research: The Framework

Responses of wildlife to effects of human development are complex, vari-
able, and scale-specific (Merrill et al. 1994; Gucinski et al. 2001; Blondel
2008; Wallgren et al. 2009). Furthermore, the metric we choose to define
and measure an impact, as well as regulatory or mitigation measures, will
influence the significance of any finding. In an effort to identify and catego-
rize this complexity, we propose three broad categories of effects that cap-
ture the causal mechanisms regulating the magnitude of impacts caused by
human development (fig. 3.2).

Evidence suggests that wildlife populations will suffer a greater degree
of impact as the spatiotemporal scale of effects increases; the pathway of the
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effect changes in a way that results in more severe, longer-lasting, and less
predictable impacts; and the relative magnitude of the effect increases as a
product of ineffective regulatory or management processes.

Relating effects to impacts, we have conceived of a range of responses
of wildlife populations that vary hierarchically, probably in a nonlinear way,
as the effects increase in severity (fig. 3.2). Although we do not suggest a
simple incremental and discrete relationship, the scale of biological impacts
is represented well by the techniques biologists use to elucidate the interac-
tions between resource development activities and wildlife. At the scale of
the individual, animals in the vicinity of human activities can demonstrate a
change in behavior, such as movement away from a disturbance, reduced
hunting efficiency, or altered social dynamics (Galanti et al. 2006; Rabin et
al. 2006; Naylor et al. 2009). Although species- and disturbance-specific,
this level of response could be followed by a physiological reaction, such as
increased heart rate (MacArthur et al. 1979; Krausman et al. 2004; Thiel et
al. 2008; Bisson et al. 2009). A more severe but not independent impact is
an energetic or nutritional expense resulting from increased movement, re-
duced caloric intake, or failure to access important and rare resources (Tyler
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Figure 3.2. Schematic representation of a typology for classifying and predicting
the impacts of human–wildlife interactions.



1991; Bradshaw et al. 1998; Reimers et al. 2003). If an animal or group of
animals can no longer meet their energetic and nutritional needs or suffer
from direct human–wildlife interactions, we may observe changes in vital
rates. Causes could include reduced pregnancy rates through poor body
condition or increased mortality due to reduced fitness or altered behavior,
such as risk-prone foraging or hunting strategies (Phillips and Alldredge
2000; Frair et al. 2008; Fahrig and Rytwinski 2009). From a conservation
and management perspective, the most extreme implications of develop-
ment effects for a population are changes in distribution, including range
contraction, population decline, and ultimately extirpation or extinction of
a species (Mattson and Merrill 2002; Schaefer 2003). Finally, a change in
the distribution or abundance of a single animal species may have implica-
tions for the broader ecological community. Although food web dynamics
are difficult to quantify, human activities may initiate or contribute to
trophic cascades (Hebblewhite et al. 2005b; Borrvall and Ebenman 2006;
Anthony et al. 2008; Berger et al. 2008).

We see the range of effects and impacts as proceeding across a contin-
uum of space, time, and regulatory response. Thus, scale provides a func-
tional linkage, although in a nonconventional form. We begin with a more
detailed explanation of scale, from an ecological impact perspective, and
then provide an overview of the three sources of effects. We then review
the impacts literature to illustrate the biological scale of impacts presented
in figure 3.2. Finally, we conclude with a brief overview of issues and prac-
tices that may help guide study design in the context of wildlife impact
research.

Scale: A Unifying Principle

Most biologists now appreciate the importance of spatial and temporal
scale when designing and interpreting ecological studies (Wheatley and
Johnson 2009). Although the idea of spatiotemporal variation in ecological
process and observation has a long tradition in the ecological literature,
only recently has scale received explicit consideration from methodological
and theoretical perspectives (Schneider 2001). The now prominent role of
scale as a primary element of research design can be traced back to the mid-
1980s. At that time, researchers in a number of applied ecological subdisci-
plines began to note a general lack of appreciation for cross-scale phenom-
ena and the associated risks to inference (Senft et al. 1987; Wiens 1989;
Kotliar and Wiens 1990; Levin 1992). Through the 1990s the earlier and
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mostly speculative writings of scale were put into practice. Researchers de-
signed studies to measure variation in animal responses across arbitrary
breaks in spatiotemporal scale and later to identify holons or boundaries
based on behavior or activity (Schaefer and Messier 1995; Wallace et al.
1995; Saab 1999; Johnson et al. 2002; Nams and Bourgeois 2004). Like-
wise, our conceptual definition of scale has evolved over time. Scale was ini-
tially considered as something that bounded our sampling or inferential
framework. Drawing on one of the early works, Turner et al. (1989: 246)
defined scale as the “temporal or spatial dimensions of an object defined by
both grain and extent.” Building on that initial premise, the recognition of
scale as a static element of research design has expanded to consider scale as
a dynamic principle that captures the range of behaviors of animals as they
respond to the environment. Thus, holons in scale are defined not by pre-
cise sampling thresholds that correspond with time or space but by distinct
changes in behavior, perhaps as a function of time and space. In an effort to
advance our application of scale-related principles and reduce confusion
resulting from myriad definitions, Dungan et al. (2002) identified three
broad categories of scale: observation, analysis, and phenomenon. This
later category, the spatiotemporal dimensions of the object being studied
and the processes that affect it, is of greatest relevance to understanding the
relationship between human developments and wildlife impacts.

Our understanding of the importance of spatial, temporal, and eco-
logical scale for impact research has improved greatly over the past 30
years. For one of the best-studied species, caribou (Rangifer tarandus), re-
search on the impacts of human activity and infrastructure development
has shifted from small-scale behavioral research to larger-scale landscape
studies focused on population distribution and abundance (Vistnes and
Nellemann 2008). This trend toward quantification of population-level
impacts across regional areas is consistent for other species (Schneider et
al. 2003; Johnson et al. 2005; Nielsen et al. 2008). With these conceptual
and methodological advances our understanding of wildlife impacts has
improved, and that knowledge is playing an increased role in decision-
making and monitoring frameworks (Hood and Parker 2001; Johnson
and Boyce 2004; Diavik Diamond Mines Incorporated 2008; Bennett et
al. 2009). However, opportunities remain for progress in how we conduct
multiscale studies and how they inform our understanding of the impacts
of human developments (Wheatley and Johnson 2009). As a starting
point, we suggest that the principle of scale can serve as a general integra-
tive concept for assessing the magnitude of effects and characterizing wild-
life impact studies.
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Spatiotemporal Scale of Effect

The ecological scale of animal responses has direct links with regulation.
Environmental assessment studies designed to facilitate the regulatory ap-
proval and mitigation processes often identify a spatiotemporal zone of in-
fluence. This is the area and perhaps time of year when wildlife experience
significant impacts, such as an avoidance response, where animals shift their
distribution away from a development, alter behavior in the vicinity of a fa-
cility, or change the types or quality of habitats used. Although it is an intu-
itive concept, the zone of influence and measures of significance are diffi-
cult to quantify (Quinonez-Pinon et al. 2007). This is especially apparent
where multiple developments interact in a cumulative way. Also, the zone
of influence should be premised on the type of response observed; there
may be multiple zones depending on the source of effect. Data also suggest
that the zone of influence varies according to the development type. John-
son et al. (2005) documented an avoidance response near diamond mines
for barren-ground caribou (R. t. groenlandicus) that exceeded 100 kilome-
ters; human activities with smaller and less intensive footprints were also
avoided but over a smaller area. Other researchers reported avoidance be-
haviors and corresponding zones of influence of caribou at finer spatial and
temporal scales. For example, Nellemann and Cameron (1996, 1998)
found that the density of barren-ground caribou (R. t. granti) was inversely
related to road density and that caribou avoided high-quality habitats
within 4 kilometers of roads and oil production facilities. Woodland cari-
bou (R. t. caribou) in northern Alberta demonstrated an avoidance distance
of 1,000 meters for oil and gas wells and 250 meters for seismic lines, ac-
counting for a 22–48 percent decrease in habitat availability (Dyer et al.
2001). Recent research has focused on developing techniques that indicate
statistically meaningful responses of animals to human activities or facilities
that can then be translated to zones of influence used in regulatory frame-
works (Bennett et al. 2009). When empirical data are absent or the review
process requires an inadequate level of scientific rigor, expert opinion is
used to estimate probable zones (e.g., AXYS and Penner 1998). Often, the
processes used to collect such ecological data are flawed (Johnson and
Gillingham 2004).

Considering more traditional definitions of scale (e.g., Turner et al.
1989), the spatial or temporal dimensions of an effect resulting from a hu-
man development often correlate positively with the magnitude of impacts
for wildlife populations. In general, as the zone of influence of a develop-
ment increases over time and space we observe a greater likelihood of inter-
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actions with a larger proportion of a population, for a larger number of spe-
cies, and fewer opportunities for those populations to find alternative habi-
tats. These scale-related dynamics are represented in the typology as the
spatiotemporal scale of effect (fig 3.2) and are captured by the broader prin-
ciple of ecological resilience (box 3.2).

Numerous examples illustrate the incremental responses of wildlife
populations to the increasing spatiotemporal magnitude of human activi-
ties. Survival of grizzly bears across most of North America is a function of
the frequency of human–bear interactions and associated management re-
sponses (Pease and Mattson 1999; Nielsen et al. 2004; Schwartz et al.
2006). When considered over large spatiotemporal scales, human-caused
mortality has resulted in the near extirpation of grizzly bears from the
United States (Mattson and Merrill 2002; Pyare et al. 2004). Schaefer
(2003) reported that nearly half of the historic range of woodland caribou
was lost over a 100-year period in Ontario, Canada (34,000 square kilome-
ters per decade), a trend that correlated with forest development and other
human activities. As with grizzly bears, a combination of effects that are
continuous over a long period of time and broad geographic area resulted
in severe population-level impacts. Although such studies provide com-
pelling evidence, the relationships between long-term or broad-scale hu-
man activities and wildlife impacts are not always linear in time or space.
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BOX 3.2. RESILIENCE: A UNIFYING FRAMEWORK FOR IMPACT RESEARCH

Resilience is the capacity of an ecological system to absorb disturbance or en-
vironmental variation before transitioning to an alternate stable state (Holling
1973). Typically, resilience reflects a complex set of interrelated and dynamic
relationships that occur across a panarchy (Gunderson and Holling 2002). As
theorized, a system might achieve an alternate state if the threshold level of
some controlling variable is passed, leading to a feedback mechanism, which
will redirect the trajectory of the system. In the context of wildlife, feedbacks
resulting from human activities could lead to a population increase or decrease,
or a change in distribution not associated with some long- or short-term cycli-
cal pattern (e.g., seasonal change in range). At the extreme of this continuum,
a new stable state could be a population that is forced to a historically low den-
sity or even the extinction of the species. Resilience theory is now accepted in
management and conservation arenas as a unifying framework forcing linkages
between patterns, mechanisms, variation in key environmental factors, and hu-
man activities (Folke et al. 2004).



Vors et al. (2007) reported that the extirpation of caribou across Ontario
was most strongly related to forest harvesting, when compared with other
human activities, but only after a two-decade lag and within a tolerance
threshold of 13 kilometers to the nearest clearcut. In contrast, mule deer
(Odocoileus hemionus) in Wyoming avoided gas well pads within the year of
construction (Sawyer et al. 2006). The dynamics of barren-ground caribou
provide an excellent example of the panarchy that characterizes human im-
pacts in the context of natural population variation and resilience. For one
herd, traditional ecological knowledge and dendrochronological evidence
have revealed an approximate 40-year naturally occurring population cycle
(Zalatan et al. 2006). Working in the context of population cycles, biolo-
gists must assess the recent impacts of resource development. Disturbance
or habitat change could increase the period or amplitude of the cycle, with
broad implications for dependent aboriginal communities. In the context
of barren-ground caribou, some claim that decoupling natural from human
impacts is nearly impossible (Cronin et al. 1998). Although difficult, this is
a challenge that must be confronted if we are to improve the strength of in-
ference of wildlife–human impact studies.

Magnitude of Effect

The effects of a development can manifest as impacts with increasing sever-
ity and implications for population persistence and community dynamics.
This can be a direct result of the total area and time of exposure to the ef-
fect, but also the type and severity of development activity (fig. 3.2). We use
the term “magnitude of effect” to represent this relationship. Although re-
searchers place much emphasis on negative human–wildlife interactions,
not all hypothesized impacts are confirmed by data. Following comprehen-
sive studies, Krausman et al. (2004) reported only a small response in the
behavior of Sonoran pronghorn (Antilocapra americana sonoriensis) to mili-
tary activity, Devereux et al. (2008) found no impact of wind turbines on
the distribution of farmland birds, and Tyler (1991) detected minimal be-
havioral and energetic responses of Svalbard reindeer (R. t. platyrhynchus)
to direct provocation by snowmobiles. In these cases and others, a number
of interacting factors probably regulate the total effect and resulting im-
pacts (fig. 3.2), but a small observed impact also may simply reflect a small
or trivial effect. Thus, estimating and reporting the absolute or relative
magnitude of effect is essential when conducting wildlife impact studies.
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The magnitude of effect spans a range of wildlife–development interac-
tions that includes single activities with an obtuse outcome for the environ-
ment, followed by acute but isolated effects, to the extreme of large-scale
acute effects that are cumulative over time and a range of development ac-
tivities. An obtuse or imperceptible effect is characterized by a low fre-
quency of occurrence, a small spatial footprint, or a limited sensory experi-
ence for wildlife. In the context of energy development, a single cutover for
seismic exploration of oil and gas in forested areas probably has a very lim-
ited long-term impact for ungulates; the width of the seismic line is small
(1–8 meters) relative to other disturbance types, geophysical exploration
activities have temporally limited acute effects (Bradshaw et al. 1998), and
the presence of humans is infrequent on an annual scale (Lee and Boutin
2006). Progressing along the effect continuum, a network of seismic lines
may result in a large area of habitat change, greater use by humans, and a
change in the functional response of predators (James and Stuart-Smith
2000; Dyer et al. 2001; Schneider et al. 2003; McCutchen 2007).

Characterizing the effect space is challenging and depends on the spe-
cies of interest, the disturbance type, the metric used to assess the impact,
and the spatiotemporal scale of observation. For example, individual rein-
deer may show only a small energetic response to the immediate provoca-
tion by snowmobiles (Tyler 1991). However, at a larger scale using a differ-
ent impact metric, woodland caribou have abandoned significant portions
of winter range after repeated disturbance by the same effect source: snow-
mobiles (Seip et al. 2007). In some situations, the effect may be consistent,
but the measured impact varies according to research design and interpreta-
tion (Cronin et al. 2000; Cameron et al. 2005).

Continual development or increasing human populations may have cu-
mulative effects across regions. These incremental effects result in an in-
crease in the severity or unpredictability of impacts and are the most ex-
treme outcome for wildlife relative to the range of pathways we identified
(fig. 3.2). We define cumulative effects as the synergistic, interactive, or un-
predictable outcomes of multiple land use practices or development that
aggregate over time and space (Ross 1998; Harriman and Noble 2008).
Among the types of industrial development we find across North America,
the energy sector is prone to cumulative effects. Exploration and develop-
ment for conventional and nonconventional sources of oil and gas use large
areas of land with overlapping tenures for agriculture, forestry, and min-
ing. A recent study for north-central British Columbia, Canada, measured
the cumulative effects of 35 years of forestry, oil, and gas and agricultural
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development and found both additive and synergistic impacts related to a
reduction and fragmentation of habitat for a number of species (Nitschke
2008). Similarly, Sorensen et al. (2008) developed an empirical relation-
ship between the discrete growth rate of populations of boreal woodland
caribou in Alberta and two measures of cumulative effects. The regression
was an excellent fit and serves as a tool to evaluate further industrial devel-
opment in the context of population targets for caribou.

Across parts of North America, resource development, including
carbon-based and non–carbon-based energy, is in the exploration and plan-
ning phase. Thus, opportunities still exist to address cumulative effects be-
fore long-term tenures and leases are issued, and the economic imperative
limits the range of actions we might consider for minimizing or reducing
impacts over regional landscapes. This is especially true for the boreal and
tundra regions of northern Canada and portions of the western United
States (chap. 2). Fortunately, practitioners and researchers are recognizing
this opportunity for proactive solutions, with much emphasis on the devel-
opment and application of techniques for quantifying cumulative impacts
on wildlife populations. These efforts are supported by better resource in-
ventories, including data describing the distribution of wildlife species.
Also, growth in the power and applicability of species distribution, simula-
tion, and disturbance models has strengthened research on cumulative ef-
fects (Schneider et al. 2003; Johnson et al. 2005).

Regulation and Mitigation of Effect

Biologists often focus their efforts on understanding and communicating
the level of impacts. However, we suggest that the outcome of human de-
velopments for wildlife populations is most directly related to the types and
effectiveness of regulatory frameworks (chap. 11). From the perspective of
industrial development, legislation addressing environmental impacts is the
most pertinent (Johnson 2011). In Canada, federal and provincial assess-
ment processes regulate a defined set of developments. Each set of legisla-
tion has a specific set of trigger mechanisms; effects that occur outside large
energy development projects may be considered by other environmental
law and policy processes. For example, across a special management area of
British Columbia, Canada, pretenure plans are required before companies
receive leases to extract oil and gas. Across that same area, best practice
guidelines direct exploration activities so that they minimize the impacts for
environmental, cultural, and recreational values (British Columbia Oil and
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Gas Commission 2004). Comprehensive legislation governing forest prac-
tices in the province enables the review and approval of harvesting plans
and provides mechanisms to protect specific wildlife habitats and represen-
tative tracts of old-growth forests (Johnson 2011). This is just one of many
possible examples of overlapping regulatory frameworks. Policy and legisla-
tive tools vary between countries, states, and provinces. Also, the adminis-
trative or political will to implement, enforce, and adapt such tools to
evolving or intensifying resource sectors may vary, especially when local or
national economies depend on stable or increasing levels of extraction
(Jackson and Curry 2002).

As an alternative to government-initiated policies and legislation, many
corporations promote self-regulated sustainable practices and a corporate
ethic that is responsive to the needs of local communities and the health of
the environment (Auld et al. 2008a). In some sectors, nonlegislated certifi-
cation processes are widely adopted as formal mechanisms to prove compli-
ance with broadly accepted principles and criteria for sustainable practices.
Certification systems are most well developed and adopted for the forestry
sector (Auld et al. 2008b). Across North America, many companies now
adhere to one or more certification schemes, with significant positive impli-
cations for nonregulated practices and policy (Cubbage and Newman
2006; Fraser 2007). Such market-based mechanisms are especially useful
when the consumer is educated and discerning.

The level of effect and resulting impacts for wildlife will be a product of
legislated or nonlegislated restriction or guidance for industrial develop-
ments. This can include simple project approval or rejection but often in-
volves a process in which approval is contingent on a set of practices or mit-
igation strategies that minimize environmental effects. Depending on the
rigor of these processes and the will of government and corporations to en-
sure effective environmental restrictions, the range of impacts for wildlife
populations could vary widely (Mooers et al. 2007; Findlay et al. 2009).
Effectiveness of regulation and policy, including compliance and enforce-
ment, is a complex subject based in politics, economics, culture, and psy-
chology (Jones et al. 2008; Keane et al. 2008; You 2008; Gaveau et al.
2009). Although specific to each jurisdiction, we suggest that impacts are
most limited or mitigated where effective legislation is in place and en-
forced (Rowcliffe et al. 2004). Thus, according to the typology, the large-
scale cumulative effects and corresponding impacts at the population or
community level could be reduced by effective regulatory processes that re-
strict activities, reject components of a proposal, or demand the redesign of
certain elements of a project (Sinclair 2000; Zellmer 2000). In some cases,

Understanding Impacts of Human Developments on Wildlife 39



mitigation of effects or reclamation activities might also substantially re-
duce short- and long-term impacts. We argue that impacts become more
likely or unconstrained as industry is allowed to self-regulate through non-
legislated certification or best practice approaches independent of effective
legislation (Kimerling 2001; Ebeling and Yasue 2009). This should not be
construed as a blanket criticism of such approaches (Newsom et al. 2006);
such methods may be the most effective tool for constraining environmen-
tal effects in some situations (Melo and Wolf 2005). We suggest that the
greatest level of impact occurs where government or industry action is inef-
fective or lacking (fig. 3.2). In these cases, industrial development is fo-
cused on production of commodities, with no limits in respect to other
competing environmental values. There may be laws in place or corporate
mantras suggesting sustainable activities, but in reality the former is not en-
forced and the latter is not practiced (Cerutti et al. 2008).

A large collection of literature critiques the effectiveness of environ-
mental regulation and policy for North America and beyond. In particular,
environmental assessment is international in scope, so researchers have re-
viewed the characteristics and effectiveness of this ubiquitous process from
a number of national perspectives (e.g., Hanusch and Glasson 2008; Retief
et al. 2008; Samarakoon and Rowan 2008; Zhu and Ru 2008; Wärnbäck
and Hilding-Rydevik 2009). Policy and regulation governing cumulative
effects, the greatest concern for wildlife management and conservation, has
received much attention in Canada (e.g., Dubé and Munkittrick 2001; No-
ble 2002; Harriman and Noble 2008). Research has shown that at both a
national and a provincial level the assessment and regulation of cumulative
effects, as implemented in the context of environmental assessment and
other regulatory tools, are largely ineffective (Ross 1998; Kennett 1999;
Baxter et al. 2001; Duinker and Greig 2006). Such conclusions are consis-
tent for other jurisdictions, including the United States (Dixon and Montz
1995; Burris and Canter 1997; Spies et al. 2007). Many suggest that cu-
mulative effects must be considered at the regional scale as a component of
proactive long-term land use strategies that are premised on sustainability
(Duinker and Greig 2006). Individual project proposals do not provide ad-
equate scope for assessing future effects that are beyond the interest and
ability of project proponents to identify and quantify. Comprehensive land
use planning and regional environmental assessment are two tools for bet-
ter incorporating cumulative effects in the decision-making process for the
conservation and management of wildlife populations (Conacher 1994;
Davey et al. 2001; Dubé 2003; Johnson 2011).

Biologists and other natural resource professionals need not play a pas-
sive role in the regulation and mitigation of effects. Indeed, some argue for
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a greater role of practitioners and researchers in the critical review and de-
velopment of policy and law (Meffe and Viederman 1995). Questions of
objectivity, the capacity of researchers to accept such roles, and the imposi-
tion of research direction through management needs make this a difficult
pursuit (Ludwig et al. 2001; Mills and Clark 2001). Less contentious
points of integration include research that is designed to explore effective
legal thresholds for levels of activity, identifying ecologically meaningful
zones of influence or developing processes for mitigation or restoration
(e.g., Beckers et al. 2002; Sorensen et al. 2008). Beyond regulatory thresh-
olds, the conservation and management sciences are also important for de-
veloping more effective processes and techniques for identifying and inte-
grating impacts in planning and regulatory frameworks (Diaz et al. 2001;
Soderman 2006; Mortberg et al. 2007).

Biological Scale of Impacts: A Review

We envision a natural ordering of observed impacts and corresponding
methods along a continuum that we have called the biological scale of im-
pact (fig. 3.2). Although these impacts are not discrete, they do correspond
to approximate breaks in processes that generally correspond to organismal
biology and ecological relationships. This typology is consistent with both
hierarchy theory (Allen and Starr 1982) and more progressive definitions
of scale, including Dungan et al.’s (2002) scale of phenomena. The role of
scale is recognized by others in the context of the evolution of wildlife im-
pact research, but to our knowledge it has not served as a unifying concept
across methods, impact types, and taxonomy (Vistnes and Nellemann
2008). Starting at the level of behavioral and physiological systems, we can
observe responses that are incrementally more severe and culminate in pop-
ulation-level impacts that can have broader community-level interactions.
Although this continuum may be overly simplistic, it does categorize the
range of methods used to study the problem and serves as a point of inte-
gration to relate the effects of development to the increasing severity of im-
pacts for wildlife.

Assessing Impacts on Individuals Using Changes in Animal Behavior

A behavioral response is probably the first reaction an organism will exhibit
to a given modification of its environment, including human-related distur-
bances (West et al. 2006). From a theoretical perspective, animal behavior
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is closely linked to ecology and evolution (Krebs and Davies 1993). Al-
though few connections have been made between behavioral ecology and
conservation biology in the past (Clemmons and Buchholz 1997), linking
behavior, survival, and reproduction may be useful to managers assessing
and predicting individual and population-level impacts of human distur-
bance (Remes 2000; McLoughlin et al. 2005; Haskell and Ballard 2008).
Response behaviors result from a combination of proximate factors that
may lead to risk aversion or habituation to a given anthropogenic distur-
bance (Aastrup 2000; Millspaugh et al. 2000; Barten et al. 2001; Bor-
kowski 2001). Studies of animal behavior can be achieved by direct obser-
vations (Duchesne et al. 2000), analyses of patterns in data describing
distribution (Bergerud and Luttich 2003; Haskell et al. 2006; Preisler et al.
2006), or indirect measures of habitat use, such as browsing by ungulates,
(Dahle et al. 2008) and should be performed at several spatial and temporal
scales (Romero 2004; Vistnes and Nellemann 2008).

Energy development often has numerous direct and indirect impacts
for wildlife that are expressed as changes in specific animal behaviors or ac-
tivity budgets. Furthermore, direct (e.g., habitat loss) and indirect (e.g.,
secondary development, change in biological communities) disturbance
types may have synergistic effects (Naugle et al. 2011) that are more drastic
and long-lasting than the individual parts. Barren-ground caribou and
calves avoided road networks near oilfields in Alaska, despite exhibiting
adaptable behavior over four decades of disturbance (Haskell and Ballard
2008). Similar avoidance of road networks has been observed in logged
landscapes for moose (Alces alces; Laurian et al. 2008), elk (Cervus elaphus;
Fortin et al. 2005), and forest-dwelling caribou (James and Stuart-Smith
2000), probably in relation to wolves (Canis lupus), which increase preda-
tion efficiency by hunting near roads (Kunkel and Pletscher 2000; Berg-
man et al. 2006). Linear (e.g., power lines and roads) and punctual distur-
bances (e.g., oilfield complexes, cabins) have reduced the abundance of
wild reindeer (R. t. tarandus) in Europe and of caribou in North America
(Cameron et al. 1992, 2005; Dyer et al. 2001; Nellemann et al. 2001,
2003; Vistnes and Nellemann 2001; Vistnes et al. 2001, 2004; Dahle et al.
2008). Also, displacement or abandonment of a given area by ungulates of-
ten occurs after oil and gas drilling, seismic exploration, and habitat frag-
mentation (Gillin and Irwin 1985; Kuck et al. 1985; Berger 2004), al-
though only short- to mid-term effects on behavior were sometimes
observed. Several studies have documented wildlife avoidance of recre-
ational or tourist structures such as cabins and roads, and such activities as
all-terrain vehicle and snowmobile use (Duchesne et al. 2000; Reimers et
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al. 2003; Taylor and Knight 2003; Preisler et al. 2006; Seip et al. 2007).
Such changes in behavior may result in energetic or nutritional costs that
constrain population productivity through decreased body weight, concep-
tion rate, and age at first reproduction (Reimers et al. 2003). Although the
effects of disturbance may be similar between species, the impacts related to
wildlife responses are often species-specific; for example, moose often
failed to cross pipelines in western Alberta, whereas elk were more success-
ful (Morgantini 1985). Variation in avoidance of a given disturbance also
depends on the period of year and the spatial scale considered (Vistnes and
Nellemann 2008), highlighting the importance of investigating impacts at
several spatiotemporal scales.

Assessing Impacts on Individuals Using Physiology,
Energetics, and Nutrition

In conjunction with or after a behavioral interaction with an industrial ef-
fect, animals may demonstrate a physiological, energetic, or nutritional re-
sponse. Depending on the stimulus, physiological responses may take vari-
ous forms, including increased heart rate and respiration, increased blood
flow to skeletal muscle, increased body temperature, and elevated blood
sugar level and stress hormone concentration (Gabrielsen and Smith 1995;
Fowler 1999; Walker et al. 2005). Over the long term, such physiological
responses may be expressed as a decrease in body condition (Amo et al.
2006). For example, fecal corticosterone levels were higher for northern
spotted owls (Strix occidentalis caurina) that established their home range
closer to clearcuts (Wasser et al. 1997). Similarly, the heart rate of mule deer
and mountain sheep (Ovis canadensis mexicana) drastically increased during
simulated low-altitude aircraft noise, but it returned quickly to predistur-
bance conditions (Weisenberger et al. 1996). From an energetic perspec-
tive, some disturbances affect wildlife via increased vigilance, a response
that has energetic costs and is akin to the behavior associated with preda-
tion risk (Frid and Dill 2002). Also, nutritional and energetic costs may be
incurred through altered movement patterns (Johnson et al. 2002) in asso-
ciation with reduced access to foraging or resting habitats. Techniques or
measures of changes in body condition, food intake, and stress are numer-
ous. For example, stable isotopes and fatty acids can be used to define spa-
tiotemporal patterns of movement and diet, standardized measurements of
body condition are useful for assessing the fitness of individuals within and
between populations, and stress hormones and nitrogen metabolites can
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provide links between animal condition and changes in the environment,
including anthropogenic influences (Kofinas et al. 2003; Parker 2003).

The body condition of an animal is an integration of its location-
specific energy and nutritional intake and demands, affecting survival, re-
production, and ultimately population dynamics. Indeed, seasonal condi-
tion may determine the probability of reproduction, timing of parturition,
or survival of neonates (Parker et al. 2009). From an individual perspective,
the perception of risk is related to the amplitude of change induced by the
disturbance, and the animal’s response is proportional to this perceived
risk. Consequently, assessing the impacts of disturbance on animal physiol-
ogy begins with an understanding of the individual’s perception of change
or risk. After a modification in physiological traits, response to disturbance
can be detected at a higher biological scale if the disturbance is severe or
prolonged (fig. 3.2).

Population Responses to Cumulative Impacts
of Anthropogenic Development

Measures of physiological, energetic, and nutritional responses of individ-
ual animals to disturbance are useful, but impacts must ultimately be inter-
preted at the scale of the population. Indeed, assessing changes in local
populations is the key to understanding spatiotemporal population dy-
namics, evaluating the effectiveness of management strategies for a species,
documenting compliance with regulatory requirements, and detecting in-
cipient changes. Abundance may be inferred from direct and indirect esti-
mators, via total counts, sampling a small fraction of a population using
standardized indices and estimators, or quantifying indirect evidence of an-
imal presence when individuals are difficult to capture or observe (Gibbs
2000). Considering that methods based on capture can be logistically diffi-
cult, time-consuming, and expensive (Hansson 1979; Lancia et al. 1994;
Gibbs 2000), researchers and managers need reliable indirect estimators
(Slade and Blair 2000), which can be defined as any measurable correlates
of density (Caughley 1977). However, using indirect estimators of abun-
dance assumes that the index and actual abundance are related via a posi-
tive, linear relationship with slope constant across habitats and over time
(Gibbs 2000).

Anthropogenic development can influence population processes in
three interrelated ways: changes in population abundance or distribution,
modifications in demography, and extirpation. Through research and mon-
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itoring, we have gathered much evidence documenting changes in abun-
dance and distribution as a result of disturbance. Wolves with pups tended
to abandon recently disturbed areas and move to alternative sites when
faced with a repeated disturbance; however, there was no direct relation-
ship with reproductive success (Frame et al. 2007). After the construction
of a hydroelectric reservoir in Norway, reindeer gradually reduced use of
areas within 4 kilometers of roads and power lines to only 36 percent of the
predevelopment densities, and no similar declines were observed in unde-
veloped control sites (Nellemann et al. 2003). Over the last century, 70
percent of undisturbed reindeer habitat in Norway was lost to piecemeal
development.

Disturbance also can induce demographic changes or alter vital rates.
Population structure might deviate from natural conditions when impacts
are asymmetric across demographic classes including sex, age, and repro-
ductive status. Although measures of abundance are the typical focus of
impact studies, changes in reproduction, survival, or other population pa-
rameters provide greater mechanistic explanation, are typically easier to ob-
serve, and will directly influence population persistence and community dy-
namics (Gibbs 2000). Declines in reproduction after development or
disturbance have been observed in several species, ranging from voles to
waterfowl to elephants (Andrews 1990; Madsen 1994, 1998; Forman and
Alexander 1998; Lawton et al. 1998; Frid and Dill 2002). The productivity
of bald eagles (Haliaeetus leucocephalus), for example, declined with increas-
ing proximity of nests to roads; essentially, human presence near nests in-
duced brood abandonment (Trombulak and Frissell 2000). Forman and
Alexander (1998) emphasized the importance of increased mortality result-
ing from vehicle–wildlife collisions. Losses in connectivity between sea-
sonal habitats were noted to affect body condition of female barren-ground
caribou with high energy needs during summer (Chan-McLeod et al.
1994), as well as compensatory growth, an essential process to reestablish
body weight and ensure subsequent fecundity (Gerhart et al. 1997). When
considered as a form of predation risk, human-caused disturbance acts as an
evolutionary mechanism linking impacts with animal fitness. A number of
studies report the influence of human disturbance on vital rates, including a
decline in the survival of cubs after den abandonment by bears (Ursus spp.),
a reduction in elk calf:cow ratios in areas frequented by tourists, and de-
creases in reproductive success of mule deer disturbed by all-terrain vehicles
(Frid and Dill 2002).

When human-mediated declines in reproduction or increases in mor-
tality reach high levels, range contraction and population extirpation may
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occur. Forest harvesting has contributed to the extirpation of woodland
caribou across the southern fringe of Canadian boreal and subboreal forests
(Seip 1992; Schaefer 2003; Courtois et al. 2003; Courtois and Ouellet
2007; Vors et al. 2007; Fortin et al. 2008). Using a geographic comparison
of the historic and current distribution of forty-three North American car-
nivores and ungulates, Laliberte and Ripple (2004) reported that about
40 percent of these species experienced drastic contractions over more than
20 percent of their historic ranges. They concluded that species distribution
was more likely to contract and less likely to persist in areas of greater hu-
man presence. Similarly, Reid and Miller (1989) reported that human-
induced habitat loss is responsible for a large proportion of the extinction
events worldwide (fish, 35 percent; birds, 20 percent; mammals, 19 per-
cent; reptiles, 5 percent) and currently threatens many other species.

Community Responses to Cumulative Impacts of
Anthropogenic Development

Anthropogenic disturbance can drastically alter community structure by in-
fluencing the underlying processes of interspecific relationships. The mech-
anisms of such interactions are community-specific but may result in the
modification of rates or linkages between species involved in herbivory,
predation, parasitism, competition, mutualism, or commensalism. Distur-
bance of benthic ocean communities by trawling may be modest at the pop-
ulation scale (e.g., decreases in abundance and species richness), but the cu-
mulative impacts can induce profound changes at the community level by
compromising the integrity of marine food webs (Hinz et al. 2009). Study-
ing the impacts of mining and recreation on relationships between wolves
and barren-ground caribou in the Northwest Territories, Frame et al.
(2008) observed that wolf reproductive success was lower during years
when migration routes of caribou were farther from wolf dens, thus forcing
wolves to travel farther to access their main prey. Longer periods of time
spent traveling between caribou herds and dens decreased net energy intake
for pups and lowered their probability of survival. In response to road de-
velopment and human-induced disturbance in the Yellowstone Ecosystem,
moose synchronized calving events within a 9-day period and selected habi-
tats close to paved roads in order to shift away from traffic-averse brown
bears (Berger 2007). This behavioral response reduced predation risk for
neonates but concurrently reduced the hunting success of bears, with po-
tential implications for fitness.

46 biological response to energy development



Wildlife–habitat relationships are premised on the optimization of in-
dividual fitness, where animals select habitats that maximize opportunities
to reproduce and increase their probability of survival (Remes 2000;
McLoughlin et al. 2005). For a given species, the choice of habitat proba-
bly is based on the recognition of cues, such as forage quality and forest
structure, that relate to increased fitness (Ratti and Reese 1988; Purcell and
Verner 1998). However, after sudden changes in the environment, such as
anthropogenic disturbance, these same cues could lead to bad habitat
choices or behavioral asynchrony (Best 1986; Boal and Mannan 1999).
Population declines may then occur within these ecological traps: modified
habitats with characteristics that appear to offer an advantage but in reality
provide suboptimal conditions for reproduction or survival (Schlaepfer et
al. 2002; Battin 2004). Examples of ecological traps from the avian litera-
ture include high nesting mortality in urban areas due to nest parasites
(Boal and Mannan 1999) and higher nest predation near forest–power line
edges (Chasko and Gates 1982) or forest–clearcut edges (Flaspohler et al.
2001).

The decline and extirpation of woodland caribou across Canada is an
excellent example of the implications of anthropogenic developments for
community-level processes (Seip 1992; Wittmer et al. 2005; Courtois and
Ouellet 2007). Across boreal and subboreal forests, widespread logging re-
sults in mature forest being replaced by early successional species that are
suitable winter habitat for moose (Osko et al. 2004; Dussault et al. 2005).
Wolves prey on both moose and caribou, but their populations are regu-
lated by moose density. As wolves increase in distribution and abundance
relative to expanding moose populations, caribou decline as a secondary
and nonregulating prey item, a phenomenon called apparent competition
(Bergerud and Elliot 1986; Seip 1992; Wittmer et al. 2005). Regenerating
forests are also rich in food resources for black bears (e.g., berries; Schwartz
and Franzmann 1989; Brodeur et al. 2008), which may influence caribou
recruitment through predation on calves (Adams et al. 1995; Linnell et al.
1995). As logging creates younger forests across a larger proportion of
managed landscapes, caribou are forced to frequent remnant old stands that
are adjacent to high-quality habitats for moose, wolves, and bears (Hins et
al. 2009). This increased proximity between risk-prone and suitable habi-
tats ultimately creates an ecological trap, thus compromising the evolved
antipredator strategies of caribou to “space away” from predators.

At an even higher level of ecological complexity, anthropogenic dis-
turbances can have important cascading effects on wildlife community
structure and dynamics. Working in Banff National Park, Alberta, Canada,
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Hebblewhite et al. (2005b) measured the responses of plant and animal
populations to a range of densities of wolves, the dominant predator in the
system. When occurring at low density, as a result of human activities,
wolves were unable to regulate elk populations and consequently to limit
herbivory on willow (Salix spp.) and aspen (Populus tremuloides). Through
high grazing pressure, elk limited the recruitment of willow and aspen, ef-
fectively outcompeting beaver and negatively affecting the diversity and
abundance of riparian songbirds.

Assessing Impacts: Choosing Methods and Scales

Choice of methods is extremely important when studying the influence of
human development on wildlife. Experimental design is important for any
scientific investigation, but in the case of wildlife impact studies, a conclu-
sion premised on a false positive or false negative could compromise the
persistence of a wildlife population, evaluation of mitigation strategies, or
economic development (Gibbs et al. 1998).

Simply monitoring indices or direct measures of impacts (e.g., abun-
dance) does not guarantee results that will warrant a regulatory, manage-
ment, or conservation response (see Gibbs 2000 for a review of common
pitfalls in monitoring programs). Designs can lack sufficient statistical
power to detect population trends (chap. 5), and monitoring programs of-
ten fail to account for natural variability that may mask the disturbance re-
sponse of interest (Gibbs et al. 1998; Gibbs 2000). For experimental de-
sign, power analyses can be useful for identifying the appropriate level of
replication or duration of a study (chap. 5). Without multiyear investiga-
tions or preliminary pilot data, however, biologists often have no idea of
the variance associated with the assumed response or the underlying eco-
logical processes. Alternatively, one can rely on measures of effect size to
guide experimental design (Yoccoz 1991; Cohen 1994; Kirk 1996). Large
responses (i.e., effect sizes) can be detected reliably with few sites (or plots)
and infrequent monitoring; however, comparatively slight changes in ani-
mal responses will necessitate a larger number of sites and a longer duration
of monitoring (Gibbs et al. 1998). Even with large effect sizes, natural vari-
ability in population-level processes could mask underlying trends resulting
from disturbance responses. Thus, depending on the life history strategy of
the species of interest, the magnitude of impact, and possible lag effects, eco-
logically significant trends may become apparent only at time spans greater
than the duration of typical research projects (i.e., more than 2 years).
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Choice of Methods

The choice of methods, biological scales, and even model species for impact
studies is not guided by statistical criteria alone. The assumed type and
magnitude of impact; past research on the population, species, or develop-
ment type; and even regulatory framework can influence the focus and de-
sign of a study. Furthermore, we may expect a shifting bias in the types of
questions and species that are investigated. Research on the impacts of de-
velopment for caribou and reindeer has evolved from studies of behavioral
responses of individuals to population-level processes (Vistnes and Nelle-
mann 2008). Similarly, researchers and land managers now have a greater
appreciation for the cumulative impacts of development (e.g., Schneider et
al. 2003; Johnson et al. 2005; fig. 3.1). As an example of taxonomic bias,
one need only look at studies focused on the impacts of wind energy. Here,
birds and bats (as flying species are more prone to collision) or marine spe-
cies (for offshore wind farms) are the model species (e.g., Gill 2005; Köller
et al. 2006; Madsen et al. 2006). Observed impacts are both direct, such as
fatalities caused by collisions with turbines, and indirect, such as the disrup-
tion of foraging behavior, breeding activities, and migratory patterns due to
landscape alteration around wind farms (Erickson et al. 2001; Kunz et al.
2007a, 2007b; Arnett et al. 2008). Unfortunately, very few studies have
looked at the impacts of wind energy for terrestrial mammals, amphibians,
reptiles, or insects (but see de Lucas et al. 2005; Rabin et al. 2006). Conse-
quently, most of the methods tested for this particular energy source are fo-
cused exclusively on avifauna (e.g., netting, thermal infrared imaging, radar
monitoring, acoustic recordings, and fatality counts).

We have identified three general sets of methods that have demon-
strated utility for wildlife impact studies. First, impacts can be studied ex-
perimentally, where one or several disturbances can be applied to treatment
and control group. This strategy is powerful when conducted at a small spa-
tial scale, allowing researchers to control confounding factors (e.g., habitat
type, food resources, abundance of competitors) that may influence a re-
sponse to disturbance. At large spatial scales, however, such designs are dif-
ficult to implement because of biological, logistical, and financial con-
straints that result in small sample sizes and heterogeneity within treatment
units (Roedenbeck et al. 2007). In a review on bird habitat use in logged
landscapes, Sallabanks et al. (2000) reported that only 27 percent (N= 25)
of reviewed studies had more than four replicates. In a literature review of
the impacts of energy development on ungulates, none of the 120 publica-
tions reviewed were replicated at the level of impact type, and all studies
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had only one replicate (chap. 5). This author presented many examples of
experiments that were constrained by insufficient statistical power, thus in-
creasing Type II error.

Natural variability in treatment units can obscure impacts and negate
the inherent strengths of experimental design (St-Laurent et al. 2007,
2008). Simply put, underlying uncontrolled habitat structure and compo-
sition may have a larger influence on species behavior, physiology, distribu-
tion, or abundance than treatment type. This source of confounding varia-
tion may lead to a false conclusion that disturbances had no impact (i.e.,
Type II error).

When controlled application of disturbance effects and replication is
impractical, an alternative and simpler approach is to monitor free-ranging
animal populations exposed to naturally varying levels of disturbance. Ob-
servational assessments are based on uncontrolled systems, where con-
founding variation occurs and should be taken into account often through
statistical method, not study design. Here, levels of disturbance are not
fixed by researchers but are constrained by the existing availability of an-
thropogenic footprints. Although potentially less expensive and challeng-
ing from a logistics perspective, such a study design can suffer from two im-
portant pitfalls. First, many variables must be considered in order to isolate
the impact of disturbance because their respective effects could be habitat-
mediated (Gibbs et al. 1998; Gibbs 2000). Second, the level of impact
would be restricted to the observational range of disturbance intensity. In-
ference and prediction would then be restricted, especially in environments
where the disturbance footprint is still low. This limitation was demon-
strated by Johnson et al. (2005) when they attempted to measure the im-
pacts of mineral development on the distribution of arctic mammals. Here,
a large undisturbed landscape with few point sources of disturbance natu-
rally limited the magnitude of impact and constrained any potential conclu-
sions about possible future outcomes of increased development intensity.
Examples of observational impact studies are numerous, from using radio
or Global Positioning System (GPS) collars to monitor the distribution of
free-ranging animals inhabiting modified landscapes, to observations of an-
imal behavior or physiological measures under existing levels of human de-
velopment (e.g., St-Laurent et al. 2007; Thiel et al. 2008; Hins et al. 2009).

Finally, simulation models have become an increasingly important tool
for understanding wildlife–impact relationships. In contrast to other re-
search methods, these models have the capacity to forecast the magnitude
of impacts over broader biological, spatial, and temporal frameworks.
When coupled with hypothetical development scenarios (Peterson et al.
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2003; Duinker and Greig 2007) and stakeholder participation, simulation
models are an effective device for exploring and reaching consensus on the
sustainability of human activities over broad regional areas or planning
horizons. These models serve an equally important role as catalysts for inte-
grating knowledge and generating pertinent hypotheses. The process of
building the model forces the research team not only to explore and formal-
ize linkages between processes they understand, but also to document pro-
cesses and mechanisms where knowledge is lacking (Starfield 1997). Wild-
life researchers and natural resource professionals have used simulation
models to address impacts at a number of biological scales. Linking behav-
ior, energetics, and ultimately the reproductive capacity of the population,
Russell et al. (2005) drew on a large body of independent research to gen-
erate a mechanistic model that predicts the daily weight of female barren-
ground caribou and dependent calf in the context of climate change and the
development of oil reserves. Often, however, the necessary data describing
the links between behavior, physiology, and population dynamics are un-
available. Less mechanistic approaches have related broad measures of dis-
tribution, habitat needs, or vital rates to human disturbance. Population vi-
ability analysis (PVA) has served as the general modeling paradigm for
many of these efforts. Essentially a stochastic population model, PVA is in-
herently flexible, permitting a nearly infinite range of life history strategies
and development or disturbance scenarios (Boyce 1992). For example,
PVA was used to quantify the relationship between the probability of per-
sistence of a population of Eurasian corvid (Pyrrhocorax pyrrhocorax) and
declines in juvenile survival related to visitation rates of tourists (Kerbiriou
et al. 2009). A population model for woodland caribou related landscape
disturbance from oil and gas activities to a general measure of forage avail-
ability, intake, and predation (Weclaw and Hudson 2004).

