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Where the Wild Things Are: A Research
Agenda for Studying the WildlifeWilderness Relationship
Michael K. Schwartz, Beth A. Hahn, and Blake R. Hossack
We explore the connection between US designated Wilderness areas and wildlife with the goal of establishing
a research agenda for better understanding this complex relationship. Our research agenda has two components.
The first, “wildlife for wilderness,” considers the impact of wildlife on wilderness character. Whereas studies show
that wildlife is important in both the perception and actual enhancement of wilderness character, the context
and particulars of this relationship have not been evaluated. For instance, is knowing that a rare, native species
is present in a wilderness area enough to increase perceptions of naturalness (an important wilderness quality)?
Or does the public need to observe the species or its sign (e.g., tracks) for this benefit? The second part of our
research agenda, “wilderness for wildlife,” considers the types of research needed to understand the impact of
wilderness areas on wildlife and biodiversity conservation. Several studies show the effect of one area being
designated wilderness on one wildlife species. Yet, there has been no research that examines how the networks
of wilderness areas in the National Wilderness Preservation System (NWPS) are used by a species or a community
of species. Furthermore, we found no studies that focused on how the NWPS affects ecological or trophic
interactions among species. We hope that by providing a research agenda, we can spur multiple lines of research
on the topic of wildlife and wilderness.
Keywords: ecoregions, National Wilderness Preservation System, stewardship, wildlife, wilderness, wilderness
character

P

ublic perception of the relationship
between wildlife and wilderness has
drastically changed over the past
century. The public attitude toward wilderness in the early 1900s can be characterized
by Theodore Roosevelt (1893, p. xiii) in
“The Wilderness Hunter,” where the “wilderness” is a force to challenge oneself against.

In hunting, the finding and killing of the
game is after all but a part of the whole. The
free, self-reliant, adventurous life, with its
rugged and stalwart democracy; the wild
surroundings, the grand beauty of the scenery, the chance to study the ways and habits
of the woodland creatures—all these unite
to give the career of the wilderness hunter
its peculiar charm. The chase is among the
best of all national pastimes; it cultivates

that vigorous manliness for the lack of which in
a nation, as in an individual, the possession
of no other qualities can possibly atone.

Wildlife in the wilderness setting was to be
hunted, not necessarily for food, but for the
chase. Wilderness was a place to shape
American character. Testing oneself against
wildlife within wilderness provided for character-shaping adventures (Callicott and Nelson 1998). This utilitarian perspective of
both wildlife and wilderness has been
called both anthropocentric and ethnocentric
(Callicott 2000), yet was certainly dominant
among a segment of American society at the
beginning of the 20th century. Even by the
midcentury, wilderness advocates such as
Aldo Leopold suggested that “Public wilderness areas are essentially a means for allowing
the more virile and primitive forms of outdoor recreation to survive” (Leopold 1992,
p. 138). This primitive form of recreation
extolled hunting to such a degree that
Leopold suggested that the Gila Wilderness
formally be named the “Gila National
Hunting Grounds” (Huggard 2001).
The utilitarian interpretation of wilderness is in sharp contrast to the view ex-
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pounded on by a different US President,
Lyndon B. Johnson. On signing the Wilderness Bill and the Land and Water Conservation Fund Bill on Sept. 3, 1964 Johnson
(1964, p. 1033) stated,
This is a very happy and historic occasion
for all who love the great American outdoors, and that, needless to say, includes
me. The two bills that I am signing this
morning are in the highest tradition of our
heritage as conservators as well as users of
America’s bountiful natural endowments…. I believe the significance of this
occasion goes far beyond these bills alone.
In this century, Americans have wisely and
have courageously kept a faithful trust to
the conservation of our natural resources
and beauty…. The wilderness bill preserves
for our posterity, for all time to come, 9
million acres of this vast continent in their
original and unchanging beauty and wonder.

President Johnson’s statement captures an
American public viewpoint that shifted
from considering wilderness from the practical purpose for building character and providing resources to areas that are being
maintained for conservation and preservation of the elements within them (Kolb et al.
1994, Callicott 2000). The conservation
perspective extended to wildlife protection,
as Johnson noted in this same landmark
speech:
Action has been taken to keep our air pure
and our water safe and our food free from
pesticides; to protect our wildlife; to conserve our precious water resources.

