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EXECUTIVE SUMMARY

For more than a century, Experimental Forests and Ranges (EFRs) have pro-
vided critical science on the ecosystems and management activities of the National
Forest System. Through in-depth interviews with 21 long-term EFR employees
and retirees, we examined the potential role of the 14 Rocky Mountain Research
Station (RMRS) EFRs in building knowledge of climate change impacts and ad-
vancing climate change adaptation. Interviews also explored ecological change on
EFRs and the role of informal field observations in the scientific process.

Research participants described EFRs as dynamic ecosystems and outlined a
variety of specific changes, including shifts in species composition, non-native
species invasion, changes to disturbance processes, and insect and disease out-
breaks. Anthropogenic climate change was believed to be causing the decline of
certain species, conversion to new habitat types, increases in pathogens, and shifts
in the timing of wildlife activities. Many participants acknowledged the influence
of both natural cycles and variability and the effects of anthropogenic climate
change. These changes are not unique to EFRs; they are shifts that are being ob-
served throughout the Interior West.

According to research participants, what is unique is the ability of EFRs to
contribute to our understanding of ecological change and the efficacy of manage-
ment actions. EFRs represent most ecosystems in the Interior West, and they build
on a history of relevance and science leadership. With regard to EFRs and climate
change, the following opportunities and challenges were identified:

* EFRs provide the research integrity necessarily for long-term studies; climate
change research requires a long-term approach.

* Long-term data collection, one of the hallmarks of EFRs, is particularly impor-
tant to understanding climate change impacts and adaptation actions. Effective
long-term research is enabled by research integrity, the potentially unparalleled
level of control and protection that EFR designation provides.

* EFRs enable manipulative research; research on the efficacy of management
interventions for climate change adaptation requires experimental treatments.

Because EFRs allow manipulative, experimental research at multiple scales,
they are uniquely positioned to examine the impacts of specific management
actions over the short and long term, which is critical given the largely untested
nature of proposed climate change adaptation actions.

* Long-term relationships between scientists and EFRs improve research quality;
field observations over longer time-scales can improve climate change research.

L]

Informal field observations help generate relevant hypotheses and aid in inter-
pretation of results.

» Realizing the potential of EFRs to contribute to climate change research requires
institutional commitment and capacity, and long-term investment.

Research participants described the ways in which institutional change (largely
related to organizational structure, allocation of funding, and research priorities)
influenced the ability of EFRs to contribute to understanding the impacts of cli-
mate change. Participants argued that the opportunities outlined above can only
be realized through long-term commitment and investment, including adequate
funding to maintain sites and long-term data collection, and making difficult deci-
sions regarding how to allocate funds in a budget shortfall. In the context of limited
funds, RMRS can also build capacity at EFRs through strategic partnerships and
participation in relevant data networks.

USDA Forest Service RMRS-RP-100. 2012. 1



PROJECT GOALS

* Document the long-term and short-term ecological changes observed by em-
ployees at USDA Forest Service Experimental Forests and Ranges in the
Interior West and gain an understanding of how these changes might be related
to climate change.

» Examine the role that USDA Forest Service Experimental Forests and Ranges
might play in understanding climate change impacts and advancing climate
change adaptation in the Interior West.

RESEARCH QUESTIONS

* What changes have long-term employees at EFRs observed over the last 10 to
40 years? What are the perceived causes of those changes? What changes are
attributed specifically to climate change?

* What roles do formal data collection and experiential, informal observation play
in understanding such changes and developing experiments for the forest?

* How can an understanding of change on EFRs contribute to our knowledge of
climate change impacts? What role can EFRs play in advancing our knowledge
of the efficacy of different approaches to climate change adaptation?

USDA FOREST SERVICE EXPERIMENTAL FORESTS AND RANGES

Forest Service EFRs play a unique and important role both within the agency
as well as in the broader field of land management. In total, the Forest Service
operates 80 EFRs, 74 of which are in the continental United States, with an ad-
ditional 4 in Alaska, 2 in Hawaii, and 1 in Puerto Rico (Wells and others 2009).
EFRs vary in size from Kawishiwi Experimental Forest in Minnesota, at 47 ha, to
Desert Experimental Range in Utah, at 22,500 ha (Adams and others 2008). The
idea for institutionalized EFRs originated at an 1868 convention of German forest-
ers and soil scientists in Vienna (Young 2008). Bernard Fernow, a German forester
who immigrated to the United States, introduced the idea to U.S. foresters when
he became the head of the U.S. Division of Forestry in 1886 (Young 2008). This
idea became reality when Coconino Experiment Station (Coconino later became
Fort Valley Experimental Forest) was established in 1908 under the direction of
Gifford Pinchot and Raphael Zon, a former student of Fernow’s (Young 2008). The
number of EFRs grew to 7 by 1915 (Young 2008) and 29 by the 1930s (Wells and
others 2009).

Since their inception, EFRs have been sites for long-term research and demon-
stration of findings in forest and range management (Adams and others 2008). The
goal of EFRs is to generate knowledge that benefits both public land managers and
private land owners (Wells and others 2009). This goal is achieved through research
projects on pressing natural resource topics such as hydrology, fire dynamics, range
management, erosion, climate change, silviculture, and forest regeneration (Wells
and others 2009). EFRs are uniquely situated for such research due to their relative
stability and long-term datasets (Adams and others 2008). In recent years, EFRs
have become increasingly connected to each other and to external collaborators
through regional and national research networks (Mowrer 2010). Through such
collaborations, as well as their long-term datasets and national distribution, EFRs

2 USDA Forest Service RMRS-RP-100. 2012.



are effective venues for monitoring and understanding ecological change from lo-
cal to global scales.

There are 14 EFRs under the Rocky Mountain Research Station: 3 in Arizona,
2 in Utah, 2 in Colorado, 1 in Wyoming, 3 in Idaho, 2 in Montana, and 1 in South
Dakota (Adams and others 2008). These include several notable EFRs, such as
Fort Valley Experimental Forest in Arizona, the first Experimental Forest es-
tablished, and Desert Experimental Range, Coram Experimental Forest, and
Fraser Experimental Forest, which were declared Biosphere Reserves in 1976
by the United Nations Education Scientific and Cultural Organization’s Man and
Biosphere Program (Adams and others 2008). EFRs in the Interior West include
a spectrum of vegetation types, from desert to alpine (Mowrer 2010), and host
research on a wide array of topics, such as ponderosa pine ecology, hydrology,
and fire dynamics (Adams and others 2008). More detailed descriptions of RMRS
EFRs can be found in Appendices A and B.
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Figure 1. Map of EFRs (green triangles, brown square, and blue inverted triangle) in the Rocky Mountain Region.
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Climate Change Impacts

EFRs are already helping us better understand the regional and ecosystem-spe-
cific impacts of global climate change. Following, we briefly outline some of the
current or anticipated climate change impacts in the Interior West. Global climate
change and the altered temperatures and precipitation regimes that characterize
it are likely to affect species and ecosystems in several important ways in the
Interior West (Samberg 2011a). Effects include: changes in species distributions,
phenology (Parmesan and Yohe 2003), impacts from invasive species (Samberg
2011c), and disturbance regimes (Samberg 2011d). There is strong evidence that
species and ecosystems are already experiencing some of these effects (Parmesan
and Yohe 2003).