Simulation models have shown great promise in addressing cumulative
effects. For example, A Landscape Cumulative Effects Simulator (ALCES)
has been used in numerous jurisdictions across western Canada as a stake-
holder engagement and facilitation tool that tracks important indicators of
sustainability, including wildlife habitat, and predicts the outcomes of de-
velopment scenarios (Schneider et al. 2003). Examples of project-specific
analyses of cumulative effects include the work of Johnson et al. (2005) in
the Northwest and Nunavut territories of Canada. Using existing presence
data for four species of arctic mammal, they quantified the additive distri-
bution and habitat implications of future increases in mineral develop-
ment. Focusing on population demographics, Nielsen et al. (2006) used
models of occurrence and mortality risk to rank five habitat states related
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to sink–source dynamics for grizzly bears in western Alberta, Canada. Ya-
masaki et al. (2008) adopted a more holistic approach, developing a land-
scape disturbance model that predicted the impacts of forestry, oil and gas,
climate change, and fire for key indicators of forest productivity and bio-
diversity. Relative to other efforts, their model is noteworthy because it
captured the interactions between several disturbance factors, an important
element of cumulative effects. Numerous other recent studies illustrate
species-specific or broader ecosystem-based cumulative effect assessments
for wildlife populations (e.g., Gustafson et al. 2007; Harvey and Railsback
2007; Swenson and Ambrose 2007; Shifley et al. 2008). Although these
are useful tools, results may be limited by the range of variation of the dif-
ferent biological rates included in the model and by the model elasticity
(Mills et al. 1999).

In addition to the choice of research technique and model species, re-
searchers must determine the most appropriate biological scale of study. We
argue that these scales are permeable, not discrete, and that the range of im-
pacts across scales should be an explicit consideration during reporting if
not during study design. For example, a decrease in foraging opportunities
within an animal’s home range will lead to an increase in movement rate
and a decrease in nutritional plane, thus limiting the energy available to in-
vest in reproduction. The implications of the impacts for the individual fol-
low logically for the population and community if a significant proportion
of the females do not achieve their reproductive potential and the species is
integral to other trophic interactions. A common pitfall in studying impacts
of a given disturbance is that experiments are conducted on a small scale
and results may be inaccurate for extrapolation to the larger temporal, spa-
tial, or biological scale (Vistnes and Nellemann 2008), especially when ani-
mals have been confined to experimental structures in which some impor-
tant ecological factors can be modified or ignored.

Conclusion

We outlined a typology that is simple but represents a set of concepts that
allow researchers and managers to compare the results of individual studies
across taxonomy, time, and space. This is an important first step in improv-
ing the generality of wildlife impact science, management, and conserva-
tion. When the biological scale of impacts is combined with an understand-
ing of the range of effects represented by the three axes in figure 3.2,
resource professionals have a tool to relate effects to the observed or pre-
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dicted impacts. Thus, the typology can serve as a starting point for compar-
ing results of previously divergent studies or predict the potential magni-
tude of impacts before resource development proceeds, based on the range
of expected effects. If nothing else, the framework can serve as a focal point
for developing a common language based on the science of wildlife impact
research. Such unification and dialogue is greatly needed, as illustrated by
the 40 years of impact research for barren-ground caribou (R. t. granti)
calving near the Prudhoe Bay oil facility. The resulting acrimonious dia-
logue between competing camps clearly demonstrates that our interpreta-
tion and communication of the relevant science must be improved (Cronin
et al. 2000; Cameron et al. 2005; Haskell et al. 2006; Joly et al. 2006; Noel
et al. 2004, 2006).

We provided some perspective on general methods that may be appli-
cable to wildlife impact studies. Guidance on general sampling and research
design is well represented in the literature (e.g., Krebs 1999; Gibbs 2000).
However, we argue that challenges for researchers conducting impact stud-
ies are unique, especially where the focus is on higher-level processes across
broad spatiotemporal scales. As a starting point, researchers should assume
a holistic perspective that implicitly or explicitly considers the range of bio-
logical or ecological scales. From the perspective of individual research
projects, the investigator is then challenged with the choice of biological
scale for study. One can provide the standard blanket proviso that the study
metric designed to quantify the level of impact should depend on the devel-
opment activity, species of interest, or availability of methods. Instead, we
suggest a more thoughtful approach. The scale of impact and supporting
measures or monitoring strategies should be chosen relative to the expected
level of effect. If we expect a small effect based on observation and applica-
tion of figure 3.2, then it makes little sense to attempt to measure impacts
relative to higher-level processes, such as population or community dynam-
ics. Likewise, where effects are cumulative, have a large spatiotemporal
footprint, and are unconstrained by legislation or management, we may fail
to record important higher-level responses if we focus our studies on trivial
impacts, such as the behavioral or physiological responses of individuals.
All is not lost when the appropriate biological scale of impact is under-
matched, but where further development decisions must be made quickly,
funding for research and monitoring is limited, or a population is imper-
iled, the implications of incorrect study design may be substantial. In the
absence of guidance, or in the face of uncertainty in the anticipated level
of effect, we should assume that impacts are likely to be more significant
and difficult to reverse as we move up the biological, spatiotemporal, and
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management gradients outlined in figure 3.2. Although understanding the
impacts of human developments at all biological scales may be an interest-
ing, integrative, and preventive assessment strategy, we agree with Vistnes
and Nellemann (2008) that researchers should pay more attention to pop-
ulation-level and community-level impacts where appropriate.

Some may argue that we need to improve the integration of research
findings with the management and mitigation of effects, or improve study
design so that research questions directly address management questions
(chap. 5). Although we agree that this is a worthwhile objective, we think
that the next step for the evolution of impact research is synthesis. Our re-
view suggests a large and increasing body of studies and knowledge on the
level and types of impacts for a wide range of species (fig. 3.1). Given cur-
rent rates of exploration and development of energy sources, we do not an-
ticipate a decrease in such efforts. Unfortunately, comparisons of findings
across taxonomic groupings or types of development effects were lacking
from this impressive and well-funded set of studies. We suggest a much
greater commonality between these supposedly divergent studies and im-
pacts than is represented in formal dialogue. Coordination and communi-
cation are essential if we are to develop a body of research techniques and
understanding that mitigates or reduces the cumulative, species-specific,
and community-level impacts of resource development. Guidance on such
efforts cannot be expected to come from legislators or developers but rather
must come from the scientists, managers, and conservationists who under-
stand the implications of impacts for the distribution and abundance of
wildlife.
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Chapter 4

Sage-Grouse and Cumulative Impacts
of Energy Development

David E. Naugle, Kevin E. Doherty,
Brett L. Walker, Holly E. Copeland,

Matthew J. Holloran, and Jason D. Tac k

World demand for energy increased by more than 50 percent in the last
half-century, and a similar increase is projected between now and 2030
(National Petroleum Council 2007). Fossil fuels will remain the largest
source of energy worldwide, with oil, natural gas, and coal accounting for
more than 80 percent of world demand (chap. 1). Projected growth in U.S.
energy demand is 0.5–1.3 percent annually (National Petroleum Council
2007), and development of domestic reserves will expand through the first
half of the twenty-first century. Western states and provinces will continue
to play a major role in providing additional domestic energy resources to
the United States and Canada, which is expected to place unprecedented
pressure on the conservation of wildlife populations throughout the West.

The sagebrush ecosystem is representative of the struggle to maintain
biodiversity in a landscape that bears the burden of our ever-increasing de-
mand for natural resources. One species affected by domestic energy pro-
duction is the greater sage-grouse (Centrocercus urophasianus; hereafter
“sage-grouse”), a game bird endemic to western semiarid sagebrush (Ar-
temisia spp.) landscapes in western North America (Schroeder et al. 1999).
Previously widespread, the sage-grouse has been extirpated from approxi-
mately half of its historic range (Schroeder et al. 2004), and populations
have declined by 1.8–11.6 percent annually over the past four decades in
about half of the populations studied (Garton et al. 2011). Energy develop-
ment has emerged as a major issue in conservation because areas currently
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under development contain some of the highest densities of sage-grouse
(Connelly et al. 2004) and other sagebrush obligate species (Knick et al.
2003) in western North America.

The sage-grouse is considered a landscape species in that it needs large,
intact sagebrush habitats to maintain robust populations (Connelly et al.
2011). As a result, the size of sage-grouse breeding populations is often
used as an indicator of the overall health of the sagebrush ecosystem
(Hanser and Knick 2011). There are few early studies evaluating the im-
pacts of energy development on sage-grouse populations (see Naugle et al.
2011), but research has increased rapidly in concert with the pace and ex-
tent of development. The goal of this chapter is to provide a scientific un-
derstanding of impacts of energy development on sage-grouse and to rec-
ommend biologically based solutions. Objectives are to synthesize current
data regarding the biological response of sage-grouse to energy develop-
ment, identify ecological and behavioral mechanisms causing population-
level impacts, evaluate empirically the extent to which current and antici-
pated development affects populations, and outline a strategy for landscape
conservation analogous in scale to that of ongoing and anticipated impacts
of development.

Biological Response of Sage-Grouse to Energy Development

We searched the literature for studies that investigated relationships be-
tween sage-grouse and energy development using methods described in
Naugle et al. (2011). We included theses and dissertations but excluded
from review documents that included only cautionary statements about po-
tential impacts or anecdotal data. Fourteen studies reported negative im-
pacts of energy development on sage-grouse (table 4.1).

None of the fourteen studies synthesized here reported a positive influ-
ence of development on populations or habitats.

Breeding populations were severely affected at well densities com-
monly permitted (eight pads per 2.6 square kilometers) in conventional oil
and gas fields in Montana and Wyoming (Holloran 2005; Walker et al.
2007a). Magnitude of losses may vary from one field to another, but find-
ings to date suggest that impacts are universally negative and typically se-
vere. Surface occupancy of oil or gas wells adjacent to leks was negatively
associated with male lek attendance in five of seven study areas across
Wyoming (Harju et al. 2010). Leks with at least one oil or gas well within a
0.4-kilometer radius had 35–91 percent fewer attending males than leks
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with no well within this radius (Harju et al. 2010). Declining lek atten-
dance was also associated with a higher landscape-level density of well pads;
lek attendance at well pad densities of 1.54 well pads per square kilometer
was 13–74 percent lower than attendance at nonimpacted leks (leks with
zero well pads within 8.5 kilometers) (Harju et al. 2010). Lek attendance at
a well pad density of 3.1 well pads per square kilometer was 77–79 percent
lower than attendance at leks with no well pad within 8.5 kilometers. Simi-
lar analyses throughout Wyoming showed no difference in lek persistence
at one well pad per 2.6 square kilometers (Doherty 2008; Doherty et al.
2010a), but declines in males at large leks (more than twenty-five males)
were apparent at less than one well pad per 2.6 square kilometers in eastern
Montana (fig. 9 in Tack 2009).

Negative impacts are known for four different sage-grouse populations
in three different types of development, including shallow coal bed natural
gas in the Powder River Basin of northeast Wyoming and extreme south-
east Montana (Walker et al. 2007a; Doherty et al. 2008), deep gas in the
Pinedale Anticline Project Area in southwest Wyoming (Lyon and Ander-
son 2003; Holloran 2005; Holloran et al. 2010), oil extraction in the
Manyberries Oil Field in southeast Alberta (Aldridge and Boyce 2007), and
oil and gas development in the Cedar Creek Anticline near the state bound-
aries between southeast Montana, western North Dakota, and northwest-
ern South Dakota (Tack 2009). Population trends in the Powder River
Basin indicated that from 2001 to 2005, lek count indices inside gas fields
declined by 82 percent, whereas indices outside development declined by
12 percent (fig. 4.1).

Of leks active in 1997, only 38 percent inside gas fields remained active
as of 2004–2005, compared with 84 percent outside development (Walker
et al. 2007a). Male lek attendance in the Pinedale Anticline decreased with
distance to the nearest active drilling rig (fig. 4.2), producing gas well, and
main haul road, and declines were most severe (40–100 percent) at breed-
ing sites within 5 kilometers of an active drilling rig or within 3 kilometers
of a producing gas well or main haul road (Holloran 2005).

In an endangered population in Alberta, Canada, where low chick sur-
vival (12 percent to 56 days) limits population growth, risk of chick mortal-
ity in the Manyberries Oil Field was 1.5 times higher for each additional
well site visible within 1 kilometer of a brood location (Aldridge and Boyce
2007). At the Cedar Creek Anticline in southeast Montana, male abun-
dance at leks decreased by 52 percent at sixteen leks with more than one
well pad per 2.6 square kilometers within 3.2 kilometers, and no males
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Figure 4.2. Relationship between number of sage-grouse males attending leks and
average distance from leks to closest active gas drilling rig, Pinedale Anticline Proj-
ect Area, southwest Wyoming, 1998–2004. Each point along the regression line
represents one lek (N = 21; modified from Holloran 2005).

60 biological response to energy development

Figure 4.1. Population indices based on male lek attendance for sage-grouse in the
Powder River Basin, Montana and Wyoming, 2001–2005 for leks categorized as in-
side or outside coal bed natural gas fields on a year-by-year basis (as modified from
Walker et al. 2007a). Leks in gas fields had at least 40% energy development within
3.2 kilometers or more than 25% development within 3.2 kilometers and at least 1
well within 350 meters of the lek center. Number of producing gas wells in the
basin shows the overall increase in development coincident with declines in sage-
grouse population indices.



were counted in 2009 at four of the sixteen impacted leks that had multiple
displaying males in 2008 (Tack 2009).

Studies also have quantified the distance from leks at which impacts of
development become negligible, and have assessed the efficacy of the stip-
ulation by the U.S. Bureau of Land Management (BLM) of no surface
disturbance within 0.4 kilometers of a lek. Impacts to leks from energy de-
velopment were most severe near the lek, remained discernible out to dis-
tances of more than 6 kilometers (Holloran 2005; Walker et al. 2007a;
Tack 2009; Johnson et al. 2011), and often resulted in extirpation of leks
within gas fields (Holloran 2005; Walker et al. 2007a). Negative effects of
well surface occupancy were apparent out to 4.8 kilometers, the largest ra-
dius investigated, in two of seven study areas in Wyoming (Harju et al.
2010). Curvilinear relationships showed that lek counts decreased with
distance to the nearest active drilling rig, producing well, or main haul
road, and that development within 4.7–6.2 kilometers of leks influenced
counts of displaying males (fig. 4.2; Holloran 2005). All well-supported
models in Walker et al. (2007a) indicated a strong negative effect of en-
ergy development, estimated as proportion of development within either
0.8 kilometer or 3.2 kilometers, on lek persistence. A model with develop-
ment at 6.4 kilometers had less support (5–7 ∆AICc units lower), but the
regression coefficient (β = –5.11, SE = 2.04) indicated that negative im-
pacts of development within 6.4 kilometers were still apparent. Walker
et al. (2007a) used the resulting model to demonstrate that the 0.4-
kilometer lease stipulation used by the BLM was insufficient to conserve
breeding sage-grouse populations in fully developed gas fields. A 0.4-
kilometer buffer leaves 98 percent of the landscape within 3.2 kilometers
of a lek open to full-scale development. Full-field development of 98 per-
cent of the landscape within 3.2 kilometers of leks in a typical landscape in
the Powder River Basin reduced the average probability of lek persistence
from 87 percent to 5 percent (Walker et al. 2007a). Two recent studies
found negative impacts apparent out to 12.3 kilometers on large lek occur-
rence (more than twenty-five males; Tack 2009) and out to 18 kilometers
on lek trends (Johnson et al. 2011), the largest scales that have yet been
evaluated.

Negative responses of sage-grouse to energy development were consis-
tent among studies, regardless of whether they examined lek dynamics or
demographic rates of specific cohorts within populations. Sage-grouse
populations decline when birds avoid infrastructure in one or more seasons
(Doherty et al. 2008; Carpenter et al. 2010) and when cumulative impacts
of development negatively affect reproduction or survival (Aldridge and

Sage-Grouse and Cumulative Impacts of Energy Development 61



Boyce 2007) or both demographic rates (Lyon and Anderson 2003; Hollo-
ran 2005; Holloran et al. 2010). Avoidance of energy development at the
scale of entire oil and gas fields should not be considered a simple shift in
habitat use but rather a reduction in the distribution of sage-grouse (Walker
et al. 2007a). Avoidance is likely to result in true population declines if den-
sity dependence, competition, or displacement of birds into poorer-quality
adjacent habitats lowers survival or reproduction (Holloran and Anderson
2005; Aldridge and Boyce 2007; Holloran et al. 2010). High site fidelity in
sage-grouse also suggests that unfamiliarity with new habitats may also re-
duce survival, as in other grouse species (Yoder et al. 2004). Sage-grouse in
the Powder River Basin were 1.3 times more likely to occupy winter habi-
tats that had not been developed for energy (twelve wells per 4 square kilo-
meters), and avoidance of developed areas was most pronounced when it
occurred in high-quality winter habitat with abundant sagebrush (Doherty
et al. 2008). In a similar study in Alberta, avoidance of otherwise suitable
wintering habitats within a 1.9-kilometer radius of energy development re-
sulted in substantial loss of functional habitat surrounding wells (Carpenter
et al. 2010). Authors recommend at least a 1,900-meter setback distance
for future energy developments from all winter habitats identified as Criti-
cal Habitat under the federal Species at Risk Act for this endangered species
in Canada.

Long-term studies in the Pinedale Anticline Project Area in southwest
Wyoming present the most complete picture of cumulative impacts and
provide a mechanistic explanation for declines in populations. Early in de-
velopment, nest sites were farther from disturbed than undisturbed leks,
the rate of nest initiation from disturbed leks was 24 percent lower than for
birds breeding on undisturbed leks, and 26 percent fewer females from dis-
turbed leks initiated nests in consecutive years (Lyon and Anderson 2003).
As development progressed, adult females remained in traditional nesting
areas regardless of increasing levels of development, but yearlings that had
not yet imprinted on habitats inside the gas field avoided development by
nesting farther from roads (Holloran 2005). The most recent study con-
firmed that yearling females avoided infrastructure when selecting nest
sites, and yearling males avoided leks inside of development and were dis-
placed to the periphery of the gas field (Holloran et al. 2010). Recruitment
of males to leks also declined as distance within the external limit of devel-
opment increased, indicating a high likelihood of lek loss near the center of
developed oil and gas fields (Kaiser 2006).

The most important finding from studies in Pinedale was that sage-
grouse declines are explained in part by lower annual survival of female sage-
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grouse and that the impact on survival resulted in a population-level decline
(Holloran 2005). However, we still lack a clear picture of long-term effects
of behavioral avoidance coupled with decreased survival. The population de-
cline observed in sage-grouse is similar to that observed in Kansas for the
lesser prairie chicken (Tympanuchus pallidicinctus; Hagen 2003), a federally
threatened species that also avoided otherwise suitable sand sagebrush
(Artemisia filifolia) habitats proximal to oil and gas development (Pitman et
al. 2005; Johnson et al. 2006). High site fidelity but low survival of adult
sage-grouse, combined with lek avoidance by younger birds (Holloran et al.
2010), resulted in a time lag of 3–4 years between the onset of development
activities and lek loss (Holloran 2005). The time lag observed by Holloran
(2005) in the Anticline matched that for leks that became inactive 3–4 years
after natural gas development in the Powder River Basin (Walker et al.
2007a). Analysis of seven oil and gas fields across Wyoming showed time
lags of 2–10 years between activities associated with energy development
and its measurable effects on sage-grouse populations (Harju et al. 2010).
This knowledge of time lags suggests that ongoing development in the Ce-
dar Creek Anticline will result in additional impacts on fringe populations in
eastern Montana and western North and South Dakota (Tack 2009).

Mechanisms that lead to avoidance and decreased fitness have not been
empirically tested but are suggested from observational studies. For exam-
ple, abandonment may increase if leks are repeatedly disturbed by raptors
perching on power lines near leks (Ellis 1984), by vehicle traffic on nearby
roads (Lyon and Anderson 2003), or by noise and human activity associ-
ated with energy development during the breeding season (Holloran 2005;
Kaiser 2006). Collisions with nearby power lines and vehicles and increased
predation by raptors may also increase the mortality rate of birds at leks
(Connelley et al. 2000a). Alternatively, roads and power lines may indi-
rectly affect lek persistence by altering the productivity of local populations
or survival at other times of the year. For example, sage-grouse mortality as-
sociated with power lines and roads occurs year-round (Patterson 1952;
Beck et al. 2006; Aldridge and Boyce 2007), and ponds created by coal bed
natural gas development may increase the risk of West Nile virus mortality
in late summer (Walker et al. 2004; Zou et al. 2006; Walker et al. 2007b).
Loss and degradation of sagebrush habitat can also reduce the carrying ca-
pacity of local breeding populations (Swenson et al. 1987; Braun 1998;
Connelly et al. 2000a, 2000b; Crawford et al. 2004). Alternatively, birds
may simply avoid otherwise suitable habitat as the density of roads, power
lines, or energy development increases (Lyon and Anderson 2003; Hollo-
ran 2005; Kaiser 2006; Doherty et al. 2008; Carpenter et al. 2010).
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A Shifting Paradigm: Business as Usual versus
Landscape Conservation

The unequivocal answer to energy development in the West is not “no” but
rather “where” to reduce environmental impacts while still extracting re-
sources to meet increasing domestic demand for energy. The U.S. govern-
ment has already leased more than 7 million hectares of the federal min-
eral estate, and the number of producing wells tripled from 11,000 in the
1980s to more than 33,000 in 2007 (Naugle et al. 2011). Managers strug-
gling to keep pace with development have implemented reactive measures
in hopes of mitigating disturbance around leks. Protective measures, such
as not allowing energy infrastructure within varied distances around leks
and timing restrictions on drilling, have failed to maintain populations, and
it has become apparent that sage-grouse conservation and energy develop-
ment are incompatible in the same landscapes.

Budgetary constraints to study and maintain wildlife populations mean
that conservation triage is unavoidable, defined here as the prioritization of
limited resources to maximize biological return on investment (Bottrill et
al. 2008), to meet the high social and economic costs of maintaining sage-
grouse populations. The focus for conservation should be to prioritize and
conserve remaining intact landscapes rather than trying to maintain small
declining populations at the cost of further loss in the best remaining areas
(chap. 12). The challenge will be to implement conservation on a scale that
matches energy development to offset the spatial extent of anticipated im-
pacts. Scientists need to work with managers to develop proactive decision
support tools that identify priority landscapes that will maintain large pop-
ulations, develop management prescriptions that increase populations in
priority landscapes and offset losses in developed landscapes, and identify
ecological corridors among priority populations to maintain connectivity.
Despite ongoing development, no comprehensive rangewide plan is in
place to conserve large and functioning landscapes to maintain sage-grouse
populations.

Conservation Planning Using Core Areas to Reduce Impacts

Analytical frameworks are available to evaluate options for reducing im-
pacts on sage-grouse populations at highest risk of oil, gas, and wind power
development. For example, Doherty et al. (2011) used lek count data (N=
2,336 leks) to delineate high-abundance population centers, or core areas,
that contained 25, 50, 75, and 100 percent of the known breeding popula-
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tions in Wyoming, Montana, Colorado, Utah, and North and South
Dakota (fig. 4.3).

Core areas can be overlaid spatially with authorized oil and gas leases
and the potential for commercial development of wind energy (fig. 4.4), and
the resulting output can then be used to identify the least at-risk core popu-
lations to energy development to prioritize for immediate conservation.

Areas that share high energy potential and high sage-grouse density
will need policy reform to reduce threats, whereas areas with high energy
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Figure 4.3. Core areas that contain 25%, 50%, 75%, and 100% of the known
breeding population of greater sage-grouse in their eastern range (modified from
Doherty et al. 2011). Distribution boundaries are the combined areas of sage-
grouse management zones I and II (Connelly et al. 2004). Inset depicts locations of
producing oil and gas wells (black) as of September 2007.



potential but low biological value can act as areas to “trade” development
for conservation (fig. 4.5).

Clumped distributions of populations suggest that a disproportion-
ately large proportion of breeding birds can be conserved within core areas.
For example, 75 percent of the breeding population in the eastern range of
sage-grouse was captured within only 30 percent of the area (Doherty et al.
2011). Wyoming is key to conservation of the species because it contains 64
percent of the known eastern breeding population and is at greatest com-
bined risk from wind energy and oil and gas development (tables 1 and 3 in
Doherty et al. 2011). Risks to core areas vary dramatically, and each state
and province must do its part to ameliorate these risks to maintain sage-
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Figure 4.4. Potential for oil, gas, and wind power development in the eastern
range of greater sage-grouse (management zones I and II) (modified from Doherty
et al. 2011).



grouse distribution and abundance. Successful implementation of land-
scape conservation in one state is insufficient to compensate for losses in
others.

Core areas provide a vision for decision makers to spatially prioritize
conservation targets. Core area analyses and associated geo databases are
now publicly available online for use in range-wide sage-grouse planning
(Doherty et al. 2010b). Several western states adopted the initial concept
and have subsequently refined core areas by linking them with the best
available habitat maps and expert knowledge of seasonal habitat needs
outside the breeding season. Core areas have been heralded as a way of part-
nering with industry to fund conservation in priority landscapes (box 9.2 in
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Figure 4.5. Overlay of biological value (25–75% core regions = high value) with
energy potential for oil, gas, or wind power development to assess risk of develop-
ment to greater sage-grouse core areas (modified from Doherty et al. 2011).



chap. 9) and as a basis for forecasting development scenarios to aid in con-
servation design (chap. 10). Identification of core areas provides a biologi-
cal foundation for implementing community-based landscape conservation
(chap. 12). Landscape-scale conservation in priority areas is the most defen-
sible and realistic solution to the dilemma between energy development
and sage-grouse conservation in the West. Maintaining large landscapes
with minimum disturbance is paramount to sage-grouse conservation and
will require collaborative efforts from a diverse group of stakeholders.

A pressing need in conservation plans is a better understanding of
connectivity between sage-grouse populations (Oyler-McCance and Quinn
2011). Our understanding of sage-grouse movements, dispersal, and con-
nectivity is limited because telemetry studies have not been conducted to
document how individual populations move during dispersal or seasonal
migration (Knick and Hanser 2011). Analytic advances in landscape genet-
ics (Murphy et al. 2010) and noninvasive sampling of genetic material from
feathers collected off leks may provide an efficient means of quantifying con-
nectivity between sage-grouse populations (Storfer et al. 2007). However,
genetic samples alone can obscure emerging or disrupted patterns of animal
movements (Fedy et al. 2008). New GPS technology is a promising tech-
nique to identify sage-grouse movements that may be critical to population
persistence but could be missed by radio telemetry and might not be de-
tected using genetic approaches (i.e., migration).

Lastly, researchers should focus on finding links between prescriptive
management actions and sage-grouse productivity. The initial requirement
is an understanding of how different vital rates influence overall population
growth and the plasticity and ability to manage influential vital rates. Once
key vital rates are identified, management practices that bolster vital rates
should be implemented to help maintain and enhance populations. Tools to
manage sage-grouse populations will vary across the species range with bi-
otic and abiotic characteristics of different landscapes and local constraints to
populations. Some population may benefit from changing grazing regimes,
removing conifers, or managing invasive species, yet these will ultimately
depend on the site. The ultimate measure of our management success will be
the biological return on investment, as measured in number of birds.

Off-Site Mitigation for Impacts Resulting from Development

Mandatory off-site mitigation for sage-grouse beyond that of voluntary
compliance and the corporate mantra of sustainability may someday be-
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come a reality (chap. 9). If and when it does, biodiversity offsets could pro-
vide a mechanism to compensate for unavoidable damages from new en-
ergy development as the United States increases domestic production. To
date, proponents argue that offsets provide a partial solution for funding
conservation, while opponents contend the practice is flawed because off-
sets are negotiated without the science necessary to back up resulting de-
cisions. Missing in negotiations is a biologically based currency for esti-
mating sufficiency of offsets and a framework for applying proceeds to
maximize conservation benefits.

One new study provides a common currency for offsets for sage-grouse
by estimating the number of birds affected at levels of oil and gas develop-
ment commonly permitted (Doherty et al. 2010a). Analyses used lek count
data from across Wyoming (N= 1,344) to test for differences in rates of lek
inactivity and changes in bird abundance at five intensities of energy devel-
opment, including control leks with no development. Impacts are indis-
cernible at twelve wells per 32.2 square kilometers (1 well pad per square
mile). Above this threshold lek losses were two to five times greater inside
than outside development, and bird abundance at remaining leks declined
by 32–77 percent (Doherty et al. 2010a). Documented impacts relative to
development intensity can be used to forecast biological tradeoffs of newly
proposed or ongoing developments, and when drilling is approved, antici-
pated bird declines form the biological currency for negotiating offsets. Im-
plications suggest that offsetting risks using birds as the currency can be im-
plemented immediately; monetary costs for offsets will be determined by
true conservation cost to mitigate risks to other populations of equal or
greater number. If this information is blended with landscape-level conser-
vation planning, the mitigation hierarchy can be improved by steering
planned developments away from conservation priorities, ensuring that
compensatory mitigation projects deliver a higher return for conservation
that equate to an equal number of birds in the highest-priority areas, pro-
vide on-site mitigation recommendations, and provide a biologically based
cost for mitigating unavoidable impacts (chap. 9).

Conclusion

The severity of impacts on sage-grouse populations from various types
of energy development dictate the need to shift from local to landscape
conservation. This shift should transcend state and other political bound-
aries to develop and implement a plan for conservation of sage-grouse
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populations across the western United States and Canada. Tools are avail-
able that overlay the best-known areas for sage-grouse with the extent of
current and projected development for all of Sage-Grouse Management
Zones I and II (Doherty et al. 2011), and range-wide core areas for conser-
vation planning are publicly accessible (Doherty et al. 2010b). Maps depict-
ing locations of the largest remaining sage-grouse populations and their rel-
ative risk of loss provide decision makers with the information they need
to implement community-based landscape conservation (chap. 12). Ulti-
mately, multiple stressors—not just energy development—must be man-
aged collectively to maintain populations over time in priority landscapes.

A scientifically defensible strategy can be constructed, but the most re-
liable measure of success will be long-term maintenance of robust sage-
grouse populations in their natural habitats. Forgoing development in pri-
ority landscapes is the obvious approach necessary to conserve large
populations. The challenge will be for governments, industries, and com-
munities to implement solutions at a sufficiently large scale across multi-
ple jurisdictions to meet the biological needs of sage-grouse. New best-
management practices can be applied and rigorously tested in landscapes
less critical to conservation. We have the capability and opportunity to re-
duce future losses of sage-grouse to energy development, yet populations
continue to decline as energy production increases, so the need for inter-
jurisdictional cooperation is paramount. Political wrangling, lawsuits, regu-
latory uncertainty, and repeated attempts to list the species as federally
threatened or endangered will continue until we demonstrate success in
collaborative landscape planning and on-the-ground actions that benefit
sage-grouse populations.
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Chapter 5

Effects of Energy Development on Ungulates

Mark Hebblewhite

Increased energy consumption and overreliance of the United States on
foreign energy has led to an increase in the development of domestic re-
sources. This national policy manifested in western North America espe-
cially through the late 1990s and 2000s. For example, between 2002 and
2006 in Montana, oil production increased by 213 percent, the number of
oil wells by 17 percent, and the number of natural gas wells by 34 percent
(Montana Board of Oil and Gas Conservation 2006). Increases are similar
to the nearly 60 percent increase in the number of permit applications
throughout the West in the last decade (American Gas Association 2005).
Although this relative growth is impressive, comparison with the heavily
developed oil and gas fields of Alberta reveals that Montana production is
less than 10 percent of currently active oil and gas wells in Alberta. Thus,
from an energy development perspective, energy impacts on wildlife in the
conterminous United States are just getting started.

Energy development can affect almost all natural resources, including
surface and subsurface hydrological processes, natural disturbance regimes
such as fire, soil erosion processes, wildlife habitat, and wildlife popula-
tion dynamics (Naugle et al. 2004; Bayne et al. 2005a, 2005b). Limited
regulatory mechanisms may be in place for a few key wildlife species, in-
cluding greater sage-grouse (Centrocercus urophasianus; chap. 4), but miti-
gation is typically implemented on a site-by-site basis. Regardless of small-
scale regulations often applied to individual well site permits, impacts of
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development are most often felt through cumulative effects of not just one
well site at a time but across large landscape scales on the order of thou-
sands of square kilometers (Kennedy 2000; Schneider et al. 2003; Aldridge
et al. 2004; Johnson et al. 2005; Walker et al. 2007a; Frair et al. 2008).
Thus, management agencies face the difficult task of sustaining wildlife
populations at large landscape scales in the face of small-scale and piecemeal
environmental impact assessment (chap. 11).

In this chapter, I review effects of energy development on large mam-
mals, with a focus on ungulates in western North America. I emphasize un-
gulates because of recent interest by the public and management agencies
on effects of development on these focal species. Ungulates also provide a
useful entry point to understanding energy impacts on wildlife because as
herbivores, they must balance risk of being killed by predators with changes
in forage availability (Hebblewhite and Merrill 2008), and energy develop-
ment can influence the entire food web in which ungulates live (DeCesare
et al. 2009). Indeed, often the indirect effects of food web dynamics influ-
ence focal species after development (chap. 3). Objectives of this chapter are
to synthesize the literature about the effects of energy development on un-
gulates, identify weaknesses of existing research to provide guidelines for
the management of energy development, and propose a conceptual frame-
work for understanding effects of development on ungulates. Given sub-
stantial shortcomings in the existing approaches used to study the effects of
energy on large mammals, I conclude with recommendations to improve
the science of energy impacts on wildlife.

Biological Response of Ungulates to Energy Development

I conducted a literature search of energy–ungulate impact studies using
searches of electronic databases from 1970 to the present, including ISI
Web of Science, Google Scholar, Absearch, Bioabstracts, Biological Ab-
stracts, Environmental Sciences, Dissertation Abstracts, government re-
sources, Geology Abstracts, and Forestry Abstracts. I searched databases
using combinations of the keywords elk, mule deer, pronghorn, woodland
caribou, energy development, petroleum development, oil development, gas devel-
opment, wildlife, and ungulate in western North America. I recorded informa-
tion on each study regarding study area, methods, results, recommenda-
tions, and implications. I found 120 publications that met search criteria.
Seventy were field studies that investigated aspects of energy development
on ungulates. Of those seventy studies, almost half were peer-reviewed sci-
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entific publications, 30 percent were unpublished reports, 11 percent con-
ference proceedings, and a combination of book chapters and graduate the-
ses made up the remainder. Elk were the most common ungulate studied in
forty-five studies, followed by woodland caribou (twenty-nine), mule deer
(twenty), and pronghorn (twenty-one). A surprising number of literature
reviews (ten) have been conducted on this scant literature.

From a study design perspective, most studies (N = 27, 47 percent)
used a weak observational approach in which impacts of development were
inferred from correlations between levels of human activity and measures of
ungulate responses to treatments. Comparative designs, where responses
were evaluated before or after development, but without a control, were
used in 19 percent (N = 11) of the studies. Only ten studies (18 percent)
used the most powerful experimental design, a before–after control–impact
design (BACI) (Krebs 1989; Underwood 1997). Three studies were specif-
ically designed to be predevelopment studies conducted at or before the be-
ginning of development (Amstrup 1978; Ihsle 1982; Sawyer et al. 2002).
None of the studies was replicated. Approximately 51 percent of studies
used radio telemetry, collaring more than 2,000 animals. The most com-
mon alternative methods were aerial surveys (15 percent) and pellet or sign
and track surveys (20 percent). Average sample size (N) used in energy–
wildlife studies was 57.5, the median 39.5, considering the sample unit as
the individual animal (Otis and White 1999; Gillies et al. 2006) (table 5.1).

Size of the ungulate population affected by development averaged
3,950 animals, with a median of 1,000 (table 5.1). From a sampling per-
spective, then, the average telemetry-based study sampled a mean of 1.5 per-
cent or a median of 4 percent of the population. In radio telemetry studies,
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Table 5.1. Summary statistics for literature on the effects of energy
development and human disturbance on ungulates (N = 126 studies).

Metric Mean Median Range SD

Sample size 57.5 39.5 4–223 53.6
Number of animals marked

in telemetry studies 58.7 34.2 4–223 60
Number of telemetry loca-

tions per animal 22 17 1–55
Population size 3,950 1,000 35–48,000 22,058
Study area size (km2) 3,882 798 26–20,000 5,924
Study duration (years) 2.7 2.1 0.15–11 2.28



only twenty-two very-high-frequency (VHF) locations were obtained per
animal per study. Pseudoreplication (Hurlbert 1984) occurred in 30 percent
of studies, most commonly where telemetry locations were considered the
sample unit.

Oddly, studies often failed to report the size of the study area, a key pa-
rameter influencing magnitude of impacts, spatial scaling, and density of
disturbances. Where size was reported (N = 56), it ranged from 26 to
190,000 square kilometers. Studies of boreal woodland caribou popula-
tions had the largest study areas, averaging 28,000 square kilometers
(range 225–190,000 square kilometers), and were statistically larger than
those for other species (ANOVA; P < .01). Excluding caribou, the largest
study area in the lower forty-eight states was 15,000 square kilometers in
Wyoming (Sawyer et al. 2005b), with no other differences between species
(P > .30). Although the average size of study areas appeared large (3,382
square kilometers), the median was only 798 square kilometers, a 15-
square-kilometer radius (table 5.1).

Studies were short, paralleling the duration of active energy develop-
ment. Average and median duration were 2.7 and 2.1 years, respectively.
Most studies were conducted in two time periods, the first in the 1980s
and the second of which we are currently experiencing (hence this book;
fig. 5.1).

Two peaks in the number of studies correspond closely (r = .57, P =
.09) with peaks in energy exploration and development in the last 30 years
(American Gas Association 2005; Montana Board of Oil and Gas Conser-
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Figure 5.1. Frequency of study date for studies (N= 60) of the effects of energy de-
velopment on ungulates plotted against peak oil production in Montana (Montana
Board of Oil and Gas Conservation 2006).



vation 2006). Careful reading revealed that of just the studies designed to
investigate effects of energy development activities, nearly 70 percent (N=
56) were reactionary and designed largely as consultancies to monitor and
mitigate environmental concerns about the development as a condition of
the drilling or exploration permit (e.g., Horesji 1979; Irwin and Gillian
1984; Morgantini 1985; Johnson and Wollrab 1987; van Dyke and Klein
1996).

Next, I briefly review effects of development on the main ungulate spe-
cies, drawing parallels between species-specific effects. I start with wood-
land caribou; although they are unfamiliar to readers in the lower forty-
eight states, I begin with these endangered species because more long-term
and large-scale research concerning effects of energy development has in-
volved caribou than other ungulates. Research on caribou can be explained
in part by the accelerated rate of development of the boreal forest in Al-
berta, Canada, and because woodland caribou are sensitive to anthro-
pogenic changes to community dynamics.

Woodland Caribou (Rangifer tarandus tarandus)

I focus on effects of development on boreal woodland caribou rather than
those on barren-ground caribou (R. t. grantii), which have been summa-
rized elsewhere (Cronin et al. 1998, 2000; National Research Council
2003; Johnson et al. 2005). Research on woodland caribou has progressed
largely in three phases: studies on (1) initial effects of exploration; (2) al-
tered ecosystem dynamics that influence caribou population processes
(e.g., survival, growth); and (3) regional, cumulative effect assessments
that address population viability at regional scales. In subsequent sections
on elk and other species, I draw parallels between caribou research and
ungulate–energy impacts in the lower forty-eight states, where I argue re-
search is being conducted largely at the first or second step.

A consilience of findings across studies of the boreal forest confirms
that the decline in caribou populations is attributable to large-scale changes
to predator–prey dynamics as a result of forestry and energy development
(Committee on the Status of Endangered Wildlife in Canada 2002; Alberta
Woodland Caribou Recovery Team 2005). Historically, caribou coexisted
at large spatial scales with moose and wolves. Caribou adopted a spatial
separation strategy whereby they selected large contiguous tracts of habitat,
such as peat bogs and old-growth conifer, that were unsuitable for wolves
and moose, the wolves’ primary prey (James et al. 2004). Increased for-
estry produced early seral stands, which provided an abundance of forage,
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which in turn increased moose populations. Higher wolf populations soon
followed (Fuller et al. 2003), which upon exceeding a density of about
seven wolves per 1,000 square kilometers exerted enough secondary preda-
tion on caribou to reduce their survival rate and drive population declines
(Stuart-Smith et al. 1997; James and Stuart-Smith 2000; McLoughlin et al.
2003; Alberta Woodland Caribou Recovery Team 2005).

Energy development exacerbates impacts from forestry by adding to
the landscape high densities of seismic exploration lines. Studies that exam-
ined the impacts of well site development or seismic exploration confirmed
the negative impacts of exploration on caribou. This formed the basis for
early regulations designed to minimize the timing of development overlap
with key calving seasons and late winter seasons. In effect, this policy is a
formulation of the hypothesis that the main impacts of development are be-
havioral only and that through avoidance of key behavioral periods, devel-
opment impacts can be reduced. This policy was tested in a series of experi-
mental and modeling studies. Bradshaw et al. (1997, 1998) showed that
the negative impacts of disturbance caused by seismic exploration explo-
sions increased caribou movement rates and habitat shifts and reduced
feeding times. Behavioral changes resulted in potential loss of body mass
and reduced reproduction, linking avoidance to population declines. Also,
wolves travel at higher speeds on seismic lines (James et al. 2004), which in-
creases kill rates on large ungulate prey species (Webb et al. 2008; McKen-
zie et al. 2009) and increases the overlap of wolves and caribou (Neufeld
2006). As a result, caribou show strong avoidance of human development
near roads and seismic lines, as well as well sites (Dyer et al. 2001, 2002).
Dyer et al. (2001) documented maximum caribou avoidance of areas 250
meters from roads and seismic lines and 1,000 meters from wells, which,
when extrapolated to the entire study area, affected 22–48 percent of avail-
able caribou habitats with potential road avoidance effects. Dyer et al.’s
(2001) results presented the first clues that human development impacts
were operating cumulatively and at large spatial scales. Yet the magnitude
of observed impacts in these simulation studies was less than the rate of de-
clines of some caribou herds, suggesting the next round of studies that in-
vestigated dynamics at the level of the individual caribou herd.

During the next phase, scientists began studying population dynamics
of affected caribou herds across Alberta, confirming that the majority were
declining (Alberta Woodland Caribou Recovery Team 2005; McLoughlin
et al. 2005) for the reasons described earlier. Empirical (McLoughlin et al.
2005) and modeling research at this stage confirmed the grim predictions
of the cumulative effects of landscape change on caribou (Weclaw and
Hudson 2004; Lessard et al. 2005; Sorensen et al. 2008). We now know
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that dramatic changes in energy development policy and aggressive mea-
sures, such as landscape restoration, core protected areas, and development
restrictions, may be necessary to recover this federally threatened species
(Alberta Woodland Caribou Recovery Team 2005). Unfortunately, small-
scale mitigation efforts to restore seismic lines using experimental line
blocking experiments failed to achieve any measurable reduction in travel
by wolves. Neufeld (2006) concluded that seismic line restoration at the
scale necessary to reduce predation risk on caribou was unfeasible and that
large-scale mitigation is a key to conservation.

Cumulative effect assessment at large scales confirmed the grim picture
facing caribou conservation in the face of energy development in Alberta.
Schneider et al. (2003) developed cumulative effect assessment scenarios
for caribou herds in Alberta and showed that even under optimistic scenar-
ios in development rates, available caribou habitat would decline from 42
percent of the study area (59,000 square kilometers) at present to about 6
percent within 100 years. Empirical cumulative effect models also confirm
the dire straits caribou face. Sorensen et al. (2008) compared the caribou
population growth rate with the total amount of industrial development
within caribou ranges and the total amount of caribou ranges burned by
fire. This simple management model successfully predicted the expected
caribou population growth rate as a function of percentage industrial devel-
opment and percentage area burned (Sorensen et al. 2008; fig. 5.2).
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Figure 5.2. Meta-analysis model for woodland caribou population growth rate as a
function of the percentage of the boreal caribou range that was burned and the per-
centage of the caribou range converted to nonhabitat through industrial develop-
ment. The regression model was developed using six woodland caribou population
ranges across a 20,000-square-kilometer area in northern Alberta, and is described
by λ = 1.191 – (0.314 * IND) – (0.291 * BURN) (R2 = .96, N = 6, P = .008)
(modified from Sorensen et al. 2008).



Therefore, from a simple management perspective, the key variables af-
ter decades of research boiled down to the amount of habitat lost, which
disproves the implicit policy hypothesis that energy development can be
mitigated with timing or seasonal restrictions, and also refutes the hypoth-
esis that incremental continued energy development is consistent with cari-
bou persistence.

Today, caribou are listed as a threatened species both federally and
provincially, with more than 60 percent of identified herds in Canada de-
clining because of some form of industrial human development (Alberta
Woodland Caribou Recovery Team 2005). Drastic recovery actions are be-
ing proposed, and the federal government is developing critical habitat des-
ignations that will undoubtedly result in recommendations for restricting
the amount of industrial development allowed within declining caribou
ranges. In summary, we have learned the following conservation lessons
from the caribou–energy development story in Alberta: Short-term distur-
bances from energy exploration phases were not necessarily the most signif-
icant population-level impacts; by the time population-level impacts were
detected, it was almost too late to recover many populations, or the level of
restoration activities needed was unfeasible; it was the amount of habitat
destroyed by humans, not habitat fragmentation effects per se, that caused
declines; the sample size was effectively the population of caribou for statis-
tical, biological, and planning reasons; and cumulative impacts were not al-
ways evident from individual studies, and scaling up to regional scales was
needed.

Elk (Cervus elaphus)

Studies of the effects of energy development on elk have largely investi-
gated impacts during exploration, with few studies focusing on population-
level impacts and almost none examining cumulative effects. For example,
van Dyke and Klein (1996) studied the effect of active drilling on elk near
Line Creek Plateau in Montana by comparing seasonal and annual home
range characteristics and use of cover for ten VHF-collared elk from 1988
to 1991. They compared home range size, home range centroid, and
coarse-grain habitat use by elk before, during, and after development, with
each phase lasting 1 year. Elk in the study site and the control site had sig-
nificantly different distributions, suggesting a normal seasonal change
rather than effects of drilling. Elk were rarely found outside the forest dur-
ing the day while activity was taking place at the well sites. Elk responded to
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disturbances by shifting their use of the range, centers of activity, and use of
habitat, and the authors concluded that elk do not abandon their home
ranges during well site development, and they quickly return to predevel-
opment conditions after development. Unfortunately, limitations of this
study are many, including small sample sizes; only 474 locations, ten elk,
and two seasons (winter and summer) over approximately 4 years of the
study yields approximately six locations per elk per season-year, which is
woefully low for reliable home range and centroid estimation (Powell
2000). A second problem was scale: This study evaluated the effect of a sin-
gle oil well in an approximately 500-square-kilometer area, a density of
0.003 wells per square kilometer, a trivially low density for such a large
area. The utility of this study to current development, where dozens of
wells are being drilled simultaneously in an existing matrix of developed oil
fields, is questionable.