Despite President Johnson’s strong remarks suggesting that wilderness had a function to protect wildlife, there is very little
mention of wildlife in the Wilderness Act
(16 USC 1131-1136) itself. In fact, the
word “wildlife” is only used three times in
the Wilderness Act: two times in reference to
the National Wildlife Refuges, and a third
time to acknowledge the shared jurisdiction
of the Federal Government and States:
Nothing in this Act shall be construed as
affecting the jurisdiction or responsibilities
of the several States with respect to wildlife
and fish in the national forests.

There is no mention of the aim of protecting, conserving, or preserving wildlife in
the Wilderness Act. Moreover, the Wilderness Act allows for actions with direct impacts on wildlife populations (e.g., hunting
and fishing regulated by state agencies), as
well as indirect impacts (e.g., continuance of
livestock grazing in areas where it was already established before wilderness designation). Thus, the Wilderness Act cannot be
thought of as a biodiversity, wildlife, or en2
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dangered species law as there is no language
within the Wilderness Act that mandates
wildlife or biodiversity protection. It took
nearly 9 more years before the US Congress
passed comprehensive legislation aimed to
protect endangered species and ecosystems
(i.e., Endangered Species Act of 1973 [ESA],
although there had been prior individual acts
protecting specific taxa or more limited in
scope such as the Lacey Act of 1900, the
Migratory Bird Conservation Act of 1929,
the Bald Eagle Protection Act of 1940, the
Marine Mammal Protection Act of 1972, or
the Endangered Species Preservation Act of
1966).
The Wilderness Act also does not speak
directly to wilderness research. Although influential figures such as Aldo Leopold called
wilderness “a base-datum of normality, a
picture of how healthy land maintains itself”
(Leopold 1941, p. 3), the use of wildernesses
for reference conditions or baseline assessment was not included in the text of the
Wilderness Act. The closest the Wilderness
Act comes to noting wilderness’ significance
to wildlife research is in the “definitions”
section. Wilderness is defined as follows
(italics ours):
A wilderness, in contrast with those areas
where man and his own works dominate
the landscape, is hereby recognized as an
area where the earth and its community of
life are untrammeled by man, where man
himself is a visitor who does not remain. An
area of wilderness is further defined to mean
in this Act an area of undeveloped Federal
land retaining its primeval character and influence, without permanent improvements
or human habitation, which is protected
and managed so as to preserve its natural
conditions and which (1) generally appears
to have been affected primarily by the forces
of nature, with the imprint of man’s work

substantially unnoticeable; (2) has outstanding opportunities for solitude or a
primitive and unconfined type of recreation; (3) has at least five thousand acres of
land or is of sufficient size as to make practicable its preservation and use in an unimpaired condition; and (4) may also contain
ecological, geological, or other features of scientific, educational, scenic, or historical value.

Notwithstanding public perception regarding the intent of the Wilderness Act to have
areas set aside as bellwethers, the National
Wilderness Preservation System (NWPS)
cannot be thought of as formal means of establishing a research baseline for nature.
Wildlife and wildlife research are not
central to the Wilderness Act, yet the topics
of wildlife and wilderness are complexly intertwined and often understudied. With the
50th anniversary of the Wilderness Act celebrated in September 2014, we look toward
a research agenda for the next 50 years of
wilderness research. Although each wilderness will have its own unique matters to be
addressed, we can broadly group questions
into two categories, which form the basis of
our wilderness-wildlife research agenda:
How important is wildlife for wilderness
character? and How does the existence and
maintenance of wilderness character in an
individual wilderness area or the network of
many wilderness areas affect wildlife (Figure
1)? By “wilderness character” we mean the
“combination of biophysical, experiential,
and symbolic ideals that distinguishes wilderness from all other lands” defined by the
qualities of (1) untrammeled, (2) natural,
(3) undeveloped, and (4) opportunities for
solitude or a primitive and unconfined type
of recreation, as expressed in the Wilderness
Act (Landres 2004, p. 9). Untrammeled is a

Management and Policy Implications
This article establishes a multiscale research agenda to help set the stage for research examining wildlife
and wilderness. Our research agenda distinguishes the effects that wildlife has on wilderness character
versus the impact that wilderness character has on wildlife populations, species, and communities. We
consider both parts of this research agenda of equal importance. Understanding how wildlife contributes
to wilderness character is essential to the legal mandate to preserve it. Managers are increasingly faced
with decision tradeoffs in managing for both wildness and naturalness within wilderness through proposals
such as assisted migration, wildlife reintroductions, and supplementations. Well-crafted social science can
help with these policy decisions. The second prong of our research agenda examines how wilderness
character affects wildlife. It encourages studies that go beyond the effect of one wilderness on one species.
There has been increased perception in the policy and management arena that protection of one patch
is inadequate for species protection and that management of the entire landscape matrix, across multiple
jurisdictions and management plans, is critical for conservation. Our research agenda advocates research
that understands the role of the network of wilderness areas in biodiversity conservation.