One ecological impact of climate change that ecosystems are experiencing is
the shifting of historical species ranges. The general trend of this shift is pole-
ward and upward in elevation, with species showing expansion of high latitude
and high-elevation ranges and contraction of low latitude and low elevation ranges
(Parmesan 2006). Parmesan, in her extensive review of ecological responses to
climate change, describes such a trend in penguins, which have moved south to-
ward the South Pole over the past 20 to 50 years, and United Kingdom songbirds,
which have moved 18.9 km north over the past 20 years. Additionally, trees in
the Canadian Rockies and Siberia and lowland birds in Costa Rica have shifted
their ranges upward in elevation (Parmesan 2006). Meanwhile, many lower eleva-
tion pika (Ochotona princeps) populations in the Great Basin have disappeared
(Parmesan 2006).

In addition to altering species ranges, climate change affects phenology
(Parmesan 2006). Phenological shifts are occurring in plants in the form of changed
bud burst and first flowering dates, and in animals, in changed nesting and mating
dates. In Japan, records dating back to 1400 show that, after varying with no ap-
parent trends for 500 years, the date when cherry blossoms first appear each season
has become significantly earlier in the last 100 years (Parmesan 2006). Egg laying
dates for 65 species of United Kingdom birds moved 8.8 days earlier from 1971 to
1995 (Parmesan 2006). Importantly, the responses of phenology to climate change
are not identical across species (Parmesan 2006), meaning that climate change has
the potential to disassociate biotic communities (Stephenson and others 2010).

Another ecological impact of climate change is its potential to increase the threat
and number of invasive species (Samberg 2011c¢). Climate change may facilitate
the spread of invasive species through the removal of temperature and precipitation
constraints on species and the creation of open ecological niches (Samberg 2011c¢).
Furthermore, because invasive species are adapted to rapid change, through short
generation times, high dispersal capabilities, and wide environmental tolerances,
they may be better at coping with a rapidly changing climate (Samberg 2011c).
Climate change may also necessitate a reassessment or refining of our definitions
of invasive (Stephenson and others 2010), as it will become difficult to distinguish
between non-invasive non-natives and invasive non-natives because of shifting
species distributions (Samberg 2011c).

Climate change is also likely to alter ecosystem disturbances, including fire and
flood regimes (Stephenson and others 2010) and windstorms (Frelich and Reich
2009). In the case of fire regimes, climate change is projected to increase fire in-
tensity, frequency, and area burned (Samberg 2011d). Such an alteration in fire
regimes will favor fire-tolerant species, replace mixed-age stands with even-aged
stands, and, in some locations, catalyze shifts to new ecosystem states (Samberg
2011d).

USDA Forest Service RMRS-RP-100. 2012.



An issue especially important to the Interior West is the potential for the com-
bined effects of environmental stressors, such as recurring drought, disturbance,
and insect outbreaks, to increase tree mortality resulting in widespread forest die-
offs. Breshears and others (2005) described such a case where drought in the early
2000s resulted in mortality of up to 90% among pifion pine (Pinus edulis) in pifion/
juniper woodlands across the Southwest. In the northern Rockies, massive out-
breaks of mountain pine beetle (Dendroctonus ponderosae), a native pest of pines
in the western United States and Canada that responds favorably to warm winters,
have resulted in greatly increased mortality of lodgepole pine (Pinus contorta)
and high-elevation five-needle pines (Gibson and others 2008). The combination
of mountain pine beetle outbreaks, non-native pathogens, altered fire regimes, and
a changing climate may threaten the existence of high-elevation five-needle pine
forests (Gibson and others 2008).

EFRs are uniquely positioned to contribute to our understanding of climate
change impacts due to their opportunity for research and long-term datasets and
their distribution among different ecosystems. Long-term datasets enable EFRs
to monitor change over temporal scales that are less feasible for National Forest
System units. Please see http://www.fs.fed.us/ccrc/ for a more complete descrip-
tion of climate change impacts in the Rocky Mountain Region.

Management for Adaptation

Millar and others (2007) identified three approaches to managing ecosystems
for adaptation to climate change: resistance, resilience, and enabling responses to
change. Managing for resistance involves bolstering the capacity of ecosystems to
resist changes brought on by climate change. In the case of fire, this could mean
devoting resources to the maintenance of historical fire regimes in order to main-
tain historical species compositions. Other management options are restoring or
altering streamflows to maintain riparian areas (Samberg 2011b), irrigating areas
affected by drought (Heller and Zavaleta 2009), reintroducing failing or locally
extinct populations (Frelich and Reich 2009), locally removing or eradicating in-
vasive species (Millar and others 2007), and intensively managing populations to
maintain species distributions (Samberg 2011b).

Ecosystem resilience, meanwhile, is the ability of ecosystems to maintain
critical functions and processes in the face of change and disturbance (Samberg
2011a). Strategies for conferring resilience are the introduction of new genotypes
to a population for drought resistance or heat tolerance (Heller and Zavaleta 2009),
managing fire regimes for the success of desirable (though not necessarily histori-
cal) tree species (Samberg 2011b), and maintaining diversity at all levels, from the
population to the landscape scale (Samberg 2011b). Management for resilience
will typically occur at larger scales and be less intensive than management for
resistance (Cole and others 2010).

A third management option in the face of climate change is to assist ecosys-
tems in the switch to states more appropriate for future climatic conditions. In
this approach, where particular species compositions or ecosystem structures are
no longer the management goals, other goals, such as biodiversity, complexity,
or aesthetics, must be defined (Samberg 2011b). Some management actions for
facilitating ecosystem transition are assisted migration, creating or maintaining
connectivity between protected areas, and maintaining refuges where species may
persist while transitions are occurring (Millar and others 2007).

Many proposed adaptation actions, such as introduction of new genotypes, as-
sisted migration, or thinning forests to increase resilience in the face of drought,
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are largely untried and untested. EFRs could play an important role in investigating
the efficacy of proposed adaptation actions. Please see http://www.fs.fed.us/ccrc/
for more information on managing for adaptation in the Rocky Mountain Region.

Local Ecological Knowledge and Oral History

In this project, we examined ecological change in EFRs from the perspective
of Forest Service employees who have worked for 10 or more years on particular
units. These employees include scientists, technicians, and managers who typical-
ly bring both expert, scientific knowledge and field-level, day-to-day experience to
the discussion of ecological change. A brief discussion of these different types of
knowledge and how they are regarded in the literature helps position this study in
the context of previous research.

Local ecological knowledge (LEK) is knowledge held by local people about an
ecosystem (Robertson and McGee 2003). Unlike traditional ecological knowledge
(TEK), LEK is not the result of thousands of years of cultural engagement with
a particular landscape (e.g., the ecological knowledge Australian aboriginals pos-
sess about their environment due to tens of thousands of years inhabitation), but it
does represent information gained over long time scales by people with a strong
connection to ecosystems (Fazey and others 2006). In recent years, there has been
increasing recognition of the utility of LEK in ecological research (Bart 2006).
LEK has the potential to provide ecological information when there is a lack of
more conventional scientific information and to involve local people in natural
resource research and management (Robertson and McGee 2003).

Another subset of non-scientific knowledge is experiential knowledge.
Experiential knowledge, like LEK, is derived from prolonged interaction with
an ecosystem rather than from experiments or formal evidence (Fazey and others
2006). Experiential knowledge was found to be the most commonly used type of
knowledge for decision-making among a sample of land managers in Australia
(Cook and others. 2009). In Cook and others’ 2009 study, as many as 90% of
all land management decisions were made using experiential knowledge rather
than experiment-based data. Both LEK and experiential knowledge are sometimes
referred to as “informal” knowledge and are often differentiated from formal, sci-
entific, or expert knowledge.