Other studies used radio telemetry to examine the effects of seismic ex-
ploration on elk (Johnson and Lockman 1979; Hiatt and Baker 1981; Ol-
son 1981; Irwin and Gillian 1984; Gillin 1989; Hayden-Wing Associates
1990; van Dyke and Klein 1996). By and large, these were observational
studies with poor experimental design, with few or no predevelopment
data, of short duration, or with ridiculously small sample sizes (e.g.,N= 6;
Olson 1981). As an exceptional example of weak experimental design,
Hiatt and Baker (1981) evaluated effects of drilling a single well on elk in
Wyoming by comparing track counts in a 9-day period before development
with track counts after development. Despite weak inference, results of
these studies generally support the conclusion that elk move away from ac-
tive exploration areas, altering their habitat selection, movement rates, and
use of areas in their seasonal home ranges, but do not shift or change home
ranges and merely redistribute within their home ranges.

In a unique study, effects of pipeline construction on movements of
elk, moose, and deer were evaluated in west-central Alberta (Morgantini
1985). Using snow track surveys, crossing attempts through the pipeline
during construction were documented for seventy-six ungulate groups.
The pipeline was a barrier for 53.9 percent of ungulate groups that tried to
cross them. Several practical recommendations are provided to maintain
periodic openings in pipelines under construction and even underpasses or
overpasses along pipeline to mitigate crossing barriers.

There were few examples of well-designed comparative or experimen-
tal studies on elk habitat selection and indirect loss of habitat from energy
development. In a recent study, Sawyer et al. (2007) examined the response
of elk in open habitats to distances to roads in a system with low densities of
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oil and gas development at present but with moderate to high development
potential. Sawyer et al. developed seasonal resource selection functions
(Boyce and McDonald 1999) using telemetry locations from thirty-three
Global Positioning System (GPS)-collared female elk and validated them
against fifty-five VHF-collared elk. Elk selected for summer habitats with
higher elevations in areas of high vegetative diversity, close to shrub cover,
with northerly aspects and moderate slopes, away from roads. Winter habi-
tat selection patterns were similar, except elk shifted to areas closer to roads
than in summer, indicating a strong response of road avoidance during
summer. Results suggest that elk can meet their year-round needs with low
traffic. Similarly, elk avoided roads and active gas and oil well sites the most
during summer in the Jack Marrow Hills, Wyoming (Powell 2003),
strongly selecting for habitats more than 2,000 meters from these features.
Avoidance of roads and well sites declined in fall, winter, and spring, when
elk avoided only areas less than 500 meters from human development. Dur-
ing calving (May 15–June 30), elk avoided areas less than 1,000 meters
from roads and wells. These studies make the important observation that
elk continued to avoid energy development long after exploration was
completed, and findings open the door to examining potential population-
level impacts if areas continue to be developed. Unfortunately, no studies of
elk examined population-level impacts.

Pronghorn (Antilocapra americana)

Studies of energy development and pronghorn have focused less on the ef-
fects of exploration and more on disruption of migration routes, changes in
habitat selection, and population-level impacts. Foci represent marked im-
provements over most studies on elk. Given that most pronghorn studies
are quite recent, they seem to capture the same phenomenon as caribou
studies in that by the time impacts are detected, populations may have al-
ready started to decline.

The series of studies by Berger and colleagues (Berger 2004; Berger et
al. 2006a, 2006b, 2007) examined the response of pronghorn to energy
development in the Upper Green River as a 5-year project (still ongoing),
overlapping the study area of Sawyer et al. (2002). This area is underlain by
the Jonah and Pinedale Anticline natural gas formations, estimated to con-
tain more than 283 billion cubic meters of natural gas and coal bed meth-
ane deposits, and the area is undergoing rapid expansion. Energy develop-
ment started here in 2001, so studies by Berger, Sawyer, and colleagues
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assess only early impacts of development. Goals were to investigate the ef-
fects of natural gas development on pronghorn behavior, migration, habitat
selection, and, ultimately, population consequences. Study design was
strong, with GPS collaring of about fifty pronghorn per year and 100 VHF
collars per year in a control and energy development area.

Berger et al. (2006a, 2006b) reported that the overriding natural factor
influencing distribution of pronghorn on the winter range was snow depth.
Despite avoidance by some individuals, at the population level, the authors
did not find that pronghorn avoided infrastructure at current levels of de-
velopment. From a population perspective, they also found no difference in
pronghorn survival in undeveloped and developed areas. Findings suggest
that development does not influence pronghorn, but the authors caution
that results are preliminary, winters have been mild during the study (im-
pacts may be greater during harsh winters with deeper snow), the area of
most intense development is not prime pronghorn habitat, and responses
may be expected to increase over longer periods of time for long-lived un-
gulates than the 2-year time window reported on to date. Regardless of the
equivocal results of energy development on pronghorn winter ranges, the
studies by Berger et al. (2006a, 2006b, 2007) showed dramatic effects of
development on migration at the regional scale, which we return to later in
the discussion.

In a particularly illustrative example, Easterly et al. (1991) conducted
a study to examine the effects of energy development on both prong-
horn and mule deer in the Rattlesnake Hills of Wyoming. Their study was
in response to repeated violation by the Bureau of Land Management
(BLM) of the 1985 environmental impact statement on the Platte River
Resource Area of their own policies regarding timing restrictions of de-
velopment on crucial winter range. Despite a federal policy of no surface
development between November 15 and April 30, the BLM issued eigh-
teen permits for drilling operations in crucial winter range between 1987
and 1991. Easterly et al. tested whether violation of this policy was nega-
tively affecting ungulates, but they collected no predevelopment data and
had no controls or comparison sites. They used a combination of ra-
dio telemetry and aerial and ground surveys to measure home range re-
sponses, densities, movements, and survival as a function of human devel-
opment. Pronghorn densities were substantially lower closer to energy
development, and radio-marked pronghorn avoided well sites during dis-
turbance. The prime limitation of this well-designed study was the lack of
predevelopment data on mule deer and pronghorn distribution in the
region.
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Mule Deer (Odocoileus hemionus)

More studies have focused on reasons for population declines of mule deer,
in part because of broad-scale declines in mule deer productivity across
western North America (Unsworth et al. 1999; Gill 2001). Factors result-
ing in declines of mule deer populations in Colorado included competition
with increasing elk populations, density dependence in vital rates caused by
historic high population densities, long-term declines in habitat quality for
mule deer because of changes in fire history regimes, overharvest, increas-
ing predator populations, and disease, including chronic wasting disease
(Gill 2001). Energy development can now be added to the list throughout
much of mule deer range. Long-term (6- to 8-year) and large-scale studies
(e.g., wildlife management units; about 1,000 square kilometers) are
needed to rigorously assess causes for mule deer declines (Gill 2001). Their
recommendations are relevant for considering the effects of energy devel-
opment on large ungulates.

Early studies on mule deer paralleled those of elk in their evaluation of
early phases of development. For example, Ihsle (1982) and Irby et al.
(1988) worked in the same study area, conducting an observational (with-
out a control) study over a 10-year period during oil field development on
the east slope of the Rocky Mountains in Montana. Early on, development
was minimal, with less than 0.003 wells per square kilometer. Phase I find-
ings showed almost no impacts of development on mule deer home range,
movement, habitat selection, migration, and fawn-to-doe ratios (Ihlse
1982). They found no effects of development because oil wells were re-
stricted to a small part of the study, development density was very low, and
the spatial scale of the study area was large. Similarly, Easterly et al. (1991)
found equivocal effects of development on mule deer. Densities of mule
deer were similar close to and far from drilling activities, but mule deer
were located farther from development during drilling, but not after, when
they were the same distance as before development. This indicates some ha-
bituation response of mule deer to development.

More recently, Sawyer et al. (2005a, 2005b, 2006, 2007) conducted a
series of related studies on effects of energy development on mule deer in
the Pinedale–Jonah Anticline in southwest Wyoming. Initial studies fo-
cused on migration of radio-collared mule deer (N = 158) and pronghorn
(N = 32) and noted the potential for energy development impacts on mi-
gration corridors. From a habitat perspective, Sawyer et al. (2006) reported
expanding development over a 5-year period with an increase of 95 kilome-
ters of roads, 324 hectares of well pads, and a total of about 400 hectares of
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lands directly lost to development footprints in the study area, an increase
in density of 0.12 kilometers per square kilometer and about 0.3 wells per
square kilometer. Mule deer avoided areas close to development, responses
to development occurred rapidly (within 1 year of development), and
avoidance of development increased over the course of the 3-year study.
Sawyer et al. (2006) reported lower predicted probabilities of use within
2.7–3.7 kilometers of well sites, confirming that indirect habitat losses far
exceeded direct losses. Over the study, areas classified as high-quality habi-
tat before development changed to low quality, and vice versa, showing
that mule deer shifted their habitat use away from high-quality habitats to
marginal habitats in response to development. Presumably, such responses
will have population implications, but Sawyer et al. (2006) did not exam-
ine them. The authors recommend demographic studies and activities that
reduce the footprint associated with development, including directional
drilling from single well pads to multiple gas sources to reduce surface im-
pact, limited public access, road networks developed with the goal of mini-
mizing new road construction, and guidelines to minimize human distur-
bance during winter and on designated high-quality ranges.

In a related study, Sawyer et al. (2005b, 2006) focused on predevelop-
ment phase mule deer ecology from 1988 to 1991 before development
started, from 2001 to the present, in the Sublette mule deer herd near
Pinedale, Wyoming. With the preliminary data collected in Phase I and two
treatment areas in Phase II (with and without development), this study
represents a well-designed BACI study. Before development, the Sublette
mule deer population was a healthy and productive population, with adult
female survival rates (0.85, N = 14) and a fawn-to-doe ratio (more than
75:100) indicative of a growing population (Unsworth et al. 1999). In
2002, mule deer densities were similar between the control and energy de-
velopment treatments, but they have been diverging since 2002. In the de-
veloped area, mule deer densities declined by about 47 percent over a 4-
year period ending in 2005, whereas in the control area, there was no
negative trend, and mule deer densities were constant and similar to prede-
velopment density on the treatment area. This suggests a demographic im-
pact of energy development, yet survival differences in adult female and
overwinter fawn survival were not statistically different between the two
areas. Sawyer et al. (2005b) speculate that they found no demographic dif-
ference between treatments because small-scale demographic differences
could explain the differences in population trend, but they are preliminary
and influenced more by small sample size and will be verified later by more
detailed analysis; or differences were driven by emigration or dispersal from
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the developed areas. Migration routes were also identified, as discussed
later, in Phase I. Results echo conclusions from caribou and pronghorn
studies that the effects of energy development often take a long time to
manifest on ungulate populations, if present, and detecting these effects is
the biggest challenge.

Discussion

Readers who had hoped that a clear picture would emerge about how to
mitigate effects of energy development on ungulates are probably disap-
pointed, and this is perhaps the most important message from this chapter.
Previous reviews provide strategies for mitigating small-scale effects of dis-
turbance on ungulate behavior, yet most conclude by admonishing man-
agers to conduct more long-term, population-based studies. Unfortu-
nately, my conclusions from reviewing the literature are that, at least for
ungulates, few have heeded this advice. During the current energy develop-
ment rush, sadly, there are still few clear evidence-based management rec-
ommendations that will definitively mitigate the impacts of energy devel-
opment on ungulate populations (emphasis on populations).

A second major conclusion is that energy development studies proceed
in the following manner (sensu Lustig 2002): (1) A well drilling permit is
applied for on an ungulate winter range; (2) the permit is granted with stip-
ulations that attempt to reduce impacts by applying timing restrictions at
critical life stages (e.g., calving); (3) either because stipulations are know-
ingly violated or as an additional stipulation, a study is commissioned to in-
vestigate effects of development on ungulates; and (4) the “monitoring”
study is often designed hastily, with inadequate resources, sample size, tem-
poral or spatial scope, and experimental design such as predevelopment
data, and no commitment to monitoring beyond the intended life of the
development phase. Thus, I conclude that wildlife biologists, as a profes-
sion, are failing to live up to professional standards and guidelines of the
Wildlife Society by agreeing to participate in poorly designed studies that
are aimed merely at appeasing the small-scale regulatory process. The large
number of animals captured and handled (more than 2,000), their capture-
related mortality, the financial investments made by energy companies, and
investments in personnel time do not weigh favorably against the meager
knowledge base available on the effects of development on ungulate popu-
lations. Figure 5.1 reinforces the impression that most studies of wildlife–
energy relationships have been reactive, driven by trends in energy produc-
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tion, and are not part of any proactive adaptive management program
(chap. 12). I hope this review convinces some of the need for better-
designed studies of energy–wildlife impacts.

I draw these conclusions for the following main reasons. First, to date,
there has not been one rigorously conducted study (e.g., a replicated exper-
iment) of the effects of energy development on ungulates with a sufficient
duration of both study and energy impact to be able to draw firm conclu-
sions about the population impacts of development on ungulates. The aver-
age duration of studies was very short (2.5 years) when compared with the
lifespan of ungulates that may live for more than 20 years. Few studies actu-
ally measured adult female survival, and not one study reported effects of
energy development on population growth rate for pronghorn, mule deer,
or elk (caribou are the exception). Studies that did measure adult female
survival failed to show any impact of energy development by and large and
were conducted only for a short time period, consistent with effects of low
statistical power due to small sample sizes (Gerrodette 1987) and for spe-
cies with high and constant adult survival rates (Gaillard et al. 2000). For
long-lived species such as ungulates, impacts of changes in the environment
may take decades to manifest because of compensatory reproduction and
resilience in the adult age cohort and because ungulates possess high and
constant adult survival (Albon et al. 2000; Festa-Bianchet et al. 2003; Gor-
don et al. 2004; Coulson et al. 2005). Following from Gaillard et al.
(2000) and Eberhardt (2002), energy impacts would be expected to mani-
fest first on the least sensitive but most variable population vital rates, such
as calf survival and recruitment, not the most important but least variable
adult survival rates, such as adult female survival. In fact, ungulate life his-
tory in general makes it extremely difficult to determine the effects of devel-
opment on populations in a 2- to 3-year study. Recent recommendations of
reviews of ungulate demography studies suggest that a minimum of fifty
marked adult female ungulates monitored over at least a 5-year period
(Gordon et al. 2004) are needed to gain a mechanistic understanding of
changes in adult survival rates linked to environmental changes such as en-
ergy development. Although population-level surveys are capable of identi-
fying important changes (Sawyer et al. 2005a, 2005b), without detailed de-
mographic data, mechanisms driving changes will be cause for speculation.
Thus, long-term changes in the way in which agencies and industry engage
in research on energy impacts on wildlife need to occur to achieve an evi-
dence-based framework for mitigating development.

The second major reason why I conclude that impacts are poorly un-
derstood is that most studies focus only on early phases of development.
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Effects of development may take years to manifest on long-lived ungu-
lates, yet most studies were conducted either before or during the first
1–5 years of development. Short-term studies do not give populations
enough years to equilibrate to development and loss of habitat. Time lags
should be expected as normal and are likely to be at least one generation
time for long-lived ungulate species (Gaillard et al. 2000). A major addi-
tional problem with studying impacts of development only early during
development is that density of development is confounded with duration
of development, again confusing clear cause–effect relationships because of
the period of equilibration needed for long-lived ungulates. In an extreme
example, van Dyke and Klein (1996) investigated impacts of the first oil
well constructed in a nearly undeveloped area on elk behavior in hopes of
estimating population-level impacts. At such low development densities,
population-level responses for a large ungulate are not expected to oc-
cur because ungulates can habituate to responses at low development
thresholds.

This review does provide some conclusions about behavior-level im-
pacts of energy development on ungulate species that will be useful to plan-
ners at the level of the individual well pad or road. Many of these behavior-
level impacts were already summarized in previous reviews (Bromley 1985;
Girard and Stotts 1986; Hayden-Wing Associates 1991; National Research
Council 2003). However, the real question is whether such small-scale mit-
igations, referred to as “death by a thousand cuts” (Lustig 2002), are useful
to scale up to population-level responses.

At the small scale, most ungulates displayed behavioral responses that
weakly to strongly avoided energy development activities during the devel-
opment phase (exploratory seismic blasting, road construction, mining
construction, forest operations, and well drilling). Pronghorn, elk, and
mule deer, in that order, generally showed the strongest avoidance of devel-
opment during the construction phase. Seasonal impacts were variable and
occurred year-round in winter ranges, calving ranges, migratory corridors,
and summer ranges. Early studies focused on the effects of development on
winter ranges, and restrictions on crucial winter ranges are still enforced as
small-scale mitigation measures to reduce impacts. However, recent studies
show increasing effects of development on spring calving ranges, during
summer, and especially in migration corridors. This may reflect a growing
understanding of the importance of summer nutrition to ungulate demog-
raphy (Cook et al. 2004; Parker et al. 2005). Regardless, recommendations
for timing restrictions on spring calving ranges and critical winter ranges
were echoed by a majority of studies for all species, especially elk, mule
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deer, and pronghorn. Unfortunately, there is little evidence that such small-
scale mitigation is sufficient to mitigate effects of development at large
scales. In the case of caribou, for example, we now realize that small-scale
mitigation did not prevent declines resulting from large-scale cumulative
impacts.

Despite this purposefully scathing critique, I draw some conclusions
about impacts of development on large mammals, including the negative
effects of roads, density of development, and the role of migratory move-
ments in assessing the scale of impacts.

Effects of Roads

Roads are one of the most pervasive impacts of human development on nat-
ural landscapes (Forman and Alexander 1998), and by far their greatest im-
pact lies in the indirect effects of habitat fragmentation and avoidance by
wildlife. Current estimates indicate that the lower continental United
States has about 10–20 percent of habitats affected by roads. Impacts are
typically most severe near the road and extend out a variable distance, de-
pending on the species of interest (Forman and Alexander 1998). Here I
summarize the distances to which impacts extend from developments (e.g.,
roads, well sites). Readers should note that this zone of influence around
roads does not imply 100 percent avoidance (Schneider et al. 2003; Har-
ron 2007), yet from the information presented in studies, actual effective
reductions in habitat use were not presented. For example, Dyer et al.
(2001) reported on average a 40 percent reduction within 100 meters of a
seismic line and declines up to 250 meters away. Powell (2003) reported 73
percent reductions in use within 2,000 meters of energy development, but
other studies did not usually present enough information. In the eight
studies that did report avoidance of roads, the average zone of influence ex-
tended about 1,000 meters from both roads and wells, although responses
varied within seasons and between species (table 5.2).

In general, ungulates avoided roads more in summer than winter,
when snow depth constrained animal movements away from roads. Re-
gardless, even considering an effective loss of habitat of 50 percent within
this zone of avoidance and a modest buffer size of 500 meters, 10 percent
of a study area can be effectively lost due to indirect avoidance of roads. The
effect of overlap between well sites and roads on habitat loss due to avoid-
ance is important and deserves further investigation (Rowland et al. 2000;
Frair 2005).
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Density of Development

I extracted density of oil and gas infrastructure (e.g., roads, wells, seismic
lines) where possible, but only 17 percent of studies (twelve of seventy) that
investigated direct impacts presented sufficient information (table 5.3).

Existing time-stamped datasets provide the ability to estimate densities
for use in meta-analyses. I present results of a univariate meta-analysis of
density of infrastructure for the twelve studies that reported an effect of de-
velopment on some response variable against studies with no effect. Caveats
of this simple analysis are many, and variables that could not be accounted
for include size of study area, length of study, and sample size and its associ-
ated variance. Regardless, studies that reported an impact of development
had higher densities of wells and roads. Impacts started to manifest on ungu-
late species including mule deer, pronghorn, and elk from 0.1–0.4 wells per
square kilometer and 0.18–1.05 linear kilometers of roads per square kilo-
meter. However, replicated studies are necessary to disentangle the effects of
sample size, study duration, and severity and type of biological response
(i.e., avoidance versus population impacts) to density of development.

Migration and Identifying Appropriate Scales

A difficult problem in ecology is how to scale up from short-term and
small-scale behavioral decisions of animals to long-term landscape-scale
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Table 5.2. Summary of ungulate studies showing avoidance of roads
and well sites, with results averaged across seasons and habitat types.

Avoidance Buffer (m)

Author Species Roads Wells

Powell (2003) Elk 2,000 2,000
Ward (1986) Elk 2,000
Gillin (1989) Elk 1,200 500
Edge (1982) Elk 500 1,000
Rost and Bailey (1979) Elk 200
Frair (2005) Elk 200
Sawyer et al. (2005b) Mule deer 2,700
Dyer et al. (2001) Caribou 250 1,000

Average 1,131 1,125



population responses. In the case of energy development, the question of
scale also touches on the growing consensus that energy development neg-
atively affects ungulate migration and large-scale processes. The difficulty in
scaling up is why so few of the studies that showed short-term responses
were able to measure or demonstrate these long-term or population-level
responses. A second scaling problem is presented by Berger et al. (2007)
when discussing issues of spatial scale and habitat fragmentation, both of
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Table 5.3. Summary of density of energy development disturbance in
terms of density of active well sites and linear kilometers of pipelines,
seismic lines, and roads from studies where such information was
reported. Despite small sample sizes of studies that reported densities,
ambiguities in definition of study areas, and simplification of impacts
to a binary variable, densities of disturbance appear to be related to the
impact of energy development.

Linear
Kilometers

Density of Roads/
of Wells Pipelines/Seismic Significant

Study (per km2) (per km2) Impact?a

Sawyer et al. (2005a, 2005b)b 1.01 1.36 Yes
Frair (2005), Frair et al. (2008) 0.20 1.60 Yes
Sawyer et al. (2002) n/a 0.62 Yes
Rowland et al. (2000) n/a 0.62 Yes
Easterly et al. (1991) 0.27 N/A Yes
Berger et al. (2006a, 2007)b 0.25 0.20 No
Bennington et al. (1982) 0.20 N/A No
Olson (1981) n/a 0.15 No
Knight et al. (1981) 0.088 n/a No
Ihsle (1982) 0.003 N/A No
van Dyke and Klein (1996) <0.001 N/A No

Summary Statistics Mean (N) Mean (N)

Significant impact: yes 0.49 (3) 1.05 (4)
Significant impact: no 0.10 (4) 0.18 (2)

aSignificant impact is a simple binary variable confirming whether statistically significant ef-
fects of energy development were detected on key response variables.
bThese two sets of studies occurred in approximately the same area but defined different study
area sizes based on species life history.



which are totally dependent on each other (Dale et al. 2000; Turner et al.
2001). Quantifying habitat fragmentation metrics will be determined com-
pletely by the study area size, and for this reason many authors recommend
conducting multiscale analyses of the effects of habitat fragmentation on
wildlife species (Harrison and Bruna 1999; Turner et al. 2001).

In many of the studies I reviewed, there was a third scaling problem:
that of extrapolating responses. This occurred where the effects of a local
point source disturbance (well pad) were assessed at the population or
home range scale, and results were extrapolated well beyond the develop-
ment densities under which the response was studied. For example, van
Dyke and Klein (1996) document weak or no responses of elk to the instal-
lation of a single well in an undeveloped grassland ecosystem in north-
central Montana. Results of this study have been extrapolated to other wells
across Montana, yet the validity of extrapolating the finding of no signif-
icant impacts to areas with higher well densities is questionable. This
emphasizes the need to establish thresholds for development or broad,
regional-scale cumulative impact assessments as the density of well sites and
development increases.

Finally, there was often a mismatch between the spatial scale of the
study in question and the spatial scale of the population under investigation
that links to impacts on migration. Assuming that the goal of an impact
study is to assess the impacts of a particular development on a population,
unless the study area represents the annual range occupied by the ungulate
population, it will be difficult to evaluate whether the changes in the popu-
lation are occurring because of energy development on the winter range or
because of changes occurring elsewhere in the population’s range. One po-
tential solution to the issue of how to determine the appropriate study scale
is to use the spatial scale of migration as a guideline in migratory popula-
tions. Berger (2004) reviews long-distance migration throughout western
North America and worldwide. Although not all populations are migra-
tory, the reported degree of partial migration ranged from 45 to 100 per-
cent; and most populations in studies reviewed in this article contained
some migrants. Considering the one-way migration distances (35–177
kilometers across species) as a buffer suggests that the correct spatial scale
to consider in evaluating the effects of energy development could range
from 5,041 square kilometers for mule deer, 5,041 square kilometers for
caribou, 8,464 square kilometers for elk, to nearly 19,000 square kilome-
ters for pronghorn (Berger 2004). Guidelines suggest much larger study
area sizes than are currently used to evaluate impacts. Moreover, because
one of the areas where we have seen a convergence across studies is the ef-
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fects of energy development on migration, studying population impacts at
the migratory scale will be critical.

For example, Berger (2004) found that in the Greater Yellowstone
Ecosystem about 75 percent of all large ungulate migrations have been lost
due to human development. Berger (2004) illustrates the problem with a
case study involving a long-term pronghorn study in the Pinedale area of
Wyoming. Both residential development and future potential energy devel-
opment threaten one specific migratory corridor pinch point, the Trapper’s
Point bottleneck, where the migration corridor narrows to less than 800
meters. In a follow-up study to this review, Berger et al. (2006b) confirm
that this particular migration corridor, from the Upper Green River to
Teton National Park, has probably been used for more than 6,000 years.
Sawyer et al. (2009) used GPS collars on mule deer in Wyoming to moni-
tor migration routes between winter and summer ranges in the face of im-
pending energy development. Unlike the simpler example where Berger
(2004) showed an entire pronghorn population moving through a single
corridor, Sawyer et al.’s mule deer study shows that migration routes often
are varied and reticulate, making protecting migratory routes challenging,
and these results have been echoed for both elk and woodland caribou
(Hebblewhite et al. 2006; Saher and Schmiegelow 2006). Indeed, consid-
ering the future effects of climate change, ensuring retention of migratory
behaviors in the landscape may be an effective mitigation strategy. For ex-
ample, a recent molecular ecology study of woodland caribou revealed im-
portant links between energy development and potential responses to fu-
ture climate change. Woodland caribou in the Canadian Rocky Mountains
were a mix of boreal and barren-ground caribou, and caribou with barren-
ground haplotypes had a higher probability of migrating but also a higher
risk of mortality because of changes to the landscape induced by energy de-
velopment. Thus, energy development may be reducing migration, and in
the future migratory behavior will undoubtedly help species respond to cli-
mate changes, as caribou did during the Pleistocene interglacial. Regard-
less, only if we create large-scale migration corridors that are protected
from development or managed specifically to mitigate energy development
will long-term migration persist, a critical ecological process that is declin-
ing across the Rocky Mountain West. Fortunately, the Western Governors’
Association and other government agencies have recently recognized the
crucial role migratory corridors play as natural mitigation because migra-
tion enables ungulates to use seasonal resources over a much larger area.
Support from political bodies will aid decision-making processes to ensure
protection of migratory routes.

Effects of Energy Development on Ungulates 91



A Conceptual Approach for Understanding Cumulative Effects
of Development

I conclude here that the effects of development on ungulates are manifested
through changes in the ecological communities of species, including hu-
mans, in which ungulates exist. Therefore, impacts on populations can be
classified as direct and indirect impacts. Distinguishing between these two
types of effects and between species is critical to identifying mechanisms
and providing effective mitigation strategies. Direct effects between species
(e.g., humans, development, and elk) occur when there are no intermediary
species between two interacting species, for example, through direct mor-
tality associated with energy development (e.g., roadkills, poaching; Estes
et al. 2004). Most direct effects are attributed to predation or to habitat
loss, such as when a population responds negatively to a reduction in avail-
able forage where development has denuded vegetation. In contrast, indi-
rect effects occur when impacts on a species are mediated by an intermedi-
ate species. As an example, consider the indirect effect of development on
sage-grouse and kit foxes (Vulpes macrotis) mediated by human-induced
changes in avian or mammalian predators. An increase in the number of
perches available to raptors indirectly increased predation rates on breeding
and nesting sage-grouse (Fletcher et al. 2003; Aldridge and Boyce 2007).
Similarly, coyote populations increased after development because altered
landscapes support higher densities of small mammals, causing increased
predation by coyotes (Canis latrans) on kit foxes (Haight et al. 2002). In
this case, predation is proximate to the ultimate cause of human-induced
changes to landscape function. Apparent competition will be a common in-
direct effect of human disruption of ecosystem dynamics (DeCesare et al.
2009). Therefore, effects of energy development will probably go far be-
yond direct impacts based purely on community ecology (Estes et al.
2004). Recent reviews have reminded ecologists that direct effects are but a
fraction of the possible interactions between species in even a simple food
web (Estes et al. 2004; Bascompte et al. 2005). Indirect effects of energy
development also may arise because of behavioral changes by ungulates in
response to energy development, such as avoidance of roads and well sites.
Such findings have been corroborated across systems and at larger scales in
ungulates, confirming the importance of indirect behavioral effects, such as
the avoidance of predation risk and human disturbance on ecosystem dy-
namics (Rothley 2001; Fortin et al. 2005; Hebblewhite et al. 2005b).

Despite theoretical support for indirect effects, a cursory review of the
literature reveals a myopic focus of mitigation strategies to reduce direct ef-
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fects such as road mortality and habitat loss (Bureau of Land Management
2003a, 2003b). A renewed focus on the indirect effects of development me-
diated by community-level changes across species would provide a more
complete understanding of the cumulative impacts of development.

Conclusion

I provide five recommendations regarding the impacts of development on
ungulate populations.

First, current management policies make two untested assumptions
about the effects of energy development on wildlife. One is that policies as-
sume that negative impacts can be mitigated through small-scale stipula-
tions that regulate timing and duration but not the amount of development
activity. Policies also assume that wildlife populations can withstand contin-
ued, incremental development. Neither assumption is supported or refuted
by evidence. Adaptive experiments are needed to explicitly test these as-
sumptions.

Second, little scientific evidence exists to suggest that energy develop-
ment will have population-level impacts on pronghorn, mule deer, or elk
because rigorous and properly designed experiments have not been con-
ducted. Instead, a host of observational studies on small-scale and short-
term responses provides limited guidance to managers in search of the cru-
cial question of population impacts. Although it is theoretically justified,
relying on the precautionary principle to restrict energy development will
probably be unsuccessful as an energy policy.

Third, efforts to mitigate short-term and small-scale impacts of energy
development have been well described in previous reviews, albeit most of-
ten as poorly designed observational studies with weak inference. Ungu-
lates predictably avoid areas during exploration and drilling, moving to
denser cover and to areas farther from human activity. Across studies, ungu-
lates avoided development to an average of 1,000 meters. Recommenda-
tions from previous studies still hold, namely the continued application of
timing and seasonal restrictions for critical habitats and resources. How-
ever, it is increasingly apparent that small-scale mitigation alone cannot off-
set impacts of large-scale development on ungulates.

Fourth, scaling up from small-scale and short-term studies to
population-level impacts will be difficult. One difficulty is scaling up re-
sponses of ungulates at low development densities to high densities ob-
served in most oil and gas fields today. Preliminary analyses suggest that
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thresholds of development will occur at densities of 0.1–0.5 wells per
square kilometer and 0.2–1.0 linear kilometer of roads and other linear de-
velopments per square kilometer. However, these results are preliminary,
and more formal meta-analyses are needed. Future studies should use large-
scale approaches to test for thresholds of energy development and to other-
wise replicate and extend for other species what has been learned about the
population viability of caribou.

Finally, an adaptive management experiment should be implemented
to test whether the current energy policy provides for sustainable wildlife
populations. The de facto energy policy contains untested assumptions
that, if invalid, will severely affect wildlife, but no serious alternatives have
been put forward as tested and proven. Alternative development policies
are sorely needed if other ungulate species are to avoid the same bleak out-
look as caribou in Alberta.
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Chapter 6

Effects of Energy Development on Songbirds

Erin M. Bayne and Brenda C. Dale

The desire to drive our cars, heat our homes, and run our computers while
still having clean air, water, and healthy ecosystems is probably one of soci-
ety’s greatest challenges (National Petroleum Council 2007). Debate sur-
rounding the inherent tradeoffs of energy policy and maintaining or im-
proving ecological health is in its infancy. The need for such discourse is
urgent, however, as energy demands are increasingly resulting in develop-
ment of frontier areas (i.e., Canada’s boreal forest and tundra) and the last
remnants of native vegetation (i.e., prairie). Informed decisions from poli-
cymakers, industry leaders, and society as a whole depend on a full under-
standing of how energy development affects wildlife populations (Schnei-
der et al. 2003).

Most wildlife research related to energy impacts focuses on charismatic
wildlife species, such as greater sage-grouse (Centrocercus urophasianus;
chap. 4) and woodland caribou (Rangifer tarandus tarandus; chap. 5). A
broader suite of wildlife indicators is needed to fully elucidate the conse-
quences of energy development. Passerines (songbirds) are useful indica-
tors of ecological health (Bradford et al. 1999; O’Connell et al. 2000) be-
cause they are easy to monitor and can be effective tools in garnering public
support for conservation (Carson 1962). Research on forestry and agricul-
tural practices has shown that songbirds react strongly and quickly to
changes in vegetation composition, structure, and landscape patterns
caused by human land use. Despite these attributes, little attention has been
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paid to songbirds in the debate over energy development and wildlife
conservation.

In this chapter, we review studies on oil and natural gas development,
and to a lesser degree coal, on songbirds in boreal forests and grasslands in
western North America. Specifically, we describe mortality risk caused by
energy infrastructure, the biological response of songbirds to habitat con-
version and associated fragmentation, and effects of noise from energy de-
velopment on songbird ecology. By outlining what is known about each of
these issues relative to songbird behavior and vital rates, we highlight the
critical need for more complete evaluations of the cumulative effects of en-
ergy development on songbird populations and communities at relevant
temporal and spatial scales.

Bird Mortality and Energy Infrastructure

Lands developed for energy production typically include roads, communi-
cation towers, power lines, well pads, flare stacks, holding ponds, and com-
pressor stations. The ability to fly makes birds susceptible to colliding with
these features, thereby increasing mortality. Although many studies have
documented mortality events at such features, there have been no attempts
to determine whether this mortality is additive or compensatory to natural
mortality and little effort to determine associated impacts on population
dynamics (Desholm 2009).

Height of human-made structures is a well-established factor influenc-
ing the risk of collision (Mabey and Paul 2007). Television towers, cell
phone towers, power poles, wind turbines, and aerials for remote monitor-
ing equipment all have been struck by songbirds (California Energy Com-
mission 2009). In general, songbirds are most likely to collide with such
features during migration, particularly on nights with inclement weather or
clouds. Mass mortality events of thousands of individuals have been regu-
larly reported at tall (more than 200 meters) cell and television towers. Al-
though they are not directly a part of energy sector infrastructure, the devel-
opment of oil and natural gas fields and wind power facilities often results
in construction of cell phone towers to facilitate communication between
energy sector employees. Towers used at well pads for remote monitoring
equipment, and power poles and power lines used to run equipment at en-
ergy sector sites, are typically shorter than cell phone towers (15–60 me-
ters) and therefore should have lower collision rates. However, the larger

96 biological response to energy development



number and broader distribution of short vertical structures may add up to
a cumulative impact that is potentially greater than the more obvious mass
collision events at tall towers. Despite documentation of mortality events,
our understanding of the cumulative effects of vertical human infrastruc-
ture on songbird mortality, and whether it strongly influences population
dynamics, remains poor.

Even less is known about collisions with structures during everyday
movements by songbirds during the breeding or wintering season. Song-
birds tend to be active during the day in these periods, so it is assumed that
collisions are rare (Avian Power Line Interaction Committee 1994). How-
ever, methods for estimating songbird mortality due to collisions are poorly
developed relative to larger birds, so current estimates may not reflect the
magnitude of the problem. Songbirds have been observed to collide with
power lines during the breeding season, and electrocutions have occurred
when flocks of songbirds create arcs between individuals in the flock and
the phase conductor (Bevanger and Thingstad 1988).

Collisions with vehicles using roads could also be a significant source
of anthropogenic mortality for songbirds during the breeding and winter-
ing season (Forman and Alexander 1998). In a reintroduction experiment
with eastern bluebirds in Florida, one of the largest sources of mortality for
juveniles was vehicle collisions, which played a role in limiting species re-
covery (Lloyd et al. 2009). Higgins et al. (2007) attributed 17 percent of
observed avian mortality on a wind farm to traffic. Little is known about
whether reduced traffic volume or speed reduces avian mortality. Reducing
speed cannot reduce risk for wildlife unless the organism is visible at 25 me-
ters (Ramp et al. 2006). In a forested region in Alberta, mortality of birds
was higher on lower traffic volume roads with a lower speed limit, probably
because surrounding vegetation was close to the road (Clevenger et al.
2003). Management of roadkills is difficult because reducing collisions may
require manipulation of ditch width, vegetation height, or sound to dis-
courage bird crossing. Reducing crossing rates may decrease connectivity
between other habitats and populations.

Most energy sector companies cut hay or shrubs near energy roads and
trails to reduce vehicle-induced fire risk, increase visibility, and limit snow
accumulation. Haying during the breeding season destroys nests, eggs, and
young of ground-nesting grassland birds and leads to increased abandon-
ment and predation (Bollinger et al. 1990). Active aboveground nests are
almost always destroyed when vegetation is cut (Frawley 1989). Removing
this direct mortality is as simple as delaying haying or shrub removal to after
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the breeding season, but education is needed (Bollinger et al. 1990; Dale et
al. 1997; Nocera et al. 2005).

Open pits where waste fluids from hydrocarbon production are stored
pose a significant mortality threat to birds in some situations (Trail 2006).
In 2009, more than 500 ducks were killed in a tailings pond in the tar sands
of boreal Alberta. Whether waterfowl are the species most affected by open
pits is debatable; the U.S. Fish and Wildlife Service identified the remains
of 172 avian species (predominantly songbirds) in sampled holding ponds
(Trail 2006). Dealing with other toxic byproducts can also have negative
impacts. Natural gas facilities often burn off gases, such as hydrogen sul-
fide, during extraction. Approximately 3,000 individuals of at least twenty-
six species of songbirds were found dead within 75 meters of a 104-meter
flare stack in boreal Alberta (Bjorge 1987). The presence of pulmonary con-
gestion suggested that some deaths were related to stack emissions, and
other birds probably struck the stack. Even though energy sector infrastruc-
ture does result in songbird mortalities, the importance of these deaths to
population dynamics remains unknown.

Dissection and Perforation of the Boreal Frontier

The boreal forest has been called the bird nursery of North America, with at
least 300 species and an estimated 5 billion breeding individuals using this
forest each year (Blancher and Wells 2005). This ecosystem remains one of
the last unexploited wildernesses on the planet. This status is rapidly chang-
ing as a result of new energy and forestry policies in western Canada. Mi-
gratory passerines make up most of the bird species in the boreal forest.
Broadly speaking, boreal passerines are split into those that prefer conifer-
ous over deciduous forests, early versus late succession forest habitats, and
upland versus lowland areas. Southern boreal forests in western Canada are
dominated by deciduous tree species, whereas conifers dominate in the
north. Forests do not regularly reach more than 150 years old because of
frequent disturbances such as fire and insect outbreaks. Small lakes and
rivers are common, and riparian habitats typically have the highest bird di-
versity (Hannon et al. 2002). Recent development of natural gas and non-
conventional oil supplies has turned the boreal forest of western Canada
into one of the largest producers of oil and natural gas in the world (chap.
2). Despite the value of the boreal forest to wildlife and the energy sector,
surprisingly few studies have examined the biological response of songbirds
to development.
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The Case of the Ovenbird

One species for which much is known about its response to energy devel-
opment is the ovenbird (Seiurus aurocapilla). The ovenbird is a neotropical
migrant that nests and forages on the ground in mature deciduous and
mixed wood forests. The ovenbird is quite common in the boreal forest of
western Canada and is widely studied because of its perceived sensitivity to
habitat fragmentation (Van Horn and Donovan 1994). Radio telemetry
studies examining the space use of the ovenbird indicate that they do not
incorporate conventional seismic lines (8–10 meters wide) in their territo-
ries, defending territories exclusively on one side (Bayne et al. 2005a;
fig. 6.1; left panel).

Seismic lines are access routes typically cut by bulldozers and are the
most extensive energy disturbance in the boreal forest of western Canada,
averaging 1.5 kilometers per square kilometer in 98 percent of townships in
northeast Alberta. Seismic line densities in some townships (100-square-
kilometer areas) are as high as 10 kilometers per square kilometer (Lee and
Boutin 2006). In the boreal forest of Alberta this translates into hundreds
of thousands of hectares of disturbed forest. Less detailed data collected us-
ing point counts demonstrate that ovenbirds are never detected singing on
pipelines, power lines, roads, or small clearings (i.e., 0.5- to 2-hectare well
pads) (Bayne et al. 2008). This suggests that early successional habitats cre-
ated by energy development are unsuitable for this species. This is not un-
expected based on ovenbird response to forest age and its response to forest
harvesting. Two fundamental questions remain despite avoidance of energy
sector disturbances: Does altered behavior translate into reduced numbers
of ovenbirds, and how long will such effects last given forest succession?

Given that ovenbirds avoid sites disturbed by energy sector develop-
ment and an increasing area of the boreal forest is being disturbed by en-
ergy sector activity, it seems logical that fewer ovenbirds will be present in
highly disturbed landscapes. However, for this to be true requires that all
available habitats be used before disturbance. If available habitat is not fully
occupied, then birds may simply move into remaining habitat areas. It also
requires that birds be territorial and not alter their behavior by altering
overlap between individuals or by reducing territory size. Bayne et al.
(2005a) conducted a quantitative experiment comparing ovenbird density
via spot mapping in 12-hectare stands of mature trembling aspen (Populus
tremuloides) with no conventional seismic lines to stands with one or more
seismic lines in two locations in boreal Alberta. Machtans (2006) used
the same protocols to count ovenbirds in a before–after control–impact
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(BACI) study in mixed-wood forests of the Northwest Territories. In two
of the three areas, ovenbird density declined with increasing seismic line
density, and in the third there was no change. This suggests that the behav-
ioral avoidance of seismic lines can lead to local reductions in population
size.

The energy sector has been working to narrow seismic lines in an effort
to mitigate their impacts. Recent advances in seismic technology allow the
use of seismic lines no more than 3 meters wide for exploration (fig. 6.1;
right panel).

Ovenbirds include such lines in their territories, and no change in
ovenbird density occurs relative to forest interiors (Bayne et al. 2005b).
However, decreased line width has come at a cost because more lines are
being cut than ever before. An increasing need for detailed seismic informa-
tion has led to lines cut on tighter spacing (every 30–100 meters instead of
the original 1–2 kilometers) in what is known as 3-D seismic. Whether
birds react to narrow seismic lines the same way in all forest types is un-
known. In mature to old forest these narrow seismic lines become difficult
to locate within a few years, but in a young stand with higher tree density,
the lines can be visually obvious for extended periods of time.
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Figure 6.1. (Left) Example of ovenbird territories (light gray is 95% mini-
mum convex polygon [MCP] of singing locations) and home ranges (dark gray is
95% MCP of all locations) derived from radio-marked individuals living near an
8-meter-wide seismic line cut by a bulldozer. The grid represents a series of 50- ×
50-meter areas on a spot-mapping grid.
(Right) Example of ovenbird territories (light gray is 95% minimum convex poly-
gon [MCP] of singing locations) and home ranges (dark gray is 95% MCP of all lo-
cations) derived from radio-marked individuals living in a 3-D seismic grid. The
black lines are 3-meter-wide low-impact seismic lines. The grid represents a series of
50- × 50-meter areas on a spot-mapping grid.



Representativeness of the Ovenbird

Whether results from the ovenbird can be generalized to a large number of
other bird species is unclear. The ovenbird prefers forest between 60 and
100 years of age. Other forest bird species reach their highest densities in
forests that are far older, suggesting that early successional habitat created
by the energy sector is probably avoided by these species as well (Song
2002). However, many old-growth forest birds use the shrub or canopy
layer for nesting and foraging. Whether gaps created by seismic lines act as
territory boundaries for species that function in these habitat strata cannot
be assumed based on behavior of the ground-dwelling ovenbird.

Based on spot-mapping data, Machtans (2006) found no differences in
density of shrub- or canopy-nesting birds near conventional seismic lines.
Individuals from fourteen species were observed singing on both sides of
the line, suggesting that they may have included seismic lines in their terri-
tories. This may occur in part because the canopy often grows over conven-
tional seismic lines quickly, whereas regeneration on the ground may take
longer (Lee and Boutin 2006). Recent research in the Northwest Territo-
ries indicates that it takes 30–40 years for conventional seismic lines to have
sufficient vegetation regrowth at ground level for ovenbirds to regularly in-
clude seismic lines in their territories (Hedwig Lankau, University of Al-
berta, unpublished data).

Seismic lines are not the only type of linear feature created by the en-
ergy sector. Pipelines, power lines, and roads all dissect the boreal forest
and are becoming an increasingly large component of the landscape as en-
ergy fields are developed (Schneider et al. 2003). Results from the oven-
bird suggest differential responses to linear feature width. Similar results
have been found in eastern North America in response to low-use roads
and power lines (Rich et al. 1994). Thus, best practices used by the energy
sector to make features smaller and regenerate faster will create less change
in bird communities. Unfortunately, no research has been done on the ter-
ritorial behavior of boreal songbirds near wider linear features, such as
pipelines, power lines, or roads, to identify critical thresholds in widths of
features that birds will use. Point counts and nest searches on pipelines
more than 15 meters wide demonstrate that forest specialists are rarely de-
tected singing on lines, and few nests are located there (Fleming and
Schmiegelow 2003). Conversely, generalist birds such as the American
robin (Turdus migratorius), chipping sparrow (Spizella passerina), Lincoln’s
sparrow (Melospiza lincolnii), Le Conte’s sparrow (Ammodramus lecon-
teii), swamp sparrow (Melospiza georgiana), and common yellowthroat
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(Geothlypis trichas) that prefer early successional habitat are more likely to
be found on or near wide linear features (Fleming and Schmiegelow
2003). These species are not regularly seen on or near seismic lines, sug-
gesting that there may be a critical width needed for disturbance-tolerant
species to be attracted to linear features or well pads (Machtans 2006).
However, as with forest specialists the critical width and level of vegeta-
tion recovery needed to create habitat for early successional species are not
known for the boreal forest. Studies in deciduous forests of the United
States indicate that lines wider than 30 meters are far more likely to have
early successional species than 12- to 20-meter-wide lines (Anderson et al.
1977; Confer and Pascoe 2003).