Figure 1. Schematic diagram showing the proposed research agenda for studying the
wildlife-wilderness interaction.

word unique to the wilderness literature and
can be defined as “unhindered and free from
intentional actions of modern human control or manipulation” (Landres et al. 2015,
p. 10 –11), whereas “natural” is the quality
that is “preserved when there are only indigenous species and natural ecological conditions and processes, and may be improved
by controlling or removing nonindigenous
species or by restoring ecological conditions.” (Landres et al. 2015, p. 11).

Wildlife for Wilderness
It is often assumed that wildlife influences the perception of wilderness character.
Certain indigenous wildlife species—such as
grizzly bears (Ursus arctos horribilis), caribou
(Rangifer tarandus), and gray wolves (Canis
lupus)—suggest wilderness (Hendee and
Mattson 2009). Senses of the natural qualities of wilderness character are often associated with encountering wildlife in wilderness. Yet, active management for wildlife in
wilderness may degrade the qualities of wilderness character (Knapp et al. 2001, Landres et al. 2001, 2015). Encountering a water capture device used to subsidize rare
wildlife populations in arid environments
may impact perceptions of wilderness by degrading the untrammeled and undeveloped
qualities of wilderness character (Wilderness
Watch v. US Fish and Wildlife Service 2010).
In this research agenda, we consider a
hierarchical approach for conducting studies
to investigate the effect of wildlife on wilderness character, starting with the fundamental question, “How important is wildlife for
wilderness character?” The Wilderness Act
emphasizes not only the end goal (e.g., im-

proving natural components by maintaining
wildlife populations) but also the means of
achieving this action (e.g., implementation
methods). If wildlife is found to be only
marginally important for the perception of
naturalness then there is no need to degrade
other wilderness qualities to enhance wildlife populations for the sake of maintaining
wilderness character. Alternatively, if wildlife substantially increases the perception of
naturalness, then there may be reasons to
degrade other wilderness qualities to achieve
this goal. Kammer (2013) suggests that restoring wildlife populations in wilderness is
a commendable goal to achieve naturalness,
but that this goal is secondary to the intent
of the Act, which is to keep areas free from
human control. Others have argued that the
natural quality that wildlife brings to Wilderness is essential to maintaining wilderness character (Wilderness Watch v. US Fish
and Wildlife Service 2010) and is equal to
managing for other qualities of wilderness
character (Landres et al. 2015; see Cole and
Yung 2010 for this full debate). Understanding the relationship between wildlife
and wilderness character should influence
management standards and guidelines used
to implement wilderness management (achieve
naturalness) under the Wilderness Act.
Without adequate research on this topic,
wilderness managers must assume the importance of wildlife for enhancing wilderness character.
Public perceptions of wildlife in wilderness areas were evaluated during surveys
conducting in 1994 –1995 and 2000 (Cordell et al. 2003). Respondents were asked to