As previously mentioned, study participants for this project have both scientific
and experiential knowledge of ecological change on EFRs. Some Forest Service
staff members have decades-long associations with particular EFRs, and their sci-
entific and experiential knowledge may interact to create a picture of ecosystem
change over the history of their tenure with these units.

RESEARCH METHODS

To better understand the changes that long-term EFR employees have ob-
served over the last few decades and how EFRs can contribute to knowledge of
climate change impacts and adaptation, we interviewed current and retired Rocky
Mountain Research Station staff members who worked extensively with EFRs. In-
depth, semi-structured interviews were conducted utilizing an interview guide to
ensure comparability across interviews (see Appendix C).

RMRS employees and retirees with 10 years or more experience working at
the EFRs were contacted through phone or email with an interview request. With
the exception of one former employee who could not be contacted, all fitting this

6 USDA Forest Service RMRS-RP-100. 2012.



PROJECT RESULTS

description were asked for an interview and all agreed to participate for a total of
21 participants. Participants were given information regarding the basic outline
and thematic focus of the interview in order to aid information recall. Of the 21
participants, 8 were retired. There were 3 women and 18 men. Each of the Station’s
14 EFRs was represented by at least 2 current or former employees. Coram
Experimental Forest and Tenderfoot Creek Experimental Forest in Montana were
the only EFRs not represented by a current employee. The majority of partici-
pants were researchers or scientists-in-charge or were otherwise involved in the
administration of the EFRs. A small minority of participants were technicians or
supervisory foresters. Five participants had worked in their current positions with
the EFRs for 10 to 19 years. Eight participants worked between 20 and 29 years at
their position with the EFRs, and another 8 participants were with the EFRs for 30
years or more (for a list of participants, see Appendix D).

Three of the participants choose to remain anonymous. The other 18 allowed
us to utilize their names in this report. However, many participants covered top-
ics that could be considered sensitive or controversial in nature. These were not
anticipated by the research team but are nonetheless highly relevant to the project.
Thus, we have removed indentifying information from sections where participants
discussed controversial or sensitive topics.

All interviews were conducted in-person by Mason Bradbury. Interviews took
place between January and June 2011, lasted between 30 and 90 minutes, and
were taped and professionally transcribed. Interviews were coded to identify key
themes, and data were analyzed across interviews to discern broader patterns.
Analysis provided insights into perceptions of change on individual Experimental
Forests and Ranges as well as across the Experimental Forest and Range network.
Analysis also examined the future role of these forests in climate change adapta-
tion. Nvivo 7.0 software was used to organize the data.

The results of these interviews are conveyed, in large part, through the words
of the EFR employees we interviewed to retain the detail and richness of the in-
terview data and to provide evidence for interpretations and conclusions. Direct
quotes are italicized to set them apart from the narrative. We refer to the interview
participants in this report as either “participants” or “EFR employees” even though
some of the interviewees are retired. We report the full range of results and refrain
from judgments about the accuracy or relevance of any particular perspective or
idea. In other words, if multiple interviewees discussed a particular issue, idea, or
project, we deemed it important enough to include in this report.

The following results begin with detailed descriptions of the strengths of the
EFRs (how they are uniquely positioned as research sites) and how the institu-
tional context within which they operate offers both challenges and opportunities.
The specific ecological changes observed or documented on the EFRs are then
described along with their possible connections to anthropogenic climate change.
Finally, participants describe existing and proposed climate change research on the
EFRs and the potential role of the EFRs in contributing to knowledge in this arena.

USDA Forest Service RMRS-RP-100. 2012. 7



UNDERSTANDING THE UNIQUE STRENGTHS OF EFRS

To better understand the role that EFRs can play in understanding and adapting
to climate change, we need to examine the niche that these units fill. Examining the
unique strengths of EFRs gives us a sense of their specific contributions to climate
change. Some of the strengths discussed by participants were:

* Representativeness. The way in which EFRs represent the different ecotypes that
comprise western landscapes.

* Research integrity. How the research focus of EFRs allows the integrity of the
science to be maintained over time.

» Long-term datasets. The opportunity to collect data for decades or centuries.

* Experimentation. The ability to host manipulative research that involves treat-
ment of study sites.

 Contributions to management. The application value of EFR research.

L]

Direct field observations. The way in which long-term field observations inform
research design and interpretation of results.

Many of these strengths depend on units that are dedicated to research and allow
for long-term study and observation.

Representativeness

One of the strengths or hallmarks of EFRs is their ability to represent broader
landscapes or a specific ecotype present in the region. Terrie Jain talked about the
Boise Basin Experimental Forest, saying:

Boise Basin was selected because it reflects the environment that's
characteristic of northern Rocky Mountain ponderosa pine forests.
And typically, the Experimental Forests are not selected because
they re unique, but they 're selected because they represent the
larger landscape.

In other words, EFRs are not ecologically unique. Rather, they represent ecotypes
of interest and offer opportunities to learn more about the broader landscape.
Participants also talked about the importance of the landscapes that the EFRs rep-
resent landscapes valued for their extent, production of natural resources, and/or
embodiment of human-wildland tensions. Stan Kitchen described the importance
of the landscapes that the Great Basin Experimental Range represents:

1 believe that there are still great opportunities there, providing
opportunities for research in high-elevation treeless landscapes, the
subalpine herblands that are kind of the core—the forest areas there
are also of interest—together they are representative of a lot of the
montane area in the Intermountain West, Utah, some of Colorado,
and a little bit of Idaho and Wyoming as well. Those watersheds
produce a lot of the water that we use and that s obviously of short
supply in the West. So, all of those components would argue for
importance.

8 USDA Forest Service RMRS-RP-100. 2012.



According to Kitchen, a dominant ecotype at Great Basin Experimental Range
is important because of the size of territory it occupies in the Intermountain
West and the water it yields. Chuck Troendle described the importance of Fraser
Experimental Forest to National Forest Systems as a whole:

The subalpine/alpine environment at Fraser typifies the central and
northern Rocky Mountains. It’s very characteristic of a lot of the
area throughout the central and northern Rockies. And about 50%
of National Forest Systems holdings lie in this particular area, so
it’s an extremely important representative area.

As Troendle explained, the ecosystem at Fraser Experimental Forest is important
to the Forest Service because it occurs on many acres of National Forest lands.
Participants also suggested that some EFRs embodied tensions that are widespread
in the wildland-urban interface (WUI). Carl Edminster explained in the context of
the Manitou Experimental Forest:

1 think Manitou is kind of uniquely positioned because it’s right

in the Front Range of Colorado. There's actually a subdivision in
the middle of it. So it’s very much in that Front Range of Colorado
tension zone in terms of not only people but environment. And as a
result, what happens there and what can be studied there are pretty
representative of a lot of the lower elevation forested areas in the
Front Range, which pretty much extend from southern Wyoming
down into northern New Mexico.

Edminster argued that the fact that Manitou shares similar social and ecological
characteristics with the landscape of the Front Range allows its research to be
broadly applied.

Research Integrity

Many participants said that EFRs were very important research sites because
they provided for research “integrity.” In this context, integrity referred to a high
degree of control over study sties, protection from management actions that might
compromise research, and the ability to continue the research over a long period
of time. Bob Denner pointed to this control and protection as something that dif-
ferentiates EFRs from other National Forest lands:

Many times, in the early days of research, scientists would go out
and install the study on National Forest land, and if you wait long
enough, it would have some really long-term, useful information.
But, unfortunately, personnel change on the district or the National
Forest. And this happens and that happens. And people don 't
communicate very well. And then next thing you know there’s a road
built right through a research plot or it’s now in the middle of a
100-acre clear-cut. That doesn t happen on an Experimental Forest.
We know what goes on where, on each square foot of ground. So if
somebody wants to propose a project, they say, “Well, I really like
that.” And I say, “Well, you better talk to so and so, because they ve
got something going on on that same spot. Now if your studies
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are complementary, great. But if there s going to be a conflict, he
was there first.” So you've got the idea of protection for long-term
studies in Experimental Forests.