Edge Effects

The small spatial scale of most energy sector disturbances creates a dispro-
portionate amount of edge habitat per unit area disturbed. Edge is the tran-
sition zone between two habitat types, and various ecological conditions
change near edges that may alter habitat suitability for songbirds (Murcia
1995), particularly in forests. Twenty-five studies have assessed the abun-
dance of bird species near versus far from energy sector disturbances in
forested habitats across North America (table 6.1).

Ideally, all studies would report their results in a common metric such
as density, which would allow direct comparison of the effect size gener-
ated by energy sector edges of different types. We tallied the number of
positive, negative, and neutral responses of edge for boreal forest passer-
ines because inconsistencies in reporting preclude a meta-analysis. Four
species were regularly more abundant in forest interiors than edges in at
least two studies, and six species have a single study reporting a negative
edge effect. Negative responses to edge were most commonly reported for
ovenbird and black-throated green warbler. Six species have inconsistent
responses to edge, sometimes being positive and other times negative
(e.g., American redstart). Of these, most positive effects are observed at
edges of pipelines, power lines, or gravel roads, and negative responses are
most often reported near paved roads. Positive edge responses in at least
two locations occurred for twelve species, with an additional twenty-two
having a single study reporting a positive edge effect. Red-eyed vireo
(Vireo olivaceus) is the species most consistently found at edges across
North America.
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Beyond Linear Features

Polygonal disturbances, such as compressor stations, booster stations, and
well pads, also create small patches of early successional habitat 0.5–2 hec-
tares in size. We lack studies that identify the spatial scales at which avoid-
ance of well pads results in a reduction in local population size. Preliminary
findings suggest that many boreal passerines avoid using well pads as part
of their territory (Lisa Mahon, University of Alberta, unpublished data).
Only fifteen of fifty possible species occurred within point counts con-
ducted at abandoned well pads in mixed-wood forest. Lincoln’s sparrow,
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Table 6.1. Forest passerines in boreal forest of western North America
that show a negative response to forest edge created by roads, power
lines, pipelines, seismic lines, or well pads. Values are the number of
studies examining whether a neutral (E = I), positive (E > I), or
negative (I > E) response to edge (E) versus interior (I) forest was
reported. Studies that examined more than one type of disturbance
could be counted twice.

Species Scientific Name E = I E > I I > E

Typically Negative Response to Edge

Ovenbird Seiurus aurocapilla 7 0 9
Black-throated green warbler Dendroica virens 1 0 4
Red-breasted nuthatch Sitta canadensis 1 0 2
Winter wren Troglodytes troglodytes 3 0 2
Bay-breasted warbler Dendroica castanea 2 0 1
Blackburnian warbler Dendroica fusca 3 0 1
Connecticut warbler Oporonis agilis 0 0 1
Golden-crowned kinglet Regulus satrapa 2 0 1
Hermit thrush Catharus guttatus 3 0 1
Yellow-bellied flycatcher Empidonax flaviventris 0 0 1

Occasional Negative Response to Edge

Black-capped chickadee Poecile atricapillus 3 1 4
American redstart Setophaga ruticilla 6 3 3
Black & white warbler Mniotilta varia 8 1 3
Blue-headed vireo Vireo solitarius 3 1 1
Mourning warbler Oporornis philadelphia 0 1 1
Swainson’s thrush Catharus ustulatus 4 1 1



Tennessee warbler (Vermivora peregrina), and chipping sparrow were the
dominant species that would use well pads.

Patterns of habitat use by passerines in the boreal forest at energy sector
disturbances are somewhat expected. Studies on bird response to forest
harvesting reveal that the species using energy sector disturbances are simi-
lar to those on regenerating cut blocks less than 10 years of age, although
direct comparisons have not been done (Song 2002). Forestry profession-
als have recognized that their operations alter habitat structure and compo-
sition in the short term but have worked to reduce the time it takes for habi-
tats to recover. Over time, bird communities typically return to what is
expected relative to natural disturbance, with notable exceptions of fire-
dependent species (Hobson and Schieck 1999).

The value of energy sector sites for early successional bird species could
be improved by putting more effort into retaining some habitat structure
on disturbed sites (Yahner 2008). For example, Lee and Boutin (2006)
demonstrated that only 8.2 percent of conventional seismic lines in boreal
Alberta reached 50 percent cover of woody vegetation after 35 years. The
lines that did recover were generally found in upland forests, whereas lines
in lowland rarely recovered. Line recovery is limited because they are re-
peatedly used for access by industry and recreationalists. A substantial per-
centage (about 25 percent) of seismic lines never return to forest as they
transition into roads, pipelines, or buildings. Well pads show a similar pat-
tern. In northeast Alberta about 36 percent of 15-year-old well pads in up-
land forest have fewer than 1,000 tree stems per hectare, 24 percent have
1,000–6,000 stems per hectare, and 39 percent have more than 6,000
stems per hectare. A typical regenerating cut block is expected to have about
10,000 stems per hectare (MacFarlane 2003). Recovery of energy sector
sites could follow a similar trajectory to clearcuts, but current legislation
and industry practices prevent rapid recovery. The desire to minimize ero-
sion effects has resulted in a policy of planting grass on well pads in Alberta.
Seeding of grass to limit erosion, loss of natural propagules, removal of nu-
trients due to total removal of forest understory vegetation, and deliberate
compaction of soil are all factors that limit regrowth on well pads. Research
is being done in boreal Alberta to identify industry best practices to encour-
age tree growth, but broad implementation of these practices is lacking.

What Bird Abundance Tells Us

Bird abundance can provide a false signal about population growth if habi-
tats in which birds settle are ecological traps that result in poor reproduc-
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tion (Pulliam 1996; Bayne and Hobson 2002). The potential for reduced
population growth caused by reduced vital rates around energy sector sites
is a concern. Only one study has been conducted on nesting success of bo-
real birds in relation to energy development. Ball et al. (2009) studied nest
success of forest passerines along pipelines in two areas of the boreal forest.
Their first study was in a remote area in the Northwest Territories, where
the pipeline is the only major source of human disturbance. They hypothe-
sized that nesting near an edge might depress nest success if predators alter
their behavior to forage near or move along pipeline right-of-ways. Over 2
years and about 700 nests they found no evidence of increased predation
for birds nesting closer to the pipeline. A second area was examined where
both energy development and timber harvest were prevalent. They hypoth-
esized that nesting near an edge in a more fragmented landscape might in-
crease risk of predation because landscape-level edge influences the type and
frequency of predators. Again they found little evidence of an increase in
predation rate between the edge and the interior. The dominant nest pred-
ator in both areas was the red squirrel (Tamiasciurus hudsonicus), whose
abundance was similar close to and far from pipeline edges.

Avian and Human Perspectives on Energy Sector Activity
in Remnant Grasslands

From a human perspective, a well pad or pipeline cut in a forest brings a
stark visual change. But people may walk across disturbed sites in native
prairie and scarcely notice the difference. Yet seemingly subtle changes in
open systems may severely affect grassland birds because they select habitats
based on fine-scale vegetation features (Robbins and Dale 1999; Green et
al. 2002; Wheelwright and Rising 2008). Some biologists refer to native
grasslands as old-growth prairie because the permanent and negative im-
pacts of breaking the sod of native prairie are similar to or worse than har-
vesting old-growth forest.

Temperate grasslands have the highest ratio of converted to protected
area of any major biome (Hoekstra et al. 2005). Estimated grassland losses
since the mid-1800s exceed 75 percent in most areas of North America
(Samson and Knopf 1994; Gauthier and Wiken 2003). Corresponding de-
clines in grassland birds are the largest of any bird group (Askins et al.
2007; Brennan and Kuvlesky 2005; Sauer et al. 2008), and they occupy a
disproportionate number of places on protected species lists. Many shrub-
steppe bird species are also in sharp decline (Knick et al. 2003). Energy
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developments are becoming a dominant land use in what remains of these
open habitats (chap. 2). The footprint associated with energy development
at current densities can be 5–12 percent of the landscape, and linear features
increase by a kilometer for each new well (Government of Canada 2008).
Further loss and fragmentation associated with this new land use will only
exacerbate ongoing conservation challenges.

Most open-country birds are migratory and can be divided on the basis
of four characteristics: those that need or at least accept shrub cover and
those that avoid it, those tolerant of nonnative vegetation and those that oc-
cupy only native prairie, those that need large tracts and those that repro-
duce successfully in small habitat fragments, and those endemic to the West
versus those distributed across North America. A species with a restricted
distribution, a need for shrubs, an aversion to nonnative plants, or an
avoidance of edge is most likely to respond negatively to disturbances cre-
ated by energy development. Open-country birds with a known negative
response to energy share one or more of these characteristics (table 6.2).

More grassland birds have these vulnerable characteristics, but in only a
few cases has this response been examined and confirmed because few stud-
ies in open habitats have evaluated whether birds forage, sing, or nest on
disturbed energy sites. Instead, researchers typically record bird abundance
near and far from development. Findings may document the avoidance of
otherwise suitable habitat, but little has been learned from these studies
about the mechanisms underlying the biological response.

Avoidance of Infrastructure

Studies on bird abundance near and far from energy infrastructure suggest
that some grassland species avoid developments. In Minnesota, planted
grasslands without wind turbines or maintenance trails, and areas located
180 meters from such development, supported higher densities (261–312
males per 100 hectares) of grassland birds than areas within 80 meters of
turbines (58–128 males per 100 hectares; Leddy et al. 1999). In North
Dakota, the grasshopper sparrow avoided wind turbines out to 200 meters,
which resulted in a bird abundance 45 percent lower at experimental sites
than at control sites after development (Shaffer and Johnson 2008).

Infrastructure associated with conventional oil and gas development
contains fewer tall structures than wind energy facilities, but negative re-
sponses by many bird species persist. Chestnut-collared longspur, Sprague’s
pipit, and Baird’s sparrow each showed a nonsignificant pattern of lower
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abundance near minimal disturbance gas wells and associated trails in
Saskatchewan compared with areas farther away (Linnen 2006). Reduc-
tions in these same three species were observed out to 50, 250, and 350
meters from traditional oil wells and their access routes in Alberta (Linnen
2008). Another Alberta study found that Sprague’s pipit territories crossed
trails less often than expected by chance (Hamilton 2009). Avoidance in
landscapes crisscrossed by trails may greatly reduce available habitat.

Why grassland birds avoid roads and trails is unclear, but possible rea-
sons include traffic, edge avoidance, and human presence. Grassland birds
in eastern North America showed increased avoidance with increased traffic
(Forman et al. 2002), but traffic levels on most energy access roads would
be far lower. Studies in Wyoming sagebrush indicate that narrow low-use
roads (10–700 vehicles per day) associated with gas wells had 39–60 per-
cent fewer sagebrush obligate birds within 100 meters than at farther dis-
tances (Ingelfinger and Anderson 2004). However, narrow linear features
do not need to be regularly traveled by vehicles to have an effect on birds.
Nest densities and the abundance of some bird species were lower near nar-
row walking paths in Colorado grasslands (Miller et al. 1998). Whether
birds perceive roads and trails as edge is hard to separate from other possi-
ble causes of avoidance, but Hamilton (2009) noted that Sprague’s pipits
whose territories were near trails often used the trail as a boundary. She pos-
tulated that narrow strips of bare ground or reduced vegetation would be
clearly visible to an aerial singing bird. The grassland species that Linnen
(2008) found avoided wells and associated trails (Sprague’s pipit, Baird’s
sparrow, and chestnut-collared longspur) are all edge- and area-sensitive
(Davis 2004).

Ashenhurst and Hannon (2008) also documented bird abundance on
new (0.5–1.5 years old) and old (10–30 years) seismic lines and nearby
controls in three open tundra habitats within the Kendall Island Migratory
Bird Sanctuary, Northwest Territories. Abundance of all species except La-
pland longspur (Calcarius lapponicus) was lower on old seismic lines than in
reference sites in upland tundra habitats. Vegetative studies at the same site
found that seismic lines had less lichen cover, more bare ground, and more
vascular plant cover than reference sites, with changes persisting in the long
term and modern lines causing just as much impact as old exploration.
Many of these lines have not been traveled on by a vehicle in 30 years
(Kemper and Macdonald 2009a, 2009b).

Chronic or episodic human visitation has been shown to cause many
species of birds to alter song patterns, avoid otherwise suitable habitat, or
interrupt incubation or mating (Baydack and Hein 1987; Gutzwiller et al.
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1994, 1997; Miller et al. 1998; McGowan and Simons 2006). These stud-
ies were not specific to energy development.

As in forested habitats, few BACI studies have been conducted on
open-country birds at a large enough spatial scale to document changes in
populations. In an area of about 500 square kilometers within Canadian
Forces Base Suffield, Alberta, a BACI study comparing the same areas at
four well pads per 2.59 square kilometers and later with eight well pads
per 2.59 square kilometers found a nonsignificant reduction in Sprague’s
pipit of 13 percent and a significant decrease of 21 percent for Baird’s spar-
row (Dale et al. 2009). Effects of energy-related disturbance are predicted
to be at their worst when the species is under the greatest natural stress.
A model for this study area (Brenda Dale, Canadian Wildlife Service, un-
published data) that includes drought effects on vegetation found that
during normal precipitation, much of the area would be suitable for
Sprague’s pipit and that increasing well density from eight to sixteen per
2.59 square kilometers would result in only 5 percent of otherwise suitable
habitat becoming unusable. However, during drought much less of the
area would be suitable, and increasing the well density to sixteen per 2.59
square kilometers would result in 86 percent of the already limited suit-
able habitat becoming unusable, creating a potential limiting factor for the
species.

Problems with Invasive Plants

Invasion of exotic plants may be an indirect and negative effect of energy
development to grassland birds (chap. 7). Evidence suggests that develop-
ment facilitates the introduction and subsequent spread of nonnative plants
(Tyser and Worley 1992; Larson et al. 2001; Gelbard and Belnap 2003;
Gelbard and Harrison 2003). Vehicles are a vector for seed dispersal and es-
tablishment along roadways (Von der Lippe and Kowarik 2007), and pub-
lished reviews show that nonnative cover is higher at well pads, pipelines,
and access routes than in native prairie (Bergquist et al. 2007; Rowland
2008). Nonnative vegetation matters to birds because it often differs in
structure from native vegetation. Altered structure can have significant im-
plications for birds by altering nest site availability and influencing the
number of microsites where birds can locate and capture insect prey. For ex-
ample, invasive brome grasses (Bromus spp.) die much earlier than native
plants, and the abundant litter decomposes more slowly (Ogle et al. 2003).
Crested wheatgrass (Agropyron cristatum) has less vegetation and less loose
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litter in the 10 centimeters nearest the ground, which results in greater
amounts of bare ground compared with native prairie (Sutter and Brigham
1998; Christian and Wilson 1999). Within Alberta study blocks, cover of
crested wheatgrass at the well pad and in adjacent prairie habitat increased
with well density, but most Sprague’s pipit territories contained no appre-
ciable crested wheatgrass, and average values were lower than at reference
locations (Hamilton 2009). This is consistent with the bird’s limited use of
the invasive plant (Robbins and Dale 1999).

Restoring Open Habitats

Energy developers contend that native prairie can be restored quickly and
easily to its original condition after disturbance. Periodic natural distur-
bance helps maintain healthy grasslands and grassland bird communities,
but energy-related disturbance is linear and long lasting. We know of no ex-
ample of successful restoration to the original native plant community. Re-
claimed coal mines in eastern North America have been well studied and
support a number of grassland birds (Whitmore and Hall 1978), but repro-
ductive success at these sites was too low to maintain positive population
growth (Wray et al. 1982). Abundance of vesper sparrow was lower on re-
claimed and unreclaimed mine spoil than on control sites in South Dakota
and Wyoming (Schaid et al. 1983). Another revegetated surface coal mine
in Wyoming exhibited marked differences in vegetation structure and asso-
ciated bird communities 4 years after reclamation (Parmenter et al. 1985).
Some sites may not even fully revegetate. There was more bare soil on re-
cent prairie well pads and pipelines at Canadian Forces Base Suffield in Al-
berta than on reference sites, including most wells more than 30 years old
(Rowland 2008). Even if areas disturbed by energy development are reveg-
etated, bird communities will not fully recover, given that native grasslands
support a higher frequency and abundance of endemic grassland birds than
planted grasslands (Johnson and Schwartz 1993; McMaster and Davis
2001). Restoration remains an unproven hypothesis and should not be
viewed as a panacea for conservation and management of grassland birds.

The Emerging Issue of Noise

Timber harvest, oil and gas drilling, and construction of energy infrastruc-
ture are intense, short-term events that birds may avoid for a period of time.
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However, the infrastructure built by the energy sector has high mainte-
nance needs, which results in more frequent human activity at sites than
would occur in a regenerating forest cut block or native pasture. Repeated
human use creates physical, visual, and acoustic disturbances that birds may
avoid indefinitely. Of particular concern is anthropogenic noise because
most songbirds use acoustic signaling to communicate. Males sing to de-
fend territories and attract female mates. Females chip to communicate
with males about nest attendance. Nestlings beg to get fed. Anything that
interferes with the ability of birds to communicate has the potential to re-
duce habitat quality. Energy development creates anthropogenic noise via
increased traffic, construction equipment to build and maintain infrastruc-
ture, and engines to compress and transport oil and gas through pipelines.

One of the most studied aspects of noise pollution is the effect of road
noise on passerine birds. A road with 10,000 vehicles per day has an esti-
mated maximum zone of disturbance of 125–190 meters where bird den-
sity is 30–100 percent lower than within habitat interiors (Reijnen et al.
1997). Effects were most pronounced in grassland habitats. Increasing traf-
fic levels fivefold resulted in a threefold increase in area affected. The poten-
tial impact of such disturbances could be significant. For example, the ma-
jor development route to energy reserves in boreal Alberta is Highway 63,
where traffic levels range from 2,000 to 55,000 vehicles per day depending
on location along the route (Alberta Transportation 2008).

Proximity and magnitude of noise are the two best predictors of bird
response to this disturbance. An individual will return to an area, particu-
larly if it is territorial, when the disturbance stops and noise dissipates. Of
concern is when noise events coincide with breeding and a bird is forced to
leave the nest, or nestlings, alone for extended periods. A potentially greater
long-term risk is created by chronic noise disturbance. Sources of chronic
noise in energy development include pump jacks, booster stations, wind
turbines, and compressor stations that run continuously.

Birds may avoid otherwise suitable habitat if their communication is
continually interrupted. Bird density was 1.5 times higher in boreal aspen
forests with no anthropogenic noise than the same habitat beside a noise-
generating compressor station (Bayne et al. 2008). One-third of all bird
species detected in this study were less abundant within 300 meters of noisy
areas. On the same study sites, Habib et al. (2007) demonstrated that male
ovenbirds near noisy compressor stations were 15 percent less likely to at-
tract a mate than males in quiet areas. Compressor stations generally pro-
duce noise levels between 75 and 90 decibels at the source, which is similar
to a road with about 50,000 cars per day. More than 5,000 compressor
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stations exist in the province of Alberta alone and are only a small part of
the noise-generating facilities linked to energy sector infrastructure.

Effects of sound in open habitats have not been studied explicitly but
are potentially larger than those observed in forests. In Kansas, sound levels
from compressor stations were 80–100 decibels at 100 meters and were
clearly audible for 2 kilometers (Pitman et al. 2005). In Alberta, noise 50
meters from well sites generated by drilling (70 decibels) and maintenance
activities (72 decibels) took 500 meters (EnCana 2007) to fall at or below
the suggested maximum threshold of 49 decibels in the vicinity of breeding
songbirds and raptors (Wyoming Fish and Game Department 2009) and
was still greater than 25 decibels at the furthest distance measured (1.5
kilometers).

Just as they do with vegetation changes, generalist species may prosper
from noise at the expense of intolerant specialist species of management
concern. House finch (Carpodacus mexicanus) and juniper titmice (Baeolo-
phus ridgwayi) increased and spotted towhee (Pipilo maculatus) decreased
when noisy compressor stations were introduced into pinyon–juniper
woodlands (LaGory et al. 2001). Francis et al. (2009) expanded this study
and found the same species increasing, but added that mourning dove
(Zenaida macroura), gray flycatcher (Empidonax wrightii), gray vireo (Vireo
vicinior), black-throated gray warbler (Dendroica nigrescens), and spotted
towhee nested farther from compressor stations than noiseless well pads.
Surprisingly, nesting near a compressor station reduced predation risk,
which is generally the largest source of mortality for passerine nests. Nests
near compressor stations had higher survival (80.4 percent) than control
sites (61.2 percent), which they attributed to predators avoiding areas of
noise. Although it is a plausible explanation for this pattern, more of the
nests monitored near compressors were of species tolerant of noise (i.e.,
house finch), which may have biased results if these species have nesting
strategies that protect them from predation risk.

Conclusion

Energy extraction is a widespread and growing industry that broadly over-
laps the boreal forest, prairie grasslands, and increasingly northern tundra
of western North America. Yet we know little about its effects on song-
birds, particularly at the population level, and whether these impacts are ad-
ditive or synergistic relative to those caused by other human land uses. The
few studies to date show strong evidence of direct mortality and avoidance
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of energy infrastructure, but also point at ways the energy sector can reduce
impacts. However, best practices that focus on restoration or minimization
of the size and duration of energy footprint are either not tested or poorly
tested. For the energy sector to mitigate and reduce their impacts, ecolo-
gists need to continue to work to identify useful best practices. Wyoming
Fish and Game Department (2009) recommendations are an example of
best practices that will reduce impacts. Importantly, many of these recom-
mendations were developed by leading energy sector companies and have
been adopted by industry. However, whether best practices are enough to
conserve all birds of concern is debatable. Targeting areas where conserva-
tion protection is the paramount goal is becoming increasingly important
in many areas of North America where the energy sector is operating. In
many cases, excluding development may be the only way to ensure that en-
ergy sector activities do not affect sensitive bird populations.

The experiments that are being done must be monitored more effec-
tively. At a local scale, behavioral avoidance is often subtle. Therefore,
methods of avian sampling must be accurate and precise to fully elucidate
impacts. Traditional approaches of using imprecise point counts are insuffi-
cient to measure the magnitude of effects caused by energy development
(e.g., Bayne et al. 2005a). Far more work is needed to identify whether vital
rates of birds are affected by energy sector development and to test how
population dynamics will be influenced by continuing development. In
particular, the impacts caused by adult and juvenile mortality due to colli-
sions must be put in the context of population growth. Current research
has focused on examining one energy sector issue at a time. Although this
approach can be effective at elucidating mechanisms behind bird changes
in behavior, it will do little to answer the question of which species are at
the greatest risk. To do this we need to ensure that behavioral processes
are linked to population and community dynamics. We also need to com-
bine the results from different studies into a coherent whole to measure
the combined impact of all these different energy sector activities on
songbirds. Alternatively or perhaps in concert, more effort must go into
monitoring populations in a BACI framework at large spatial scales that
integrate all the changes in ecosystems brought about by energy sector
development.

We must establish priorities to facilitate effective research (e.g., chap.
3). Every management action will increase some species and decrease oth-
ers. It is important that the losers can afford to lose (i.e., are widespread,
abundant, and not declining due to other human activities). In grasslands
all the species with documented effects (prairie chickens, Sprague’s pipit,
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grasshopper and Baird’s sparrows, chestnut-collared longspur) are declin-
ing species, and most are ranked as being of above-average conservation
concern by Partners in Flight (table 6.2). From a conservation perspective,
they cannot afford to lose. Although conservation targets (Rich et al. 2005)
provide goals of what is desired for birds, the ability of ecologists to provide
concrete recommendations of how to achieve these desired states remains
inadequate. To achieve this goal, ecologists need to report their findings in
a manner that can be better quantified so that meta-analyses and synthesis
of larger datasets can be used with future simulation tools to make better
decisions about whether or where particular developments can occur while
maintaining bird populations.

While continuing to document and understand effects and mitigation
tools, we also need to determine how large an impact the energy sector is
going to have on bird populations over time. We need to move beyond
documenting effects to estimating population impacts. Cumulative impact
research is needed to yield landscape-level estimates for broad-scale conser-
vation planning. We need to recognize that energy extraction is not the only
land use. Stakeholders remain ill-equipped to maintain bird populations yet
still allow the use of resources needed by society until the cumulative im-
pacts of energy, forestry, agriculture, and other activities are quantified in a
coordinated manner.
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Chapter 7

Invasive Plants and Their Response
to Energy Development

Paul H. Evangelista, Alycia W. Crall,
and Erin Bergquist

Increases in human developments, travel, and trade greatly facilitate the
movement of organisms to locations where they do not naturally occur
(Mack and Lonsdale 2001). These organisms are called nonnative species,
and exotic, alien, introduced, and nonindigenous are common synonyms for
this term. Once a nonnative species is introduced to a new area, it may no
longer be susceptible to the population controls that coevolved with it in its
native habitat. In some cases, nonnative species may have a benign relation-
ship with native species, resulting in little effect on ecosystem processes. In
other cases, the nonnative species may have a competitive advantage over
native species and spread quickly, becoming invasive. Excluding cultivars,
10–20 percent of the estimated 50,000 nonnative species introduced to the
United States (Pimentel et al. 2005) will become invasive (Chornesky and
Randall 2003). Invasive species affect native species by direct competition
and by indirectly altering ecosystem processes such as food webs, hydrol-
ogy, nutrient and decomposition cycles, and natural disturbance regimes
(Vitousek et al. 1997a, 1997b; Mack et al. 2000; Mooney et al. 2005).
Most invasions detrimentally affect the environment, human health, or the
economy, and in some cases native species are extirpated or become extinct.

Management of invasive species has become a high priority for scien-
tists and resource specialists in western North America and worldwide.
Second to habitat loss, invasive species pose the greatest threat to global
biodiversity. Invasive species adversely affect more than 40 percent of
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species listed under the U.S. Endangered Species Act (Randall 1996;
Wilcove et al. 1998) and threaten up to 80 percent of imperiled species
worldwide (Armstrong 1995). By modifying ecosystem processes, invasive
species magnify their effect far beyond the level of individual species, result-
ing in global impacts. Collectively, impacts result in overwhelming losses to
national economies. Invasive species cost U.S. taxpayers $120 billion annu-
ally in lost revenues, maintenance, and control efforts (Pimentel et al.
2005); other reviews suggest that economic costs are much greater and too
difficult to quantify (Lodge et al. 2006). Most ecologists and resource man-
agers agree that long-term environmental effects and economic costs are yet
to be realized, and that some impacts are simply immeasurable.

This chapter cautions readers about the potential for energy develop-
ment to imperil native species and degrade ecosystems by facilitating the
proliferation of invasive species. Objectives of this chapter are to educate
readers on ways in which energy development acts as a conduit for invasive
species, inform decision makers about the threat invasive species pose to
native and intact western ecosystems, direct policymakers to forgo develop-
ment in landscapes where other natural resource values outweigh those of
extraction, and encourage resource managers to limit impacts within devel-
opments by requiring interim reclamation and restorative activities. We
provide an overview of patterns in plant invasions, synthesize resulting
impacts on ecosystem processes, present findings from a case study in
Wyoming, and discuss what can be done to reduce future impacts on spe-
cies and ecosystems. We present a case study rather than a synthesis of the
literature because surprisingly little research has been published on the ef-
fects of energy development on the distribution and spread of invasive spe-
cies. The critical experiments necessary to quantify the scales at which en-
ergy developments facilitate invasions simply have not been done (chap. 3).

Patterns of Plant Invasions

Most nonnative plant introductions are intentional and include species
brought to the United States for agriculture, horticulture, and environmen-
tal reclamation. In the United States, an estimated 5,000 nonnative plant
species have escaped and persist in natural landscapes (Morse et al. 1995),
a large number considering that only 17,000 species are native (Morin
1995). Once introduced, most nonnative species exhibit lag times charac-
terized as initial periods of inactivity followed by a sudden expansion in its
population or range (Crooks 2005). Lag times vary by species, with some

116 biological response to energy development



lasting only a few years and others for decades. Melaleuca (Melaleuca quin-
quenervia) was introduced to Florida in late 1800s, but its population was
not considered invasive until the 1950s (Ewel 1986). Lag times provide
nonnative species with the opportunity to establish adequate reproducing
populations (D’Antonio et al. 2001), improve genetic composition (Lee
2002), or allow environmental conditions to become favorable (Rejmanek
et al. 2005). Once an invasion begins, a species can advance at alarming
rates. Patterns of plant invasions are difficult to generalize across taxa, but
an invasion is typically facilitated by species traits, ecosystem vulnerability,
and anthropogenic influence (Thuiller et al. 2006). Here we review the bi-
ology of these three attributes that drive new invasions.

Species Traits

Most invasive species exhibit unique physiological traits that provide them
with a competitive advantage over their native counterparts. These traits
may enhance an invader’s ability to exploit resources (Stohlgren et al.
2003), survive under adverse conditions (Blackburn et al. 1982), success-
fully reproduce (Horton 1977), or modify ecological conditions to their
advantage (D’Antonio and Hobbie 2005). Successful invaders usually ex-
hibit multiple traits that collectively enable them to disperse across a wide
range of ecological conditions and environmental gradients (Lodge 1993;
Pysek and Richardson 2007). Tamarisk (Tamarix spp.), a native of Eurasia,
the Mediterranean, and northern Africa, provides a telling example of how
a species’ traits can contribute to its success as an invader. First introduced
in the early 1800s, tamarisk is known for its remarkable ability to spread,
adversely affecting native flora, wildlife habitat, and hydrologic processes
throughout the southwestern United States (Christensen 1962; Harris
1966). A prolific seed producer, tamarisk generates up to 600,000 seeds an-
nually that are dispersed over long distances by wind or water (Robinson
1965). Reproductive opportunities are further enhanced by its ability to de-
velop adventitious roots from branches and clippings (Horton 1977).
Members of the genus are facultative phreatophytes able to extend their
root systems as deep as 50 meters, desiccating floodplains and water tables
(Blackburn et al. 1982; Pinay et al. 1992). Tamarisk uses water more effi-
ciently than native cottonwoods (Populus spp.) and willows (Salix spp.)
(Busch and Smith 1995; Cleverly et al. 1997) and, in some cases, can lower
water tables to depths that are out of reach to native plants. Tamarisk toler-
ates a wide range of conditions, including drought (Blackburn et al. 1982),
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flooding (Irvine and West 1979), and stem removal (Horton 1977). Infes-
tations can alter ecosystem processes and modify habitat conditions to
tamarisk’s advantage. Dense canopies can shade sunlight, and its leaf litter
accumulates in thick mats in the understory, inhibiting the germination and
growth of native plants. Tamarisk has a high tolerance to saline soil. Salts
are assimilated by its roots and deposited in the leaf litter, where they accu-
mulate in concentrations too high for many native species (Carman and
Brotherson 1982; DiTomaso 1998).

Ecosystem Vulnerability

Vulnerability of an ecosystem to potential invasion is often correlated with
biotic and abiotic conditions. Conditions include the diversity of the in-
vaded ecosystem, its resource availability, and the occurrence of natural and
human disturbances. Ecosystems with high native plant diversity are typi-
cally less vulnerable to invasion, implying that intact native plant commu-
nities occupy a greater proportion of ecological niches while securing
available resources (Elton 1958; Tilman 1999). Studies have repeatedly
demonstrated that natural and human-caused disruptions of native flora re-
sult in a higher incidence of invasion (Evangelista et al. 2004). New re-
search also suggests that intact and stable ecosystems are not as impervious
to invasion as once thought. In some cases, ecosystems with high native
plant diversity and abundant resources are being invaded at rates com-
parable to those that have been disturbed (Levine and D’Antonio 1999;
McKinney 2002; Stohlgren et al. 2003). Findings highlight the ability of
some invasive species to outcompete native species.

Resource availability is a primary determinant of the establishment and
persistence of native and nonnative plants. Some species need precise envi-
ronmental conditions to survive, whereas others can endure greater envi-
ronmental variability. Interactions between a potential invader and resource
availability in different habitats provide clues as to how a species will re-
spond. Generalist species, capable of exploiting resources under a variety of
conditions, may invade multiple habitats, resulting in a wide range of dis-
persion (Evangelista et al. 2008). Japanese honeysuckle (Lonicera japonica)
can readily establish itself in open areas with high sunlight or in the shaded
understory of mature forest (Sather 1992). Other invaders are specialist
species, limited to specific habitats and conditions. Closed canopies limit
some specialists to habitat edges with high light intensity (Brothers and
Spingarn 1992).
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Water availability in the West is a limiting resource that provides an op-
portunity for the establishment of invasive species that use water resources
more efficiently than native species (Blackburn et al. 1982; Levine et al.
2003). A native to Eurasia, yellow starthistle (Centarurea solstitialis), was in-
troduced from Chile in the mid-1800s as a contaminant of alfalfa. Found in
at least twenty-three U.S. states (Maddox et al. 1985), yellow starthistle
grows as a long-lived winter annual that germinates during fall in dry up-
lands, pastures, and rangelands. Throughout winter and early spring, it de-
velops a deep root system that provides a competitive advantage over native
annuals that germinate in spring. Once established, starthistle can rapidly
deplete soil moisture from the ground surface, to the detriment of native
seedlings. Its root system allows the plant to continually exploit water re-
sources throughout the year, using up to half of the annually stored soil
moisture (DiTomaso et al. 2003).

Anthropogenic Influence

Human disturbance is the most influential mechanism of plant invasion,
providing numerous opportunities for invasion each day in the United
States (Lodge et al. 2006). Pathways for new invasions include activities re-
lated to commerce (Kiritani and Yamamura 2003), transportation (Gelbard
and Belnap 2003), and recreation (Rahel 2002). Road construction for en-
ergy development and other operations is a dominant feature of human-
altered landscapes that facilitates invasions through multiple mechanisms.
Clearing of vegetation and topsoil during road construction and mainte-
nance opens ecological niches and improves accessibility to water, sunlight,
and soil nutrients (Trombulak and Frissell 2000). Vehicles transport seeds
and disperse them along roadsides, where they can germinate and establish
new populations with ease (Schmidt 1989; Lonsdale and Lane 1994).
Once established, invasive species typically are more resistant to roadside
conditions than native species. Mowing, herbicide treatments, and soil
compaction often prevent the reestablishment of natives while having only
minimal effects on invaders (Forman and Alexander 1998; Gelbard and
Belnap 2003). Once a seed source is established, an invasive species can in-
fest almost any disturbed site.

Availability of soil nutrients, particularly nitrogen and phosphorus, is a
primary determinant for many plant invasions (Bashkin et al. 2003; Ehren-
feld 2003). Disturbance to the soil surface can disrupt nutrient cycling
and availability, and potential invaders may be quick to respond to the

Invasive Plants and Their Response to Energy Development 119



disruption and to capitalize on nutrient surpluses. Such events are impli-
cated as one of the primary causes of successful invasions (Lozon and
MacIsaac 1997; D’Antonio et al. 1999). Increases in nutrient resources typ-
ically favor fast-growing annual species with a persistent source of seeds
that allows them to rapidly dominate disturbed sites (Huenneke et al.
1990; Baskin and Baskin 1998).

Impacts on Ecosystem Processes

Direct and indirect effects of invasive species on native species and ecosys-
tem processes are wide ranging and often amplified over space and time
(chap. 3). Invasive species can cause native species to go extinct, which in
turn has direct consequences for other species that depend on them. Chest-
nut blight (Cryphonectria parasitica, an Asian fungus) was brought to the
United States on trees imported from Japan in the early 1900s. By 1950,
the American chestnut tree (Castanea dentata), along with seven moth spe-
cies dependent on chestnut for their survival (Opler 1978), had disap-
peared from 3.5 million hectares of forested land (Roane et al. 1986). Inva-
sive species also can reduce native biodiversity indirectly through changes
in ecosystem processes. The extent to which an invasive species alters eco-
system function depends on similarities in traits between the invader and
resident native species (D’Antonio and Hobbie 2005). Such was the case
with fayatree (Myrica faya), an invasive species brought to Hawaii by Por-
tuguese immigrants that has since invaded volcanic sites with limited nitro-
gen availability. As a nitrogen fixer, fayatree increased available nitrogen
fourfold, drastically altering ecosystem processes and allowing other native
and nonnative plants to establish (Vitousek et al. 1987; Vitousek 1990).

Relationships between native species and their habitats can be perma-
nently disrupted if an invasive species alters natural disturbance regimes.
Disturbances affect primarily resource availability, particularly light and soil
nutrients, and often provide ideal conditions for invasive species (Evange-
lista et al. 2004). Once established, some invaders can facilitate disturbances
to their benefit, as invasive grasses have altered fire regimes in the West and
throughout the world (D’Antonio and Vitousek 1992; D’Antonio 2000).
Invasive grasses produce more aboveground litter than native species, in-
creasing the probability, extent, and severity of fires (Parsons 1972; Mack
1986). Unlike native grasses, many of these invaders are adapted to fire and
rapidly seed or sprout after the disturbance. Fires become even more fre-
quent as invading annuals increase in dominance. This positive feedback
loop results in a monoculture of few species, instead of the heterogeneous
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landscape representative of the natural system (Rosentreter 1994). One such
invasive, cheatgrass (Bromus tectorum), becomes dry and highly flammable at
senescence, resulting in increased fuel loads (West 1983). Sagebrush grass-
lands invaded by cheatgrass burn every 3–5 years (Whisenant 1990), com-
pared with a historic fire return interval of 40–350 years (Baker 2011). An
artificially high fire frequency inhibits the ability of native shrubs and peren-
nial grasses to recover from disturbance (Belnap et al. 2000).

Case Study: Energy Development in Sagebrush Grasslands

Land use in the Powder River Basin (PRB) in eastern Wyoming and Mon-
tana is primarily cattle ranching with limited dryland and irrigated tillage
agriculture. Native vegetation is sagebrush steppe and mixed-grass prairie
interspersed with occasional stands of conifers. Sagebrush steppe is domi-
nated by Wyoming big sagebrush (Artemisia tridentata wyomingensis) with
an understory of grasses and forbs. Plains silver sagebrush (A. cana cana)
and black greasewood (Sarcobatus vermiculatus) co-occur with Wyoming
big sagebrush in drainage bottoms. Shallow coal seams that underlie the
PRB provide an abundant source of coal bed natural gas (CBNG). An esti-
mated 1.1 trillion cubic meters of natural gas is recoverable in the PRB, and
drilling has increased exponentially since the late 1990s, exceeding 35,000
wells. The CBNG is extracted by drilling wells, removing groundwater, and
transporting gas through a network of buried pipelines. Well pads contain-
ing two to five well heads are situated on 1.6-hectare clearings that are typ-
ically connected by access roads, gas pipelines, power lines, generators, and
a mechanism for water disposal. The groundwater that is pumped out is
called coproduced water and varies widely in quantity and quality (Rice et
al. 2000). One well may discharge 4,000–76,000 liters per day, which is
commonly stored in containment ponds and surface reservoirs. The case
study presented here focuses on invasive plants, but the coproduced water
(Zou et al. 2006), which provides larval habitat for mosquitoes that vector
disease, has been linked to the spread of West Nile virus (Flaviviridae), an
invasive species that affects the growth of native sage-grouse (Centrocercus
urophasianus) populations (Walker and Naugle 2011).

Methods

The only comprehensive study of invasive plants and energy development
published to date used a control–impact design (Bergquist et al. 2007). This
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study compared four types of disturbance associated with CBNG to control
sites without development to evaluate patterns in the distribution and rich-
ness (i.e., number of species) of nonnative plants. Four types of disturbances
evaluated were surface disturbances including roads, pipelines, and dams;
well pads within cleared areas containing individual well heads and associ-
ated infrastructure; discharge sites that were primary streams where copro-
duced water is released; and areas of secondary disturbance that were less
than 50 meters from development activities. Non-CBNG control sites were
located more than 50 meters from development activities.

Sampling was conducted within thirty-six modified Forest Inventory
and Analysis plots, a multiscale circular sampling method commonly em-
ployed by the U.S. Forest Service for annual evaluations of the condition,
change, and trends in ecosystem dynamics (Frayer and Furnival 1999).
Modified Forest Inventory and Analysis plots were set up according to
Bull et al. (1998), with each plot including four circular subplots. Each sub-
plot had three 1-square-meter quadrats located along designated transect
lines. Subplots were further stratified between those that had (N= 64) and
had not (N = 80) been sprayed with herbicide in the previous year to con-
trol for invasive species. Using a 2.5-centimeter-diameter corer, soils were
sampled to a depth of 15 centimeters at the center of each subplot. Soils
were analyzed for nutrient and chemical composition. Complete descrip-
tions of methods and statistical analyses are available in Bergquist et al.
(2007).

Findings

Development of CBNG in the PRB is facilitating the introduction of sev-
eral new invasive plants and enhancing the establishment of a few others.
Richness and overall coverage of invasive species generally increased and
native species decreased with disturbance (table 7.1).

Patterns were accentuated when control sites and secondary distur-
bance sites were grouped and compared with other disturbance types. Dis-
charge sites, which were affected primarily by changes in water availability
and soil chemistry, showed only a minimal decrease in overall species rich-
ness but a significant increase in the proportion of invasive species.

Soil chemistry and nutrient content varied between disturbance types.
Some averages changed very little, whereas others showed dramatic in-
creases. As expected, trends with some measures follow the intensity of dis-
turbance (table 7.2).
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Soil salinity, in particular, increased with disturbance. Well pads and
discharge sites, two distinctly different types of disturbance, had the highest
levels of soil salinity. Soil salinity at well pads was approximately five times
greater than at the control sites and nearly three times higher at discharge
than control sites. Discharge sites also had higher levels of soil nitrogen,
carbon, phosphorus, and sodium, and well pads had lower levels of soil ni-
trogen and potassium than control sites and other disturbance types.

Contrary to expectations, subplots treated with herbicides had less
overall coverage of native species and a greater proportion of invasive spe-
cies than untreated sites (table 7.3).

Within control subplots, those treated with herbicides had less native
species cover than the untreated subplots. Within disturbance subplots,
those treated with herbicides had less native species cover and a greater pro-
portion of invasive species than untreated subplots.

Species accumulation curves suggest that trends at the subplot level
may also be occurring at a broader scale (fig. 7.1).
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Table 7.3. Percentage cover (±SE) and richness (±SE) of native and
invasive species in 144 subplots in sprayed and unsprayed areas for
each disturbance type (as modified from Bergquist et al. 2007).

Control Disturbance

Sprayed Unsprayed Sprayed Unsprayed

Number of subplots 35 38 29 42
Total species richness 22.1 (1.3) 22.9 (1.5) 23.1 (1.5) 20.6 (1.4)
Native species richness 16.3 (1.1) 16.9 (1.3) 16.5 (1.2) 14.2 (1.1)
Invasive species richness 4.2 (0.2) 4.5 (0.3) 5.4 (0.5) 5.1 (0.4)
Proportion of invasive

species richness 4.2 (0.3) 4.5 (0.4) 5.4 (0.5) 5.1 (0.4)
Total percentage cover 49.8 (3.3)* 62.0 (3.3) 54.2 (5.8) 55.2 (3.4)
Native species percent-

age cover 31.3 (2.7)* 45.6 (3.0) 26.5 (3.5)* 37.8 (2.9)
Invasive species percent-

age cover 16.7 (2.8) 15.5 (3.0) 27.2 (4.4)* 16.5 (3.0)
Proportion of invasive

percentage cover 31.1 (3.9) 23.1 (3.5) 43.2 (5.4)* 26.1 (4.1)

*Denotes significant difference from results of t tests comparing sprayed and unsprayed areas
in each disturbance type.



Curves show greater native diversity in control and secondary distur-
bances compared with the other three disturbance types. Shapes of curves
also indicate the level of diversity and distribution across the landscape,
with flattening curves indicating low diversity and commonness of non-
native species. Rising curves show high diversity of native species and their
rarity across the landscape. Sampling identified 24 invasive and 147 native
species. The three most common invasive species were cheatgrass, Japanese
brome (Bromus japonicas), and desert madwort (Alyssum desertorum). Find-
ings show that energy development is facilitating invasions, but distur-
bances associated with CBNG and their effects on ecosystem processes
must be considered cumulatively. The mere presence of the three most
common invasive species in 45–60 percent regardless of sampling location
suggests that activities other than CBNG are also enabling new species to
invade the PRB.

Implications for Managing Energy Development

Findings suggest that CBNG development facilitates the establishment and
subsequent invasion of nonnative plants into sagebrush grasslands (Berg-
quist et al. 2007). Invasions resulting from this type of energy development
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Figure 7.1. Species accumulation curves comparing richness of native (black lines)
and invasive (gray lines) plants in four types of disturbance associated with energy
development and in control sites without development (modified from Bergquist et
al. 2007).



Photo 1.1. Photo credit: Mark Hebblewhite

The mere thought of theWest conjures up mental images of wide-open spaces that
support world-class wildlife populations.



Photo 2.1. © John Carlson

In this decade, myriad studies have documented the cumulative impacts from en-
ergy development to sage-grouse, mule deer, caribou, and other western icons.



Photo 3.1

Photo 3.2. Photo credit: Lalenia Neufeld/Parks Canada



Photo 4.1

The scale of conservation must be analogous to that of development to maintain the
large and intact sagebrush, forest, and grassland landscapes on which wildlife popu-
lations depend.



Photo 5.1. Photo credit: Brett L. Walker

Photo 5.2. Photo credit: Kurt Forman



Photo 6.1. Mark Hebblewhite

But in the midst of increasing energy demand, open space is at a premium, and
poorly placed energy developments threaten our wildlife heritage.



Photo 7.1. Photo credit: Mark Gocke, WGFD



Photo 8.1. Photo credit: Hall Sawyer

Direct impacts of habitat loss from an individual well pad are small compared with
indirect impacts that accumulate across the landscape. The human footprint of en-
ergy development in sagebrush habitats has resulted in the loss of critical mule deer
winter range.



Photo 9.1. Photo credit: markgocke.com



Photo 10.1. Photo credit: Mark Hebblewhite

Energy development in the boreal forest has had similar and devastating effects on
wildlife. Forest clearing, seismic lines, and energy roads fragment forests and pro-
vide conduits that facilitate increased predation by wolves on imperiled caribou
populations.