describe their perception of various wilderness benefits. In 1994 –1995, “protection of
wildlife habitat” ranked as the second of 14
most important benefits, but in 2000, it
ranked third of 14 behind “protecting water
quality” and “protecting air quality.” Despite dropping from second to third, there
was an increase of 9.2% in respondents suggesting that wildlife habitat protection was
“extremely” or ‘very important.” Similarly,
“protection of endangered species” ranked
fifth of 14 benefits in both time frames
(Cordell et al. 2003). Cordell et al. (2003)
demonstrated that the public perceives a
value of wilderness for wildlife, but this does
not specifically address the question, “How
important is wildlife for the public’s perception of wilderness?” Watson et al. (2015)
conducted a survey of wilderness visitors
(n ⫽ 635) to Sequoia and Kings Canyon
National Parks, where they asked visitors to
identify the relative importance of different
characteristics in defining wilderness character. The survey characteristic “a place without non-native animals” ranked 15th of 19
in defining wilderness character. We believe
research is vital to understanding how wildlife affects wilderness character.
Our initial question “How important is
wildlife for wilderness character?” and the
existing studies treat all wildlife encounters
equally, but the range of possible answers is
more nuanced. For instance, the perception
of the natural quality of wilderness may vary
with different types of wildlife, such as seeing a threatened, endangered, or socially important species, a charismatic or flagship
species, or an invasive species. Viewing a native wolverine (Gulo gulo) in the John Muir
Wilderness in California, where none have
been seen for nearly a century (Moriarty et
al. 2009) may be perceived differently from
seeing an introduced brook trout (Salvelinus
fontinalis) or feral pig (Sus scrofa). Similarly,
different user groups (e.g., hunters versus
hikers) may respond differently to seeing Sierra Nevada bighorn sheep (Ovis canadensis
sierrae), black bears (Ursus americanus), or
moose (Alces alces) in a wilderness area. We
would like to see the National Survey on
Recreation and the Environment or a similar
instrument ask more comprehensive questions about how different categories of wildlife are perceived by different user groups
and how these various categories influence
wilderness experiences.
Wildlife viewing is only one way to experience wildlife. There are many ways to be
influenced by wildlife encounters in wilderJournal of Forestry • MONTH 2016
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an ongoing, robust debate about ecological
restoration actions in wilderness related to
species, habitats, and ecological processes
(reviewed in Cole and Yung 2010). We
would like to see more human dimensionsoriented studies to help inform this debate.

Wilderness for Wildlife
Figure 2. Schematic diagram of a gradient of perception of a wildlife species in a wilderness
area. The left portion of the bar represents the cases in which there is no direct humanwildlife interaction, whereas on the right are situations in which not only is wildlife playing
a functional role in the ecosystem but also this interaction is observed.

ness (Figure 2), and future surveys could
examine what specifically about wildlife
influences wilderness experience. Wildlife
experience ranges from simply knowing a
species is present without witnessing it (left
side of Figure 2) to knowing that wildlife is
present as a functional component of the
ecosystem (right side of Figure 2). For example, it may be enough for some wilderness
users to know that lynx (Lynx canadensis)
exist in the Bob Marshall Wilderness to increase their perception of the natural quality
of wilderness character, whereas others may
need to see tracks or the actual animal to
receive benefits. Similarly, perceptions of the
untrammeled and natural qualities of wilderness character may be heightened by seeing bands of native bighorn sheep (Ovis canadensis) in the Frank Church-River of No
Return Wilderness, Idaho, whereas others
may have similar perceptions of wilderness
character from seeing only signs (e.g., tracks
or feces). Future surveys could examine the
specific influences of wildlife on the wilderness experience, which would provide managers with a target of how to preserve wilderness character. We extol surveys that ask the
question “How important is wildlife for wilderness character?” However, more informative questions would be, “How important is wildlife for perceptions of the natural
quality of wilderness character,” or “How
important is wildlife for perceptions of the
untrammeled quality of wilderness character?” The ideal would be a survey that could
ascertain the relative importance of various
wildlife experiences, by different user groups
in influencing each quality of wilderness
character.
A research agenda for understanding
the role of wildlife in wilderness needs to
investigate public attitudes about the range
of acceptable wildlife management actions
at large landscape scales to improve the natural quality of wilderness. Ecosystems within wilderness areas are not static, nor are wildlife
4
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populations. Wilderness is influenced by
events occurring outside of individual wilderness areas and at temporal and spatial
scales much larger than even the largest network of wilderness areas. Changes in regional fire regimes, elimination of source
populations of wildlife outside of wilderness, spread of disease, climate change, and
drought occur at spatial scales larger than a
wilderness area. Yet these forces affect species compositions and demographics of
wildlife within wilderness. Most notably,
climate change can lead to changes in species
compositions in wilderness due to idiosyncratic species responses to shifts in temperature or precipitation (Thuiller et al. 2005,
Dobrowski et al. 2013). The reverse is also
true: actions within wilderness areas may affect wildlife on surrounding lands both positively and negatively. What is the role of
wilderness managers in offsetting largescale, human-induced change?
Managers are also increasingly faced
with decision tradeoffs in managing for both
untrammeled and naturalness within wilderness through proposals such as assisted
migration, predator control, wildlife reintroductions, and supplementations. Kammer (2013) suggests that managing with restraints and leaving areas “beyond humans’
manipulative reach” takes primacy, but what
happens when human-induced change is
at the scale of the climate or ecosystem?
Watson et al. (2015) explored the topic of
managing effects beyond the scale of an individual wilderness. Wilderness visitors to
Sequoia and Kings Canyon National Park
supported the reintroduction of extirpated
native species and the removal of nonnative
species to support native species recovery
but did not support potential intervention
actions to mitigate the effects of climate
change. A research agenda for the next 50
years would be incomplete without further
examining this issue, which involves diverse
scientific, legal, and ethical issues. There is