According to Denner, the control and protection of research is partly due to know-
ing exactly what has been done in the past on the Experimental Forest and taking
that into account when making decisions about future research. He implied that
past or on-going studies have priority over proposed projects. Chuck Troendle
described what he means by integrity:

Integrity ... the advantage that you have on places like the Fraser
Experimental Forest is that they 've been administered, maintained,
operated in a very consistent manner over a very, very long period
of time. And then there’s been an absolute dedication to... the
utilization of the sites has been dedicated to the research purposes
for whatever's going on. Integrity, meaning that over time that

has been maintained. Things haven t happened that we don t know
about. And in contrast, there’s a lot of places where data [are]
collected. They quit for some reason, you get more money, they start
up. Somebody gets another idea. They quit. They start. [The EFR]
is just a long-term, dedicated site.

Troendle described research integrity as coming from an “absolute dedication” to
research and a detailed knowledge of what has happened or is currently happening
at the site. He argued that EFR research does not vary as much due to changes in
funding and new ideas. Michael Ryan also explained how the EFRs’ special desig-
nation allows them to maintain research integrity:

So Experimental Forests are places with a very special land use
designation. And the land use designation is that their primary
purpose is research. So Experimental Forests in general allow us
to complete research and make sure that if we put in long-term
studies, that those long-term studies will, the fate of that will be
decided by the scientists as opposed to being based on a land
management decision. So its really a critical piece of the Forest
Service Research infrastructure.

The EFR designation is believed to be critical to long-term research integrity, a
quality that participants did not perceive to exist everywhere outside of EFRs.

Long-Term Research

Most participants suggested that the ability to perform long-term research was a
key strength of EFRs. Similar to many participants, Russ Graham described the
long-term research happening at Priest River Experimental Forest, including the
dates when projects began:

We have a long continuity of studies. So that gives us a record of
long-term forest changes or water change. For example, Priest
River, we put in a weather station in the fall of 1911 that is still
running in the same place today. We put in a stream gauging dam in
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approximately 1934. It has been continuously running since 1934.
We have tree growth measurements going on to trees since about
1912, 1914. We have plantings that went in on the Experimental
Forest in the fall of 1911 that still exist to this day so we can go out
and look at this tree that was planted in the fall of 1911 and show
what it looks like today under different conditions.

According to Graham, these long-term studies give scientists at Priest River
Experimental Forest a way to see changes happening in forests or hydrological
systems. Several participants described long-term research as the defining feature
of EFRs rather than just one strength among many. Kelly Elder, describing Fraser
Experimental Forest, said “Fraser is an outdoor laboratory. Its value is in its long-
term datasets.” Elder and the other participants value the long-term records and
experiments of the EFRs. EFR employees both value and maintain long-term da-
tasets and research continuity whenever possible, and argued that these long-term
datasets are one of the key strengths and contributions of the EFRs.

Science Leadership

Many participants also discussed the leading role that EFRs had played in ad-
vancing both basic and applied science. For some participants, the history and
historical significance of the research was an important part of the EFRs. Brian
Geils said the following about Fort Valley Experimental Forest:

1t’s a particularly valuable site because it is the first place that we
conducted forest research in the United States at a Federal level.
There had been other work, of course, done at Biltmore, but this is
the first time, and this is where the Federal forest research system
was established.

Geils argued that Fort Valley helped establish the Federal government as a major
player in forest science. Kelly Elder described the scientific value of early work
done at Fraser Experimental Forest:

1ts a well-known research entity and the work that has come out of
it is well respected worldwide, not just in Colorado and not just in
the United States, but worldwide. So some of the fundamental work
that has been done in forest hydrology and a few other disciplines
was conducted at Fraser.

Another participant described a particular experiment that was “recognized as
establishing the relationship between tree canopy removal and increased water
yields.” Specific EFR units were renowned, even internationally, for early work
in specific disciplines. Durant McArthur also discussed the importance of Great
Basin Experimental Range to range science and management:

As far as the Great Basin Experimental Range... it is considered,
along with the Jornada Experimental Range, as a cradle of the
discipline of range management and range science, and some early
pioneering scientists worked there. And many people who became
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rather prominent in ecology and range science sort of cut their
scientific teeth, as it were, at that institution.

Again, a particular EFR was described as critical to the early development of
a specific discipline, in this case range science. Bob Denner described the impor-
tance of past experiments on Priest River Experimental Forest and the wide range
of disciplines to which these experiments have contributed:

In the realm of forest science, Priest River has a long record of
excellence in research and in data collection that s proven to be
critically important to both Government scientists and academic
researchers in terms of forest development, understanding the
mechanisms of fire in the northern Rocky Mountains, fields of
genetics in host pest interactions, a long-term weather record that s
proven valuable to mensurationists, ecologists, climatologists,
hydrologists. You can go on down the list of disciplines that you find
within forest science. And there s something there for everyone.

Denner and many others described the broad relevance of EFR research as well as
the way EFR studies had contributed to specific management issues. EFRs have
played an important role in advancing forest or range science, both in basic and
applied setting.

Contributions to Management

Many interview participants emphasized the ways in which EFR research con-
tributed to specific questions and problems in forest and range management. Several
EFRs were established specifically to address management issues, including two
of the earliest—Fort Valley Experimental Forest and Great Basin Experimental
Range. Below, one participant described the impetus for the establishment of Fort
Valley:

At the time this forest [was established], the ponderosa pine forest
of northern Arizona was being clear-cut. The loggers had moved
in in the 1880s and just decimated a lot of the forest. So, again,
these lumbermen, the Riordans, sawmill operators, noticed that
the ponderosa pine was not regenerating after the area had been
clear-cut. So that'’s why they contacted Pinchot in 1903 and said
“help.” That was the main reason for Fort Valley, the silviculture
of the ponderosa pine. What it took to get it to regenerate and what
affected regeneration. And, of course, they found out clear-cutting
was a major factor.

Many EFRs were established to address a specific, applied management ques-
tion or challenge. Great Basin Experimental Range was established to gain an
understanding of the catastrophic floods that affected communities in Sanpete and
other central Utah Counties as a result of poor grazing practices. Durant McArthur
explained:

The Great Basin Experimental Range is adjacent to the
communities of Sanpete County and was actually established
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because those communities were being flooded. And the inhabitants
petitioned Congress for protection. As a result, first of all the
Manti National Forest, which later on became part of the Manti-
La Sal National Forest, was established. And then the Great Basin
Experimental Range to see what caused these floods and how they
could be stopped.

Like Fort Valley, Great Basin Experimental Range was designated with a spe-
cific management question in mind, a question of great relevance to nearby human
communities. In the case of both Fort Valley Experimental Forest and Great Basin
Experimental Range, after the original questions were answered, scientists ex-
panded the research programs to include new questions.