Photo 11.1. Photo credit: John E. Marriott

Photo 11.2. Photo credit: Mark Bradley



Photo 12.1. Photo credit: Fred Greenslade

Tillage agriculture for biofuel production affects grassland-nesting birds that de-
pend on these habitats for food and cover. Negative effects also include increased
risk of wetland drainage after tillage. Grassland loss reduces waterfowl populations
because the abundance of grass cover is directly related to duck nest success.



Photo 13.1. Photo credit: Fred Greenslade

Photo 13.2. Photo credit: Fred Greenslade



Photo 14.1. Photo credit: Barbara Cozzens

Renewable energy reduces our carbon footprint, but human disturbance from
poorly placed wind and solar developments has unintended consequences for birds,
bats, and other wildlife. The key to facilitating responsible development is in land-
scape planning and proper siting of all forms of infrastructure.



Photo 15.1. Photo credit: David Dodge, The Pembina Institute
(www.pembina.org)

Additional up-and-coming stressors include increases in uranium and coal mining
and steam-assisted gravity drainage exploration.



Photo 16.1. Photo credit: www.annesherwood.com

As tradeoffs between energy development and conservation unfold, one thing is
clear: Additional impacts are inevitable. The solution for reducing impacts is in
planning and implementing conservation in large and intact landscapes. At the heart
of this solution are our rural ways of life. It’s the people of the West—not govern-
ments—that will ultimately champion conservation.

Photo 16.2. Photo credit: Jeff Van Tine



are not surprising because findings are consistent with impacts resulting
from other forms of human disturbance. Increasing demand for domestic
energy dictates that extractive operations will continue to expand on public
lands in the western United States and Canada. If the trends reported in
Bergquist et al. (2007) are reoccurring, then managers should expect accel-
erated rates of invasions that result in severe impacts on ecosystems.

For resource managers, invasions pose a major challenge to conserva-
tion, with long-term consequences for many critical ecosystem processes.
Resource managers need to consider the risks associated with invasive spe-
cies when deciding where to permit developments on public lands. Our
general scientific understanding of invasive species, when coupled with
findings by Bergquist et al. (2007), presents a compelling and cautionary
case for policymakers to forgo energy development in landscapes where
other natural resource values outweigh those of extraction. Invasions at
thousands of well pads and water discharge sites and along vast networks of
roads and pipelines result in cumulative effects that degrade whole land-
scapes, especially when efforts to control invasive species appear ineffective
(e.g., herbicides; Bergquist et al. 2007). Forgoing development in land-
scapes prioritized for conservation (chap. 12) is the only known way to alle-
viate the potential for new invasions (Mack et al. 2000).

The increasing extent of energy development (chap. 2) and cumulative
footprint that accompanies it foreshadow the escalating ecological and eco-
nomic costs of invasions. Cumulative effects severely limit the potential for
future conservation because once an invasion begins, the resulting impacts
are almost impossible to contain (Westbrooks 2004). The monetary costs
of restoring public lands will fall on taxpayers because bonding require-
ments of industry are woefully inadequate. Alternatively, we may just have
to live with the consequences of invasions, because examples of successful
restoration on the scale of whole landscapes are limited for most ecotypes in
the West, including sagebrush grasslands (Pyke 2011).

New introductions of nonnative species and subsequent invasions are
expected in areas of energy development. Still, we encourage resource man-
agers to require interim reclamation in landscapes where energy resources
are developed, in hopes that appropriate steps will increase the success of
future restoration. Reducing road densities and vehicle traffic on existing
roads would greatly reduce major conduits of invasion. Washing vehicles to
reduce the spread of nonnative seeds along roads, and using native seed
mixes for reclamation, also may facilitate future restoration. Resource man-
agers should be vigilant in identifying new introductions and reducing im-
pacts while populations are small. Steps to achieve early detection and a
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plan for rapidly responding to new invasions should be included in man-
agement plans (Westbrooks 2004).

Once an invasive species is detected, its population should be quickly
controlled to reduce impacts. Resource managers have chemical, mechani-
cal, and biological options for containment (Westbrooks 2004). Each op-
tion has its own advantages and limitations, and careful consideration must
be given to achieve the best management results (D’Antonio and Meyerson
2002). Chemical controls are commonly used but can be problematic be-
cause of their impacts on nontarget organisms, including humans (Mack et
al. 2000). Herbicides can alter soil chemistry and have large-scale detrimen-
tal impacts if used in close proximity to water and may be toxic to animals.
For new invasions, spot application using handheld sprayers can reduce
harmful effects. Larger infestations are treated by vehicles or helicopters
equipped with precision sprayers.

Mechanical control, including physical removal or a change in habitat
conditions, is often used for extensive invasions but can be expensive and
labor-intensive. Mechanical control may include hand removal, cutting, ex-
cavation, or burning. Large-scale operations usually disrupt the entire treat-
ment area, and additional interim reclamation (e.g., seeding for erosion
control) is almost always needed. Biological control methods rely on pred-
ators or parasites to reduce populations of invasive species. Control agents
are typically a natural enemy from the native range of the invader. Such
measures are usually a last resort and should be considered on a case-by-case
basis, because some control agents do not survive the introduction and oth-
ers attack nontarget organisms, creating additional problems (Simberloff
and Stiling 1996).

Conclusion

The answer to additional development in the West is not “no” but rather
“where” to extract resources as we strive to meet increasing domestic de-
mand for energy. The sobering truth is that additional impacts on species
and ecosystems are unavoidable. The future and primary role of science is
to develop decision support tools with managers to identify where to site
developments to protect other resource values that outweigh those of ex-
traction, how to reduce impacts in landscapes where extraction takes place,
and what investments in restoration yield the greatest biological benefits.
Evidence to date suggests that development facilitates the spread of inva-
sive species; however, the findings have limited utility to managers because
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the extent to which invasions reduce ecosystem function and imperil spe-
cies remains unknown. Although theoretically justified, relying on the pre-
cautionary principle to restrict development everywhere is a futile exercise
in energy policy.

The science of invasive species and energy development is in its infancy
and parallels wildlife studies from just a few years ago (chap. 3). Studies of
large ungulates have matured from documenting the avoidance of an in-
dividual well pad by elk (Cervus elaphus; van Dyke and Kleine 1996) to
a mechanistic understanding of population-level declines in woodland
caribou (Rangifer tarandus tarandus) as a result of increased predation by
wolves (Canis lupus) along seismic lines cut through the forest (Sorensen et
al. 2008; chap. 5). The challenge for plant ecologists will be to scale up
from small-scale and short-term observational studies to long-term, before–
after control–impact designs that help managers decide where to develop
and still maintain functioning ecosystems and the species that depend on
them. Scaling up is a difficult but necessary step if science is to provide
managers with the ability to predict reliably the outcomes of alternative
management scenarios. Large-scale spatial modeling will play an increasing
role in the development of science support tools for management (Evange-
lista et al. 2004). Modeling is useful in assessing risk and potential distribu-
tion of invasive plants. By determining which ecosystems are most suscepti-
ble to plant invasions, land managers can prioritize areas for conservation,
limit impacts in developed areas, and identify landscapes for restoration.
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Chapter 8

Wind Power and Biofuels: A Green
Dilemma for Wildlife Conservation

Gregory D. Johnson and Scott E. Stephens

Renewable or green energy is defined as energy generated from natural
processes that are replenished over time; it includes electricity and heat gen-
erated from solar, wind, hydropower, biomass, geothermal resources, and
biofuels derived from renewable resources. In 2006, around 18 percent of
global energy use was derived from renewable sources (REN21 2008). The
Obama Administration has made the development of renewable energy a
top priority for economic expansion, to reduce U.S. dependence on fos-
sil fuels and to lower greenhouse gas emissions contributing to climate
change. More than twenty states have enacted laws requiring that a portion
of the electricity supply come from renewable energy (American Wind En-
ergy Association 2006). The U.S. Department of Energy (2008a) reports
that it is technically feasible to generate 20 percent of the nation’s electricity
by 2030 from wind energy, and there is a goal of replacing 30 percent of
transportation fuel consumption with renewable fuels by the year 2030. Al-
though developing renewable energy sources is generally considered envi-
ronmentally friendly, impacts on wildlife and their habitats can be associ-
ated with many forms of renewable energy (McDonald et al. 2009). With
the expected increase in renewable energy, careful planning is needed to
avoid conflicts between the development of green energy and concerns
with wildlife impacts.

With the exception of hydropower, the two primary sources of com-
mercial renewable energy in North America are electricity produced from

DOI 10.5822/978-1-61091-022-4_8, © Island Press 2011
131,D.E. Naugle (ed.), Energy Development and Wildlife Conservation in Western North America



wind (7 percent of U.S. renewable energy consumption in 2008) and bio-
fuels (19 percent of U.S. renewable energy consumption in 2008) from
food and forage crops. For comparison, U.S. solar (including photovoltaic)
energy made up only 1 percent of renewable energy consumption in 2008.
Technological advances are under way in the solar sector that may soon im-
prove efficiencies and reduce costs, but for the foreseeable future, wind and
biofuels will probably remain the dominant sources of renewable energy
(other than hydropower) in North America.

Existing native grasslands, restored grasslands, and shrublands of the
western United States support a great diversity of wildlife and provide crit-
ical ecological goods and services, such as maintenance of water quality and
sequestration of atmospheric carbon. Bird diversity is especially high in
unique regions such as the glaciated Prairie Pothole Region (PPR) in the
midcontinent of North America, and expanses of sagebrush shrublands in
the Rocky Mountains provide critical habitat for migrating ungulates and
upland bird species. The way in which new demand for biofuels and wind
plays out across the West will largely determine whether grassland- and
shrubland-dependent populations of wildlife benefit or suffer.

In this chapter, we summarize what is known about how wind and bio-
fuel energy production affect wildlife and their habitats across western
North America, and discuss the extent of land potentially affected by these
two sources of energy development if the United States and Canada are to
meet their stated renewable energy goals. We close with recommendations
to reduce wildlife impacts through proper siting, preassessment impact
studies, and mitigation.

Wind Energy and Wildlife Conservation

Commercial wind energy facilities have been constructed in thirty-five
U.S. states (American Wind Energy Association [AWEA] 2009), and total
wind power capacity in the United States increased from 10 megawatts
of nameplate capacity in 1981 to 29,440 megawatts as of June 2009
(AWEA 2009), enough to provide electricity to 8 million average house-
holds. Despite rapid growth, wind energy amounted to less than 1 percent
of U.S. electricity generation in 2006. The wind industry is planning to
generate 6 percent of the country’s electricity supply by 2020 (AWEA
2006). Canada has 2,854 megawatts of installed wind capacity, meeting
about 1 percent of Canada’s demand (Canadian Wind Energy Association
2009).
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Wind energy has the potential to reduce environmental impacts caused
by fossil fuels because wind power does not generate atmospheric contami-
nants or thermal pollution (National Academy of Sciences [NAS] 2008).
Therefore, wind-generated electricity does not have many of the negative
environmental impacts associated with other energy sources, such as air
and water pollution, or greenhouse gas emissions associated with climate
change (Arnett et al. 2007). Wind power is a domestic source of energy that
can be produced without water consumption, mining, drilling, refining,
waste storage, or many of the other problems that accompany traditional
forms of energy generation (Federal Advisory Committee 2009).

Although wind energy has many environmental benefits, wind energy
development has caused the deaths of birds and bats that collide with tur-
bines and has resulted in indirect impacts to wildlife through behavioral
displacement and habitat loss (Arnett et al. 2007; NAS 2008). We define
western North America as the Canadian provinces of Manitoba, Sas-
katchewan, Alberta, and British Columbia and the states of North and
South Dakota, Nebraska, Kansas, Oklahoma, Texas, Montana, Wyoming,
Colorado, New Mexico, Idaho, Utah, Arizona, Nevada, Washington, Ore-
gon, and California. Although we limit our review to these states and
provinces, some relevant data collected in other states (e.g., Minnesota)
were included. Of the seventeen western U.S. states, only Nevada and Ari-
zona did not have any installed wind energy as of June 27, 2009 (AWEA
2009). The remaining fifteen states had 19,951 megawatts of installed ca-
pacity, which represents 68 percent of all installed wind energy in the
United States. Texas, with 8,361 megawatts, is by far the largest, followed
by California, with 2,787 megawatts. The amount of installed capacity in
the other western states ranges from 20 megawatts in Utah to 1,575 mega-
watts in Washington (AWEA 2009). Of the western Canadian provinces,
Alberta has the largest installed capacity (524 megawatts), followed by
Saskatchewan (171 megawatts) and Manitoba (104 megawatts) (Canadian
Wind Energy Association 2009). Unlike several wind energy facilities in
the eastern United States, all wind energy facilities in western North Amer-
ica are located in nonforested habitats, including agricultural fields, grass-
lands, and shrub-steppe.

Collision Mortality

Concerns about avian collision mortality at wind energy facilities origi-
nated when high raptor fatality rates were first reported at the Altamont
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Pass Wind Resource Area (APWRA) in California (Orloff and Flannery
1992). An estimated 881–1,300 raptors are killed annually in the APWRA,
which equates to 1.5–2.2 raptor fatalities per megawatt per year, the most
common being golden eagles (Aquila chrysaetos), red-tailed hawks (Buteo ja-
maicensis), American kestrels (Falco sparverius), and burrowing owls (Athene
cunicularia) (Smallwood and Thelander 2004). The APWRA consists pri-
marily of small, older-generation turbines, many of which have lattice sup-
port towers, and many of the electrical lines are above ground, providing
opportunities for raptors to perch throughout the facility. There are cur-
rently more than 5,000 turbines of various types and sizes with an installed
capacity of 550 megawatts. Most of the turbines range in size from 40 to
300 kilowatts, the most common size being 100 kilowatts (Arnett et al.
2007). The two other large, older-generation wind energy facilities in Cali-
fornia (San Gorgonio and Tehachapi) have not experienced the level of rap-
tor fatalities observed at the APWRA (Anderson et al. 2004, 2005). Differ-
ences in raptor fatality rates between these three sites appear to be related to
raptor densities.

More recent wind energy developments consist of much larger tur-
bines, ranging in size from 0.66 to 2.5 megawatts, with tubular steel towers
and three-blade rotors; most electrical lines are buried. Raptor fatality rates
at facilities with modern turbines in western North America have generally
been much lower than at the APWRA. At eighteen modern facilities in
western North America where raptor fatality estimates are available, raptor
fatality rates have ranged from 0 to 1.79 per megawatt per year and aver-
aged 0.19 per megawatt per year (table 8.1).

The two facilities with the highest raptor fatality rates (1.79 and 0.53
per megawatt per year) are in California. Of the sixteen facilities located
outside California where raptor fatality rates were reported, raptor fatality
rates have ranged from 0 to 0.15 and averaged 0.07 per megawatt per year,
or approximately seven raptors for each 100 megawatts of development.
These facilities include nine located in Washington and Oregon, three in
Alberta, and one each in Montana, Wyoming, Nebraska, and Texas. Al-
though raptor fatality rates are generally low at most modern wind energy
facilities, the number of raptor fatalities is still much higher than that of
passerines (i.e., songbirds) relative to the number of individuals exposed to
collisions (NAS 2008).

Mortality estimates for all bird species combined are publicly available
for twenty-one wind energy facilities in western North America, including
those mentioned earlier plus two facilities in Oklahoma and one additional
California facility. Bird fatality rates have ranged from 0.08 to 5.67 per
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megawatt per year and averaged 1.78 per megawatt per year (table 8.1).
Avian mortality in western North America is lower than the U.S. national
average. Using mortality data from a 10-year period from wind energy fa-
cilities throughout the entire United States, the average number of bird col-
lision fatalities is 3.1 per megawatt per year (National Wind Coordinating
Committee 2004).

Based on data from twenty-one fatality monitoring studies conducted
in western North America at modern wind energy facilities (table 8.1),
where 1,247 avian fatalities representing 128 species were reported, raptor
fatalities made up 19.4 percent of the identified wind energy facility–related
fatalities. The most common raptor fatalities were American kestrel (eighty-
two fatalities), red-tailed hawk (forty-six), turkey vulture (Cathartes aura;
forty-two), and burrowing owl (thirteen). Passerines were the most com-
mon collision victims, making up 59.3 percent of the fatalities, with horned
lark (Eremophila alpestris; 272 fatalities), golden-crowned kinglet (Regulus
satrapa; forty-seven), and western meadowlark (Sturnella neglecta; forty-
five) experiencing the highest numbers of fatalities. Upland gamebirds
were the third most common group found, making up 9.6 percent of the
fatalities. Ring-necked pheasant (Phasianus colchicus; forty-five fatalities),
gray partridge (Perdix perdix; thirty-eight), and chukar (Alectoris chukar;
eighteen) were the most common fatalities found. Mourning doves (Zen-
aida macroura; twenty-nine fatalities) and rock pigeons (Columba livia; sev-
enteen) made up 3.8 percent. Waterbirds such as American coot (Fulica
americana; ten fatalities) and western grebe (Aechmophorus occidentalis;
seven) were uncommon, representing 4.0 percent of all fatalities. Water-
fowl, primarily mallard (Anas platyrhynchos; nine fatalities), were also infre-
quently found (1.9 percent of all fatalities). Only three shorebirds (0.2 per-
cent of all fatalities) were found. Other groups, such as nighthawks,
woodpeckers, and swifts, combined accounted for 1.9 percent of all fatali-
ties. Birds that could not be identified to any avian group also made up 1.9
percent of reported fatalities.

Bat collision mortality at wind energy facilities appears to occur world-
wide, as it has been documented in Australia, Germany, Sweden, Spain,
and Canada (Johnson 2005). The highest bat fatality rates have occurred at
facilities located on forested ridges in the eastern United States (14.9–53.3
per megawatt per year), although high bat fatality rates have also occurred
in the Northeast and Upper Midwest and in southern Alberta, suggesting
that wind energy facilities located in nonforested areas may also have high
bat fatality rates (Arnett et al. 2007). Bat fatality estimates are available
for twenty-one wind energy facilities located throughout western North
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America, where bat fatalities have ranged from 0.07 per megawatt per year
at a wind energy facility in California to 12.41 per megawatt per year over a
3-year period at a facility in Alberta, and averaged 2.13 fatalities per mega-
watt per year (table 8.1), which is slightly higher than avian mortality at
wind energy facilities in western North America.

Although it has been assumed that most bat fatalities at wind energy fa-
cilities were caused by blunt trauma, based on necropsy results of bats
found in Alberta, it was determined that 90 percent of bat fatalities had in-
ternal lung hemorrhaging consistent with barotrauma, and it was hypothe-
sized that direct contact with turbine blades accounted for only half of the
fatalities (Baerwald et al. 2008). The barotraumas were assumed to be
caused by rapid air pressure reduction near moving turbine blades.

Most of the mortality throughout North America occurred among mi-
gratory tree-roosting bats, namely the eastern red bat (Lasiurus borealis),
hoary bat (Lasiurus cinereus), and silver-haired bat (Lasionycteris noctivagans)
(Johnson 2005; Arnett et al. 2008). Of 2,343 bat fatalities reported from
studies conducted in western North America, of which 2,285 were identi-
fied, hoary bat made up 55.9 percent, silver-haired bat made up 33.1 per-
cent, and Brazilian free-tailed bat (Tadarida brasiliensis) made up 6.8 per-
cent. Species that made up less than 2 percent each of the identified
fatalities included little brown bat (Myotis lucifugus), big brown bat (Eptesi-
cus fuscus), eastern red bat, western red bat (Lasiurus blossevillii), and evening
bat (Nycticeius humeralis). Approximately 90 percent of bat fatalities occur
from mid-July through the end of September, with more than 50 percent
occurring in August (Johnson 2005). At most sites, mortality during the
spring migration and breeding season is much lower. However, as wind en-
ergy expands into the southwestern United States, where large populations
of Brazilian free-tailed bat occur, impacts may occur in breeding bat popu-
lations. Studies at facilities located in Oklahoma and California have found
that this species made up 41.3 percent and 85.6 percent of the bat fatalities,
respectively (Arnett et al. 2008), although total bat mortality at both of
these facilities was low (2.02 per megawatt per year in California and 0.53
per megawatt per year in Oklahoma; table 8.1). Many of the free-tailed bat
fatalities in Oklahoma involved breeding bats, rather than migrants, unlike
most facilities in western North America (Johnson 2005; Arnett et al.
2008). Most bat mortality occurs during low wind speeds at night (Arnett
et al. 2008). At wind energy facilities where bat mortality is high, curtail-
ment of turbines during these low-wind situations has been shown to re-
duce bat mortality by 50–70 percent at a site in Alberta (Baerwald et al.
2009) and by 53–87 percent at a site in Pennsylvania (Arnett et al. 2009).
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Although collision mortality is well documented at most wind energy
facilities, population-level effects have not been detected, although few
studies have addressed this issue. Available data from wind energy facilities
suggest that fatalities of passerines from turbine strikes generally are not
significant at the population level, although exceptions could occur if facil-
ities are sited in areas where migrating birds or rare species are concentrated
(Arnett et al. 2007). In such situations, Desholm (2009) developed a
framework for ranking bird species in terms of the relative sensitivity to tur-
bine collisions based on relative abundance and demographic sensitivity
(e.g., survival rates). The framework allows preconstruction identification
of the species that are at high risk of being adversely affected. When this
framework was applied to an offshore wind project in Denmark, results
suggested that raptors and waterbirds had the highest risk of being affected,
and passerines showed low risk.

Johnson and Erickson (2008) examined the potential for population-
level impacts caused by avian collision mortality associated with 6,700
megawatts of existing and proposed wind energy development in the Co-
lumbia Plateau Ecoregion of eastern Oregon and Washington. The number
and species composition of bird collision fatalities were estimated based on
results of eleven existing mortality studies in the ecoregion. Estimated
breeding population sizes were available for most birds in the ecoregion
based on Breeding Bird Survey data. Predicted mortality rates for avian
groups and species of concern were compared with published annual mor-
tality rates. Because the additional wind energy–associated mortality was
found to make up only a small fraction of existing mortality rates, it was
concluded that population-level impacts would not be expected for the
ecoregion as a whole, but that local impacts to some species could occur. In
the only study to quantitatively assess potential population-level impacts,
Hunt (2002) conducted a 4-year radio telemetry study of golden eagles at
the APWRA and found that the resident golden eagle population appeared
to be self-sustaining despite sustaining high levels of fatalities, but the effect
of these fatalities on eagle populations wintering within and adjacent to the
APWRA was unknown. Additional research conducted in 2005 by Hunt
and Hunt (2006) found that all fifty-eight territories occupied by golden
eagle pairs in the APWRA in 2000 remained active in 2005.

Bats are long-lived species with low reproductive rates. Therefore, their
populations are much slower to recover from large fatality events than
other species, such as most birds, that have much higher reproductive rates
(Kunz et al. 2007b). Because migratory tree bats are primarily solitary tree
dwellers that do not hibernate, it has not been possible to develop any
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suitable field methods to estimate their population sizes (Carter et al.
2003). As a result, impacts on these bat species caused by wind energy de-
velopment cannot be put into perspective from a population impact stand-
point. Based on their estimates of cumulative bat impacts from wind energy
development in the eastern United States, Kunz et al. (2007b) concluded
that wind energy development could have a substantial impact on bat pop-
ulations, especially given that evidence suggests the eastern red bat, and
perhaps other species, are in decline throughout much of their range
(Carter et al. 2003). Although bat mortality at most wind energy facilities
in western North America is lower than in other portions of the United
States (Johnson 2005; Arnett et al. 2008), the potential for causing signifi-
cant population-level impacts cannot be determined without estimates of
population sizes. To help solve this problem, population genetic analyses of
DNA sequence and microsatellite data are being conducted to provide pop-
ulation size estimates, to determine whether populations are growing or
declining, and to see whether these populations consist of one large popu-
lation or several discrete subpopulations that use spatially segregated mi-
gration routes (Amy L. Russell, Grand Valley State University, personal
communication).

Indirect Effects

In addition to direct effects through collision mortality, wind energy devel-
opment results in direct loss of habitat where infrastructure is placed and in-
direct loss of habitat through behavioral avoidance and habitat fragmenta-
tion. Direct loss of habitat associated with wind energy development is
minor for most species compared with most other forms of energy de-
velopment. Although wind energy facilities can cover substantial areas,
the permanent footprint of wind energy facilities, such as turbines, ac-
cess roads, maintenance buildings, substations, and overhead transmission
lines, generally occupies only 5–10 percent of the entire development area
(Bureau of Land Management 2005). Estimates of temporary construction
impacts range from 0.2 to 1.0 hectares (0.5–2.5 acres) per turbine (AWEA
2009). However, behavioral avoidance may render much larger areas un-
suitable or less suitable for some species of wildlife, depending on how far
each species is displaced from wind energy facilities. Based on some studies
in Europe, displacement effects associated with wind energy were thought
to have a greater impact on birds than collision mortality (Gill et al. 1996).
The greatest concern with displacement impacts for wind energy facilities
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in western North America has occurred where these facilities are con-
structed in native habitats such as grasslands or shrublands (Leddy et al.
1999; Mabey and Paul 2007).

Most studies on raptor displacement at wind energy facilities indicate
that effects appear to be negligible. A before–after control–impact (BACI)
study of avian use at the Buffalo Ridge wind energy facility in Minnesota
found evidence of northern harriers (Circus cyaneus) avoiding turbines on
both a small scale (less than 100 meters [328 feet] from turbines) and a
larger scale (105–5,364 meters [345–17,598 feet]) in the year after con-
struction (Johnson et al. 2000a). Two years after construction, however, no
large-scale displacement of northern harriers was detected.

The only published report of avoidance of wind turbines by nesting
raptors occurred at the Buffalo Ridge facility, where raptor nest density on
261.6 square kilometers (101 square miles) of land surrounding the facility
was 5.94 nests per 101.0 square kilometers (39 square miles), yet no nests
were present in the 31.1-square-kilometer (12-square-mile) facility itself,
even though habitat was similar (Usgaard et al. 1997). At a wind energy fa-
cility in eastern Washington, extensive monitoring using helicopter flights
and ground observations revealed that raptors still nested in the study area
at approximately the same levels after construction, and several nests were
located within 0.8 kilometer (0.5 mile) of turbines (Erickson et al. 2004).
Howell and Noone (1992) found similar numbers of raptor nests before
and after construction of Phase 1 of the Montezuma Hills wind energy fa-
cility in California, and anecdotal evidence indicates that raptor use of the
APWRA in California may have increased since the installation of wind tur-
bines (Orloff and Flannery 1992; AWEA 1995). At the Foote Creek Rim
wind energy facility in southern Wyoming, one pair of red-tailed hawks
nested within 0.5 kilometer (0.3 mile) of the turbine strings, and seven red-
tailed hawk nests, one great horned owl (Bubo virginianus) nest, and one
golden eagle nest located within 1.6 kilometers (1 mile) of the wind energy
facility successfully fledged young (Johnson et al. 2000b; Western EcoSys-
tems Technology, Inc., unpublished data). The golden eagle pair success-
fully nested 0.3 kilometer (0.5 mile) from the facility for three different
years after the project became operational.

Studies in western North America concerning displacement of nonrap-
tor species have concentrated on grassland passerines and waterfowl. Wind
energy facility construction appears to cause small-scale local displacement
of some grassland passerines, probably because the birds avoid turbine
noise and maintenance activities. Construction also reduces habitat effec-
tiveness because of the presence of access roads and large gravel pads
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surrounding turbines (Leddy 1996; Johnson et al. 2000a). Leddy et al.
(1999) surveyed bird densities in Conservation Reserve Program (CRP)
grasslands at the Buffalo Ridge wind energy facility in Minnesota and
found that mean densities of ten grassland bird species were four times
higher at areas located 180 meters (591 feet) from turbines than they were
at grasslands nearer turbines. Johnson et al. (2000a) found reduced use of
habitat within 100 meters of turbines by seven of twenty-two grassland-
breeding birds after construction of the Buffalo Ridge facility. At the State-
line wind energy facility in Oregon and Washington, use of areas less than
50 meters from turbines by grasshopper sparrow (Ammodramus savan-
narum) was reduced by approximately 60 percent, with no reduction in use
more than 50 meters from turbines (Erickson et al. 2004). At the Combine
Hills facility in Oregon, use of areas within 150 meters of turbines by west-
ern meadowlark was reduced by 86 percent, compared with a 12.6 percent
reduction in use of reference areas over the same time period (Young et al.
2005a). However, horned larks showed significant increases in use of areas
near turbines at both these facilities, possibly because the cleared turbine
pads and access roads provided habitat preferred by this species.

Shaffer and Johnson (2008) examined displacement of grassland birds
at two wind energy facilities in the northern Great Plains. Intensive transect
surveys were conducted in grid cells that contained turbines and in refer-
ence areas. The study focused on five species at two study sites, one in
South Dakota and one in North Dakota. Based on this analysis, killdeer
(Charadrius vociferous), western meadowlark, and chestnut-collared long-
spur (Calcarius ornatus) did not show any avoidance of wind turbines.
However, grasshopper sparrow and clay-colored sparrow (Spizella pallida)
showed avoidance out to 200 meters (656 feet).

At the Buffalo Ridge facility, the abundance of several bird types, in-
cluding shorebirds and waterfowl, was found to be significantly lower at
survey plots with turbines than at reference plots without turbines (John-
son et al. 2000a). The report concluded that the area of reduced use was
limited primarily to areas within 100 meters of the turbines. These results
are similar to those of Osborn et al. (1998), who reported that birds at Buf-
falo Ridge avoided flying in areas with turbines.

Results of a long-term mountain plover (Charadrius montanus) moni-
toring study at the Foote Creek Rim wind energy facility in Wyoming sug-
gest that construction of the facility resulted in some displacement of
mountain plovers. The mountain plover population was reduced during
construction but has slowly increased since, although not to the same level
as it was before construction. It is not known whether the initial decline
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was due to the presence of the wind energy facility or to regional declines in
mountain plover populations. The subsequent increase may also be influ-
enced by regional changes in mountain plover abundance. Nevertheless,
some mountain plovers have apparently become habituated to the turbines,
as several mountain plover nests have been located within 75 meters (246
feet) of turbines, and many of the nests were successful (Young et al.
2005a).

Breeding puddle ducks (mallard, blue-winged-teal [Anas discors], gad-
wall [A. strepera], northern pintail [A. acuta], and northern shoveler [A.
clypeata]) were counted on wetland complexes within two wind energy fa-
cilities and on similar reference areas in North and South Dakota during the
2008 and 2009 breeding seasons (Ducks Unlimited Inc. and U.S. Fish and
Wildlife Service [USFWS], unpublished data). Based on results of the sur-
veys, breeding puddle duck abundance was not lower than expected in
areas of wind energy development in 2008, but the 2009 data suggested
lower pair densities in the wind developed sites. The study is continuing
through 2010 to further assess the response of breeding ducks to wind en-
ergy development.

Wind Energy and Prairie Grouse

Much debate has occurred recently regarding the potential impacts of wind
energy facilities on prairie grouse (Centrocercus and Tympanuchus spp.). It is
currently unknown how prairie grouse, which are accustomed to a low veg-
etation canopy, would respond to numerous wind turbines hundreds of
meters taller than the surrounding landscape. Some scientists speculate that
such a skyline may displace prairie grouse hundreds of meters or even kilo-
meters from their normal range (Manes et al. 2002; USFWS 2003; NWCC
2004). If birds are displaced, it is unknown whether, in time, local popula-
tions may become acclimated to elevated structures and return to the area.
The USFWS argued that because prairie grouse evolved in habitats with lit-
tle vertical structure, the placement of tall human-made structures, such as
wind turbines, in occupied prairie grouse habitat may result in a decrease in
habitat suitability (USFWS 2004). Several studies have shown that prairie
grouse avoid other anthropogenic features, such as roads, power lines, oil
and gas wells, and buildings (Robel et al. 2004; Holloran 2005; Pruett et
al. 2009a, 2009b). Much of the infrastructure associated with wind energy
facilities, such as power lines and roads, is common to most forms of
energy development, and it is assumed that impacts would be similar.
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Nevertheless, there are substantial differences between wind energy fa-
cilities and most other forms of energy development, particularly related
to human activity. Although results of these studies suggest that the po-
tential exists for wind turbines to displace prairie grouse from occupied
habitat, well-designed studies examining the potential impacts of wind tur-
bines on prairie grouse are lacking. Ongoing telemetry research being con-
ducted by Kansas State University to examine the response of greater
prairie chickens to wind energy development in Kansas, and a similar study
being conducted by Western EcoSystems Technology, Inc. (Johnson et al.
2009a) on greater sage-grouse (Centrocercus urophasianus) response to
wind energy development in Wyoming, will help address this knowledge
gap.

Other than these two ongoing telemetry studies, we are aware of only
three publicly available studies that examined the response of prairie grouse
species to wind energy development. The Nebraska Game and Parks Com-
mission (2009) monitored greater prairie chicken (Typanuchus cupido) and
sharp-tailed grouse (T. phasianellus) leks after construction of the thirty-six-
turbine Ainsworth wind energy facility in Brown County, Nebraska. Sur-
veys for leks were conducted 4 years after construction (2006–2009)
within a 1.6- to 3.2-kilometer (1- to 2-mile) radius of the facility, an area
that covered approximately 65 square kilometers (25 square miles). The
numbers of leks of both species combined in the study area were thirteen,
twelve, nine, and twelve in the first 4 years after construction. The number
of greater prairie chickens counted on leks increased from seventy to ninety-
five during the 4-year period, whereas the number of sharp-tailed grouse
decreased from sixty-six to fifty-six. No preconstruction data were available
on prairie grouse leks near the site; however, densities of lekking grouse on
the study area at the Ainsworth facility were within the range of expected
grouse densities in similar habitats in Brown County and the adjacent Rock
County (Nebraska Game and Parks Commission 2009). The leks ranged
from 0.7 to 2.7 kilometers (0.4 to 1.7 miles) from the nearest turbine, with
an average distance of 1.4 kilometers (0.9 miles).

At a three-turbine wind energy facility in Minnesota, six active greater
prairie chicken leks were located within 3.2 kilometers of turbines, with the
nearest lek within 1 kilometer (0.6 mile) of the nearest turbine (USFWS
2004). During subsequent research at this facility based on forty nest loca-
tions, it was found that nesting hens were not avoiding turbines. Based on
extensive research of the prairie chicken population in the vicinity of this
wind energy facility from 1997 to 2009, it was concluded that the distribu-
tion and location of leks and especially nests were determined by the pres-
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ence of adequate habitat in the form of residual grass cover, not the pres-
ence of vertical structures such as trees, woodlots, power lines, and wind
turbines (Toepfer and Vodehnal 2009).

Greater prairie chicken lek surveys were conducted at the Elk River
wind energy facility in Butler County, Kansas, within the southern Flint
Hills, beginning 3 years before and continuing 4 years after construction
(Johnson et al. 2009a). The facility consists of 100 1.5-megawatt turbines.
During the year immediately before construction of the project (2005), ten
leks were present on the project area, with 103 birds on all leks combined.
By 2009, 4 years after construction, only one of these ten leks remained ac-
tive, with three birds on the lek. The ten leks were located 88–1,470 meters
from the nearest turbine, with a mean distance of 587 meters; eight of the
ten leks were located within 0.8 kilometer (0.5 mile) of the nearest turbine.
Although this decline may be attributable to development of the wind en-
ergy facility, greater prairie chicken populations have declined significantly
in the Flint Hills due to the practice of annual spring burning. During the
same time frame that leks were monitored at the Elk River facility, the esti-
mated average number of greater prairie chickens in the southern Flint
Hills declined by 65 percent from 2003 to 2009. In Butler County, the es-
timated number of birds declined by 67 percent from 2003 to 2009
(Kansas Department of Wildlife and Parks, unpublished data). This re-
gional decline is attributed primarily to the practice of annual spring burn-
ing and heavy cattle stocking rates, which remove nesting and brood-
rearing cover for prairie chickens (Robbins et al. 2002). Therefore, it seems
unlikely that the decline of prairie chickens on the Elk River site is due en-
tirely to the presence of wind turbines, although the presence of turbines
may have contributed to the decline (Johnson et al. 2009a).

Another grouse with a lek mating system, the black grouse (Lyrurus
tetrix), was found to be negatively affected by wind power development in
Austria (Zeiler and Grünschachner-Berger 2009). The number of display-
ing males in the wind power development area increased from twenty-three
to forty-one during the 3-year period immediately before construction but
then declined to nine males 4 years after construction. In addition to the
decline in displaying males, the remaining birds shifted their distribution
away from the turbines. One lek located within 200 meters of the nearest
turbine declined from twelve birds 1 year before construction to no birds 4
years after construction.

Although the data collected in the United States on response of prairie
grouse to wind energy development indicate that prairie grouse may con-
tinue to use habitats near wind energy facilities, research conducted on
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greater sage-grouse response to oil and gas development has found that
population declines due to oil and gas development may not occur until 4
years after construction (Naugle et al. 2011). Therefore, data spanning two
or more grouse generations will be needed to adequately assess the impacts
of wind energy development on prairie grouse.

There is little information regarding wind energy facility operation ef-
fects on big game. At the Foote Creek Rim wind energy facility, pronghorn
antelope (Antilocapra americana) observed during raptor use surveys were
recorded year-round (Johnson et al. 2000b). The mean number of prong-
horn antelope observed at the six survey points was 1.07 per survey before
construction of the wind energy facility and 1.59 and 1.14 per survey the 2
years immediately after construction, indicating no reduction in use of the
immediate area. During a study of interactions of a transplanted elk (Cervus
elaphus) herd with operating wind energy facilities in Oklahoma, no evi-
dence was found that operating wind turbines have a measurable impact on
elk use of the surrounding area (Walter et al. 2009). Current telemetry
studies being conducted to assess the response of elk to wind energy devel-
opment in Wyoming and Oregon and pronghorn antelope response in
Wyoming will help address potential impacts on big game.

Planning for Wind Energy

Meeting the goal of 20 percent wind energy by 2030 would require use of
an area of approximately 50,000 square kilometers (19,300 square miles)
for land-based wind energy facilities and more than 11,000 square kilome-
ters (4,245 square miles) for offshore facilities (NAS 2008), although the
direct loss of land would make up only 5–10 percent of this amount (Bu-
reau of Land Management 2005). McDonald et al. (2009) examined en-
ergy development impacts on habitat under various cap-and-trade scenar-
ios and ranked the expected wind energy development footprint behind
only that of biofuels, with 72.1 square kilometers (28 square miles) needed
for each terawatt-hour produced per year by 2030. As wind energy expands
across the region, the potential for cumulative impacts increases. Major ex-
pansion of renewable energy is still in its infancy, so the opportunity to
avoid earlier mistakes associated with siting of oil and gas developments, as
well as other forms of development in western North America, is still possi-
ble. Many government agencies and several nongovernment organizations
(NGOs) have developed resource maps and recommendations to help
guide future wind energy development to reduce impacts on wildlife and
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sensitive habitats at state (e.g., Martin et al. 2009) and national levels, such
as the mapping effort being conducted jointly by the American Wind and
Wildlife Institute and The Nature Conservancy (American Wind and Wild-
life Institute 2009). The USFWS, along with numerous stakeholders, in-
cluding the wind energy industry, academia, and conservation organiza-
tions, through the Federal Advisory Council, are developing guidelines for
siting wind energy facilities, conducting preconstruction wildlife surveys,
and evaluating the impacts of the facilities.

Wind energy development mitigation measures have been developed
to prevent or reduce impacts and to compensate for impacts through off-
site habitat mitigation when warranted (Johnson et al. 2007). Because envi-
ronmental impacts determined on a project-by-project basis can underesti-
mate the cumulative impacts of many projects, Kiesecker et al. (2009) have
developed a framework to show how combining landscape-level conserva-
tion planning with application of a mitigation hierarchy can be used to de-
termine where impacts on biodiversity can be offset and where they should
be avoided or reduced (chap. 9). Use of these planning tools, guidelines,
and appropriate mitigation strategies will facilitate sustainable develop-
ment of wind energy in western North America, while reducing associated
impacts on wildlife resources.

While wind farms are cropping up throughout the high plains and the
far West, biofuels are farmed predominantly farther east (e.g., North Da-
kota, South Dakota, and Kansas). This geographic separation nearly en-
sures that all western communities are touched by some, if not many, forms
of renewable energy production.

Biofuels: Boon or Bane for Grassland Wildlife?

As a rule, change comes slowly to the agricultural landscape of the West.
Change can be risky, and farmers are risk averse by nature. Modern
agribusiness is characterized by huge capital investment, large volumes of
money moving into and then back out of checkbooks, and—in the end—
thin profit margins. There is little room for experimentation and a failed
crop year. But a daring new attitude is spreading across farm country, and it
is setting the stage for dramatic changes in land use. Perhaps this is best
characterized as the twenty-first-century gold rush of ethanol production.

Companies have been fermenting corn into ethanol for decades, and
many of us have filled our vehicles with a 10 percent blend of their product.
But until recently, few of us have given serious thought to the need to wean
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the United States off foreign oil. And only a few botanists were familiar
with a plant called switchgrass that, given time and new technology, might
be an important ingredient in the recipe for energy independence.

How quickly things change. Reducing our dependence on foreign oil
and reducing greenhouse gas emissions are now cornerstones of federal
policy. And the obscure plant called switchgrass emerged in the public con-
sciousness when former President Bush referenced it in his 2006 State of
the Union address. From all indications, biofuels are here to stay.

Energy from Biomass

Biofuels are energy sources derived from plants or other living organisms
(i.e., biomass). Converting plant matter to biofuel can be as simple as pick-
ing the stems and leaves from a field, bundling them up, and transporting
them to a power plant, where they are burned—together with coal and
other fuels—to generate electricity. But most often, the term biofuel refers
to a liquid transportation fuel derived from plant material. Ethanol and
biodiesel are the most common examples.

Energy technology is evolving quickly, and the list of biofuels and use-
ful coproducts continues to grow. Today, one biofuel—ethanol—is the fo-
cus of attention. Fermenting ethanol from corn or other grains is a proven
technology, and engines have already been adapted to burn gasoline–
ethanol blends. Currently, there are 170 corn ethanol plants in the United
States, and 24 more are being built or are planned. At a conversion rate of
10.6 liters (2.8 gallons) of ethanol per bushel of corn, producing the 39.9
billion liters (10.5 billion gallons) of ethanol flowing from today’s plants
takes nearly 3.8 billion bushels. Corn acreage in the United States rose by
5.5 million hectares (13.5 million acres) in 2007 to nearly 37.6 million hec-
tares (93 million acres) (National Agricultural Statistics Service 2007), a
level of production that has not been seen since 1944 (fig. 8.1).

This is probably not an anomaly but rather a trend, because if all the
new plants are built, corn ethanol production will reach 47.6 billion liters
(12.6 billion gallons) and probably continue to increase. In December
2007, former President Bush signed the Energy Independence and Security
Act of 2007, which established a new Renewable Fuels Standard of 136.8
billion liters (36 billion gallons) per year by 2022. Fifty-seven billion liters
(15 billion gallons) are expected to come from corn ethanol. And the U.S.
Environmental Protection Agency (2009) is considering increasing the al-
lowable ethanol blend content from the current 10 percent to 15 percent.
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Figure 8.1. Distribution of corn-planted acres by county in North Dakota and
South Dakota, 2008. As new varieties of corn are developed, the distribution of
corn acres is likely to shift northwest from Minnesota and Iowa into central North
and South Dakota. Additional tillage for corn will place our highest wetland density
landscapes at increased risk of wetland drainage (fig. 8.2). (From U.S. Department
of Agriculture, National Agricultural Statistics Service.)



All of this is moving the United States toward the “30 by 30” goal of replac-
ing 30 percent of transportation fuel consumption with renewable fuels by
the year 2030.

But consider that these old and new plants, together with plant expan-
sions, will have a combined need for 4.5 billion bushels of corn. That num-
ber represents 37 percent of the 2008 U.S. corn harvest (fig. 8.1). This new
demand will cut into the corn supply that is already being used for animal
feed and as a key ingredient in thousands of food products, most notably
processed food. Speculation continues to mount that someday soon there
may not be enough corn to go around. Recent passage of the Energy Inde-
pendence and Security Act of 2007 will ease that speculation, but it is un-
clear for how long. There is little doubt that corn supplies will be stretched
thin, and a new dimension has been added to the ethanol challenge.

Ethanol production goals in the United States cannot be achieved
solely with corn and other starch grains. Achieving these goals will require
the use of new sources of biomass, such as switchgrass, wheat straw, and
corn stover (i.e., cornstalks, cobs, and leaves). In each case, the portion of
the plant digested to make ethanol is the cellulose—the material that pro-
vides structural support for plant growth. Ethanol that results from the di-
gestion process is called cellulosic ethanol. It is created using specialized en-
zymes and a series of complex processes.

In the near future, corn and cellulosic ethanol feedstocks may well be
competing for the same acres of farmland. This includes land that is now
growing wheat, beef, or—in the case of land enrolled in the CRP—wildlife.
In the grasslands of the West, big changes are coming. The key question is
the net effect on wetlands, grasslands, and wildlife.

Current Challenges

Most experts believe that commercial-scale cellulosic ethanol processing
plants will not come online for several years. However, some progress is be-
ing made, with twenty-three cellulosic plants under development or con-
struction in the United States as of early 2009 (Renewable Fuels Associa-
tion 2009). Until then, corn will remain the primary product market and
demand for corn ethanol will increase, as indicated by the passage of a new
Renewable Fuels Standard. Regrettably, when it comes to wildlife habitats,
it is hard to find a silver lining in a forecast that calls for growing more corn.
In fact, the demand for more corn is likely to increase conversion pressure
on existing grasslands and wetlands throughout the PPR (fig. 8.2).
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Figure 8.2.The highest wetland and waterfowl densities in the United States occur
in the central Dakotas, an area that currently contains few harvest acres of corn (fig.
8.1). But as new varieties of corn are developed, the distribution of corn acres is
likely to shift northwest from Minnesota and Iowa into the heart of the Prairie Pot-
hole Region (wetland density map courtesy of U.S. Fish and Wildlife Service Na-
tional Wetland Inventory).



Typical of any supply-and-demand relationship, when the demand for
corn is high, so is its price. If corn growers receive a high price for their
product, they can then afford to invest more in land and land rental (fig.
8.1). Simple supply-and-demand economics force those currently receiving
a low return on their land investment to reconsider how their land can best
be used to generate revenue. More area planted to corn means less area
planted to other commodities, such as wheat and soybeans. Lower produc-
tion of these commodities leads to dwindling supplies and increased prices.
It is a vicious cycle and a situation that places an enormous amount of con-
version pressure on the grasslands and wetlands of the PPR that has not
been seen for decades.