The second prong of our wildlife and
wilderness research agenda considers how
wilderness influences wildlife. Management
for primeval character, the minimization of
human activity, and the emphasis on maintaining natural conditions has often benefited fish and wildlife populations (Kershner
et al. 1997, Mittermeier et al. 2003, Hendee
and Mattson 2009). For example, the reclamation of old logging roads can reduce human interactions and contact with wildlife,
improving the survival of threatened species
(Cole et al. 1997, McLellan et al. 1999). Yet
the influence of wilderness character on
wildlife is beyond the management of a single wilderness area. Research at multiple
temporal and spatial scales is crucial and
should include the effects not only of wilderness designation or improved wilderness
character on a single species but also on how
species interact in ecological communities.
A literature search revealed a paucity of
published research on how federal wilderness designation or wilderness character affects species’ population growth, vital rates
(e.g., survival), or extinction risk. Searches of
academic databases (e.g., Google Scholar,
Web of Science, Journal of Wildlife Management, and Conservation Biology) for the
terms “wilderness” and “wildlife” or “fish”
produced many published papers, but almost exclusively where the term “wilderness” is broadly defined and used as a descriptor of a landscape. Most papers did not
differentiate between a federally designated
wilderness that adheres to a strict set of laws
and rules, and large remote areas that are
descriptively called wilderness. Of the few
studies that occurred in federally designated
wilderness, most were autecological studies
of one species in one wilderness (e.g.,
Koehler and Hornocker 1977, Etchberger et
al. 1989, Papouchis et al. 2001, Rominger et
al. 2004, Wasser et al. 2004, Fraser et al.
2005, Schoenecker et al. 2015). For example, Etchberger et al. (1989) found that human disturbance and the presence of habitat
where fire had been excluded were responsible for a decrease in the range size of bighorn
sheep from 79.5 to 17.0 mile2 within Pusch
Ridge Wilderness, Santa Catalina Moun-

tains, Arizona. Other autecological studies
described changes in animal behavior (Walker
and Marzluff 2015) with unknown implications for fitness (e.g., Titus and VanDruff
1981). In addition to studies that use wilderness as a general term or were limited to autecological examinations of species in a single wilderness, several studies speculated on
the responses of wildlife to wilderness designation based first on principles of wildlife
and conservation biology (e.g., Mech et al.
1988). These studies assume that the designation of an area as wilderness affords protection for conserving species. Yet, few studies have explicitly evaluated the role of
wilderness in wildlife conservation.
We contend that it is important to collect data on wildlife in wilderness for several
reasons. First, there are specific wildlife issues related to particular wilderness areas
(e.g., Davidson and Knapp 2007, Burger et
al. 2012). Rominger et al. (2004) studied
cause-specific mortality of translocated bighorn sheep in the Wheeler Peak Wilderness
in northern New Mexico. They found that
high mountain lion (Puma concolor) predation, encouraged by the encroachment of
woody vegetation used for stalking cover
and increased food subsidies from cattle
operations, was the probable cause of the
enhanced mortality. Equipped with this
knowledge, wilderness managers can discuss
the tradeoff between vegetation management, issuing of grazing permits, and the
management goal to have bighorn sheep in
the area.
Second, we cannot assume that biological, evolutionary, and geographic understandings from outside of wildernesses apply
within wildernesses. The emphasis on unmanipulated landscapes may present different evolutionary pressures (called “unnatural selection”) to wildlife populations within
wilderness compared with those outside
these areas. Harvesting wildlife is allowed in
most US federal wilderness areas but may be
limited in some locations because of access
or because they are part of a National Park
that disallows hunting. Coltman et al.
(2003), Allendorf and Hard (2009), and
Douhard et al. (2015) showed that human
harvest of desirable wild animals (e.g., large
body size in fish or large horns and antlers in
some mammals) can change gene frequencies responsible for the trait in the population. To be considered unnatural selection,
it is important that this is genetic change and
not plasticity or acclimation (i.e., change
that is nongenetic and not heritable). For