Beyond the impetus for the establishment of some EFRs, participants men-
tioned that contributions to land management, both public and private, have been
strengths of EFRs. Chuck Troendle described the contributions of research at
Fraser and Manitou Experimental Forests to Forest Service land management as
differentiating them from Experimental Forests in the eastern United States:

1 had come here from the East where there are Experimental
Forests that are much more popular, much more well known, like
Hubbard Brook or Coweeta. But the bottom line is the research that
was being done at that time at those sites was not Forest Service
oriented. It was more ecologically oriented. It was very good
research, but it was not being done necessarily in the best interest
of the Forest Service. And as a result, a lot of the production

that came from those experimental sites, although it was useful
ecologically and in the scientific community, it was of very little
use to the Forest Service. Whereas, when you come to places like
Fraser or Manitou, at that point in time they had not been exposed
as much to university or outside control. And, as a result, a lot of
the research was still being done with the primary interest being
Forest Service application of, or land management application of
the information being developed. I thought that was a strength.

Troendle argued that the ability of Fraser and Manitou Experimental Forests to
produce information useful to the Forest Service and other land managers was a
strength of these EFRs. The leadership role that EFR science has played in ad-
vancing specific disciplines was also connected to the application value of such
research. In other words, pioneering studies on research topics relevant to manage-
ment meant that EFRs were a key player in advancing science-based management
and helping to answer the questions that managers posed.

Ability to Host Experimental Research

One of the unique strengths that was widely discussed was the ability of EFRs
to host experimental (i.e., manipulative) studies. Many participants emphasized
the experimental nature of EFRs as one of their distinguishing characteristics. The
ability to do manipulative studies was discussed as both a strength of the EFRs and
a feature of certain research disciplines. Brian Geils emphasized the importance of
the EFRs as places where experimental research can be done:
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We recognize that there are relatively few acres of National

Forest land that are reserved and dedicated for doing long-term
experimental research. [EFRs are] the place where you should be
putting in silvicultural treatments in a scientifically well-designed
format that can be maintained over a period of time to see what the
consequences of those treatments are.

According to Geils and many other participants, the ability of EFRs to host long-
term, experimental research is unique. Carl Edminster also argued that the ability
to put in different treatments and observe responses to those treatments is some-
thing that differentiates EFRs from other Forest Service land:

On an Experimental Forest, you ve got the ability to do that
and then look at the changes that occur over that spectrum of
conditions. On the National Forests, a lot of what they are stuck
doing is “best management practices,” which may be great for
certain things but not very good for other things. And because you,
in many cases, only have more or less one management action
occurring out on the landscape, you 're really missing, perhaps,
the spectrum of things you could be doing and the spectrum

of responses that may occur from those things. So to me, the
real advantage of an Experimental Forest is having that living
laboratory.

Kelly Elder, Russ Graham, and Terrie Jain also referred to EFRs as “outdoor labo-
ratories” or “living laboratories,” as did Wayne Shepperd:

All of these are outdoor laboratories. If I was talking to a member
of Congress, 1'd say this is where you do experiments at large
scales.

Again, Shepperd emphasized EFRs as places where scientists can do manipulative
research. Shepperd also emphasized that EFRs provide a place for experiments at
large spatial scales. Russ Graham and Terrie Jain emphasized the value of testing
ecological hypotheses through manipulative, silvicultural treatments. According
to Jain:

...turning around and doing manipulative studies, taking that
ecological hypothesis that you developed, implementing it on the
ground using silviculture treatments, and then seeing if it actually
responds to what you saw.

Graham explained further:

...It gives you opportunities to explain those changes [on the
Experimental Forest]. Why did they change? Now as a research
silviculturist, what separates silviculture from other forest ecology
is we go out and manipulate vegetation more than any other
scientist. Most sciences are observational and try to explain that
phenomena. We not only try to explain that phenomena, we create
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that phenomena by cutting trees or disturbing soil or what have you
to create or maintain some kind of condition.

Graham explained that the ability to manipulate and recreate ecological phenom-
ena is an important tool for understanding ecological change.

In some cases, EFR employees actively managed the EFRs to ensure that they
were representative of surrounding landscapes, utilizing their ability to manipulate
to retain the value of the site as typical of a broader area. Wayne Shepperd de-
scribed the work that was required to create appropriate conditions for experiments
on Black Hills Experimental Forest:

When Bob Alexander and I first inherited the Black Hills
Experimental Forest [in the 1980s, it] was an overgrown,
overstocked patch of forest in a sea of fairly well-managed forest.
And it was totally atypical of any of the surrounding landscape. So
from that standpoint, it was sort of meaningless. It wasn't a natural
area. It wasn t a wilderness area. It had been disturbed in the past.
1t just needed a good cleanup, and that'’s what we gave it. Because
we did that, we established conditions that provide experimental
opportunities today.

Terrie Jain described the need to actively manage the Black Hills Experimental
Forest in the face of bark beetles:

The Experimental Forests are experiencing the same things that are
happening on the larger landscape. We 're experiencing diseases,
we re experiencing insects. The Black Hills is getting eaten alive
by bark beetles. So the thought right now is we cannot just protect
them in some state because things were eating them as well. [The
scientists in charge] have to actively manage the Experimental
Forests.

These excerpts demonstrate the ways that EFRs are regarded, not as untouched,
pristine, or untrammeled lands, but rather areas that are actively managed or ma-
nipulated for research purposes or to retain their value for future research.

Opportunity for Field Observations

One of the goals of this study was to understand the role of field observations
in EFR research. Because interview participants were long-term EFR employees,
some had spent significant time in the field and had the opportunity to observe
ecological change through day-to-day observations that were not related to spe-
cific experiments/studies. In some cases, field observations took place over several
decades at the same EFR. When we asked EFR employees about their field obser-
vations, they readily understood what we were asking and consistently described
the opportunity to make such observations as a core strength of EFRs and long-term
employment with an EFR. That said, the importance that participants attribut-
ed to field time and field observations in their own careers varied significantly.
Differences seemed to stem, in part, from different responsibilities and research
interests, with those participants who did more field-based research valuing field
time and field observations more than those doing lab-based or modeling research.
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EFR employees whose research did not take them into the field much said that
on-the-ground field observations did not play a large role in their understanding of
the site or their research. One participant stated “one site is as good as another as
far as the science goes.”

Some staftf members stated that they felt disconnected from some of the EFRs
they were associated with because their research was not based on those sites.
Other scientists relied on technicians or the scientists on site to provide infor-
mation about on-site observations to the research. Others discussed the relative
benefits of focusing on a range of ecosystems versus emphasizing one ecosystem
or site, noting that both approaches were valuable.

That said, the majority of EFR employees valued field observations and readily
discussed the benefits of field time. They discussed these benefits in two ways: the
benefits of field observations for research and for the management of research. For
some EFR employees, field time was critical to effective research management.
Chuck Troendle explained the efforts he made to gain first-hand knowledge of the
site history at Fraser Experimental Forest:

The first thing that we did the first summer we were here, we
contracted with one of the original scientists at the Rocky Mountain
Station to come up and spend a couple weeks with us at Fraser
showing us where every historical research site was located, what
was done there, what the findings were so that we actually went
back in time to try to learn everything there was to know firsthand
in the field, on the ground. And from that time on, every study that
1 was involved in until the day I retired I was personally involved
in. One, the design of the experiment, of course, but also the actual
site selection, layout, the whole nine yards. Every data collection, [
was involved in every part of it. I relied very heavily on technicians,
but in my entire career I never asked a technician to do anything |
hadn 't done first. And I felt unless you were in the field and walking
the watershed, you really wouldn t know whats going on.