An obvious concern associated with increased corn production is the
fate of land enrolled in CRP, a program that was created in the 1985 Farm
Bill to idle highly erodible land by restoring it to grassland. As the many
other conservation benefits of CRP emerged—including the annual addi-
tion of 2.1 million ducks to the fall flight (Reynolds et al. 2006)—the pro-
gram became recognized as the most significant and successful conserva-
tion initiative ever implemented by the U.S. Department of Agriculture.
The CRP has been particularly important for wetlands in the PPR (fig.
8.2), with more than 1.2 million acres enrolled in various wetland practices
in North and South Dakota (U.S. Department of Agriculture, Farm Ser-
vices Agency, Economic and Policy Analysis Staff, September 2007). Now,
those in search of more corn ground are viewing land enrolled in CRP as a
reserve of cropland waiting to be brought back into production. The U.S.
Department of Agriculture supported this position when it announced that
there would be no new general CRP signups in 2007 or 2008—all for the
stated purpose of providing more area to meet the demand for corn. Unfor-
tunately, much area in the PPR will expire between 2007 and 2012, threat-
ening hundreds of thousands of hectares of wetlands. Agricultural produc-
ers chose not to re-enroll 271,000 hectares (670,000 acres) across North
and South Dakota that expired September 30, 2007. Two-thirds or 1.4 mil-
lion hectares (3.4 million acres) of CRP grasslands in North and South
Dakota will expire by 2012. This is bad news for PPR wetlands. Wetland
regulations do not apply to wetlands restored as a requirement of the CRP
contract, and therefore they are eligible for drainage once the contract ex-
pires. Wetlands that do remain have limited habitat value when surrounded
by corn and are degraded by the impacts of sedimentation, pesticides, her-
bicides, and fertilizer (Gleason and Euliss 1998).

The demand for corn has also put pressure on the 9 million hectares
(22.3 million acres) of remaining native prairie grassland in the U.S. por-
tion of the PPR, which also encompasses our best remaining wetland land-
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scapes (fig. 8.2). Most existing native prairie is not suitable for growing a
high-yield corn crop. In general, the soils are poor and the climate is often
extremely dynamic, two factors that generally lead to poor corn yields.
However, some newly broken prairie may be suitable for wheat and other
crops that will be displaced by corn on existing cropland. And the demand
for corn and cropland in general is driving up the cost of all land dramati-
cally. These increased land values also affect the region’s other producers:
cattle ranchers.

The livestock industry is native prairie’s reason for being in an eco-
nomic sense. If that industry were to disappear today, no obvious economic
return could then be realized from native prairie grasslands and wetlands.
Yet history tells us that some creative mind will find a way to make money
from the land, but most uses will not be as compatible as ranching is with
maintaining the wetlands and grasslands.

Even though cattle prices have been good for the last few years, the
economics of ranching hinge on being able to buy or rent pasture at an af-
fordable price. Higher land prices and rental rates squeeze the rancher’s bot-
tom line. Further compounding the problem are the high costs ranchers
incur when they take their livestock to the feeder, the last step in the cattle-
rearing process, when the animals are fattened on an increasingly valuable
commodity: corn. Cattle feeders simply pass on their higher corn prices to
ranchers. If a combination of high pasture values, high feeder costs, and a
collapse in cattle prices occurs, many ranchers in the PPR may be driven out
of business, which could spell disaster for grasslands and wetlands.

Expansion of corn for ethanol may also have unintended and unfore-
seen consequences for the other critical element in the wildlife equation:
wetlands. Millions of wetlands in the PPR are currently protected by a
strong disincentive in the federal Farm Bill called Swampbuster. Very sim-
ply, if farmers choose to drain a wetland, they disqualify themselves from all
Farm Bill programs, including commodity payments that compensate them
for low yields and low crop prices. To date, this disincentive has been very
effective at protecting wetlands from drainage. But its effectiveness hinges
on low or volatile commodity prices and the need for farmers to manage
their risk in the face of these circumstances. If prices for corn and other
commodities increase and remain stable, some farmers may not need or ex-
pect to receive commodity payments. That scenario effectively removes the
protection afforded wetlands, and widespread wetland drainage could be
the result.

These additional pressures on grasslands and wetlands in the PPR
also reinforce the need for stronger protection of existing grassland. Con-
servation organizations have been strong advocates for a new protection
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measure called Sodsaver in the new Farm Bill. The Sodsaver provision
would remove eligibility for crop insurance and disaster assistance on any
areas without a cropping history. Federal crop insurance and disaster pay-
ments have been important incentives to convert existing grassland to crop-
land (Governmental Accountability Office 2007). Protection of native
grasslands also prevents degradation of the adjacent wetlands.

Future Opportunities

If the wetlands and grasslands of the PPR can weather the corn ethanol
storm, positive trends may be on the horizon. If implemented in a thought-
ful and environmentally friendly way, the cellulosic ethanol industry could
be an asset to the PPR. The key lies in the nature of the feedstock, what land
uses it displaces, and how it is harvested. A perennial grass crop such as
switchgrass clearly holds the potential for benefits to wetlands and wildlife.

Switchgrass, like other perennial plants being considered as biofuels, is
a tall, dense grass that makes the most of the sun’s energy and the soil’s nu-
trients. The economics of cellulosic ethanol are all about the tons of bio-
mass that can be grown on an acre of ground. Currently, switchgrass vari-
eties being grown in the PPR yield 10–15 tons per hectare (2–3 tons per
acre) annually. However, new varieties being developed through advanced
genetic technology may eventually yield as much as 50 tons per hectare (10
tons per acre) annually. From a wildlife perspective, grasses used to produce
cellulosic ethanol are harvested after the growing season, in fall or winter,
which is beneficial to grassland-nesting birds.

Switchgrass and other perennial grasses can also play a key role in wet-
land conservation, especially if they are planted on cropland that used to be
cultivated every year. The addition of grassland around these wetlands will
greatly improve water quality, wetland function, and wetland value for
wildlife. Annually tilled crops degrade wetlands and provide poor habitat
for breeding grassland birds. However, the key issue is whether switchgrass
replaces existing cropland or replaces other grassland that has higher value
for wildlife. Switchgrass could have negative impacts on wildlife and grass-
land resources, especially if native grasslands or CRP are converted to
monotypic stands of switchgrass (Murray and Best 2003).

One important economic consideration for cellulosic feedstocks such
as switchgrass is the transportation distance from field to processing plant.
At current switchgrass yields, the maximum transport distance is about
80.5 kilometers (50 miles) (Hettenhaus 2004). So policies intended to en-
courage the cellulosic ethanol industry should recognize the need to cluster
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dedicated biomass crops near proposed or existing plants. Conservation
groups have suggested that existing acres of CRP in the PPR are not a vi-
able feedstock because they are randomly scattered across the landscape. It
is estimated that most of the biomass would be too far from a processing
plant to be used for fuel production.

Domestic energy needs can be met while maintaining the important
natural resource values and ecological goods and services provided by grass-
land and wetland habitats. Detrimental effects on grassland and wetland
systems will be reduced in the near term if corn acreage is expanded into ex-
isting cropland and the crops displaced do not expand into native prairie or
lands now enrolled in CRP. However, recent expiration of hundreds of
thousands of acres of CRP and ongoing conversion of native prairie
(Stephens et al. 2008) make it clear that expansion of corn acreage is having
an impact on other crops and on producer decisions. On the other hand,
the production of biofuels from switchgrass or other perennial grasses
could provide substantial benefits for both energy and natural resources if
they replace existing cropland and are properly managed.

Conclusion

Few emerging industries have as much potential as renewable energy to
shape the landscape and the habitat on which wildlife depends. Conserva-
tion, industry, and government leaders must recognize this potential and
become deeply engaged in energy issues to identify opportunities to benefit
our natural resources, to minimize potential adverse impacts, and to miti-
gate the impacts that are unavoidable. The way forward is clear enough.
Where feasible and cost-effective, we need to embed renewable energy pro-
duction in already disturbed areas, through solar panels on the rooftops of
our cities, geothermal heating of buildings, wind turbines on agricultural
and mined lands, and switchgrass and other perennial grasses planted on ex-
isting croplands. When impacts do occur, we need to apply offsite mitiga-
tion planning tools to identify the species and systems most affected and
fund conservation projects that offset these effects. These changes, coupled
with the widespread adoption of smart grids that conserve and monitor
consumer energy use and emerging clean energy technology advances on
the horizon, may finally advance renewable energy production well above
the current level of 7 percent of U.S. domestic energy production without
compromising our wildlife and ecosystems in the process. With these
changes, we can solve the green dilemma.
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PART III

Conservation by Design:
Planning and Implementing Solutions

157

Strategic planning and implementation of conservation in our most intact
and productive landscapes is a proactive solution for reducing energy im-
pacts on wildlife populations. Too often we waste limited resources by pro-
viding palliative care to degraded landscapes where conservation costs are
high and probability of success is low. Strategic planning is a top-down ap-
proach to identifying where conservation will yield the highest biological
return on investment. Implementing the right conservation actions in the
right places is a bottom-up approach whereby stakeholders find local solu-
tions to maintain rural ways of life and compatible land uses. Science sup-
port is a key ingredient in spatially identifying priority landscapes and
assessing conservation outcomes. Quantifying the social and biological
benefits of conservation to rural communities and wildlife populations is a
proven way to build long-term support for conservation.

The real question with energy development is not whether we can save
every wildlife population but rather how to facilitate responsible develop-
ment and still maintain functional and connected ecosystems and associated
wildlife values. Part I presented a balanced overview of the spatial overlap
between competing energy and wildlife values, and part II synthesized the
biological impacts of poorly planned developments. Part III takes the all-
important and necessary next step in resolving conflict by offering a creative



and viable solution. The solution is an alternative to business as usual called
Energy by Design that blends a landscape vision with the mitigation hierar-
chy. Energy by Design provides a framework for sustainable development
by first avoiding or reducing impacts on landscapes with irreplaceable wild-
life values and then ensuring that impacts are restored onsite using the best
available technology and finally offsetting remaining residual impacts. Off-
sets presented in chapter 9 provide an opportunity to mobilize an unprece-
dented level of funding for conservation that becomes available if we secure
our energy future.

Large-scale planning maps and models will play a key role in identify-
ing the most important landscapes for conservation and development.
Chapter 10 illustrates how geographic information systems and other tech-
nologies can be used to forecast energy development scenarios to aid in
conservation design. Buildout scenarios empower decision makers to eval-
uate tradeoffs between conservation and development before permitting
decisions are made. The path forward will require governments to facilitate
development in some landscapes and forgo it in others to account for un-
certainties regarding wildlife impacts and to incorporate learning into man-
agement. Chapter 11 identifies ways to remove roadblocks to adaptive
management on public lands and to improve policies that govern the devel-
opment of federal mineral resources. Managing adaptively would enable
decision makers to test assumptions by making incremental changes to leas-
ing provisions, and provide the flexibility to modify management as new
science and other data become available.

Success in conservation ultimately depends on people’s willingness
to communicate and their ability to work together. In part III we champion
community-based landscape conservation as the next frontier for maintain-
ing large and intact landscapes that support rural ways of life and healthy
wildlife populations. In chapter 12, conservation practitioners from the fa-
bled Blackfoot Valley in northwest Montana offer this approach as a porta-
ble and time-tested model. This “partner-centric” and scientifically credible
approach to working with people links ecology and economy with social vi-
ability. The ultimate question now is whether decision makers can muster
the political and economic will to replicate the basic tenets of community-
based landscape conservation in priority landscapes throughout the West.
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Chapter 9

Energy by Design: Making Mitigation
Work for Conservation and Development

Joseph M. Kiesecker, Holly E. Copeland,
Bruce A. McKenney, Amy Pocewicz,

and Kevin E. Doherty

The world faces a mass extinction event that threatens 10–30 percent of all
mammal, bird, and amphibian species (Wilson 1992; Novacek and Cleland
2001; Kiesecker et al. 2004; Levin and Levin 2004). Anthropogenic stres-
sors, such as invasive species, overexploitation, pollution, and climate
change, contribute to the crisis, but habitat destruction is by far the most
influential factor in this unprecedented loss of biodiversity (Vitousek et al.
1997b; Hardner and Rice 2002). Development pressures will increase dra-
matically if global economic growth doubles by 2030 as expected (World
Bank 2007), and unprecedented investment in energy development—more
than $20 trillion—will be needed to support this growth, especially in de-
veloping countries (International Energy Agency 2007). This surge in
development will only accelerate habitat destruction. Thus, given the im-
portance of economic development for improving human well-being, sub-
stantial improvement in our ability to balance development needs with en-
vironmental conservation is crucial.

Global trends in energy development are mirrored by activities in the
western United States and Canada. Energy development in the United
States will affect an area at least the size of Wyoming by 2030, and a sub-
stantial portion of the impact will occur in western North America as tradi-
tional fossil fuels and renewable energy sources are developed at an increas-
ingly rapid pace (McDonald et al. 2009; chap. 2). In this chapter we focus
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on ways to improve mitigation, with the intent to provide solutions that
will benefit both development interests and conservationists.

Environmental Impact Assessment and the
Mitigation Hierarchy

Environmental impact assessment is a systematic, iterative process that ex-
amines the environmental consequences of planned developments and em-
phasizes prediction and prevention of environmental damage (Lawrence
2003). The mitigation of environmental impacts is thus a key stage of the
environmental impact assessment process and lies at its core (Pritchard
1993). Practitioners seek to minimize impacts through application of the
mitigation hierarchy: avoid, minimize, restore, or offset (Council on Envi-
ronmental Quality 2000; fig. 9.1).

Traditionally, mitigation has been carried out on a project-by-project
basis; specific measures are implemented to mitigate project impacts at a
site, usually on or adjacent to the impact site. During the environmental re-
view and permitting phase of project development, regulatory agencies as-
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Figure 9.1. Achieving no net loss through application of the mitigation hierarchy.



sess the expected impacts of the project and set a proposed threshold for
mitigation. The applicant or project sponsor is then responsible for devel-
oping the mitigation proposal that is presented to the agencies to confirm
how project impacts can be mitigated. The mitigation can be onsite or off-
site and in-kind (of similar resource or ecological function as the impact) or
out-of-kind; however, there has traditionally been a preference for onsite
and in-kind compensation. Project-specific mitigation is usually selected
based on the impact site location, usually does not address landscape or wa-
tershed perspectives, and is generally small in scale.

Infrastructure consists of the basic facilities, such as transportation, re-
source extraction, utilities, and public institutions, that are needed for a
functioning community or society. Often the development of infrastructure
negatively affects habitat and ecosystems (Sadar et al. 1995; Canter 1996;
Lawrence 2003; chaps. 3–8). Techniques have been developed to avoid,
minimize, restore, and offset these impacts and the impacts of past infra-
structure projects (Brown 2006). However, application of the mitigation
hierarchy may not always provide the greatest environmental benefit or
may do very little to promote sustainability and viability of natural systems.
With conservation goals defined at a landscape level, applying the mitiga-
tion hierarchy on a project-by-project basis, often at small spatial extents,
and underestimating the cumulative impacts of multiple current or future
development projects undermine the hierarchy’s purpose and utility. This
practice does not provide a sufficient basis for determining what step in the
mitigation hierarchy should be used—avoid, minimize, restore, or offset—
and it limits flexibility for taking mitigation actions that would better con-
tribute to enduring conservation outcomes. In our opinion, the way miti-
gation is currently applied does not capture cumulative impacts associated
with development; it does not provide a structured decision-making frame-
work to determine when projects can proceed or should be avoided; and it
does not harness the full potential of offsets (conservation actions applied
away from the development site).

Ours is not the first criticism of mitigation (e.g., Environmental De-
fense Fund 1999; Environmental Law Institute 2002; Federal Interagency
Mitigation Workgroup 2002). In fact, numerous reviews (e.g., Brown
2006; Thorne et al. 2009) have identified a series of inadequacies associated
with mitigation. For example, in 2001 the National Academy of Sciences
and National Research Council recognized this shortcoming of traditional
approaches to mitigation, identifying that often there are circumstances in
which onsite or in-kind mitigation is not practicable or environmentally
preferable (National Research Council 2001). Despite the recognition of
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the problems associated with mitigation, few attempts have been made to
systematically rectify those problems. However, new regulations issued in
2008 governing wetlands (33 C.F.R. § 325 and 332; 40 C.F.R. § 230) re-
quire that compensatory mitigation for losses of aquatic resources be imple-
mented at a watershed scale. Although the new regulations provide a sound
foundation fromwhich to developmitigation policies, several issueswarrant
further policy guidance, including howbest to ensure conformancewith the
mitigation hierarchy, identify the most environmentally preferable offsets
within a landscape context, and determine appropriate mitigation replace-
ment ratios.

For these reasons we think an overhaul of existing mitigation practices
is in order to more effectively address expected development in the coming
years. Fortunately, existing mitigation policy in the United States can sup-
port such changes in practices without new legislation or regulations
(Wilkinson et al. 2009; McKenney and Kiesecker 2010). Here we outline a
four-step framework we call Energy by Design (EbyD), developed to ad-
dress the key deficiencies in mitigation and mesh with existing environmen-
tal impact assessment and regulatory approaches. Our emphasis is on
blending landscape conservation planning and the mitigation hierarchy to
identify situations where development plans and conservation outcomes
may be in conflict and on maximizing the return provided by offsets.

1. Develop a landscape conservation plan (or use an
existing conservation plan such as an ecoregional
assessment).

2. Blend landscape planning with the mitigation hi-
erarchy to evaluate conflicts based on vulnerability
and irreplaceability.

3. Determine residual impacts associated with devel-
opment and select the optimal offset portfolio.

4. Estimate offset contribution to conservation goals.

Step 1. Develop a Landscape Conservation Plan

Regulatory agencies often require developers to follow the mitigation hier-
archy (Council on Environmental Quality 2000) of seeking to avoid, mini-
mize, and restore biodiversity onsite before considering an offset for the
residual impacts. However, no quantitative guidelines exist to guide this
decision-making process. Therefore, a key question concerning the applica-
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tion of mitigation centers on when impacts from planned developments
should be avoided or minimized onsite and when they should be offset
(Thorne et al. 2006; Kiesecker et al. 2009). Conservation planning, partic-
ularly ecoregional assessments (e.g., Groves 2003), provides the structure
to ensure that mitigation is consistent with conservation goals, which often
include the maintenance of large and resilient ecosystems to support both
healthy wildlife habitats and human communities. Blending the mitigation
hierarchy with landscape planning offers distinct advantages over the tradi-
tional project-by-project approach because it considers the cumulative im-
pacts of both current and projected development, provides regional context
to better guide which step of the mitigation hierarchy should be applied
(i.e., avoidance versus offsets), and offers increased flexibility for choosing
offsets that can maximize conservation return by providing funding for the
most threatened ecosystems or species.

Landscape-level conservation planning is the process of locating and
configuring areas that can be managed to maintain viability of biodiversity
and other natural features (Pressey and Bottrill 2008). The resulting conser-
vation plan is intended to clearly articulate a vision that incorporates the full
range of biological features, their distribution, and the minimum needs of
each to persist in the long term (e.g., Lovejoy 1980; Armbruster and Lande
1993; Doncaster et al. 1996). Creation of the vision depends on the active
involvement of host governments, experts ofmany disciplines, development
organizations, and citizens in the region.Aconservation portfolio of priority
sites, the end product of conservation planning, is a selected set of areas that
represents the full distribution and diversity of the biological features the
plan attempts to conserve (e.g., Noss et al. 2002). Often plans use an opti-
mization approach automated with spatial analysis tools to meet the mini-
mum viability needs of each biological target yet minimize the amount of
area selected (Pressey et al. 1997; Ball and Possingham2000).Optimization
tools provide flexibility for reconfiguring conservation plans in the context
of future development scenarios. To date, conservation plans (i.e., ecore-
gional assessments) have been conducted globally, making the data needed
to implement EbyD readily available (Dinerstein et al. 2000; Groves 2003).

Step 2. Blend Landscape Planning with the
Mitigation Hierarchy

Energy by Design entails analysis of conservation plans in the context of fu-
ture development. Proposed projects, along with projected development

Making Mitigation Work for Conservation and Development 163



activities (e.g., oil and gas, wind, solar, residential, and some types of min-
ing development), can be mapped and assessed relative to an existing con-
servation portfolio or incorporated in the development of a new conserva-
tion plan (Kiesecker et al. 2009). Under the EbyD approach, overlap or
conflicts between a conservation portfolio and development impacts can be
addressed by a redrawing of the portfolio to recapture habitat elsewhere in
the study area to meet minimum viability needs of target species and eco-
logical systems. However, if conservation goals cannot be met through re-
drawing of the portfolio, development impacts would need to be mini-
mized to the degree that biodiversity values are maintained or impacts must
be avoided (Kiesecker et al. 2009) (box 9.1). This approach provides an op-
portunity to avoid conflict between potential development and areas critical
for biodiversity, as well as the structure to guide decisions regarding which
step in the mitigation hierarchy should be applied in response to proposed
development.

Information to support projections of future development activity can
be gathered from a variety of sources, including U.S. Bureau of Land Man-
agement (BLM) resource management plans, forest management plans,
long-range or metropolitan transportation plans, and community growth
plans (Brown 2006). Predictive modeling approaches can be used where
plans do not exist or do not provide details on the distribution of potential
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BOX 9.1. MITIGATION PLANNING IN THE WYOMING BASINS ECOREGION

Chosen portfolio sites during the ecoregional assessment (Freilich et al. 2001)
total 3.5 million hectares or 27 percent of the total area in the ecoregion. Be-
cause only 27 percent of the ecoregion was selected as part of the conservation
portfolio, conservation–development conflicts could be resolved by simply re-
designing the portfolio to meet target goals in areas having lower oil and gas po-
tential. Kiesecker et al. (2010) examined the intersection between the Wyoming
Basins Ecoregion conservation areas and the highest 25 percent of oil and gas po-
tential (Copeland et al. 2009; chap. 10). Twenty-seven conservation areas inter-
sect with areas of high development potential. Of the sites that intersect,
twenty-two of twenty-seven sites could be redesigned and use offsets to mitigate
impacts resulting from development. In sites where conflicts could be resolved,
development could proceed with greater flexibility to apply the mitigation hier-
archy, managing residual impacts through the use of onsite restoration and off-
sets. The five remaining sites contain highly irreplaceable targets. For these
sites, greater emphasis would need to be given to avoidance or minimization.
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BOX 9.1. CONTINUED

Top: Portfolio of conservation sites selected by the Wyoming Basins Ecore-
gional Assessment (Freilich et al. 2001). Middle: Oil and gas potential
(Copeland et al. 2009; chap. 10). Bottom: Sites that overlap areas with high
probability of development.



development. Although diverse predictive modeling techniques have been
used in recent years to predict changes in land cover and residential devel-
opment (Theobald and Hobbs 1998; Turner et al. 2007; Pocewicz et al.
2008) and to predict potential species habitat (Guisan and Zimmermann
2000; Cutler et al. 2007), only recently have similar techniques been ap-
plied to model anticipated energy development (Copeland et al. 2009;
chap. 10). There is ample opportunity to use predictive modeling to de-
scribe energy development scenarios and thereby better inform decision
makers and the public about patterns of anticipated development and likely
impacts. When applied as part of the planning process, this approach could
be used to highlight areas of biological sensitivity or avoidance areas
(Kiesecker et al. 2009, 2010) necessary to achieve conservation goals for a
species or to predict whether proposed development will have significant
impacts on a population across its range. In this chapter we present two
case studies to illustrate how the framework described earlier can be applied
at a varying spatial extents focusing on a range of conservation outcomes,
from individual species to a more diverse representation of biodiversity
(also see chap. 10).

Mitigation Planning at an Ecoregional Scale

The Wyoming Basins Ecoregion comprises 13.3 million hectares of basin,
plain, desert, and “island” mountains in Wyoming, Montana, Idaho, Col-
orado, and Utah (Bailey 1995; box 9.1). To identify areas that would main-
tain long-term persistence of representative biodiversity for the ecoregion,
The Nature Conservancy and key state and federal land management and
wildlife regulatory agencies, universities, and other conservation organiza-
tions set out to conduct an ecoregional plan for theWyoming Basins Ecore-
gion (Freilich et al. 2001). Kiesecker et al. (2009) illustrate how the EbyD
framework can be applied to the ecoregional planning approach and have
applied this concept to theWyoming Basins ecoregional assessment and en-
ergy development projected there (box 9.1).

Mitigation Planning for a Focal Species

EbyD was applied in conservation planning to evaluate options for reduc-
ing development impacts on greater sage-grouse (Centrocercus urophasi-
anus) in Wyoming, Montana, Colorado, Utah, and North and South Da-
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kota. By selecting areas with the highest population densities, managers
could define core regions that contained 25, 50, 75, and 100 percent of the
breeding population within 5, 12, 30, and 60 percent of the breeding
range, respectively (Doherty et al. 2011). Identification and mapping of
core regions provide a mechanism for assessing tradeoffs between biologi-
cal value and anthropogenic risk to deliver the greatest conservation benefit
to populations (Abbitt et al. 2000; Balmford et al. 2001; Wilson et al.
2005). Examining conflicts between development potential and biological
value gave insight into where specific landscapes fell within the mitigation
hierarchy (avoid, minimize, restore, or offset; box 9.2) and formed a frame
on which the final core area plan was built by the governor of Wyoming’s
Sage-Grouse Implementation Task Force.

Ecological zoning of this nature is an admission that threats are large,
resources are limited, and conservation action targeting every remaining
population is improbable. Core regions represent a proactive attempt to

Making Mitigation Work for Conservation and Development 167

BOX 9.2. MITIGATION PLANNING FOR GREATER SAGE-GROUSE

Avoid and Negate Risk (Black Areas)

The simplest and most cost-effective first step in conservation is to avoid large-
scale actions that further reduce or eliminate the largest populations in the best
remaining landscapes. Future developments should avoid these large and intact
landscapes that support core populations. Research on threshold levels of oil
and gas quantify that development risk can be negated through project-level
mitigation (no impacts detected less than one well per square mile) (Holloran
2005; Walker et al. 2007a; Doherty 2008).

Avoid and Offset (Darkest Gray Areas)

Areas that have high biological value and low energy potential can serve as off-
sets for impacts in other areas. Actions in these areas should focus on reducing
risks from other stressors to sagebrush habitats such as tillage, residential de-
velopment, and invasive plants such as cheatgrass.

Restore and Offset (Medium Gray Areas)

Areas of low biological value and low energy potential also represent low-con-
flict restoration opportunities for sage-grouse important to maintaining con-
nectivity to high-value core regions, especially in Montana. Programs should
focus on restoring adjacent lands currently in tillage agriculture to sagebrush-
dominated grasslands, in addition to enhancing existing native habitats.
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BOX 9.2. CONTINUED

Offset and Minimize (Lightest Gray Areas)

Areas of high energy potential and lower biological value represent areas with
substantially less conflict between sage-grouse and energy development. Im-
pacts that cannot be minimized in these areas should be used as a source of
funding for restoration and offsets. Estimates of average rates of lek loss and
declines in birds at remaining active leks (Doherty et al. 2010a) should be used
as a currency to ensure that offsets positively influence an equal or greater
number of birds.

Box 9.2.Mitigation planning for greater sage-grouse.



identify and maintain a viable set of populations before the opportunity to
do so is lost and direct conservation to where actions will have the largest
benefit to populations.

Step 3. Determine Residual Impacts
and Select the Optimal Offset Portfolio

Under the EbyD framework, proposed development consistent with con-
servation goals of a landscape-level conservation plan would move forward,
using best-management practices to minimize impacts and harnessing off-
sets to mitigate for the unavoidable impacts associated with the develop-
ment. Offsets are increasingly used to achieve environmental benefits (Gib-
bons and Lindenmayer 2007), providing a mechanism for maintaining or
enhancing environmental values in situations where development is sought
despite detrimental environmental impacts (ten Kate et al. 2004; McKen-
ney and Kiesecker 2010). Offsets address residual environmental impacts of
development, after efforts have been undertaken to avoid, minimize, and
restore them onsite, with the overall aim of achieving a net neutral or posi-
tive outcome (fig. 9.1).

Offset policies for environmental purposes have gained attention in re-
cent years (e.g., Environmental Defense Fund 1999; Government of New
South Wales 2003; see McKenney and Kiesecker 2010 for a review). Al-
though the use of offsets remains limited, they are increasingly used to
achieve environmental benefits including pollution control, mitigation of
wetland losses, and protection of endangered species (ten Kate et al. 2004).
Offsets offer substantial potential benefits for industry, government, and
conservation groups alike. Benefits for industry include a higher likelihood
that clearance is granted from regulators for new developments, greater so-
cietal support for development projects, and the opportunity to more effec-
tively manage environmental risks. Offsets provide government regulators
with the opportunity to encourage companies to make significant contribu-
tions to conservation, particularly in situations where legislation does not
require mandatory offsets. Conservation organizations can use offsets to
move beyond piecemeal mitigation and thereby secure larger-scale, more
effective conservation projects. Offsets can also be a mechanism ensuring
that regional conservation goals are integrated into government and busi-
ness planning.

Our objective with EbyD is to ensure that the use of offsets is ecologi-
cally equivalent to impacts and will persist at least as long as onsite impacts,
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resulting in net neutral or positive outcomes. Step 3 may in some cases be
rolled into Steps 1 and 2 if planners have thought proactively about devel-
opment, its impacts, and the mitigation that will be necessary. We include
Step 3 here because comprehensive mitigation planning is in its infancy,
and mitigation will probably occur on a project basis for some time (but see
Thorne et al. 2009). Site-level mitigation planning will still need to assem-
ble a working group, compile a list of representative biological targets,
gather spatial data for biological targets, set impact goals for each biological
target, and use a site-selection algorithm to identify potential offset sites
and rate their landscape value and condition (Ball 2000; Ball and Possing-
ham 2000; Possingham et al. 2000; Arponen et al. 2007).

Assemble a Working Group

Projects should always seek to apply rigorous, objective measures of conser-
vation value while recognizing that a quantitative assessment must be sup-
plemented by expert opinion. Stakeholder engagement is a key component
of any mitigation planning exercise, and key regulatory agencies as well as
members of the local communitymust be involved (Tisdell 1995). The advi-
sory group that is assembled can help provide the most current spatial data
on the species of concern and insights into the process being developed.

Compile a List of Representative Biological Targets

Given the challenges of measuring biological diversity directly and com-
pletely, practitioners develop a representation by selecting a set of compo-
nents (targets) of biological diversity. Selecting a set of focal targets with
sufficient breadth and depth has been addressed through the “coarse-filter,
fine-filter” approach as applied, for example, by The Nature Conservancy’s
(2000) ecoregional planning. Coarse-filter generally refers to ecosystems; in
a more practical sense, it refers to mapped units of vegetation. The idea is
that conserving a sample of each distinct vegetation type, in sufficient abun-
dance and distribution, is an efficient way to conserve the majority of bio-
logical phenomena in the target area. An oft-cited approximation is that
coarse-filter conservation will conserve 80 percent of all species in a target
area (Desmet and Cowling 2004). Fine-filter generally refers to individual
species, with specific habitat needs or environmental relationships that are
not adequately captured by the coarse filter. Narrow endemics and extreme
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habitat specialists, species with restrictive life histories, or those that have
experienced significant loss of habitat or are particularly sensitive to human
perturbations fall into this category (e.g., IUCN Red List species). Addi-
tional targets may also be needed to capture species of economic or social
importance to local communities.

Gather Spatial Data for Biological Targets

Spatial data are critical both to quantify impacts associated with develop-
ment on the project site and to guide the selection of offset sites. In cases
where survey data are insufficient to estimate occurrence patterns across the
study area, inductive or deductive predictive models based on species oc-
currence observations can be generated (Guisan and Zimmermann 2000).

Set Impact Goals for Biological Targets

Often the environmental impact assessment process will identify a footprint
associated with the direct and indirect impacts associated with the projected
development (Sadar et al. 1995; Canter 1996). Spatial data assembled for
each of the biological targets can be overlaid onto the impact boundary, and
estimated acres of habitat within these bounds can be included as impacts.

Select an Optimal Offset Portfolio

We recommend using a site-selection algorithm (e.g., Marxan; Ball and
Possingham 2000; Arponen et al. 2007) to determine an appropriate loca-
tion and spatial extent for offset design. Marxan is a siting tool for land-
scape conservation analysis that explicitly incorporates spatial design crite-
ria into the site-selection process that can be used to maximize the value of
areas selected as potential offset sites. Marxan operates as a stand-alone pro-
gram and uses an algorithm called simulated annealing with iterative im-
provement as a heuristic method for efficiently selecting regionally repre-
sentative sets of areas for biodiversity conservation (Possingham et al.
2000). Marxan allows inputs of target occurrences represented as points,
lines, or polygons in a geographic information system and lets conserva-
tion goals be stated in a variety of ways, such as percentage area or numbers
of point occurrences. The program also allows the integration of many
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available spatial datasets on land use pattern and conservation status and en-
ables a rapid evaluation of alternative configurations. The ultimate objec-
tive is to minimize the cost of the reserve system (e.g., cost = landscape in-
tegrity, conservation cost in dollars, size of the patch) while still meeting
conservation objectives. The Nature Conservancy is testing this framework
through a series of pilot projects. Projects include partnerships with energy
providers in the United States (e.g., British Petroleum) and collaborations
with international regulatory agencies (e.g., ministries of the environment
in Colombia and Mongolia). Here we present a case study to illustrate how
the process is being applied.

Jonah Natural Gas Field

Located inWyoming’s Upper Green River Valley, the 24,407-hectare Jonah
natural gas field is one ofmost substantial recent discoveries of natural gas in
the United States, with an estimated 7–10 trillion cubic feet (200–300 bil-
lion cubic meters) of reserves and 500 wells in operation (U.S. Department
of Interior 2006). Regulatory approval was granted by the BLM in 2006
to infill the existing 12,343-hectare developed portion of the field with an
additional 3,100 wells. As a requirement of the infill project, an offsite miti-
gation fund of $24.5 million was established. Working with partners from
state and federal regulatory agencies, universities, biological consulting
firms, and the local agricultural production community, Kiesecker et al.
(2009) designed an offset strategy for the Jonah Field (fig. 9.2).

Potential for Aggregated Offsets and Out-of-Kind Offsets

Landscape-level planning (Steps 1 and 2) also provides a basis for designing
aggregated offsets and out-of-kind offsets. Most offset policies include a
presumption for like-for-like or in-kind offsets: offsets that conserve biodi-
versity of a similar kind to that affected by the development. But there are
situations in which better conservation results may be obtained by placing
the offset in an ecosystem of higher conservation priority than that affected
by the development. A regional landscape perspective may provide oppor-
tunities to identify situations in which “trading up” or out-of-kind offsets
offer valuable alternatives. Consider development with impacts on a widely
distributed or highly conserved target. Requiring in-kind offsets could
limit the potential benefit that an offset could provide. Losses of this
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Figure 9.2. Use of the Marxan algorithm to select suitable offsets sites as part of
the Jonah Natural Gas Field Infill Project. Spatial data layers were used for both as-
sessing impacts as a result of development on the field and selecting suitable offset
sites. “Landscape Rules: Intactness” (Copeland et al. 2007) and “Oil and Gas Po-
tential” (Copeland et al. 2009; chap. 10) guided the selection of sites to areas of
high habitat quality and low oil and gas development potential. Hatched areas rep-
resent the best fit of the Marxan algorithm based on these specific targets and speci-
fied rules. The inset map shows the location of Wyoming within the conterminous
United States and the location of Wyoming Landscape Conservation Initiative
within Wyoming (as modified from Kiesecker et al. 2010).



common habitat type could be offset in a habitat of higher priority in the re-
gion because it is under greater threat (is more vulnerable) or because it is
the last remaining example (is irreplaceable). Out-of-kind offsets also may
be preferable where there is an opportunity to increase the offset’s opera-
tional feasibility by taking advantage of an existing conservation manage-
ment arrangement to locate the offset, or consolidating a number of offsets
in one location. Of course, alternatives to strict in-kind criteria would need
to be clearly beneficial for meeting conservation objectives or adopted after
proper consideration of an in-kind offset, and not simply driven by cost
reduction.

Landscape-level plans also provide an opportunity to design offsets
that address residual adverse impacts arising from more than one develop-
ment project (Thorne et al. 2009). Aggregated offsets might be advanta-
geous when an area is subjected to cumulative impacts from several individ-
ual developments, particularly those in the same sector, at roughly the same
time. In this situation, impacts on biodiversity are likely to be of a similar
type, and aggregating offsets may provide better mitigation at lower cost,
with a higher probability of success given the concentration of the manage-
ment skills needed to deliver the offset and synergies in project manage-
ment. Such assessments can also reduce costly delays due to protracted en-
vironmental review. A landscape approach to compensatory mitigation
planning can lead to a better ecological outcome. If mitigation needs from
multiple projects are pooled, then larger, less fragmented parcels can be ac-
quired, contributing to both ecological integrity and fiscal savings. There is
evidence that small, isolated fragments of habitat tend to have lower overall
biodiversity than larger patches (Doncaster et al. 1996).

Step 4. Estimate Offset Contribution to Conservation Goals

Offset policies generally seek no-net-loss or net-gain outcomes for conser-
vation, compensating for impacts with offsets (McKenney and Kiesecker
2010). But how do we know when enough offset projects have been imple-
mented to achieve no net loss? In this section we propose an accounting ap-
proach designed to improve estimates of how much an offset project com-
pensates for project impacts, and to help identify which offsets maximize
conservation return by delivering the highest-value conservation at the low-
est cost and risk. Where such information on offset opportunities can be
provided prospectively, it will support the selection of offsets that are both
better for conservation and more cost-effective.
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Under existing policies, offset benefits are often estimated using miti-
gation replacement ratios, which establish the number of credit units that
must be debited from an offset to compensate or replace one unit of loss at
the project site. Policy guidance on replacement ratios tends to fall into
three categories: predefined ratios, such as those based on the type of con-
servation action (e.g., 1:1 ratio for restoration, 5:1 for preservation); speci-
fied assessment methods that provide a specific approach for determining
ratios; and subjective determinations based on the discretion of regulatory
authorities after multiple considerations, such as proposed conservation ac-
tions and risk factors (McKenney and Kiesecker 2010).

Each of these approaches has weaknesses (Kusler 2003). Although pre-
defined ratios may simplify the offset accounting and implementation pro-
cess, there is little reason to believe they deliver no-net-loss outcomes on a
regular basis (King and Price 2004). Given variations in ecosystems, types
of impacts, and possible offsets, predefined ratios may result in undercom-
pensation or overcompensation, but no net loss is achieved by coincidence
as much as by design. To illustrate, consider two possible restoration off-
sets. The first offset involves the application of an untested restoration ap-
proach, and it will be many years before conservation values are delivered, if
at all. The second offset uses a well-accepted restoration approach that can
deliver conservation benefits effectively and rapidly. Under offset policies
using predefined replacement ratios for restoration actions, the same ratio
(typically a 1:1 ratio for wetland mitigation, depending on the state) would
be applied to both projects, despite the marked differences in likely conser-
vation benefits.

Reliance on a single assessment method to determine ratios is similarly
inadequate for addressing the wide range of possible impacts and offset op-
portunities. Consider that for wetland mitigation alone there are dozens
of sophisticated assessment methods (Bartoldus 1999). These assessment
methods have been developed over time in response to the contexts of differ-
ent wetland types, scientific advancements, and other demands. Policies that
endorse a specific assessment method for identifying replacement ratios are
likely to constrain innovation and limit the potential for determining ratios
that deliver no net loss. Finally, choosing replacement ratios based on the
professional judgment of regulators and others is also problematic. Al-
though this approach is more likely to consider key factors affecting replace-
ment ratios, it is too often an ad hoc and opaque process, making it difficult
to ascertain whether decisions are science-based and unbiased.

In sum, current accounting approaches are generally inadequate for en-
suring no-net-loss outcomes. They are either too inflexible to address the
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ecological context for impacts and offsets, as is the case with predefined ra-
tios and specified assessment methods, or too open to discretion and sub-
jective judgment. Our proposed accounting approach seeks to strike a bal-
ance, supporting ratio determinations based on a more structured and
transparent approach.

Offset Accounting

Under EbyD, a portfolio of possible offsets is identified that represents the
best opportunities for protection or restoration.The portfolio selection pro-
cess ensures that, in comparison to the impact site, potential offsets provide
equivalent or better ecological quality, as defined by structure, condition,
function, connectivity, corridors, buffers, and contribution to landscape-
level conservation. Such considerations are addressed in the rule-setting pro-
cess for portfolio selection.

After selection of an offset portfolio, the next question is which offsets
in that portfolio should be selected for implementation. The aim is to iden-
tify offsets that will deliver the greatest contribution toward achieving no
net loss at the lowest cost and risk. To assess the likely contribution of an
offset to no-net-loss goals, we focus on three key elements: additionality,
defined as an offset’s new contribution to conservation, in addition to exist-
ing values; probability of success, defined as the likelihood that offset ac-
tions will deliver expected conservation benefits; and time lag to conserva-
tion maturity, evaluated as the length of time for offset actions to deliver
conservation at a maturity level similar to what was lost at the impact site.

additionality

We propose an offset accounting approach that values conservation proj-
ects, whether they are restoration or preservation actions, based on their ad-
ditionality. When offsets restore degraded ecosystems, they provide a new
contribution to conservation over time as the offset reaches maturity. Off-
sets that preserve habitat also deliver conservation value when, taking into
account real-world conditions and threats, those offsets protect against an
expected background rate of loss. For example, protecting a 1,000-hectare
forest area that was experiencing an average deforestation rate of 1 percent
per year delivers a new contribution to conservation of 10 hectares per year
(1 percent of 1,000 hectares). Such rates of loss can be estimated using stan-
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dard threat assessments (e.g., Theobald and Hobbs 1998; Turner et al.
2007; Pocewicz et al. 2008).

probability of success

Success of restoration projects can vary greatly depending on the ecosys-
tem, restoration techniques, and other factors. In some cases, restoration
approaches are known to be effective, but in other situations there may be
great uncertainty due to a lack of experience. Offset accounting does not
adequately take this variation into account. As noted, predefined replace-
ment ratios are often applied regardless of the restoration approach or eco-
system. We propose an accounting approach that more effectively incorpo-
rates probability of success in the valuing of offsets. Where restoration
experience is comprehensive, this probability could be estimated with some
accuracy, and where experience is more limited, a high–medium–low prob-
ability ranking process might be used. Incorporating probability of success
into offset accounting would ensure a more realistic appraisal of how off-
sets, both restoration and protection, contribute to no-net-loss outcomes.
Moreover, it would create incentives for implementing effective offsets
over approaches with high risks of failure and encourage offset design that
includes monitoring, legal and financial assurances, adaptive management,
and other measures to increase the probability of success.

time lag to conservation maturity

An offset that preserves habitat delivers conservation benefits at the mo-
ment it is implemented, with the level of benefits depending on the ex-
pected background rate of loss for the site. In contrast, a restoration offset
may take many years before conservation benefits mature. This time lag
represents a loss for biodiversity and should be accounted for in estimates
of offset benefits. We propose accounting for this loss by estimating the
time to maturity of a restoration action and applying a discount rate, a com-
monly used method for estimating the present value of future values. This
approach will create appropriate incentives, making restoration offsets that
promise conservation benefits far into the future less attractive than offsets
that can deliver more immediate benefits. Likewise, there will be strong in-
centives to avoid impacts to natural systems that need very long periods to
restore, as the very high replacement ratio for these restoration offsets
would make them prohibitively expensive.
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Table 9.1 illustrates in a simplified manner how our proposed account-
ing approach could be applied to potential offset sites within a portfolio.

In this example, we are evaluating two possible offset sites (Site A and
Site B), but a typical portfolio would have many possible offset sites. The
area of each site in this example is 3,000 hectares, and the goal is to deliver
2,000 hectares of offset credits to address project impacts and achieve no
net loss. Whereas Site A is a degraded site proposed for restoration with
protection in perpetuity, Site B is high-value habitat in good condition but
in need of protection to prevent losses; the projected background rate of
habitat loss is 1 percent per year (or 30 hectares per year of the 3,000-
hectare site). There is no expected rate of loss at Site A because it is already
degraded. The conservation benefits of the restoration offset are expected
to take 30 years to reach maturity; we apply a 3 percent discount rate (Na-
tional Oceanic and Atmospheric Administration 1999). The probability of
success for the restoration project is estimated to be 50 percent, given un-
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Table 9.1. Applying the proposed accounting framework.

Hectares of Impact = Goal 2,000 ha

Offset Portfolio Site A Site B Sites A and B

Hectares at offset site suitable
for conservation 3,000 ha 3,000 ha 6,000 ha

Proposed conservation action Restoration and Protection
protection

Expected annual rate of loss
of habitat n/a 1%

Probability of success of conser-
vation actions 50% 100%

Time lag to conservation
maturity 30 yr 0 yr

Offset hectare credits 1,160 ha 948 ha 2,108 ha
Percentage of goal (progress

toward no-net-loss goal) 58% 47% 105%
Implicit offset-to-impact ratio 2.6:1 3.2:1 2.9:1

Cost per hectare for offset $2,000/ha $1,000/ha
Total cost for offset $6 million $3 million $9 million

Cost per offset hectare credit
delivered $5,172/ha $3,165/ha $4,270/ha



certainties about the restoration approach, whereas success of the protec-
tion offset is assured. Based on these factors, we can estimate the offset
credits that each proposed offset would deliver: 1,160 hectares for the res-
toration offset and 948 hectares for the protection offset. If both these
offsets were selected for implementation, they would provide 2,108 hec-
tares of credit toward the 2,000-hectares goal, and no net loss would be
achieved. Rather than determining the amount of offset needed based on a
predefined replacement ratio, our approach backs out the ratio based on the
amount of offset credits delivered out of the total offset area (for the resto-
ration offset, 1,160 hectares of credit out of a total site are of 3,000 hectares
for a ratio of 2.6:1; table 9.1). We can also assess the likely cost to deliver
this conservation benefit, as these costs are often well established. In this ex-
ample, protection costs would be $1,000 per hectare or $3 million for the
site, whereas the combination of restoration and protection would be
$2,000 per hectare or $6 million for the site. To understand each offset’s
conservation return, we divide the total cost of the offset by the estimated
credits it would deliver. The cost per offset credit is $5,172 per hectare for
the restoration site and $3,165 per hectare for the protection site. With this
information, offset implementers could identify which offsets within a
portfolio would be most cost-effective to implement in order to achieve no
net loss.