example, the extensive harvest of cod (Gadus
morhua) off Georges Bank produced “fisheries-induced evolution,” where the age and
size at maturity of cod dramatically declined
in association with harvest pressure. This is
due to a genetic change in the population
(e.g., unnatural selection) as the trait has not
shifted back after tighter fishing regulations
and stock recovery (Olsen et al. 2004). Similarly, Coltman et al. (2003) showed that the
average horn length of bighorn sheep declined at Ram Mountain, Alberta, Canada,
as a result of the heavy harvest of rams with
genes that strongly contributed to horn
growth. Wilderness areas can be remote and
given their undeveloped mandate are often
used less by sportsmen. National Parks, which
do not allow hunting (with some notable exceptions) may also act as reservoirs where natural selection can dominate over unnatural selection. The difference may be that National
Parks, which encourage development for the
enjoyment of people, may be selecting for
other behaviors or traits (e.g., reduced fear of
humans or increased movement rates) (Ciuti
et al. 2012). By minimizing unnatural selection, wilderness can preserve the natural selection process that acts on wild populations and
these genetic outcomes.
Last, it is not only evolutionary pressures that may be different in wilderness areas; habitat use and behavior of a species may
be altered in wilderness. This may be especially true of species that are sensitive to development or degradation of other elements
of wilderness character. Without directly
studying how wildlife uses wilderness, we
make assumptions about habitat use based
on observed behavior and distributions outside of wilderness that may be incomplete
(McKelvey et al. 2008, Schwartz et al.
2015).
Given that there are important reasons
to study wildlife in wilderness, why is there
such a paucity of studies measuring the role
of wilderness in biodiversity and wildlife
conservation? We believe this probably results from several contributing factors. The
most obvious is that wilderness areas can be
difficult to access (Oelfke et al. 2000): systematic surveys are complicated by the lack
of roads and other developed infrastructure
(i.e., wilderness is defined as “an area of undeveloped federal land”). This leads to increased cost associated with accessing many
wilderness locations to collect data. Second,
the enacting wilderness legislation does not
prioritize using wilderness areas as a scientific
baseline for assessing change (see above). This

means that wilderness managers may rank
other activities over scientific data collection
in a landscape not dominated by humans.
Third, regardless of the size or accessibility
of a wilderness, many research tools conflict
with prohibited uses because equipment is
mechanized, requires semipermanent or
permanent installations, or degrades the untrammeled, natural, or undeveloped qualities of wilderness character (Franklin 1987,
Landres et al. 2015). A common tool used to
study habitat use of mammals is a radio or
satellite collar placed on an individual animal. It is often perceived that capturing
wildlife degrades the untrammeled quality
of wilderness character, whereas the presence of the satellite collar on an animal degrades the undeveloped quality of wilderness
character (Landres et al. 2015). This can
lead to tension between wildlife biologists
trying to collect data and wilderness managers trying to preserve wilderness character by
minimizing trammeling actions and effects
on the natural quality of wilderness character (Schwartz et al. 2011). This tension may
hinder interest of wildlife researchers to
work in wilderness. Schwartz et al. (2011)
show that new nonintrusive and noninvasive
research tools (e.g., noninvasive genetic sampling and stable isotope analysis) can substantially reduce conflict and make wildlife
work in wilderness more feasible. Fourth,
there is the perception that we can effectively
extrapolate information on wildlife from
outside of wilderness areas to inform decisions within wilderness. As we described
above, there are biological reasons why habitat selection, behavior, and genetic composition may be different inside versus outside
wilderness. Last, there is the untested hypothesis that wilderness buffers wildlife populations against declines; thus, research in
these areas is less critical. This argument erroneously contends that active management
is not allowed in wilderness; therefore, there
is limited use of information obtained on
wildlife in these areas.
Studies on the effect of wilderness on
wildlife also may be limited because wilderness is not an ecological variable. Displaying
the centroids of the congressionally reserved
wilderness areas of the United States on the
Omernik (1987) Level 1 and Level 3 Ecoregions of the contiguous United States demonstrates the range of ecosystems and landscapes represented by wildernesses (Figures
3 and 4). Simply stated, not all wildernesses
are the same; they are in different ecoregions
(Figure 3), have different landscape configJournal of Forestry • MONTH 2016
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Figure 3. Centroids of the congressionally reserved wilderness areas of the United States plotted on Omernik (1987) Level 1 (left) and Level
3 (right) Ecoregions of the contiguous United States. This figure illustrates the range of Level 1 and Level 3 Ecoregions represented by
wilderness areas.