Troendle prioritized first-hand, on-the-ground knowledge of project sites and made
impressive efforts to obtain that knowledge. The final part of the above quote—
“unless you were in the field and walking the watershed, you wouldn’t really
know what’s going on”—indicates the importance that Troendle placed on field
observations and field knowledge to the management of research at the EFR. Bob
Musselman also illustrated the value of managerial knowledge for doing research:

1 used to go into the field more frequently, but recent management
responsibilities have limited my field time. But I can go to a field
location and remember what I did there several years ago and how
it’s changed. So those types of insights, on-the-ground experience
of being there I think are pretty valuable to interact with the newer
scientists of new projects, even my technician thats only been here
10 years to give him some insight into the changes that have been
made,; snowcat routes up to the site and that type of thing.

Musselman suggested that “on-the-ground experience” contributes in important

ways to the management of research. Linda Joyce explained the importance of
time spent in the field by technicians:
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[The technicians’ observations] were critical in terms of managing
the long-term experiments on site. For example, down at Manitou
we had a number of extreme wind events, and one impacted

one of the long-term sites. We had a straight line wind event go
through. So the observations were critical in terms of managing
the long-term experiments and establishing where our short-term
experiments might go.

Again, these field observations assisted in the siting of research projects, the long-
term management of data-sets, and the overall logistics of project management.

EFR employees also talked about the ways in which field observations contrib-
uted more directly to scientific knowledge. According to many EFR employees,
field observations deepened their understanding of ecology and ecological change
on EFRs, helped them generate research questions or hypotheses, and improved
their interpretation of research results. Stan Kitchen described the ongoing nature
of his on-the-ground learning at Desert Experimental Range:

1 learned early on that if I was paying attention, I could learn
something new with every trip that I took. I would be surprised by
something else that [ would observe or someone else would point
out to me. And you kind of expect that eventually that's going to
wear off. It hasn t yet. After 19 years, there are still new things there
for me to learn as a person that goes there as often that I do. Some
of those things someone might consider trivial or maybe not that
important, but I found it to be a fascinating place early on because
1 love to interact and see what kind of surprises nature can spring
on you. And I have not exhausted that yet there.

Wayne Shepperd, in reference to the importance of field observations, said:

Well, for me, personally, a tremendous role, because as a
silviculturist, an applied ecologist, or whatever, just observing
things on the ground really goes a long way in helping you
formulate hypotheses and questions to guide your research. And I
felt that the time I spent on the ground as a technician collecting
data tremendously influenced how I approached my research. I was
always pretty much a hands-on guy, more of a field researcher than
a computer jockey or a modeler or something like that. So in my
case, it strongly influenced my ability to do research.

Shepperd specifically stated that field observations help in the formulation of hy-
potheses and questions that then influence research. Kelly Elder also explained
the way in which field observation improved his understanding of ecosystems and
helped generate new research questions:

You can spend years sitting in an office thinking about these
problems and the dynamics of them and brilliant people do this all
the time and do it very successfully. Not-so-brilliant people can

do the same thing with a week of work in the field where you are
pounded in the forehead with really interesting research questions
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and a great understanding of how the systems are working. What
you really want is the combination of the two. It is the ability to
combine the analytical and academic side along with the field
observations that is the most effective. It’s another reason that the
Experimental Forests are so valuable. Whenever I'm in any kind
of stagnation mentally or scientifically, 15 minutes or a couple of
hours in the field and I have more stuff keeping me awake at night
and keeping me excited than [ can possibly deal with.

According to Elder, field observations inspire new research ideas and help scien-
tists understand how systems work. He also argued that the combination of analytic
time and field time helps move the research process along. Ward McCaughey dis-
cussed the importance of field time for understanding forest ecology:

You can read all the books you want about a lodgepole pine forest
and how it works, but unless you actually get out there and spend
some time in the field and see it and see the variations that can
occur with even the lodgepole pine type, that was so beneficial. You
can't put dollar signs on it or anything like that. It was extremely
important. And I think for any scientist to spend that time in the
field is so important to see how the natural world works with your
own eyes. And you will understand when you get data back from the
field how to interpret what you re seeing.

According to McCaughey, field observations are “extremely important” and par-
ticularly critical to data interpretation. Russ Graham agrees, stating:

I would say that that's probably one of the, maybe even the most
valuable part of an informal observation because so many times
our formal observation is with a ruler, with an instrument of
some kind. And we get to concentrating on the precision of the
measurement. And we re not looking at what we 're measuring...
You might be saying “okay, how long is the root of this tree?” And
so you want to make sure that you're measuring it to the nearest
centimeter or what have you. But you don t sit back and look

at this whole root and say “What is wrong with this root? Is it
deformed? Is something wrong with it? " All you re concentrating
on is whether it’s 22.5 cm or 22.1 cm long. So those informal
observations I think are critical to interpreting what your numbers
are going to tell you because most of the time all research is around
numbers.

Like McCaughey, for Graham, field observations provide context within which
to view research results. They help explain the meaning behind the data. Bob
Musselman made a similar argument in answering whether or not field observa-
tions inform his interpretation of experimental results:

1 think yes, although I would like to think research is more objective
than subjective. But there are certain things that probably influence
how [ view my research findings based on what I knew was there
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20 years ago. I don 't want to say that my research is subjective and
it’s based on experience but that prior experience [is] obviously
involved in my interpretation of the findings. And probably someone
that’s newer wouldn t have those particular insights on how to
interpret the data.

Musselman argued that his long experience at Glacier Lakes Ecosystem
Experimental Site (GLEES) conveys specific insights that he would not otherwise
have. Carl Edminster, answering the same question, said:

1 guess if [ had to summarize an answer to that question, I think
it’s difficult to see things unless you re there witnessing them. You
can read about them and be the recipient of reams of data that
somebody else gives you. But unless you re actually out there
seeing things, experiencing things, I don 't know that you have the
real depth of perception that you might have if you weren t out
there... I think it’s really important to be out there experiencing
things, not just dealing with the data or reading about them.

Edminster argued that seeing and experiencing things in the field provides re-
searchers a deeper understanding than just dealing with numbers or texts. Michael
Ryan made a similar statement:

1 think it’s all well and good to sit here at the computer and think of
ideas but unless you re actually doing a little bit of grappling within
yourself or seeing the ecosystem and trying to take measurements in
the ecosystem, you don 't have the same context for that.

Ryan went on to explain that he is concerned that the opportunity for field time and
field observations is being lost.

In short, field observations assist researchers in the siting and managing of re-
search. They also provide important insights into how ecological systems work,
ideas for new research projects and specific hypotheses, and contextual knowledge
that contributes to improved interpretation of research results.

Summary of Key EFR Strengths

Following, we summarize the strengths of EFRs, as articulated by EFR em-
ployees. We revisit these strengths in the context of climate change impacts and
adaptation later in this report.

* Temporal scales and integrity

EFRs offer a unique opportunity to conduct long-term research. Long-term re-
search is enabled by research integrity, the level of control and protection that EFR
designation gives to research projects.

* Spatial scales and representativeness

EFRs allow for large-scale research, as compared with many other sites/studies.
Also, while the scale of EFR research is limited by the size of the EFR, because
EFRs represent broader landscapes, the research is applicable over larger scales.

* Manipulation/experimentation
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EFRs allow for manipulative, experimental research. Treatments can be conducted
and effects can be measured, which might not be possible on other Forest Service
lands. This provides opportunities to develop research that examines the impacts
of specific management actions, in a relatively controlled environment.

* Relevance/application value

EFR research is relevant to both the science and practice of forest and range man-
agement. Research emphases have changed over time, but the EFRs continue to
provide information useful to land managers and academics in basic and applied
fields.