We recognize that developing precise estimates for the accounting
framework’s key factors—additionality, probability of success, and time to
conservation maturity—will be challenging in some contexts. But even ap-
proximate estimates, developed using science-based methods and pre-
sented in a transparent process, would be a marked improvement over cur-
rent practices for estimating compensatory mitigation. We firmly believe
that offset accounting must incorporate these factors if offsets are to truly
deliver on no-net-loss goals.

Fueling Conservation fromWestern Energy Development

Offsets represent an opportunity for mobilizing billions of dollars for con-
servation (Burgin 2008; McKenney and Kiesecker 2010). When offsets are
a normal part of project costs, as regular practice for fully internalizing proj-
ect impacts, the level of funding available for conservation can exceed other
funding sources by orders of magnitude. Consider wetland mitigation,
where no net loss goals and the use of wetland offsets and banks gener-
ates $3 billion in funding annually (Environmental Law Institute 2007);
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compare this with federal appropriations of $60–$80 million annually for
the U.S. Land and Water Conservation Fund. Likewise, in Wyoming $36
million was established as a mitigation fund for a single gas field and $24.5
million for another; compare this with the $4 million available annually for
wildlife conservation from the Wyoming Wildlife and Natural Resource
Trust (Kiesecker et al. 2010). The BLM, which oversees the management of
more than 105.2 million hectares (260 million acres) of land in the United
States and administers the mineral estate for more than 283.3 million hec-
tares (700 million acres), has recently issued guidance on its mitigation pol-
icy supporting offsets as another tool for addressing project impacts (U.S.
Department of Energy and BLM 2008). Given the extensive amount of de-
velopment projected for the western United States, a requirement for de-
velopment to attain no net loss could be the impetus to conserve biodiver-
sity. This will be important as the United States moves to exploit more of its
domestic energy resources, particularly renewable energy (McDonald et al.
2009).

As we look forward, the energy development footprint is likely to
grow. Traditional oil and gas development will increase, with 126,000 ad-
ditional oil and gas wells anticipated over the next 20 years in the Rocky
Mountain West alone. This will be coupled with dramatic increases in re-
newable energy. For example, meeting the Department of Energy’s goal of
20 percent wind energy by 2030 could result in the fragmentation of 4.8
million hectares (12 million acres) of land (U.S. Department of Energy
2008a), with 17,700 kilometers (11,000 miles) of new transmission lines
to move electricity generated in areas of low population to population cen-
ters where it is needed. There are also more than 100 permit applications
for solar projects pending and 14.2 million hectares (35 million acres) of
economically viable solar sites identified, with potential to fragment mil-
lions of hectares of sensitive deserts in the southwest United States (U.S.
Department of Interior and BLM 2008). If the mitigation framework we
outline here is implemented, it would avoid losses to key wildlife resources
and harness funding for conservation on a scale not seen before.

Conclusion

Balancing growing development demands with biodiversity conservation
necessitates a shift from business as usual. By blending a landscape vision
with the mitigation hierarchy, we move away from the traditional project-
by-project approach. By first avoiding or minimizing impacts to irreplace-
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able occurrences of biological targets, then ensuring that impacts are re-
stored onsite using the best available technology, and finally offsetting any
remaining residual impacts, we can provide a framework truly consistent
with sustainable development (Pritchard 1993; Bartelmus 1997; Clark
2007). A landscape vision is essential because it ensures that the biologically
and ecologically important features remain the core conservation targets
throughout the process. Without this vision, we could lose sight of over-
arching conservation targets, have difficulty establishing priorities, and
waste scarce resources. Determining appropriate areas for habitat preser-
vation as part of a conservation plan is a challenging exercise, but in real-
ity this is the easy part. The real challenge is finding funding mechanisms
to underwrite the conservation of these areas. By adopting the framework
outlined here and requiring the application of the no-net-loss goal (Kie-
secker et al. 2009), we balance development with conservation and pro-
vide the structure to fund conservation commensurate with impacts from
development.
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Chapter 10

Forecasting Energy Development Scenarios
to Aid in Conservation Design

Holly E. Copeland, Kevin E. Doherty,
David E. Naugle, Amy Pocewicz,

and Joseph M. Kiesecker

Rapid increases in development of both renewable and traditional hydro-
carbon energy resources seem certain and will probably affect up to 20 per-
cent of the major terrestrial ecosystems in the western United States (chap.
2; McDonald et al. 2009). Growing concerns over the potential social and
biological impacts of climate change, with related calls to reduce carbon
emissions, have intensified demands to develop renewable energy resources
(Brooke 2008). Nevertheless, fossil fuels will continue as a primary source
of energy, with ramifications for the western United States, where a sub-
stantial portion of domestic onshore hydrocarbon resources are found
(chap. 2). Exploitation of a wider portion of our domestic energy resources
will increase the likelihood of conflicts between energy development and
conservation and necessitate more proactive approaches to environmental
mitigation (chap. 9).

New predictive modeling techniques lend the ability to map and model
both energy potential and biodiversity distributions, to better understand
the scope and scale of probable impacts, and thus to address these issues be-
fore widespread development occurs. Although diverse predictive model-
ing techniques have been applied in recent years to project land cover
changes and residential development (Theobald and Hobbs 1998; Pontius
and Malanson 2005; Pocewicz et al. 2008) and to predict potential habi-
tat for individual species (Guisan and Zimmermann 2000; Phillips et
al. 2006), similar techniques have not been applied to model anticipated
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energy development and examine potential declines in species populations.
Specific population decline estimates are needed to determine the need for
special protection, as in the case of the Endangered Species Act (ESA) list-
ing in the United States.

In this chapter, we use land use change buildout scenarios (wherein
wells are placed on a simulated landscape) using a map of oil and gas devel-
opment potential for portions of twelve states in the Intermountain West
and published projections of reasonably foreseeable development from the
Bureau of Land Management (BLM), as opposed to using expert or stake-
holder input to create normative scenarios or visions (e.g., Nassauer and
Corry 2004; Hulse et al. 2009). We then measure the impacts of the build-
out scenarios on populations of greater sage-grouse (Centrocercus uropha-
sianus; hereafter sage-grouse) across their eastern range (Stiver et al. 2006).
Sage-grouse is a species for which impacts from energy development have
been well documented (chap. 4), and spatially comprehensive and long-
term data are available; it is a candidate species under the ESA. Here we
provide a brief description of methods; full analysis and methods are re-
ported in Copeland et al. (2009).

Forecasting Oil and Gas Potential

A contiguous and detailed map of oil and gas resource potential was needed
to facilitate landscape-scale analysis because existing maps were limited in
extent or too general. We created a probabilistic classification model of oil
and gas resource potential to facilitate this type of landscape analysis. We
generated a 1-square-kilometer prediction (map) using the nonparametric
method Random Forests, developed to address statistical issues related to
overfit and parameter sensitivity in Classification and Regression Trees
(CART) models (De’ath and Fabricius 2000; Breiman 2001; Evans and
Cushman 2009). The model used spatially referenced data on producing
and nonproducing oil and gas wells with six predictor variables—geology,
topography, bedrock depth, and anomalies in aeromagnetic gravity, isosta-
tic gravity, and Bouguer gravity—variables used by geoscientists to predict
where hydrocarbon deposits may occur (Ivanov 1985; Chen et al. 2000;
Aydemir 2008). Bedrock geology maps show the age, distribution, and
character of bedrock that lies immediately beneath the soils or surface. Our
analysis used a national geology map available from the U.S. Geological
Survey (Reed and Bush 2007). We used topographic data from the U.S.
Geological Survey National Elevation Dataset (2007, www.usgs.gov) to

184 planning and implementing solutions



indicate the location of fold and thrust belts where sedimentary rocks have
been deformed by horizontal compression. Once compressed, tightly
folded, and fractured, reservoir rocks may create pools for oil and gas to
form (Newson 2001). The spatial distribution of the rock basement can be
approximated using depth-to-bedrock data from the well database and in-
dicates, at a coarse scale, where subsurface valleys and peaks of the base-
ment rock are located. A 1-square-kilometer cell surface model of depth to
bedrock was created from well depth information in the oil and gas wells
database using inverse distance weighted interpolation (power = 1, num-
ber of points within radius = 12, maximum distance = 5,000 meters).
Data on aeromagnetic and gravimetric anomalies depict spatial variations
in subsurface rock density and magnetism and indicate features such as
buried faults and the depth and location of the sedimentary rocks, both of
which can be useful for hydrocarbon resource mapping (Kucks and Hill
2000). Data were used on the producing status of oil and gas wells within a
1-square-kilometer grid cell as the binary response variable with data ac-
quired from the IHS Inc. database (2007, www.ihsenergy.com).

The study area was partitioned into coarse-scale geologic provinces
(Fenneman and Johnson 1946), and modeling was conducted by province.
Resulting model predictions were rescaled from 0 to 100, applied to each
1-square-kilometer grid cell, and mapped across the Intermountain West as
oil and gas development potential, where 0 = low potential and 100 =
high potential (fig. 10.1).

Accuracy (total number of correct classifications divided by the total
number of sample points) varied in the individual models by 79.2–86.6
percent, with an overall accuracy of 82.9 percent. A full discussion of accu-
racy with accompanying tables is available in Copeland et al. (2009).

Despite sufficient model accuracy, the model uses coarse-scale data and
thus provides a landscape- or regional-scale assessment of oil and gas poten-
tial. It is not intended to predict site-scale potential. Moreover, model pre-
dictions are constrained by the technology available at the time the wells
were drilled and could be inaccurate if there are significant new advances in
extraction technology.

Developing Buildout Scenarios

To predict and locate future oil and gas development, we ran two buildout
scenarios—anticipated and unrestrained—by seeding the landscape with oil
and gas wells according to the underlying development potential. The
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BLM is the federal agency responsible for managing mineral development
on 114.5 million hectares (283 million acres) of public lands, including
surface and subsurface mineral estate in the United States. The anticipated
scenario was based on 20-year reasonable foreseeable development projec-
tions from the BLM’s resource management plans. Where reasonable fore-
seeable development projections were unavailable, we estimated projec-
tions by doubling the number of wells permitted from 1996 through 2007
within a resource area. The unrestrained scenario allowed development in
the highest quintile of oil and gas potential (model scores = 75–100). The
BLM’s estimates have been conservative: Colorado’s White River Resource
Area 1997 resource management plan predicted that fifty-six wells per year
would be drilled, but the actual rate of drilling has been three times that
since 2004 (U.S. Department of the Interior 1997). The number of current
oil and gas leases across the study area also indicates that more lands are ex-
pected to be developed than resource management plans suggest. Using
oil and gas leasing data from the BLM (U.S. Department of the Interior
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Figure 10.1.Oil and gas development potential in the U.S. IntermountainWest (as
modified from Copeland et al. 2009). This map shows the potential for oil and gas
development from low to high (light to dark values). Black dots show producing
(active or inactive) oil and gas well locations (well locations from IHS Inc.).



2008), we calculated that 81 percent of federal lands with potential for oil
and gas development (as defined in this scenario) have already been leased
for oil and gas development. Therefore, we developed the unrestrained sce-
nario to hedge against these uncertainties.

To place modeled oil and gas wells into the 1-square-kilometer cells
available for development, we used Community Viz Scenario 360Allocator
Tool (Placeways LLC, Boulder, Colorado) to place wells into highest-prob-
ability cells first (using the map of oil and gas potential), then the next de-
sirable, and so on, until all cells had met the specified demand at the speci-
fied density. If wells existed in a given cell, the model accounted for those
wells in the demand calculation and added new wells until it fulfilled den-
sity limitations. The result—the number of wells expected in each cell—was
written as an attribute to each 1-square-kilometer cell. We excluded lands
where oil and gas development is currently prohibited, including national
parks and national wilderness areas (National Atlas of the United States
2006) and no-surface-occupancy BLM lands. The resulting model placed a
total of 95,867 wells at 16-hectare spacing (32 hectares in coal bed methane
areas of the Powder River Basin, as per current regulations) in the antici-
pated scenario. The unrestrained scenario used the same constraints as the
anticipated scenario but placed 260,953 wells in all areas with high oil and
gas potential.

Assessing Impacts on Sage-Grouse Populations and Habitat

We used the two buildout scenarios to quantify the impacts of development
on sage-grouse populations in their eastern range. Estimates of sage-grouse
declines were restricted to areas in the eastern distribution of sage-grouse
(fig. 10.2) (Connelly and Braun 1997; Stiver et al. 2006) because these
populations are at greatest risk from energy development.

Oil and gas development is known to reduce sage-grouse populations
at conventional well-spacing densities of 16–32 hectares (chap. 4). To de-
termine whether sage-grouse would be affected in areas where develop-
ment occurred, we relied on published studies by Doherty (2008) and Do-
herty et al. (2011) examining the relationship between oil and gas
development and sage-grouse declines. These studies quantified the losses
of both abundance and occurrence of sage-grouse populations due to oil
and gas development across all leks in Wyoming, the largest segment of
sage-grouse experiencing oil and gas development impacts in western
North America. The average responses of leks in Wyoming to different
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Figure 10.2.Oil and gas simulation results for the two scenarios (as modified from
Copeland et al. 2009). This map illustrates the location and extent of expected de-
velopment in the two scenarios. Areas in medium-gray shade depict growth for the
anticipated scenario. Areas in dark gray depict growth for the unrestrained scenario.
Bar graphs show the quantity of development projected for each scenario. Core
areas (75% cores from fig. 4.3) for sage-grouse are shown to highlight expected
areas of future conflict.



development intensities and amount of time in development compared
with control populations experiencing no development were calculated for
leks that were active in the last 11 years (Doherty 2008, tables 1 and 2, pp.
86–87). We applied the average responses from these tables to all leks
throughout Management Zones I and II to predict future losses of sage-
grouse to development. Current losses to energy development were dis-
counted in calculations of predicted future losses of development by sub-
tracting current losses at specific development intensities to anticipated
losses at future development intensities.

The resulting model predicted a 7 percent population decline in the an-
ticipated scenario and a 19 percent population decline in the unrestrained
scenario, compared with 2007 lek population levels. These declines are in
addition to the estimated rangewide population declines of 45–80 percent
that have already occurred (Connelly and Braun 1997). The predictions for
sage-grouse populations also imply impacts on other sagebrush-dependent
species with known sensitivities to oil and gas development, such as prong-
horn (Antilocapra americana), mule deer (Odocoileus hemionus) (Sawyer et
al. 2006), Brewer’s sparrow (Spizella breweri), sage sparrow (Amphispiza
belli), and sage thrasher (Oreoscoptes montanus) (Ingelfinger and Anderson
2004). Projected impacts are distributed across sagebrush shrublands (3.7
million hectares) and grasslands (1.1 million hectares), with the remainder
a mosaic of hayfields and irrigated croplands.

Implications from Buildout Scenarios

Without deviation from past development practices, we can expect a 7–19
percent population decline in sage-grouse. Furthermore, these impacts will
be disproportionately borne by sagebrush and grassland ecosystems and
the species that inhabit them (chap. 2). These results are based on the use of
statistical models to forecast future change and the many assumptions in-
herent to this process.We based our buildout scenarios on projections from
the most recent BLM planning documents available at the time and on the
oil and gas potential model. The BLM estimates are frequently revised from
new field discoveries and as technological advances influence resource ex-
traction methods. Forecasted impacts to sage-grouse populations could be
revised lower if directional drilling to reduce well pad density at the surface
became more common (Sawyer et al. 2009). Our buildout scenarios are
applicable across whole landscapes regardless of land tenure because we
assumed that development could occur on any parcel of land, public or
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private, with the previously noted exceptions. Our estimates provide in-
sights about the trajectory and eventual endpoint of oil and gas develop-
ment, but the rate and exact location of development will be subject to ad-
ditional factors not considered, such as market demand, the capacity to
transport oil or gas to consumers, and federal air and water quality laws
(e.g., Clean Air Act, climate change legislation).

There is no reason to believe that U.S. demand for fossil fuels will sub-
side anytime soon. The increased pressure to meet these needs with domes-
tic resources will probably amplify conflicts between conservation and de-
velopment. For example, the systems that produce the world’s food supply
depend heavily on fossil fuels, especially liquid petroleum. Vast amounts of
oil and gas are used as raw materials and energy in the manufacture of fertil-
izers and pesticides and as cheap and readily available energy at all stages
of food production, from planting, irrigation, feeding, and harvesting
through to processing, distribution, and packaging (Green 1978). More-
over, the land use efficiency of energy production will shape the continued
reliance on hydrocarbons because this efficiency depends largely on the
mode of production. McDonald et al. (2009) measured the areal impacts
associated with various forms of energy development in area of affected
land per terawatt hour of energy and found that efficiency varies over four
orders of magnitude. Fossil fuels represent an efficient mode of energy pro-
duction relative to other forms of energy development, particularly renew-
able energy (i.e., wind). This efficiency tradeoff is more dramatic when liq-
uid fuels are considered. Biofuels are a potential low-carbon energy source
that could be used to reduce carbon dioxide emissions relative to fossil
fuels. However, biofuel alternatives to petroleum liquids fuels take the
most space per unit power (McDonald et al. 2009), and whether biofuels
offer carbon savings will depend on how they are produced (Fargione et
al. 2008). A dramatic overhaul in energy usage patterns for transportation
and agriculture must occur before shifts away from hydrocarbons will be
possible.

Given the continued U.S. reliance on fossil fuels, the analysis presented
here can inform planners and decision makers about where oil and gas de-
velopment is anticipated and potential impacts to biodiversity and the
tradeoffs between continued development and conservation needs. This
analysis provides a general framework for using predictive models and
buildout scenarios to anticipate impacts on species and the type of informa-
tion needed for making decisions about special protections for species, such
as ESA listing in the United States, and for biodiversity offsets (Doherty et
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al. 2011). The U.S. Fish and Wildlife Service, the agency that oversees ESA
listing, faces difficult and complex decisions in determining whether cur-
rent or future risk of species population declines warrants ESA protection.
The economic ramifications of listing species are substantial, with esti-
mated costs of recovery plans and their implementation reaching into the
multimillions (Government Accountability Office 2006) if not billions of
dollars for wide-ranging species such as sage-grouse. Prevention of listing
through thoughtful consideration of threats and possible avoidance or mit-
igation strategies is likely to be less costly and more effective (Polasky
2008). This approach complements the proposed mitigation planning
framework (chap. 9) by proactively identifying conservation and develop-
ment conflicts and making mitigation recommendations consistent with
sustainable development practices.

In the case of sage-grouse, 14–19 percent of the study area has high
oil and gas development potential, but the development rights have not
been sold; development in these areas could be avoided by removing these
leases from auction or mandating other special protections by government
management agencies. The sage-grouse core areas delineated by Doherty
et al. (2011) provide information as to where state and federal agencies
should focus conservation attention. The governor of Wyoming publicly
supports the protection of sage-grouse core areas from new development,
and other states are delineating core conservation areas and taking proac-
tive steps to protect them. Areas already leased within sage-grouse core
areas could be considered a priority for lease swaps, where government or-
ganizations, NGOs, and other private entities swap land or buy the initial
lease back at cost from the purchasing company. Alternatively, companies
could also be encouraged to forfeit their development rights with a perpet-
ual no-surface-occupancy agreement, as part of the negotiation for en-
hanced access to exploration and development in other areas. Done in the
right places, a creative combination of approaches could yield maximum
benefit to species.

For many species experiencing population declines, multiple stressors
are affecting their populations. The framework we present could be modi-
fied to consider not just one type of energy development, in this case oil and
gas, but also wind, solar, coal, oil shale, and uranium, along with other
stressors, such as residential development, invasive species, and pathogens.
Because many of these stressors occupy disparate landscapes, this approach
would account for cumulative impacts. For example, estimates suggest that
meeting 20 percent of U.S. energy demand with wind would result in
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50,000 square kilometers of land fragmented (U.S. Department of Energy
2008a), a significant portion of which would overlap with sage-grouse
habitat. Moreover, wind development in the IntermountainWest, in partic-
ular, does not correlate spatially with oil and gas development (chap. 2).
Models and maps of multiple future threats are needed to fully quantify the
overall future risk to sage-grouse.

Conclusion

The case of sage-grouse and oil and gas development in the Intermountain
West is just one of numerous energy-versus-wildlife confrontations occur-
ring across the globe, as population growth continues and previously unde-
veloped countries seek to westernize with modern appliances and trans-
portation. Recognizing that we need energy to power our homes and
businesses and that the Intermountain West holds tremendous potential
energy resources, key decision makers need to quickly come to agreement
about where these resources are best developed and best left alone. Model-
ing and envisioning future impacts can help justify proactive protection of
places important to biodiversity, such as sage-grouse core areas, and under-
score the ecological consequences of failing to do so. In Wyoming, the
sage-grouse core area concept has provided a vision of where sage-grouse
conservation is most needed, thus providing the foundation for more intel-
ligent conversation between government and industry as new petroleum
and wind leases are issued or renewed and new transmission lines permit-
ted. Clearly, sage-grouse are not the only species likely to be affected by fu-
ture development. Buildout scenarios evaluating impacts for other species
using the techniques presented here need to be developed to gain a more
complete picture of the anticipated impacts across a range of species, so de-
cision makers can more fully evaluate the tradeoffs between development
and wildlife.

Given rising global demands, all indicators point to an unprecedented
amount of energy development in the future, with consequent biodiversity
loss (International Energy Agency 2008). We hope to inspire regulators to
use available technologies in mapping and modeling to forecast new im-
pacts, and for policymakers to use this information to avoid business-as-
usual development (Clark 2007; Ehrlich and Pringle 2008), in favor of
proactive efforts to predict and avoid impacts in places crucial to the sur-
vival of a species. In the long run, this is likely to be the more ecologically
robust, less costly, and more efficient course of action.

192 planning and implementing solutions



Acknowledgments

We thank the Montana andWyoming State Offices of the BLM and Oil and
Gas Commission for insights about oil and gas production on federal lands,
Ronald Marrs for geological expertise in model design, Tom Rinkes and
Tom Christiansen for initial thought-provoking discussion, Jody Daline for
assistance compiling data on reasonable foreseeable development from
BLM field offices, and Jeffrey Evans for statistical analysis support.

Forecasting Energy Development Scenarios to Aid in Conservation Design 193



Chapter 11

Resource Policy, Adaptive Management,
and Energy Development on Public Lands

Melinda Harm Benson

The challenge associated with integrating energy development and wildlife
conservation on public lands is formidable. These pressures will continue,
especially in the face of global climate change. Natural gas is viewed as an
important bridge fuel to more renewable sources of energy (Roberts
2004). In addition to impacts associated with traditional oil and gas devel-
opment, a host of new energy-related projects are emerging. Uranium min-
ing is booming once again, and there are increasing pressures to develop
energy transmission corridors, locate carbon capture and sequestration
projects, and develop wind and solar facilities on public lands (U.S. Depart-
ment of the Interior 2009a).

Fortunately, these challenges are accompanied by substantial opportu-
nities to improve our ability to balance development needs with wildlife
protection on public lands. Ecosystem-based adaptive management pres-
ents one such opportunity. In this chapter I examine the potential for adap-
tive management in the energy development arena, note some of the
policy-level impediments to full implementation, and suggest some policy
changes needed if the full power of adaptive management is to be realized.
First, I examine the primary laws that govern leasing for energy develop-
ment on U.S. federal lands and explore the potential use of both existing
and proposed leasing provisions to adjust the pace and intensity of develop-
ment to protect wildlife and other resources. Second, I discuss opportuni-
ties for more meaningful collaborative efforts on public lands in relation to
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the Federal Advisory Committee Act (FACA). The FACAwas originally en-
acted to address issues of fairness among those seeking to influence the fed-
eral government but is now in need of reform to better support collabora-
tive efforts. Finally, I address how federal laws governing the management
of public lands can be used to incorporate adaptive management and make
its application a legally enforceable requirement on public lands.

Adaptive Management and Energy Development
on Public Lands

Adaptive resource management is an innovative environmental manage-
ment strategy gaining influence with natural resource decision makers. It
was developed to help incorporate the inevitability of scientific uncertainty
into management actions involving natural systems (Holling 1978). A cen-
tral tenet of adaptive management is that “management involves a contin-
ual learning process that cannot conveniently be separated into functions
like ‘research’ and ongoing ‘regulatory activities,’ and probably never con-
verges to a state of blissful equilibrium involving full knowledge and opti-
mum productivity” (Walters 1986: 7; see also Walters and Holling 1990).
Adaptive management represents a breakthrough in the complexity of our
thinking about natural resource challenges. Rather than providing discrete
conclusions based on science, adaptive management recognizes that our
understanding of natural systems is constantly evolving. It reflects a willing-
ness to test our assumptions about the natural environment to adapt and
learn (Lee 1993). Federal agencies in the United States have recently begun
incorporating adaptive management strategies. The U.S. Department of
the Interior (DOI) and the U.S. Forest Service have issued administrative
directives encouraging the use of adaptive management (U.S. Department
of Agriculture 2007; Williams et al. 2009). The DOI officially adopted the
National Research Council’s definition of adaptive management:

Adaptive management [is a decision process that] promotes flexible de-
cision making that can be adjusted in the face of uncertainties as out-
comes from management actions and other events become better
understood. Careful monitoring of these outcomes both advances sci-
entific understanding and helps adjust policies or operations as part of
an iterative learning process. Adaptive management also recognizes the
importance of natural variability in contributing to ecological resilience
and productivity. It is not a “trial and error” process, but rather empha-
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sizes learning while doing. Adaptive management does not represent
an end in itself, but rather a means to more effective decisions and en-
hanced benefits. Its true measure is in how well it helps meet environ-
mental, social and economic goals, increases scientific knowledge and
reduces tension among stakeholders. (Williams et al. 2009: v)

Several key steps for implementing adaptive management are outlined
in the DOI approach. The first is to ensure stakeholder commitment to
adaptively manage the enterprise for its duration, which requires that inter-
ested parties be involved early in the process. The second is to identify clear,
measurable, and agreed-upon management objectives to guide decision
making and evaluate management effectiveness over time. Then, sets of po-
tential management actions and models that characterize different ideas
about how the system works are identified. Next, a monitoring plan is de-
veloped and implemented to track resource status. Management actions are
chosen based on objectives, and monitoring is used to track system re-
sponses to management actions by comparing predicted and observed
changes in resource status. Finally, monitoring information gathered to im-
prove the agency’s understanding of resource dynamics is integrated back
into the decision-making process.

The next few years will be especially critical in the implementation of
adaptive management as agencies struggle to implement strategies within
current legal and regulatory structures. The remainder of this chapter fo-
cuses on ways to work within those structures to make adaptive manage-
ment a valuable and enforceable tool for protecting wildlife and other
resources.

The Mineral Leasing Act and the Capacity to Adapt

Leasing of fluid minerals on federal lands takes place under the Mineral
Leasing Act of 1920 (MLA), as modified by the Federal Onshore Oil and
Gas Leasing Reform Act of 1987 (30 USC §§ 181 et seq.; 10 USC §§ 226
et seq., respectively). As defined by the statutes, fluid minerals include oil
and natural gas, including coal bed methane. In contrast, hardrock minerals
on federal lands including uranium are governed by the 1872 Mining Law.
The MLA is implemented by two DOI agencies. The Bureau of Land Man-
agement (BLM) oversees the issuance of leases and actual development for
oil and gas, and the Mineral Management Service collects, accounts for, and
distributes revenues associated with mineral production. Leases are issued
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through a bidding process, generally with a primary term of 10 years. Once
a parcel is leased, reasonable diligence must be exercised by the leaseholder
to develop the resource. The primary term lease provisions create an incen-
tive to proceed quickly with development to move into the production
phase that will both secure the leaseholder’s interest and provide an eco-
nomic return on the investment.

An oil and gas lease is essentially a contract, defining the rights and re-
sponsibilities of both parties. A common perception—one often encour-
aged by the BLM—is that the government has little influence on the pace or
nature of development once an area is leased. But the agency actually retains
a great deal of influence over how development occurs, through both stan-
dard leasing provisions and additional stipulations that may be attached to a
lease. Threemain sections under standard leasing provisions, common to al-
most all leases, reserve agency authority to address environmental concerns
(as per Offer to Lease for Oil and Gas Form 3100-1, June 1988). First, sec-
tion 4 specifically “reserves the right to specify the rates of development and
production in the public interest” and has been recognized by Interior Board
of LandAppeals as having “vest[ed] [BLM]with adequate authority to pro-
tect wildlife values” (National Wildlife Federation, 169 Interior Board of
Land Appeals 146, 164 [2006]; see alsoWyoming Outdoor Council, 147 In-
terior Board of Land Appeals 105 [1998], and Powder River Basin Resource
Council, 120 Interior Board of LandAppeals 47 [1991]). Next, section 6, ti-
tled “Conduct of Operations,” also addresses the need to minimize environ-
mental impacts, stating, “Prior to disturbing the surface of the leased lands,
the lessee shall contact the lessor to be apprised of procedures to be followed
and modifications or reclamation measures that may be necessary. Areas to
be disturbed may require inventories or special studies to determine the
extent of impacts on other resources.” This provision anticipates that addi-
tional environmental protection measures may be required after leasing but
before actual development, and it reserves the right of the BLM to make
modifications as necessary to address environmental concerns. With regard
to wildlife specifically, it notes that “if, in the conduct of operations, lessee
observes or encounters any threatened or endangered species . . . or other
specific resources that are statutorily protected, or substantially different,
unanticipated, environmental effects, lessee shall immediately contact lessor.
Lessee shall cease any operations that would result in the destruction of
such.” Finally, section 7, titled “Damages to Property,” states, “If impacts are
substantially different or greater than normal . . . lessor reserves the right to
deny approval of operations.” This provision also recognizes that unantici-
pated impacts may be associated with development and reserves the right to
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restrict development. Each of these sections of the standard lease is a part of
the contractual agreement between the government and the leaseholder
seeking to develop mineral resources on public lands.

In addition to these standard leasing provisions, leases are often sup-
plemented with additional stipulations. Stipulations address specific con-
cerns of a particular area, and wildlife protection is often the goal. For ex-
ample, the BLM can place seasonal stipulations that limit activity during
certain times when wildlife are particularly vulnerable, such as restricting
drilling activity during the winter in crucial winter range for mule deer
(Odocoileus hemionus) or limiting surface disturbance in the early spring
where there are known greater sage-grouse (Centrocercus urophasianus) leks.

Unfortunately, the BLM seldom exercises its contractual authority un-
der the standard lease provisions. Even when it does, it often backs down in
the face of industry pressure. Wildlife stipulations, where they exist, are of-
ten waived. The BLM’s Pinedale Resource Area in southwest Wyoming
granted 97 out of 113 requests from oil and gas operators to waive stipula-
tions designed to protect raptors, 103 of 116 requests to waive wildlife
winter range protections, and 119 of 170 requests to waive stipulations to
protect sage-grouse (The Wilderness Society 2005).

The BLM’s equivocation on protecting wildlife in the face of energy
development reflects the challenge associated with balancing its land man-
agement responsibilities and its role as a facilitator of energy development
under the MLA. While reserving authority to address environmental im-
pacts, the MLA includes no explicit requirement to balance energy develop-
ment with other land uses. When the MLA was amended by the Federal
Onshore Oil and Gas Leasing Reform Act in 1987, the main focus was to
address inefficiencies in the leasing process, make leasing more competitive,
and boost royalty payments (Sansonetti and Murray 1990). At the time,
there was debate regarding whether to include provisions addressing the
impacts of oil and gas development to other lands uses. Those amendments
did not make it into final legislation, but as a compromise, Congress di-
rected the National Academy of Sciences (NAS) to conduct a study on the
manner in which oil and gas resources are considered in land use plans. The
NAS did the study and provided Congress with several recommendations
(NAS Committee on Onshore Oil and Gas Leasing 1989).

The first recommendation focused specifically on areas that had high
potential for both energy development and land use conflicts. The NAS rec-
ommended that these areas be leased with stipulations that allowed only for
exploratory wells, allowing information gained during exploration to guide
later decisions regarding whether to allow further development. The NAS
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recommended that leaseholders be reimbursed for the costs of the lease and
exploration if it turned out that other land use values precluded mineral de-
velopment. The second recommendation, which the NAS recommended
apply to all leases, was to include a stipulation that “preserves the govern-
ment’s flexibility to control and if necessary, to prohibit, activities on leases
that pose serious and unacceptable impacts on other values, but with the
provision that a lessee would be reimbursed for its direct costs in acquiring
and developing its lease if further exploration and development is prohib-
ited” (NAS Committee on Onshore Oil and Gas Leasing 1989: 127). Both
of these recommendations, if implemented, would provide the BLM with
further tools for engaging in ecosystem-based, adaptive management.

Another alternative would be to simply attach adaptive management
stipulations to leases. Such stipulations would place leaseholders on notice
that the pace and intensity of development would be tied to experimenta-
tion and learning, as necessary, to protect other resource values. Oil and gas
development on federal lands will continue. For this development to pro-
ceed in a manner compatible with an adaptive management approach, the
BLM must be more willing to exercise its existing authority and perhaps
create some new authority to achieve a more balanced approach to energy
development. These changes have the potential to make adaptive manage-
ment more attractive to industry. If leaseholders are allowed to recoup their
costs if they are prohibited from developing their leases, the need for flexi-
bility can be balanced by providing some certainty.

New renewable energy projects, such as wind and solar, currently re-
ceive little of the potential environmental protection available under formal
leasing processes like those provided under the MLA. Instead, the BLM
uses general authority to grant rights of way, traditionally used for proj-
ects such as transmission lines, for locating these projects (42 USC
§ 1761(a)(4); 43 C.F.R. 2800). This, combined with pressures to expedite
renewable energy projects, threatens to lead to the same or worse mistakes
as those made in conventional energy development (BLM 2005; DOI
2009b). Just as with traditional energy development, new resources should
be paced with learning to address impacts on wildlife and other resources.

Collaborative Engagement on Public Lands

One of the most undervalued yet critical aspects of adaptive management is
effective collaboration between stakeholders (Margoluis et al. 1998). Pub-
lic lands have from their inception been fraught with conflict and compet-
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ing interests, creating “wicked problems” characterized by radical uncer-
tainty and social and ecological complexity (Rittel and Webber 1973). Al-
though it is time-consuming, working with multiple stakeholders increases
the likelihood of a project’s success (e.g., see the Collaborative Adaptive
Management Network at www.adaptivemanagement.net). Consequently,
most models of adaptive management outline a first stage that includes the
development of a shared conceptual model among stakeholders. The DOI’s
new technical guidance for adaptive management specifically emphasizes
that ensuring stakeholder commitment to adaptive management for the
duration of the process is a key first step.

Unfortunately, meaningful collaboration on public lands is hampered
by the FACA, which was enacted in 1972 in response to increasing concern
over escalating influence by industry groups and others on government de-
cision making. The statute broadly defines the term advisory committee to in-
clude “any group, with one or more public members, created by law or
established or ‘utilized’ by an agency or the President” (5 USC app. 2 §§ 1–
15). Collaborative processes typically fall squarely within this definition.
Once triggered, the FACA requires an onerous process for the establish-
ment and operation as an official FACA committee. The result is a chilling
effect in which collaborative processes are often avoided or are unsuccessful
because they cannot meet statutory requirements (Beierle and Long 1999).
Thus, the FACA is a primary legal barrier to ecosystem management, and
agencies often decline to obtain outside input rather than face future litiga-
tion over compliance with the FACA (Government Accountability Office
1998). Even if agencies are willing to put forth the effort to go through the
required administrative process, it often takes years to receive a formal
FACA charter. This delay severely limits citizen advisory groups in many ac-
tions involving natural resources, which often are time-sensitive. The
FACA also requires committees to receive new charters every 2 years, a par-
ticularly cumbersome constraint in natural resource contexts, where deci-
sions are often implemented over a much longer period. There is also a
limit to the number of committees that can exist at any given time, further
limiting opportunities for collaboration.

FACA reform is needed to better use collaborative processes necessary
for adaptive management implementation. The FACA should be made
more flexible and should encourage, rather than hinder, adaptive man-
agement. Beierle and Long (1999) make several recommendations for
reform, two of which are directly relevant in this context. First, they rec-
ommend lifting the administrative ceiling on the number of FACA com-
mittees that can exist at any given time. This would allow agencies to
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engage in collaborative processes more often and benefit from public in-
volvement. Second, they recommend streamlining the procedural require-
ments for establishing an advisory committee. Current procedures result
in unreasonable delays that undermine collaborative process and its effec-
tiveness. Another more sweeping suggestion for reform is to exempt cer-
tain categories of committees from the FACA altogether. Collaborative
processes designed to implement adaptive management may be appropri-
ate for such an exemption.

Making Adaptive Management the New Paradigm
on Public Lands

The final key step on the path forward is the reorientation of management
efforts on public lands to make them more amenable to adaptive strategies.
Although a comprehensive examination of public land policy is beyond the
scope of this chapter, here I focus on current efforts to implement adaptive
management under two main statutes governing public land management:
the National Forest Management Act and the Federal Land Policy and
Management Act. I also consider the National Environmental Policy Act
(NEPA), which applies to all major federal actions on public lands, as a po-
tential vehicle for implementing adaptive management. Finally, the U.S.
Endangered Species Act is discussed as the current “emergency room” ap-
proach to wildlife protection. Without substantial land management re-
form, this will continue to be the dominant strategy for addressing the im-
pacts of energy development on wildlife.

Current Efforts by Land Management Agencies

The Federal Land Policy and Management Act and the National Forest
Management Act are the primary laws governing the management of fed-
eral lands generally available for energy development. The National Forest
Management Act governs 78.1 million hectares (193 million acres) of
forests and grasslands managed by the U.S. Forest Service. The Federal
Land Policy and Management Act governs the DOI’s 103.6 million hec-
tares (256 million acres) of BLM lands. The BLM also manages the federal
government’s 283.3 million hectares (700 million acres) of subsurface min-
eral estate, although land-based managers such as the Forest Service have a
role in determining where leasing occurs on the land they manage. Both na-
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tional forests and BLM lands are governed by multiple-use, sustained-yield
principles requiring them to balance a number of competing interests on
public lands, including recreation, grazing, timber harvesting, and mineral
development, in addition to watershed, wildlife, scenic, scientific, and his-
torical values (43 USC §§ 1701 et al.; 6 USC §§1600 et al., respectively).

These management mandates are sufficiently vague to encompass
adaptive management approaches but do not provide the regulatory home
needed for adaptive management. “The disconnect between adaptive man-
agement in practice and adaptive management in law is quite palpable. To-
day’s practitioner of natural resource law is bombarded with adaptive man-
agement. It is firmly entrenched in natural resource agency practice from
headquarters to field level. It shows up in land management plans, resource
development permits, and agency guidance documents. Yet it appears al-
most nowhere as codified statutory or regulatory text, and it is dealt with
significantly by only a handful of judicial opinions. . . . No other principle
of natural resources law has so deeply permeated the practice on the basis of
so little mention in law” (Ruhl 2008: 11-3).

Both the U.S. Forest Service and the BLM have used mainly depart-
mental orders, instructional memoranda, and agency manuals to integrate
adaptive management principles. In March 2007, all bureaus within the
DOI were ordered to use adaptive management whenever possible, and
this order was incorporated into the DOI Departmental Manual in Febru-
ary 2008 (i.e., Secretary of the Interior Secretariat Order 3270 and BLM
Adaptive Management Implementation Policy). The Forest Service is im-
plementing a process called environmental management systems (EMS) on
all administrative units and incorporates adaptive management as a funda-
mental principle (U.S. Department of Agriculture 2007).

Although these departmental directives are an important beginning,
they are insufficient.Without more specific statutory or regulatory ground-
ing, commitments to adaptive management are generally not binding on
the agency (Fischman 2007). This means that those outside the agency are
not able to enforce the agencies’ commitment to adaptive management.
Enforceability is important because, historically, judicial interpretation has
been necessary to establish the details and define the duties and expecta-
tions of agency mandates and ensure implementation (Nie 2008). Without
more specific and enforceable legal grounding, adaptive management prin-
ciples are in danger of losing their legitimacy, as “agency speak” with little
meaning. Already, critics of adaptive management view it as an excuse to
allow agencies an unreasonable amount of discretion (Doremus 2001;
Houck 2009a).
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NEPA as a Potential Regulatory Home for Adaptive Management

NEPA may provide a regulatory home for adaptive management. NEPA
applies to all major federal actions that have a significant impact on the hu-
man environment. NEPA is often referred to as having twin aims in provid-
ing better-informed agency decisions and involving the public in important
natural resource decision making (42 USC § 4331 et al.). NEPA section
102 requires agencies to provide a detailed statement (known as an Envi-
ronmental Impact Statement) outlining the environmental impacts of the
proposed action, listing alternatives to the action, and explaining whether
the action necessitates any irretrievable or irreversible commitments of re-
sources by the agency. It also establishes a new agency, the Council on En-
vironmental Quality, to help guide NEPA implementation.

The original drafters of NEPA had something more in mind, however.
Section 101 of NEPA declared that it was “the continuing policy of the
Federal Government . . . to use all practicable means and measures, includ-
ing financial and technical assistance, in a manner calculated to foster and
promote the general welfare, to create and maintain conditions under
which man and nature can exist in productive harmony, and fulfill the so-
cial, economic and other requirements of present and future generations of
Americans” (42 USC § 4331 et al.). This provision, sometimes called the
substantive provision of NEPA, was intended to require agencies to make
not just well-informed but also environmentally sound decisions balancing
environmental and economic concerns (Caldwell 2002).

This substantive goal never came to fruition because it was quickly un-
dermined by court interpretations of the law, which held that NEPA’s sec-
tion 101 was an aspirational statement lacking the necessary detail for en-
forcement. In its early interpretations of the statute, the U.S. Supreme
Court held that NEPA, while establishing “significant substantive goals for
the Nation, imposes upon agencies duties that are essentially procedural.
. . . NEPA was designed to insure a fully informed and well-considered de-
cision” (Stryker’s Bay Neighborhood Council Incorporated v. Karlen, 444 U.S.
23 [1980], quoting Vermont Yankee Nuclear Power Corporation v. Natural
Resources Defense Council Incorporated, 435 U.S. 519 [1978]). As a result,
NEPA essentially became a series of steps requiring federal agencies to take
a hard look at the potential environmental consequences of their action, but
not requiring them to take any specific action to protect the environment or
balance competing concerns.

Adaptive management may provide a way to reclaim the potential of
NEPA. Because NEPA applies to all federal agencies, integration of adap-
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tive management principles into NEPA’s requirements would provide im-
portant depth and consistency to both agency and court interpretations of
adaptive management methods and requirements. In many ways, the un-
derlying goals and principles of NEPA and adaptive management are inher-
ently compatible, and efforts are being made to integrate adaptive manage-
ment principles into NEPA processes (Dreher 2005). In 2002, the Council
on Environmental Quality created a NEPA Task Force to address issues as-
sociated with modernizing NEPA, including the need to better integrate
adaptive management (National Environmental Policy Task Force 2003). A
year later, the task force did come forward with a series of recommenda-
tions, which included the recommendation that the Council on Environ-
mental Quality convene an Adaptive Management Working Group that
would assist in promulgating regulations specific to adaptive management.
This has not yet happened.

In its current form, NEPA has been criticized for actually hampering
adaptive management (Benson 2009). Like most statutes of its era, NEPA
did not address the iterative decision-making process necessitated by adap-
tive management. Its requirement of a detailed statement outlining the an-
ticipated impacts of a proposed agency action reflects what has been called
a front-end approach that assumes all the information needed to make a de-
cision is already available (Ruhl 2005; Thrower 2006). It also assumes a
single action rather than ongoing activities that must be monitored and ad-
justed as necessary to achieve management goals.

Efforts are being made to integrate adaptive management principles
into NEPA processes, but more fundamental reform of NEPA is needed to
make adaptive management an actual requirement. Within the DOI, bu-
reaus have been directed to “use adaptive management, as appropriate, par-
ticularly in circumstances where long-term impacts may be uncertain and
future monitoring will be needed to make adjustments in subsequent im-
plementation decisions” (43 C.F.R. § 46.145). Proponents of NEPA re-
form usually argue for new amendments to the law, but reconfiguration of
NEPA could be achieved without new legislation (Haugrud 2009). The
Council on Environmental Quality, in its role as the main interpreter of
NEPA, could implement new regulations to require adaptive management
for agency actions that trigger NEPA and also outline specific protocols
and methods for implementing adaptive management. Reform of NEPA
would admittedly be a significant statutory reinterpretation, but it would
be permissible under general principles of administrative law because, as
noted earlier, NEPA’s original intent was to play a more substantive role in
agency decision making. This issue was recently addressed by the U.S.
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Supreme Court, which held that federal agencies can adopt new regulations
that reinterpret a statutory provision previously defined by the courts under
certain circumstances (National Cable and Telecommunication Association v.
Brand X Internet Service [Brand X], 545 U.S. 967 [2005]). Those circum-
stances include an interpretation that the court does not hold as the only
reasonable interpretation of the statute. In the case of NEPA, none of the
early interpretations of its requirements were based on a clear reading of the
statutory language. On the contrary, the courts ignored the substantive
statutory language in section 101 and instead focused on the more proce-
dural requirements outlined in section 102. For this reason, NEPA can be
reinvigorated without statutory amendment.

Reclaiming NEPA’s potential has been advocated by others, particu-
larly those seeking more collaborative approaches to environmental deci-
sion making. In 2000, Congress directed the U.S. Institute for Environ-
mental Conflict Resolution to charter a FACA committee to investigate
“strategies for using collaboration, consensus building and dispute resolu-
tion to achieve the substantive goals” of NEPA (U.S. Institute for Environ-
mental Conflict Resolution 2005: 3). The National Environmental Con-
flict Resolution Advisory Committee was formed and issued its findings in
2005 (U.S. Institute for Environmental Conflict Resolution 2005). The re-
port promoted resurrecting NEPA’s section 101 to advance federal agency
use of collaboration and environmental conflict resolution. Among the
recommendations was an acknowledgment of the role of adaptive manage-
ment. In recognizing adaptive management as the future of natural re-
source management, the National Environmental Conflict Resolution Ad-
visory Committee recommended that the United States “identify ways to
expand its leadership in developing applications of collaborative monitor-
ing in the context of alternative dispute resolution and adaptive manage-
ment” (U.S. Institute for Environmental Conflict Resolution 2005: 20).