Figure 4. Plot of the distribution of wilderness areas by size (top) and edge or perimeter
(bottom). (Data are from www.wilderness.net; last accessed Sept. 1, 2014).

urations (Figure 4), and differ on a suite of
ecological variables (Dietz et al. 2015). Size,
in terms of area and perimeter of wildernesses, vary as well (Figure 4) and need to be
considered along with other landscape shape
metrics in the design of studies that consider
wildlife in wilderness. Wilderness, while a
legally and socially important construct, is
not necessarily a biological or landscape
characteristic meaningful to wildlife (see also
Graber 1983). We encourage comprehensive studies that stratify by ecoregion, size,
6
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edge, and other landscape variables and then
ask how wilderness protection acts on critical demographic or genetic parameters associated with a species. Given the large number of federally designated wilderness areas
in the United States (762), this type of stratification is possible.
To advance wilderness-wildlife research, we recommend studies conducted on
multiple spatial and ecological scales. We
encourage the wildlife biology community
to go beyond one wildlife species-one area

questions and ask how networks of wildernesses are used by a species (a one-to-many
relationship). We also encourage questions
on how networks of wilderness areas are being used by a community of species, studying the species themselves, the community,
and the interspecific interactions (many-tomany relationship) (Figure 1). In our review,
we found no studies that focused on how the
NWPS or any portion of this network affects
biological diversity, nor have we found studies on how the NWPS affects ecological interactions among trophic levels. Rizzari et al.
(2015) identified different trophic interactions among species within marine protected areas versus outside of these areas
where fishing is allowed. We encourage similar studies within versus outside of wilderness areas.
We explored our own data to demonstrate the kinds of questions that can be
asked with existing information once placed
in a wilderness context. Copeland et al.
(2010) showed that wolverines, a rare mustelid in the contiguous United States, are
dependent on snow for denning. Thus, their
distribution can best be predicted by where
snow is present in the spring (April 24 –May
15). Spring snow not only predicts locations
year-round but also gene flow of wolverines
across a large space (Squires et al. 2007,
Schwartz et al. 2009, Parks et al. 2013). In
the Rocky Mountains, 28% of wolverine
habitat, as mapped by the spring snow association, is in federally designated wilderness
areas. Climate change is predicted to reduce
spring snow cover and thus the distribution
of wolverines (McKelvey et al. 2011). Considering a multiple wilderness-to-single species relationship, we can ask how important
will the NWPS (i.e., a network of wilderness
areas) become for wolverines in the future
given climate change? Using the McKelvey
et al. (2011) climate predictions, we project

Figure 5. The increasing importance of wilderness habitat to wolverine in the contiguous United States given the climate change projections
detailed in McKelvey et al. (2011) for the contemporary time period (historical reconstruction), 2045, and 2085. The area in blue is
correlated to wolverine den detections and snow present in the spring. Wilderness areas are shown in red. Areas where wolverine
detections overlap with wilderness areas are shown in dark red.

Figure 6. The sum of wilderness area per ecoregion compared with the total area of the
ecoregion (using Omernik 1987 Level 1 Ecoregions). The cluster of points in the lower left
quadrant of this figure are the Northern Forests, Tropical Wet, Temperate Sierras, Southern
Semiarid Highlands, Taiga, and Mediterranean California Ecoregions. N.A. Deserts is an
abbreviation for North American Deserts and NW Forested Mountains is an abbreviation
for Northwestern Forested Mountains.