* Opportunity for field observations to contribute to research

Because EFRs are the sites of many studies over a long period of time, they offer
researchers the opportunity to make informal field observations over many years.
Field observations contribute to the quality of research by generating ideas for re-
search, refining research questions, and improving interpretation of results.

THE SOCIAL AND INSTITUTIONAL CONTEXT

20

EFRs exist within a specific institutional context (Forest Service Research,
Rocky Mountain Research Station) and within a broader social and political con-
text. Both social and institutional changes influence the ability of EFRs to improve
knowledge of climate change impacts and adaptation and to realize the strengths
described previously.

Communities and Recreation

We asked all of the interview participants about the relationship between the
EFR and local communities. EFR employees described their relationship with
local communities in terms of outreach and demonstration, public education, ex-
tractive uses, the wildland-urban interface, and recreation.

Public outreach programs, such as field days, open houses, and demonstration
days, were mentioned by many participants. Several participants discussed their
enjoyment of these outreach programs, but some also mentioned that they are ex-
pensive and time-consuming.

Education was pursued for a range of reasons from the need to inform the public
on recreational use of the EFRS to dispelling local rumors, such as one about the
alleged crash of an alien spacecraft on an EFR in the 1950s. In particular, outreach
programs were believed to educate nearby communities about the purposes, rules,
and regulations of the EFRs. Chuck Troendle explained his approach to public
education:

While I was there, we worked as much as we could with both the
local community and the district. We asked the district to help us
educate the public as to what the purposes of the Experimental
Forest were, how the rules, the regulations, the uses of the
Experimental Forest differed from the uses on the rest of National
Forest Systems land. And we tried to engage the public because we
found that the public was our best policeman. In other words, they
had a vested interest in the Experimental Forest. They didn 't want
to see it harmed.
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Some EFRs allowed local use of EFR resources for grazing, hunting, fishing, berry
picking, and firewood cutting; and in these cases, such uses were an important
part of the EFRs relationship with nearby communities. However, in some cases,
illegal firewood cutting occurred. Ray Shearer explained how such use can com-
promise research:

When you have a road going through the area that'’s a main road,
you have people going up cutting. So we 've had one of our plots
totally modified and really [it] is not suitable to continue with the
other seven.

EFRs in close proximity to rural residential development experienced typical WUI
challenges, including conflict over fuel treatment and herbicide application. Kelly
Elder explained how management of the Fraser Experimental Forest took into ac-
count community needs for fuel reduction:

We’ve had great cooperation with the district forest and some
community involvement in terms of fuels reduction and fire hazard.
We are upstream in terms of fire activity from the town of Fraser,
and there are hundreds, if not thousands, of homes down valley
from us. If we get a fire in that area, it'’s going to move right down
the valley and here's this huge WUI, the wildland-urban interface,
with abundant homes and structures. We worked very closely with
the district to do some fuels reductions on the Experimental Forest,
which we also incorporated into our research, and to give relief to
the district and to the community in terms of some fire mitigation.

Many EFR employees described a noticeable increase in recreational use of the
EFRs during the last few decades. They discussed recreation, as a threat to re-
search, a potential topic of study, and a source of change. Kelly Elder described the
increase in recreation on Fraser Experimental Forest:

We have seen exponential increase in recreational use of the
Experimental Forest. It used to be very rare to see someone on a
weekday in the winter on the Experimental Forest. And even in the
summer on a weekday, visitation was spotty, mainly campground
use. Now in the summer it’s a zoo. On a winter weekday there are,
Jjust hazarding a guess, 5 to 20 people cross-country skiing there.
And weekends are busy. I would have never dreamed that. It has
really, really changed.

One employee noted that increased recreation had come with increased impacts,
saying “Recreation, a lot more people in the forest... Just the presence of people,
the beginning of roads where there weren’t roads, and the trash around the camp-
fires and things like that.” Bob Musselman discussed snowmobiling on the Glacier
Lakes Ecosystem Experimental Site and the restrictions put in place to prevent
interference with monitoring there:

Weve already restricted them from our monitoring area because of
our air quality monitoring. We don t want them driving their two-
cylinder, smog producing engines around our air monitors.
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As Musselman pointed out, certain types of recreation may directly interfere
with research results. Other recreational uses mentioned by participants included
off-road vehicle (ORV) use (probably the most commonly mentioned, includ-
ing four-wheelers and motorcycles), cross-country skiing, horse-riding, hiking,
camping, and hunting. Michael Ryan described his efforts to protect Manitou
Experimental Forest from damage caused by four-wheeler use.

Lately, something that I've spent a huge amount of time on has
been trying to be a little cautious and a little proactive and a

little reactive to the recreation pressures and to close roads on
Manitou except for, except for administrative use, just to protect the
resource.

According to Ryan, soils on Manitou Experimental Forest are very erosive and use
from four-wheelers and other ORV's could cause extensive erosion. Russ Graham
explained that Boise Basin Experimental Forest also experiences significant rec-
reation pressures:

The other one, the southeast portion of [Boise Basin Experimental
Forest], it’s about a 5000-acre unit is just full of ATV [all terrain
vehicle] trails and motorcycle trails. So there is a conflict and

an opportunity there, very quickly you could see that. There is a
conflict of motorcycles, ATVs doing damage to the Experimental
Forest. But you have a research opportunity of looking at ATV-
motorcycle use from a social, an environmental, or whatever
position. So you see there's another case where you have a forest
management issue but then you also have a research opportunity.

Graham said he sees the recreational pressures on Boise Basin not only as a threat
to research but also an opportunity to research the social and environmental as-
pects of ORV use. Similarly, Michael Ryan sees an opportunity for research:

At Manitou, the resource damage from recreation pressure has just
really exploded over the last 10 or 15 years. That s just really a
big change that I think we can take advantage of that and look at
a little bit of the parameters of what the resource damage really is
and whatnot.

In short, EFRs operate within a broader social context similar to other Forest
Service lands. Relationships with local communities, public perceptions, and rec-
reational use impact EFRs and present both challenges and opportunities.

Institutional Context and Change

While we did not originally have a question about institutional change in our
interview guide, initial interviews indicated that EFR employees situated the ques-
tion of climate change and EFRs in a specific institutional context. Because of
the importance of institutional context, we decided to ask each participant about
the broader institutional context within which EFRs operate and in what ways
institutional changes facilitate and constrain the potential of EFRs to improve our
understanding of climate change impacts and adaptation. Many EFR employees
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discussed changes in research foci and institutional organization. EFR employees
were mixed in their evaluation of such changes; some described declining institu-
tional support and diminished research capacity of EFRs, while others described
increased support and recognition for EFRs. Due to the potential sensitivity of
some of this material, we have removed identifying information from the sections
below.

Declining Budgets and Diminishing Capacity

Some participants expressed concerns about declining budgets and decreased
research capacity at EFRs. They are concerned about lack of resources to maintain
long-term datasets, to fund research and personnel, and to maintain facilities. One
EFR employee described a process of shrinking budgets that began in the 1970s.

The end result was a cessation of most research activities on the EFR for which he
worked.

And this has come to the point where there s relatively few dollars
anymore for research that's funded through the Forest Service
entirely because most of it now is going after dollars of most
important issue at the time. And what does that mean? It means, in
part, that unless you have something that ties in with the program,
the National Science Foundation or whatever entity, it may not
get funded. So [this EFR] had 10 years of measurements, and it
sits there with no continuous research to see what's happening to
the stands that were laid out. We ve had particular interest by the
[nearby National Forest] from time to time on the data collected
there, but now there's no further data to provide them. And until
there's funding or someone takes interest in it that will go after
some funds, it sits there.