Several specific reforms are necessary if NEPA is to be reconfigured to
integrate adaptive management. First, and foremost, NEPA’s front-end ap-
proach must be reworked to reflect the iterative processes necessitated by
adaptive management. As a practical matter, some agencies are already tak-
ing steps in this direction and are increasingly using a process called tiering.
Tiering allows agencies to sequence NEPA analysis starting with a broad
programmatic Environmental Impact Statement that addresses larger pol-
icy issues, or the initial stages of a program are then supplemented with
more site-specific analyses (40 C.F.R. § 1508.28). The current regulatory
guidance specifically encourages tiering in situations in which decision
making occurs in stages (40 C.F.R. § 1502.20).
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The regulations also anticipate situations in which information is in-
complete or unavailable. In such cases, regulations direct the agency to pro-
vide a “statement that such information is incomplete or unavailable” and
include a “statement of the relevance of the incomplete or unavailable infor-
mation to evaluating reasonably foreseeable significant adverse impacts on
the human environment,” along with a summary of the “credible scientific
evidence which is relevant” (40 C.F.R. § 1502.22). Adaptive management
would incorporate both approaches, building the informational needs into
the conceptual model and designing management approaches that begin to
fill in the gaps and guide future action.

As can be seen in this brief overview, current regulations provide some
basis for adaptive management, but full integration of adaptive manage-
ment’s iterative approach would require developing specific protocols to
guide implementation, including when new information triggers the re-
quirement for a supplemental Environmental Impact Statement. Without
real reform, programmatic tiering can become a shell game in which vari-
ous NEPA documents cross-reference each other but fail to provide a com-
prehensive assessment of the environmental impacts of a project (Benson
2009).

The second major reform needed to reconfigure NEPA is to require ef-
fective monitoring, an essential component of adaptive management that is
designed to assess management experiments and provide the feedback nec-
essary for further knowledge integration and iteration. DOI guidance
specifically emphasizes that “monitoring is used in adaptive management to
track system behavior, and in particular to track the responses to manage-
ment through time. In the context of adaptive management, monitoring is
seen as an ongoing activity, producing data after eachmanagement interven-
tion to evaluate the intervention, update the measures of model confidence
and prioritize management options in the next time period” (Williams et al.
2009: 33).

Currently, NEPA regulations state that agencies “may provide for
monitoring to assure that their decisions are carried out and should do so in
important cases.” It falls short of actually requiring monitoring (with one
exception noted later), and monitoring, as a practical matter, is often aban-
doned when budget constraints require agencies to cut back (Benson
2009). NEPA has the potential to provide the legislative mandate for mon-
itoring, which would allow agencies to build the necessary funding into
their budgets and, when appropriate, require financial support from those
seeking to develop resources on public lands (DeLuca et al. 2008).

The third key element of NEPA reform needed to achieve adaptive
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management is an affirmative obligation to engage in mitigation of envi-
ronmental impacts. Mitigation is currently defined by the NEPA regula-
tions to include avoiding the impact altogether by not taking a certain ac-
tion or parts of an action; minimizing impacts by limiting the degree or
magnitude of the action and its implementation; rectifying the impact by
repairing, rehabilitating, or restoring the affected environment; reducing
or eliminating the impact over time through preservation and maintenance
operations during the life of the action; and compensating for the impact
by replacing or providing substitute resources or environments (40 C.F.R.
§1508.20). Although NEPA currently requires an examination of “appro-
priate mitigation measures not already included in the proposed action or
alternatives,” it does not generally require their implementation (40 C.F.R.
§ 1502.14[f]). To the extent to which mitigation has been encouraged un-
der NEPA, it has been done indirectly by agencies seeking to avoid NEPA
requirements by developing mitigated “findings of no significant impact”
that allow them to avoid the requirements of an Environmental Impact
Statement (Haugrud 2009). Where the NEPA process does end up choos-
ing an alternative requiring mitigation, NEPA requires the agency to also
engage in monitoring (the exception noted earlier) and allows the agency
to condition its approval of permits, funding, and other activities on the
mitigation required by the decision (40 C.F.R. § 1505.2 and 1505.3).
NEPA falls short of consistently requiring mitigation, however, which is a
key ingredient to an adaptive management approach (Karkkainen 2002). A
revitalized NEPA would combine monitoring and mitigation to achieve
the substantive goals that were NEPA’s original intent.

The final reform necessary is to insert NEPA back into agency plan-
ning. Just as early cases eviscerated NEPA section 101, court decisions also
narrowly defined “agency action,” exempting many planning processes
(Houck 2009b; Mandelker 2009). This has long been regarded as one of
the major failings of NEPA implementation, leaving evaluations of cumula-
tive impacts as individual project-level decisions and therefore missing the
opportunity whether to develop at all at the planning stage. Adaptive man-
agement requires agencies to use planning as an opportunity to develop a
conceptual model and management objectives to guide agency decisions.
NEPA at the planning stage, as integrated toward a more iterative process,
is a common-sense reform necessary to meet NEPA’s original intent.

All these reforms—integrating an iterative process, requiring monitor-
ing and mitigation, and reinstating NEPA’s hard look at the planning
stage—have the potential to incorporate adaptive management as the new
management paradigm on public lands. If implemented, they would pro-
vide agencies with the necessary flexibility to address impacts onwildlife and
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other natural resources before habitat degradation and other threats to spe-
cies necessitate the more drastic approaches discussed below.

The Endangered Species Act: The Emergency Room Approach

The Endangered Species Act (ESA) will be of increasing importance, par-
ticularly in the absence the reforms mentioned earlier. All the reforms sug-
gested in this chapter reflect an attempt to address challenges associated
with balancing energy development and wildlife protection before signifi-
cant problems occur and decision making becomes crisis-driven. By con-
trast, the ESA is an emergency room approach to species conservation, pro-
viding protection only for species that are listed as threatened with or in
danger of extinction. Once a species is listed, the ESA provides an unparal-
leled level of legal protection against further decline. Though not exclu-
sively applicable to federal lands, the ESA nonetheless greatly influences
public land management decisions. Among its key provisions is a require-
ment that federal land managers ensure that their actions do not jeopardize
the species or its critical habitat. This process, which involves consultation
with the U.S. Fish and Wildlife Service, can be both time consuming and
contentious. It limits the capacity of agencies to engage in the types of ex-
perimentation required by adaptive management. It can also result in se-
vere limits on extractive activities, as was the case with efforts to protect the
now-famous northern spotted owl (Strix occidentalis caurina) from habitat
destruction resulting from logging in the Pacific Northwest.

In the absence of a more comprehensive requirement to protect biodi-
versity in the United States, the ESA’s strong tools for conservation will
continue to be the major driver in many controversies on public lands.
Even the threat of a species being placed on the ESA threatened or endan-
gered list can encourage federal land managers and others to implement
measures to protect the species and thereby avoid listing. This can occur
formally in the form of Candidate Conservation Agreements or informally
through cooperative interagency efforts to protect habitat.

In the case of energy development, the candidate listing of the greater
sage-grouse is a major focus (U.S. Fish and Wildlife Service 2008). As dis-
cussed in chapter 4, Wyoming and other states are developing conservation
plans to identify “strategies and commitments for the purpose of improving
sage-grouse numbers and precluding the need for listing under the Endan-
gered Species Act” (Northeast Sage-Grouse Working Group 2006). Wyo-
ming has established core habitat areas for sage-grouse protection (State
of Wyoming Executive Order 2008-2). The BLM has also developed a
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National Sage-GrouseHabitat Conservation Strategy.However, the alleged
failure of the BLM to implement that strategy into its land use planning pro-
cess is now the subject of a major legal challenge (WesternWatersheds Project
v. Kempthorne 2008Amended Complaint Number 08-cv-516-BLW).

Conclusion

Just like an emergency room, the ESA is a necessary safety net, but it is in-
sufficient for overall ecosystem health. Efforts to address the needs of one
species, or even several species, do not address the complexities and needs
of an entire ecosystem. A more sustained and comprehensive approach is
needed, and adaptive management provides an opportunity to implement
such an approach. For adaptive management to be used successfully, the
path forward will require agencies to pace energy development to account
for uncertainties about the impacts on wildlife and other resources, and to
incorporate learning into their management efforts. This can be achieved
through more aggressive enforcement of current leasing provisions that
protect natural resources, and perhaps through the explicit incorporation of
adaptive management strategies via new stipulations.

The path forward will also require more effective collaborative efforts
involving the many stakeholders involved in developing energy on public
lands. Current efforts tend to be focused on interagency cooperation, but
effective adaptive management requires broader participation from indus-
try groups, conservationists, local communities, and others. FACA, the fed-
eral law governing citizen participation in agency decision making, must be
reformed to allow more stakeholder involvement in collaborative efforts.

However, real reform will require the integration of adaptive manage-
ment as the new paradigm on public lands. Although some initial efforts
are under way, successful implementation of adaptive management will re-
quire making its procedures and protocols legally mandated and enforce-
able. NEPA, the law that once held great promise for achieving environ-
mental protection on federal lands, has the potential to provide the
much-needed regulatory home for adaptive management. These reforms
can be achieved without statutory amendment, and because NEPA applies
to all federal agencies, it has the potential to provide the consistency and
depth needed for effective implementation. Pressures to develop energy re-
sources on public lands continue, and meaningful efforts to protect wildlife
will require us to take this new path forward.
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Chapter 12

Community-Based Landscape Conservation:
A Roadmap for the Future

Gregory A. Neudecker, Alison L. Duvall,
and James W. Stutzman

Energy independence, increasing domestic demand, and resulting impacts
of development on wildlife portend a critical challenge to conservation. En-
ergy development is not new to the West, but the accelerating rate of
energy development and the expanding overall human footprint on west-
ern landscapes leave conservationists scrambling for ways to reduce anthro-
pogenic impacts on wildlife. In a perfect world, there would be enough
time and money to save everything, but instead we face a growing list of
imperiled species, declining extent and condition of habitats, elevated risk
to intact and functioning landscapes, and ever-present budget shortfalls.
These conditions and constraints demand an overall approach based on
conservation triage, defined here as the prioritization of landscapes to
which limited resources are allocated to maximize biological return on in-
vestment (Bottrill et al. 2008, 2009). Once seen as a defeatist conservation
ethic, triage is now viewed as a crucial approach to maintaining biological
resources, in contrast to providing palliative care to already degraded sys-
tems (Schneider et al. 2010). Indeed, the conservation paradigm has shifted
in scale and practice from small and reactive to large and proactive ap-
proaches to implementing landscape conservation before the opportunity
to do so is lost.

Landscape planning has typically been a biological endeavor, but the
real key to implementing lasting conservation is in working with people
to maintain rural ways of life that are compatible with biological goals.
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Community-based conservation originated in the 1980s in response to crit-
icism of major international organizations for designing and implementing
conservation with little input from local communities (Chambers 2007). In
the international conservation arena, local communities voiced disapproval
of large-scale, capital-intensive, and centrally planned projects that excluded
them from participation and benefit (Kumar 2005). The rise of commu-
nity-based conservation also resonated in the United States as agencies ex-
plored a related but somewhat independent trend away from top-down,
regulatory-based, and expert-driven resource management toward volun-
tary, incentive-based conservation with broad public and community inclu-
sion in land management programs (Weber 2000; Wondolleck and Yaffee
2000). Today, community-based conservation has evolved from a theoreti-
cal argument against actions that exclude humans to integrated approaches
that embrace equally the societal and biological aspects of conservation
(Horwich and Lyon 2007). Cornerstone principles include local participa-
tion, sustainable natural and human communities, inclusion of disempow-
ered voices, and voluntary consent and compliance, rather than enforce-
ment by legal and regulatory coercion.Win–win outcomes are sought, with
all stakeholders at the table (Weber 2000; Nie 2003).

Our goal in this chapter is to provide readers with a vision of the next
frontier in conservation: linking landscape conservation with people and
communities. We suggest a “3P” formula for success that includes selecting
the right places, people, and projects to manage collectively the multiple
stressors affecting priority landscapes and maximize conservation invest-
ments. We conclude by highlighting the relevance of community-based
conservation to energy development. The chapter is intended to provide a
roadmap that empowers decision makers with strategies for maintaining
biological values in the face of expanding human footprints, increases ca-
pacity for local and regional conservation initiatives, and supports local
practitioners with ways to facilitate conservation while acting as strong ad-
vocates for people and communities.

Strategic Landscape Conservation:
Working in the Right Places

Conservationists around the country grapple with the best ways to deliver
effective programs to benefit species, ecosystems, and the human commu-
nities within them, which is a daunting task given the diversity of perspec-
tives, experiences, philosophies, and mandates involved. The science, and
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indeed the art, of first identifying and subsequently delivering conservation
in priority landscapes continues to gain support as a prevailing paradigm.
Still, many programs are best characterized as opportunistic conservation
that takes a shotgun approach to deciding where to work and gauges suc-
cess by the total amount of habitat treated or manipulated. From a practi-
tioner’s standpoint, the projects may have sizable benefits at the ownership
or habitat scale but may still be isolated in the midst of fragmented land-
scapes. Others are using individual fish and wildlife species or a suite of spe-
cies as the justification to prioritize conservation actions. Although in the-
ory the latter approach has merit, it generally does not account for broader
ecosystem or human dimensions. In our experience, delivering conserva-
tion in the right place is best practiced by integrating the two ideologies by
focusing on whole landscapes and on a suite of focal species that reside
within those systems.

We suggest a proven ten-step Conservation Focus Area (CFA) ap-
proach, developed by the U.S. Fish andWildlife Service’s Montana Partners
for Fish and Wildlife Program (herein “Partners Program”), as an advanced
model for prioritizing where to work, especially given limitations in fund-
ing and capacity for implementation. These ten steps provide filters, mov-
ing from broad to narrow criteria for prioritization of areas to invest re-
sources and time (table 12.1).

In application, the Partners Program model of biological planning be-
gins by locating CFAs within geographic areas or ecoregions. Ecoregions
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Table 12.1. A 10-step Conservation Focus Area (CFA) approach.

1 Use geographic areas or ecoregions as a foundation for planning.
2 Select a representative set of focal species.
3 Initiate biological planning by compiling in a geographic information system

all relevant habitat and population data for focal species.
4 Identify initial overlap in conservation plans between state, federal, and non-

government partners.
5 Consult with partners to view strengths and weaknesses in biological data.
6 Draft initial set of CFAs.
7 Use landscape intactness and public–private ownership patterns to compare

draft CFAs.
8 Assess existing community-based conservation groups already working in

identified CFAs.
9 Evaluate realized and potential future threats to CFAs.
10 Formally select final set of CFAs.



cover large areas that contain geographically and climatically distinct assem-
blages of natural communities and fish and wildlife species, in contrast to
jurisdictional lines for management such as state or county boundaries
(Bailey 1995). The United States has sixty-four distinct ecoregions, seven-
teen of which are located in the Rocky Mountain West.

The next step involves selection of focal species for each distinct geo-
graphic area. Focal species can help provide a practical bridge between
single- and multiple-species approaches to wildlife conservation and man-
agement (Mills 2007). However, more than 1.5 million species can present
major challenges to implementing conservation actions in a way that is lo-
gistically, financially, and politically feasible. One viable solution is to de-
velop inference about the larger community or ecosystem based on a subset
of species in the system. Four categories of focal species—flagship, um-
brella, indicator, and keystone species—can be used collectively to help ex-
pand beyond single-species management and toward ecosystem manage-
ment (box 12.1).

Once ecoregions and focal species have been selected, biological plan-
ning and conservation design follow. Biological planning is the systematic
application of scientific knowledge about species and habitat conservation
(Johnson et al. 2009c). Planning includes articulating measurable popula-
tion objectives for selected focal species, identifying what may be limiting
populations below desired levels, and compiling models that describe how
populations are expected to respond to specific conservation actions. Con-
servation design is a rigorous mapping process, based on geographic infor-
mation systems, that predicts patterns in the ecosystem and develops spe-
cies-specific models, associated habitat objectives, and maps of biodiversity
and species richness. The maps are produced by applying empirical models
to spatial data (Johnson et al. 2009c).

The next steps in the CFA approach include consultation with in-house
staff, state and federal agencies, and private conservation partners. First, the
data are compared with other biologically based public and private plans
that cover the same geographic areas, such as state wildlife agency plans.
This step is followed by involving partners in the process of viewing the
ecoregional maps, with interpretation and discussion of possible gaps in
knowledge before selection of the CFAs.

At this stage, conservation practitioners have sufficient data to draft a
set of potential CFAs. For example, the Partners Program and its partners
identified eighteen potential CFAs across Montana. Next, draft CFAs are
evaluated in the context of landscape intactness and public–private owner-
ship patterns. If CFAs have equivalent values after the sixth step, priority is
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given to landscapes with large tracts of native vegetation that are embedded
within at least 50 percent public ownership or where private landowners
own large parcels. Working with a private landowner who owns 5 hectares
of land may take about the same amount of time as working with one who
owns 5,000 hectares, yet the biological payoff is apt to be far greater with
the latter. Ideally, ownership patterns within CFAs should be a public–pri-
vate mix, with higher priority given to areas with greater public ownership
(e.g., 50–90 percent).

The next filter involves assessing existing community-based conser-
vation groups working within the identified CFA, such as watershed,
place-based interest, or other nonprofit organizations, and is a key to
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BOX 12.1. FOUR SPECIES CONCEPTS THAT BRIDGE SINGLE- AND
MULTIPLE-SPECIES MANAGEMENT

Flagship species are large, photogenic, historically significant, cuddly, cute, or
of direct benefit to humans; they are the charismatic animals most likely to
make people smile, feel goosebumps, and write a check for conservation (e.g.,
grizzly bear, manatee, wolf, polar bear). The concept does not even pretend to
relate to a species’ interactions or response to human perturbations. Rather, it is
purely a strategic concept for raising public awareness and financial support for
broad-based conservation action. In contrast, keystone species may not be par-
ticularly beautiful (flagship), or have wide space use (umbrella), or be espe-
cially sensitive to perturbations (indicators), but if they are lost from the sys-
tem they could take with them many other species (Mills 2007). Selecting a
focal or surrogate species for successful landscape conservation consists of
identifying a flagship species, representing key social, political, and financial
public values and feasibility, in combination with an umbrella, indicator, or key-
stone species, representing critical biological value. An example of a focal spe-
cies that meets biological, social, political, and financial values is the westslope
cutthroat trout, which can be contrasted with a tailed frog. Westslope cutthroat
trout need large intact landscapes to complete their life cycle, but because this
species is not federally endangered, private landowners are less threatened by
projects that enhance its habitat. Anglers prize the fish because they are big
and beautiful and have historic significance, resulting in strong financial and
political support for conservation of the species and others that overlap its
range. In contrast, although the tailed frog may be a more beneficial indicator
species for cold and clean headwater streams, it does not qualify as a flagship
species because of the challenges to building broad-based community, political,
and financial support for a little-known species of frog.



conservation success. We elaborate in detail in the next section on the value
of community-based partners to leverage investments and outcomes. Note
that selecting CFAs solely on the premise of active community-based
groups should not outweigh the former seven steps in prioritizing CFAs.
The combination of high biological values with community values is the
recipe for success.

At this point threats to CFAs, such as residential development and min-
ing or other forms of resource development, become an important filter.Us-
ing threats as the first step in planning and prioritization typically leads to re-
active rather than proactive conservation and poses the risk of bypassing
conservation opportunities in intact landscapes. The CFA model addresses
threats after previous filters have been used and all other biological, scale,
and ownership factors are equal.At this point in the process, CFAs should be
selected based on a high level of threat where the stressor has not yet oc-
curred or is still at a biologically manageable level. The CFA model seeks to
abate threats by delivering proactive conservation and working in more in-
tact areas to address threats before they create irreversible resource damage.

The final step in the CFA approach is formal selection of CFAs. The
Partners Program selected ten CFAs covering 23 percent of Montana’s land
ownership (12 percent public and 11 percent private). Three of these CFAs
were developed using the grizzly bear as a focal species (box 12.2).

Selecting the right places to work using a biologically based, thorough,
and systematic approach is critical to implementing community-based land-
scape conservation. We suggest that working in the right place using CFAs
and other scientifically sound strategies constitutes perhaps 20 percent of a
recipe for success. The next two sections, working with the right people and
the right projects, constitute the remaining 80 percent of this new conser-
vation paradigm and its value in practice.

The Social Framework: Working with the Right People

Conservation success depends heavily on the art of working with people.
Here we explore the social underpinnings at the core of community-based
conservation, address the need to shift from “biologist-centric” to “partner-
centric” conservation planning and implementation, suggest the key quali-
ties of a successful conservation practitioner and team, and illustrate our
case with a project in one watershed of western Montana.

The task of defining effective community-based conservation is beset
by numerous challenges, because success requires organic and innovative
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strategies for diverse situations and participants (Brosius et al. 1998; Agra-
wal and Gibson 1999; Kumar 2005). A defined theoretical framework for
community-based conservation becomes an ever-moving target based on
place, purpose, participants, goals, and activities. Still, efforts are being
made to understand and define this new style of natural resource manage-
ment. Key ingredients of community-based conservation are inclusiveness
and diversity of participants (i.e., “coalitions of the unalike”); an emphasis
on collaborative and consensus-based process; innovative approaches to in-
tractable conflicts, and local, regional, or place-based characteristics in
terms of scale and broad public–private partnerships with opportunities to
learn from one another (Cestero 1999;Wondolleck and Yaffee 2000; Snow
2001).

Experiences in the Blackfoot watershed of west-central Montana
provide an important lens with which to view key ingredients of
community-based conservation and to emphasize a crucial shift: away from
“biologist-centric” conservation to “partner-centric” conservation. We de-
fine biologist-centric conservation as prioritization of conservation actions
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BOX 12.2. AN EXAMPLE OF BIOLOGICAL PLANNING AND CONSERVATION DESIGN
IN THE WESTERN UNITED STATES

Grizzly bears in the Northern Continental Divide Ecosystem or Crown of the Con-
tinent Ecosystem are an excellent example of biological planning through selec-
tion of a focal species. The Crown of the Continent encompasses more than 4
million hectares (10 million acres) and includes Glacier National Park and the
Bob Marshall Wilderness. Land ownership within the ecosystem is primarily pub-
lic, with private land buffering the east (Rocky Mountain Front), the south
(Blackfoot Watershed), and the west (Swan Valley). Ten communities are lo-
cated within the landscape, with roughly 2,000 private landowners. The geogra-
phy of the ecoregion may seem like the right scale to deliver grizzly bear conser-
vation, but the U.S. Fish and Wildlife Service chose to divide it into three CFAs
with staff residing in each area for two reasons. First, on-the-ground conserva-
tion success typically result from establishing trust and credibility within com-
munities, which takes time and is best accomplished when conservation practi-
tioners become active community members. This process can take at least 10
years with hundreds of individual landowners. A smaller scale provides a better
ratio for one-on-one contact. Finally, 4 million hectares is not practical for con-
servation action because of the complex relationship among habitats, owner-
ship patterns, and focal species requirements.



based on science, with the biologist and the resource of concern at the cen-
ter of the decision-making process (fig. 12.1).

The emphasis is on quantifiable and verifiable empirical methods to de-
fine natural resource challenges and provide solutions. On the ground this
means that goals are established based on agency mandates, with the biolo-
gist providing the lead role in communicating with private landowners and
other partners. Typically, projects focus on a specific species-, habitat-, or
agency-driven process for strategic conservation. In the Rocky Mountain
West, for example, many public agencies and nonprofit organizations have
at the core of their mission a mandate to protect threatened and endangered
species. The result is a project goal that is driven by a species and its habitat
needs, without the appropriate links across biophysical and social scales to
leverage conservation opportunities and actions. Although using focal spe-
cies is an appropriate nexus for prioritization, basing decisions on the
knowledge base of the biologist can produce partial or incomplete out-
comes for conservation, leading to missed opportunities to build relation-
ships with private landowners for future conservation, restoration, and
management activities on intermingled private and public lands.

Partner-centric conservation by nature is multidimensional in both
process and outcome. From the outset, diverse private and public partners
sit at the decision-making table, representing various interests, values, and
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Figure 12.1. Schematic of the primary differences between biologist-centric and
partner-centric approaches to conservation.



skill sets and providing a range of technical and funding resources. Projects
are cooperative in nature, focusing on multiple scales, biological and social,
requiring a coproduced investment in the conservation outcome. Partners
capitalize on the inherent link between the sustainability of natural re-
sources being conserved and the communities that are tied to the resource.
Although the process is organic, sometimes messy, two-steps-forward-one-
step-back, the activities are replicated, with outputs leveraged and post-
project outcomes exponentially multiplied. In the end, it becomes a re-
imagining of collaborative decision making that joins scientific expertise by
biologists, academics, professionals, and consultants with community con-
cerns, local traditions, and perspectives (Brick and Weber 2001).

The partner-centric model of conservation involves developing a team,
or what Blackfoot rancher Jim Stone calls a “Rolodex of partners and re-
sources,” to implement conservation. In this model, private landowners and
community members are recognized as critical participants in the process,
and the role of the biologist is to help from behind instead of lead from the
front. Successful projects are completed by finding landowner leaders or
champions who are well respected, credible, and willing to initiate activities
with their neighbors. Transferability of a conservation legacy between gen-
erations is greatly enhanced with this approach. Generational landowners
typically have greater success in initiating momentum for conservation be-
cause they have the trust and credibility of long-standing friends and neigh-
bors. However, as communities continue to cooperatively prioritize man-
agement, newer landowners are also pivotal to the success of many of these
projects.

The landowner-led process is critical to producing long-term conserva-
tion outcomes. The value of this peer-to-peer relationship is often underes-
timated by conservation practitioners. Private landowners are the current
and future land stewards; they are intimately tied to the resource, both its
productivity and its limitations, and their place in the community allows
them to communicate with neighbors about the importance of a project.
The rural West is changing rapidly, its farms and ranches replaced by subdi-
visions, its small towns growing fast, and its very vastness and wildness
challenged in many ways. Private landowners managing traditional work-
ing landscapes in the West are themselves decreasing in number with
changing economics, demographics, and lifestyle preferences, resulting in
growth and development by a mobile and wealthier population eager to be-
come western (Riebsame 2001). The importance of generational land-
owners remaining active and productive on the landscape carries a pro-
found weight and voice with policymakers in Washington, D.C., which is
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critical to acquiring funding and project support. When practitioners see
their role in part as keeping private landowners with working landscapes in
business, community-based conservation becomes not just a practice but an
innovative partnership linking ecology, economy, and social viability.

The most successful conservation teams include a project coordinator
with exceptional social and problem-solving skills (Low 2003). This person
provides technical support and expertise to complete a project and has ex-
perience with on-the-ground delivery, providing support to the landowner
leader and other community members. In many biologist-centric projects,
new practitioners are expected to quickly meet organizational mandates
without taking the time to understand the social landscape. These well-
meaning practitioners fail to grasp the relationship between the community
and its historical, ecological, social, and political heritage. Although there is
no magic rule, we believe it takes at least 2 years to grasp the social land-
scape and 5 years to build the trust and credibility necessary to deliver
community-based landscape conservation. During this critical period, it is
important to make deposits into the community before making with-
drawals. Deposits are often tied to community events and may include par-
ticipation in recreational, civic, educational, and athletic activities. Practi-
tioners should be available to private landowners outside normal working
hours because community members volunteer their time attending meet-
ings and implementing projects.

A successful project coordinator needs support from mid- to upper-
level management within his or her agency. Agency decision makers benefit
from hiring staff with diverse skills and expertise and empowering their
staff with authority and flexibility. Project coordinators must be committed
and caring people who are driven by results but are patient and persistent
(Low 2003; table 12.2).

The successful project coordinator also must be a critical thinker with a
bias for action, possess both book smarts and street smarts, and be adept as
an institutional deal maker (Low 2003; table 12.2). Success requires team-
work through partners who are visionary, seeking solutions when seem-
ingly intractable problems arise. Teams are enhanced by the inclusion of
passionate, engaging communicators who can translate the project’s value
and details to stakeholders, decision makers, funders, and policymakers.
Administrators must provide support related to maintaining contacts,
grants and contracts, and budget oversight.

The Blackfoot Challenge in west-central Montana is a shining example
of community-based landscape conservation (box 12.3).
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Table 12.2. Key traits for hiring competent locally based conservation
practitioners.

Key Trait Description

Alignment with core values Integrity beyond reproach; innovation and excel-
lence; commitment to people and to the future.

Composure Cool under pressure and handles stress; not knocked
off balance by the unexpected; does not show
frustration when resisted or blocked.

Deals well with ambiguity Effectively copes with change; shifts gears; can de-
cide and act without having the total picture;
comfortably handles risk and uncertainty.

Drives for results Bottom-line oriented; steadfastly pushes self and
others for results; takes initiative to make concrete
results happen; a deal maker.

Interpersonal savvy Relates well to all kinds of people; builds construc-
tive and effective relationships; displays diplo-
macy and tact.

Learns on the fly Learns quickly when facing new problems; open to
change; analyzes successes and failures for clues to
improvement; seeks solutions.

Partnership oriented Understands how to build a partnership for clearly
defined results; active listener; collaborative; rec-
ognizes value of distinct strengths; openly shares
credit.

Patience Tolerant with people; sensitive to due process and
proper pacing; tries to understand people and sit-
uations before judging and acting.

Perseverance Pursues everything with energy, drive, and a need to
finish; seldom gives up before finishing, especially
when facing resistance or setbacks.

Political savvy Maneuvers through complex political situations; an-
ticipates landmines and plans approach accord-
ingly; a “maze-bright” person.

Sizes up people Good judge of talent; articulates people’s strengths
and limitations and anticipates what they will do
in situations.

Strategic thinker Crafts competitive and breakthrough strategies; can
hold on to vision; sets aside the trivial and focuses
on the critical.
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BOX 12.3. THE BLACKFOOT CHALLENGE: AN EXAMPLE OF COMMUNITY-BASED
LANDSCAPE CONSERVATION IN NORTHWEST MONTANA

In the Blackfoot Valley located in west-central Montana, the landowner-based
group the Blackfoot Challenge and its partners are practicing community-based
partner-centric conservation. In 2000, a team of public and private partners
formed a Conservation Strategies Committee to share information, leverage
technical and funding resources, and determine which areas in the 607,000-
hectare (1.5 million-acre) watershed were in need of protection and cooperative
conservation through geographic information system mapping and integration
of data and plans by partnering agencies. This forum consisted of private land-
owners; a corporate timber company; federal agencies such as the U.S. Fish and
Wildlife Service, the U.S. Forest Service, the Bureau of Land Management, and
Natural Resources Conservation Service; state agencies such as Montana Fish,
Wildlife and Parks, and the Department of Natural Resources and Conservation;
nonprofit conservation partners such as The Nature Conservancy, Five Valleys
Land Trust, Montana Land Reliance, and the Rocky Mountain Elk Foundation; and
counties. They agreed to focus their strategic efforts on the midelevation Plum
Creek Timber Company (PCTC) lands that were becoming increasingly attractive
for real estate because of their amenity values. These transitional lands formed
important biological, agricultural, and public use access and use connections
between the higher-elevation public lands and the lower private valley bottoms.
At the time, half of the watershed’s private land ownership was held in fee by
PCTC. A cooperative relationship with PCTC, built over the past decade, led the
Blackfoot Challenge and The Nature Conservancy to initiate a landscape-level
initiative in 2003 to purchase 36,104 hectares (89,215 acres) of PCTC lands and
resell the lands to public and private interests based on a community-driven
disposition plan. Known as the Blackfoot Community Project, the effort was a
result of trust between diverse private and public partners including a global
conservation organization, a local watershed-based group, a corporate timber
company, federal and state wildlife and resource agencies, three counties, and
five rural communities, exemplifying landowner-driven conservation action. In
contrast to purchase of the lands and a disposition strategy developed by the
agencies and organization groups, project partners sought community input and
support in the project before finalizing fee title transfer. Public meetings were
held in each of the affected communities to determine the community’s values
related to the PCTC lands in their backyard and future management priorities,
seek recommendations as to whether specific parcels should be resold to public
or private interests, and ask public and private landowners with adjacent PCTC
parcels to indicate whether they would be interested in purchasing the lands.



The Blackfoot Challenge, along with similar grassroots organizations
across the West, including the Malpai Borderlands Group and Quivera
Coalition (New Mexico), Wallowa Resources (Oregon), Tallgrass Prairie
Alliance (Kansas), Nebraska Sandhills, Northwest Connections, Swan Eco-
system Center, and Ranchers Stewardship Alliance (Montana), are actively
practicing conservation by successfully mixing science with community val-
ues. Every public and private partner has a voice, and their interests are val-
ued and incorporated into final decisions. Efforts to preserve species or
habitats are enriched by community investments in the process and perpet-
uation of actions for the future. Community-based conservation is not the
end but a means to making better decisions, building bridges between
agencies, organizations, and private landowners, expanding support and
capacity to meet future challenges (Wondolleck and Yaffee 2000).

Partner-centric conservation is driven by an emphasis on social pro-
cesses and the formation of the right team of people. This approach blurs
the lines between public and private interests, local knowledge and techni-
cal expertise, and biological and socioeconomic values. Community-based
landscape conservation is practiced when partners working in the right
places on the right projects follow what Montana rancher David Mannix
calls the 80/20 rule, focusing on the 80 percent shared in common versus
the 20 percent that divides partners. Once partners build trust and credibil-
ity by working on the 80 percent, they are able to tackle the 20 percent. In
the end, success is born not from the efforts of one person but rather
through a conservation community.
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BOX 12.3. CONTINUED

The Blackfoot Community Project embodies the heart of community-based
collaborative conservation, with an integrated decision-making process of local
and scientific expertise with landowner leaders, leveraging of multiple funding
sources, coordination and staff assistance from the Blackfoot Challenge and The
Nature Conservancy, and support by other partners at the table to acquire and
hold perpetual conservation easements. The project was also replicated through
the development of an innovative project called the Blackfoot Community Con-
servation Area, involving community-based ownership of former PCTC lands and
cooperative ecosystem management across a 16,592-hectare (41,000-acre)
landscape of public and private lands in the heart of the Blackfoot watershed.



Conservation Delivery: Designing the Right Projects

Biological planning is critical to implementing landscape conservation, but
lasting success depends on effective delivery throughworking with the right
team of people to design the right projects. Conservation organizations ex-
cel at producing strategic habitat plans. Files in federal and state offices are
filled with planning documents that have yielded little success in on-the-
ground implementation. Worse yet, shortcomings in traditional agency
planning processes have resulted in a train wreck of acrimony and distrust
among stakeholders. The politics of expertise, lack of transparency and ac-
countability, and inconsistent responsiveness to public concerns and issues
hasmade planning by agencies a superficial and top-down exercise (Cortner
and Moote 1999; Cortner et al. 2001). The problem is an inability to trans-
late the plan into conservation delivery, and it is most evident in cumber-
some procedural guidelines, complicated technical policies, and onerous eli-
gibility requirements. This, combined with the failed recognition of the
importance of personal relationships, practitioner social skills, and commu-
nity support in conservation delivery, derails implementation. We believe
these failures can be prevented by working in the right place with the right
people and promoting the four key principles of effective conservation deliv-
ery: protection, management, restoration, and education.

Protection

Attitudes and approaches about land protection are constantly evolving.
Land protection in North America essentially began as a movement to pro-
tect parks, wilderness areas, wildlife refuges, and other forms of preserves
(Noss and Cooperrider 1994). We define land protection as conserving
land through various public–private ownership strategies for the benefit of
future generations. In the broadest sense, tools and techniques include fee
title acquisition, conservation easements, transfer of development rights,
leases, zoning, purchase and leaseback or sellback arrangements, manage-
ment agreements, bargain sales, transfers in trust, statutory easements and
scenic easements, community ownership or grassbanks, and other mecha-
nisms that partition equity in land. In the past two decades, conservation
practitioners have focused primarily on fee title acquisition and conserva-
tion easements as the primary tools for protecting land in perpetuity.

Fee title acquisition has been an important tool over time to ensure
that natural resources are retained for the public good. Depending on the
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agency, criteria and goals for acquisition come in many forms, from areas
critical for the maintenance of threatened and endangered species to lands
providing timber and cultural and recreational uses. There have been both
proponents for and opponents against fee title acquisition. Proponents typ-
ically support acquisition because they share acquisition values or goals.
Opponents have been private property advocates or others concerned with
land management practices and decreasing budgets, imperiled species is-
sues, top-down regulation and enforcement, and tax revenue implications.
Today, public agencies and private nonprofit organizations continue to
use fee title acquisition as a land protection tool, with a focus on the pri-
vate lands that are most threatened by subdivision or extractive industry
development.

The emergence of the conservation easement as a land protection tool
in the 1970s expanded the conservation toolbox and has helped to reverse
landowner opposition to land protection in some areas. Conservation ease-
ments are either voluntarily sold or donated by private landowners to a
qualified easement-holding organization to protect conservation values for
perpetuity by limiting certain uses such as development. Conservation ease-
ments can be a preferred alternative to fee title acquisition because the land
remains in private ownership, and traditional land uses such as forestry and
agriculture are not only permitted but encouraged. Additionally, conserva-
tion easements can be tailored to meet a private landowner’s economic and
estate planning objectives. Despite these positive developments, implemen-
tation of a comprehensive conservation easement program is challenging.
Conservation practitioners must be honest with communities and land-
owners about the implications of conservation easements and ensure that
they understand the long-term commitment. When a conservation ease-
ment is purchased or donated, the legal document becomes a binding
agreement joining the private landowner and the public agency or non-
profit land trust together for joint stewardship of the property.

Management

Conservation delivery does not begin and end with habitat protection;
rather, management is equally important because ecosystems naturally
evolved with some level of disturbance. Before European settlement,
North America experienced wildfires, grazing by wild ungulates, insect in-
festations, droughts, and floods. Over the past 100 years, many of these
natural influences have been controlled or lost. Total grazing exclusion,
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fire suppression, and inconsistent invasive species management adversely
affect soil health, plant and animal diversity, and plant vigor. The most
progressive conservation practitioners are applying management treat-
ments that mimic natural processes. Management projects can include
controlling invasive species, grazing management, and improvements in
water conservation.

Management projects are often cost-effective and nonthreatening to
land stewards; technical and financial assistance is typically available from
an array of public and private partners. One of the best ways to build sup-
port for land protection is to first develop a short-term management agree-
ment to address a stewardship issue. Practitioners can find common ground
with landowners by providing technical assistance on grazing plans and
cost-share for fencing, livestock water, and weed control. These early victo-
ries build trust and credibility, which often lead to other conservation op-
portunities. Management projects also provide an excellent learning envi-
ronment for both landowners and conservation professionals. Landowners
can learn about the habitat needs of focal species, and biologists can learn
about the economic realities of ranching, energy production, and timber
harvest. Working on management projects together often sets the stage for
restoration.

Restoration

Habitat restoration is part of landscape conservation because almost every
major habitat type in North America has been altered by human develop-
ment. Restoration projects can be implemented quickly and economically
and are known as early winners because they provide immediate and meas-
urable benefits to focal species. As with management, completion of a suc-
cessful restoration project typically sets the stage for larger and more com-
plicated projects. Private landowners are motivated by projects that are
result-oriented, due to their strong stewardship and work ethic, genera-
tional ties, and economic connection to the land. Timing, trust, patience,
and dialogue about shared goals and objectives are needed when discussing
restoration projects with landowners. Private landowners prefer to work
with public agencies that have a successful record in working cooperatively
with private landowners on habitat restoration, especially those that mini-
mize paperwork, empower field biologists to become active community
members, and implement efficient projects.
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Education

Education is the mechanism for transferring the success and knowledge of
community-based landscape conservation to current and future genera-
tions. Here we highlight strategies that provide complementary compo-
nents to developing a comprehensive “3Ps” conservation program. The
first is conducting field tours to share on-the-ground successes and chal-
lenges and to obtain support of potential funders, agency decision makers,
and policymakers. There is simply no substitute for face-to-face interaction
in the field, providing participants with the opportunity to ask questions
and trade dialogue. Another key strategy is to work with educational insti-
tutions to incorporate natural history and conservation topics into curricu-
lum, perhaps through research projects tied to flagship species. We advo-
cate that universities develop more courses focused on community-based
landscape conservation and the integration of a more holistic science
(Cleveland et al. 2009). Finally, community education through various me-
dia and mechanisms—local newspaper articles, Web sites, field tours, proj-
ect brochures, public meetings, workshops, and neighbor networks—all
play a role in proactively addressing otherwise contentious resource issues.
Respectful listening is perhaps the most important aspect of successful
community-based landscape conservation. We urge practitioners to further
their education through leadership training, partnership, and dialogue with
landowners, and by learning from mentors who have successfully imple-
mented community-based conservation.

Monitoring and Evaluation:
A Fine Line between Success and Failure

Measuring success provides partners with a biological or social basis for
modifying strategies that ultimately delineate the fine line between success
and failure. We suggest that project-based and overall conservation success
should be measured via an intricate tapestry of biological and socioeco-
nomic indicators. Evaluations of the biological response of focal species
(chap. 3) are integral to assessing success in delivering conservation pro-
grams. Under this approach, professionals set explicit objectives for popu-
lations and monitor the responses of species. These indicators should com-
plement other scientifically based monitoring and adaptive management.
Biological assessments also raise credibility and transparency with decision

Community-Based Landscape Conservation: A Roadmap for the Future 227



makers by providing tangible accomplishments in the form of species
currency.

Less intuitive but equally important is the need for rigorous evalua-
tion of societal benefits of conservation. Societal benefits can be quantita-
tive and qualitative indicators of processes and outcomes. Important di-
mensions of assessment include inclusiveness and diversity of participants;
collaborative and consensus-based processes; innovation and creative ap-
proaches to intractable conflicts; local, regional, or place-based characteris-
tics in terms of scale; and broad public–private partnerships with opportu-
nities to learn from one another. Evaluation also requires assessment of the
agency or nonprofit group’s role in building strong relationships, such as
providing opportunities for field biologists to become community mem-
bers, and establishing trust and credibility. Other indicators of a project’s
contribution to society include partner involvement as measured by the
scope, diversity, financial commitment, longevity, partner synergy, and sat-
isfaction; community sustainability and links to natural resource viability,
exploring the population, tax base, school enrollment, home and property
foreclosures, community growth opportunities, and employment figures
with respect to the resource economy; political support, assessed through
consistent feedback and interest from local, state, and national elected offi-
cials in projects, new funding initiatives, and unsolicited requests for site
visits and briefings; and transferability through assessing the level of inter-
est in a project from other developing watershed and landscape groups.

The Upshot: Energy Development and Community-Based
Landscape Conservation

From a conservation perspective, this book paints a sobering yet informed
appraisal of the role the West will play in providing energy security for the
United States and Canada. This book is a wake-up call to those who reject
prioritizing landscapes for conservation and instead continue to work in
highly degraded landscapes because they deny the inevitable impacts of
energy development. The economic downturn in 2008–2011 slowed the
pace of development, but our eventual return to prosperity, and an ever-
widening gap between supply and demand, ensure that the extent and
severity of impacts will soon increase.

Clearly, the answer to development in the West is not “no” but rather
“where,” and our biological understanding to date indicates that energy de-
velopment and wildlife are largely incompatible (chaps. 3–7). Human na-
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ture dictates that the American people value first their own financial and na-
tional security, but they also value wildlife and habitat. Therefore, they will
look to conservation practitioners for solutions in permitting development
in some landscapes and maintaining healthy and connected wildlife popula-
tions in others. With one resounding voice, the conservation community
needs to indicate which landscapes are most valuable to wildlife if they ex-
pect their interests to be heard. To date, we have no such game plan. Ex-
plicit in any solution are additional impacts on wildlife populations, but we
can reduce the losses that would otherwise occur. Most importantly, it is
the people and communities—not governments—who will ultimately envi-
sion and maintain lasting conservation in priority landscapes. We propose
the principles of community-based landscape conservation contained
herein as a viable means to that end.

Landscapes typically fall into one of three categories that characterize
the potential choices and tradeoffs in selecting CFAs, each of which is ripe
with opportunities and challenges from ecological and social perspectives:
biologically impoverished landscapes with limited wildlife values, where
impacts of energy development are small; biologically rich landscapes
where substantial development activities already exist, necessitating mitiga-
tion measures; and biologically rich landscapes largely free of development,
which demand 100 percent protection from an energy footprint.

The Prairie Pothole Region (PPR) of northern Montana, commonly
called the hi-line, provides an example of how landscapes have been priori-
tized in a portion of this state. The central portion of the PPR is a severely
fragmented landscape dominated by tillage agriculture that has high poten-
tial for wind and natural gas development. This area is classified as a low
priority for conservation because energy reserves could be exploited here
with minimal impact. This biologically impoverished landscape is exactly
the place we should be directing energy development with minimal envi-
ronmental regulations and red tape. The northeast and north-central por-
tion of the PPR in Montana is of intermediate priority because conserva-
tion efforts were initiated too late to avoid degradation. Biological values
are a mix of intact grasslands, shrublands, and wetland complexes offset by
an intermingling of tillage agriculture and oil, natural gas, and wind devel-
opments. Additional energy development can occur here if appropriate on-
site and offsite mitigation measures are implemented. The Rocky Mountain
Front, which lies at the western edge of the PPR of northern Montana, is a
largely intact landscape with unparalleled wildlife values. The Front Range
represents the highest of conservation priorities that warrants complete
protection from development but has been targeted by industry for its
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world-class natural gas and wind resources. Incentive-based protection
from development was achieved on the Front Range in 2007 when a coali-
tion of government and conservation organizations collaborated with en-
ergy companies to permanently acquire and retire oil, gas, and mineral
leases.

Conclusions

In contrast to traditional conservation efforts that focus on an individual
species, project, or habitat, community-based landscape conservation is
multidimensional, working across spatial, temporal, ecological, and social
scales. We provide a ten-step approach (table 12.1) to selecting CFAs that,
when combined with partner-centric delivery of effective projects, is the
next frontier in conservation. We present this approach as a model for iden-
tifying priority landscapes and for leveraging conservation investments and
outcomes throughout the West. We urge conservation groups and public
agencies to hire staff and practitioners who have the right social skills (table
12.2) and give them the flexibility to live and work in these communities to
establish trust and credibility with partners. Success will depend in part on
the ability of practitioners to forge partnerships with industry, which repre-
sent a potential new and unprecedented opportunity to fund conservation
(chap. 9). The CFAs provide industry with an obvious place to invest in off-
site mitigation and an opportunity for partners to collaborate with industry
rather than demonize them when they contribute to conservation in prior-
ity landscapes—a situation that only results in heated debate, acrimony, and
lawsuits, all to the continued detriment of the resource. Lastly, we urge all
partners to learn from research so we can refine management adaptively
through time (chap. 11) and continue to engage the people living and
working in these landscapes so our efforts are maintained over multiple
generations.
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