that by 2045, 35% of wolverine habitat in
the Rocky Mountains will be in wilderness,
and by 2085, 45% of wolverine habitat will
be in wilderness. If we include areas used for
dispersal (e.g., Schwartz et al. 2009), the
NWPS becomes even more important for
wolverine persistence in the contiguous
United States, providing important climate
refugia for this species over time (Figure 5).
We urge wildlife biologists to work
with biogeographers to understand the gaps
in wildlife habitat protection in the United
States. The amount of wilderness area pro-

tected per ecoregion compared with the total
area of the ecoregion indicates that not all
areas are equally represented (Dietz et al.
2015, Aycrigg et al. 2016). Proportionally
more northwestern forested mountains are
protected than even North American deserts, despite the large total area of deserts in
the NWPS (Figure 6). Similarly, eastern
temperate ecoregions are widespread, but
proportionally underrepresented as an ecotype in
the NWPS. This may translate to vulnerability of entire suites of wildlife species not
adequately represented or protected by wil-

derness areas. Recent analyses that have included other types of land protection have
identified similar gaps in biodiversity conservation protection (Jenkins et al. 2015).
We recommend that wildlife researchers explore the impact of the NWPS as a whole in
conserving wildlife and biodiversity, especially in light of climate change and other
large human-driven stressors.
Last, our wildlife-wilderness research
agenda encourages going beyond correlation
and conducting studies to understand the
mechanistic relationship between qualities
of wilderness character and wildlife. We recommend studies on how the qualities of wilderness character (natural, solitude, undeveloped, and untrammeled) affect wildlife or
wildlife interactions. For instance, there are
qualities of wilderness character that directly
influence the ecology of a species and can be
quantified. That is, there may be common
mechanisms that impact both wilderness
character and wildlife simultaneously, such
as the presence of roads. To find these common variables, we can begin by examining a
relationship between the components of wilderness character and a population’s growth
rate or fitness components (e.g., survival of
juveniles or number of offspring produced
in a lifetime). Is the population response (either growth rate or fitness) relatively impervious to development in a wilderness area
and sensitive to naturalness (Figure 7)?
Imagine, for example, populations of mountain yellow-legged frogs (Rana muscosa) in
the Sierra Nevada of California. It is well
established that human use in and near
Journal of Forestry • MONTH 2016
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Figure 7. Schematic diagram showing possible research avenues that go beyond examining the impact of one wilderness area
on one population of wildlife for one species. This diagram shows a hypothetical relationship between an index of two components of wilderness character (naturalness
and developed) and either a population’s
growth rate or a fitness measure (e.g., survival of juveniles or number of offspring
produced in a lifetime). In this hypothetical
example, the population response (either
growth rate or fitness) is relatively impervious to levels of development in a wilderness
area, whereas it is sensitive to an index of
naturalness.

streams can negatively affect the survival and
recruitment of eggs and larvae, as well as impact the survival of adults (US Fish and
Wildlife Service 2012). Similarly, nonnative
trout introductions into previously fishless
lakes have drastically reduced the geographic
range of many amphibian species (Knapp et
al. 2007). If we evaluated population growth
rate relative to an index of naturalness and
an index of development for multiple wilderness areas, we can determine whether
species are responding more to one type of
wilderness character versus another (Figure
7). This approach provides an understanding of mechanisms needed for biodiversity
and wildlife conservation in association with
wilderness protection.

Conclusions
We wrote this article surrounding the
50th anniversary of the Wilderness Act with
the hopes of establishing a multiscale research agenda to help set the stage for the
wilderness-wildlife research for the next 50
years. Our research agenda distinguishes the
effects that perceptions of wildlife have on
wilderness character versus the impact that
wilderness character has on wildlife populations, species, and communities. Both parts
8
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of this research agenda are of equal importance in our estimation. Understanding how
perceptions of wildlife contribute to wilderness character is essential to the legal mandate to preserve it. Not all wildernesses
started out as pristine, untouched landscapes, but rather many have been recently
designated and are only now beginning to be
dominated by dynamic, natural processes.
Restoring naturalness may mean facilitating
the recovery of threatened or endangered
species. Even just the known presence of rare
species can increase the perception of the
natural quality of wilderness quality. We
support rigorous social science studies that
investigate how different types of humanwildlife experiences influence wilderness
character.
Our research agenda also examines how
wilderness character affects wildlife by encouraging studies that go beyond the effect
of one wilderness on one wildlife species. We
hope that future studies examine how the
NWPS, a network of wilderness areas, influences one species or an entire ecological community. Over the past decades, there has been
increased perception in the wildlife and conservation biology arena that protection of one
patch is often inadequate for protection of one
species and that management of the entire
landscape matrix, across multiple jurisdictions
and management plans, is critical for conservation (Bailey 2007). Our research agenda supports this concept and pushes research that explores wilderness in the context of global
biodiversity conservation.
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