Another participant described a similar decline in budgets:

1t’s a dismal, tragic decline. The Experimental Forests are falling
apart and bleeding to death... Decreased funding, decreased
attention, decreased infrastructure, decreased commitment. We
have a continual decline in staff; a decline in funding, a decline in
infrastructure, a decline in interest except at the grass-roots level.
We 're talking about the jewels of the Rocky Mountain Research
Station. [They] are important for Forest Service research across the
country but there's no support. ...We lose studies. I'm closing down
one of [my experiments]. I can't afford to fix it, and I can 't afford to
keep it running, and I can t do it myself anymore. So we 're starting
to lose data. And, again, the value of these Experimental Forests
is, in fact, the long-term data. And if we 're cutting programs and
cutting data, then pretty soon, at some point, you’ll reach a point
where you might as well turn it back over to multiple use and get
rid of research. We’re not there yet, thankfully, but things aren t
looking good. Science suffers.

Again, this participant pointed out that declining budgets compromise the ability

of EFRs to maintain long-term studies. Another participant described the way he
used Station funds to supplement external research grants in the early days of his

USDA Forest Service RMRS-RP-100. 2012. 23



24

career. He would use Forest Service dollars to maintain his lab, buy instrumenta-
tion, and pay a research assistant. Now, he argued that Forest Service funds only
support buildings and salary, with little left for research expenses. He views this
as similar to universities, but stated that Forest Service researchers do not have
the same freedom as academics. Another participant argued that more and more
Station funding was being allocated to overhead with a lower proportion available
for discretionary research support, as compared with the past. Several participants
suggested that the efficiency of the station was declining due to the way that bud-
gets were being allocated. Another participant described the declining number of
scientists at the Station:

There'’s fewer of us and not any less work... In the Rocky Mountain
Station alone [previous to the 1997 merger of the Intermountain
and Rocky Mountain Forest and Range Research Stations], we had
100 scientists. Now through the whole Rocky Mountain [RMRS
post-merger], we have 91 ... So administratively, that’s probably
the biggest shift. And then also we have to look for more funding to
sustain ourselves. Historically, nobody ever had to put in proposals.
They did their research. They could focus totally on their research
scenario and answer those questions, versus now we got to go find
money... We’ve got to do a bunch of other things, and that takes us
away from focusing purely on the science end of the research. So
we re juggling more balls in the air.

In his experience, a declining budget has meant fewer scientists and more reliance
on external funding. One participant described the current strategy at RMRS of
not rehiring for research technician positions at the EFRs after they have retired:

We 're not hiring any permanent technicians or professionals at the
station. We do it through post-docs, we do it through temporaries,
some term positions we fill that role. And thats a different
philosophy. It's more of an academic or university philosophy.
[For] much of our research program, that might be very
appropriate. But my contention is that for these long-term places,
like all the Experimental Forests and Ranges, we need people with
corporate memory, intimate familiarity with the locations. In my
mind, at least, that means a permanent employee.

If field observations contribute to the quality of research (as previously described),
then this participant’s argument that EFRs “need people with corporate memory,
intimate familiarity with the locations” is particularly important. Also, several of
the participants we quoted connected declining budgets to a decreased ability to
continue collecting data for the long term. This is particularly important given the
fact that many people discussed long-term research as one of the key strengths of
EFRs. In some cases, EFR employees were so invested in particular studies that
they found ways to continue the research despite lack of funding, saying that they
“continued them in spite of the station not because of the station.”

EFR employees also expressed concern about the need to effectively manage
and archive long-term data. They discussed the need to digitize old, handwrit-
ten records and a need to digitally map current and past research on the EFRs.
They articulated concerns about data being lost due to outdated modes of archiving
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information. Some mentioned a need to find appropriate storage space for the orig-
inal hard copies. One participant suggested that only 1% of the funding for EFRs
was dedicated to data management, as compared with long-term ecological re-
search sites, which he argued spend 50 to 60% of the budget on data management.
Without the funding to maintain and manage long-term datasets, EFR employees
feared that the value, accessibility, and application of long-term research would
decline. EFR employees also discussed the expense of maintenance at EFRs with
more extensive facilities and the impact of declining budgets on their ability to
maintain on-site facilities.

Overall, participants expressed concerns that declining budgets meant increased
reliance on external funding (discussed in more detail below), decreased ability to
conduct research, fewer scientists, inability to maintain long-term studies, inability
to effectively manage datasets, and less maintenance of facilities.

Increasing Support and Recognition

The feeling that the EFRs are not adequately supported was not universal, as
some participants talked about a recent increase in the level of support and recog-
nition for the EFRs coming from the RMRS and higher in the Forest Service. This
trend was characterized as “heading in the right direction.” In the following quote,
one participant discussed a change toward better funding of the EFRs in recent
years:

The Station, to its credit, has provided a budget for the
Experimental Forests. Before about three or four years ago, it
didn't. Individual projects had to keep it going, and there often was
not enough money. So there'’s been more of a commitment from

the Station in the past three, four years to Experimental Forests to
provide a budget.

Another participant noticed a change in the level of interest among RMRS staff:

The last decade at least, it seems to me that the Rocky Mountain
Research people are more interested in what [this EFR] is and can
be... I have seen a real interest in preserving both the site and these
records.

In several cases, participants acknowledged the increase in recognition given to the
EFRs but still noted issues with funding. According to another participant:

There’s got to be a recognition. And I believe there is, that there is
very high value on Experimental Forests within Rocky Mountain
Research, within the leadership. The struggle is how do you slice
up the pie to maintain all these [Experimental Forests], and are
we going to reach a point where one or more Experimental Forests
may have to be de-established because we can t afford them
anymore.

He acknowledged support from RMRS leadership and the challenges of allocat-
ing a limited budget. One participant explained that there is a lot of support for
EFRs in higher administration, but that there are leaders who feel that EFRs are
unnecessary:
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A lot of our program managers appreciate Experimental Forests
and understand them, but there are a few that don t. And they figure
it’s a money sink. In a way it is, but [the question is] whether or

not that’s a valuable money sink and a long-term investment in

the future. I think it is. My view is the longer the record the more
valuable it becomes. But its expensive to maintain those records,
and if you have to cut, you have to cut somewhere. And some people
think, well, you don t need Experimental Forests. It’s an easy way to
cut.

Like many others, this participant emphasized the importance of investing in
long-term data collection.

Changing Research Foci

EFR employees described several reasons for changing research foci on the
EFRs. In some cases, the research questions that had driven establishment of the
EFR had been answered. New issues emerged in forest management and on the
EFRs, such as fire and insect outbreaks, resulting in new research questions. In
other cases, Forest Service and public interests in non-timber resources and values
led to a diversification of research on EFRs. EFR employees also talked about the
ways in which funding shifts drove research foci on EFRs.

Many participants said that ecological change on the EFRs influenced research.
Bob Musselman weighed in on whether ecological change has affected research at
GLEES, saying “Yeah, definitely the focus of research. We wouldn’t be studying
beetle kill up there if the trees weren’t dying.” Dan Neary discussed the influence
of big fires on the research focus at Sierra Ancha and Fort Valley Experimental
Forests:

The fire definitely has. Its been driving things. Sierra Ancha... Fort
Valley was the same way because there was a lot of restoration
started because they realized that they had to reduce fuels. And so
that was set off by a series of fires in 96. So they had a really big
impact on work that was going on in the forest since.

One of the consequences of shrinking Forest Service budgets for research that
participants described was a shift toward more reliance on external funding, or
“soft money,” as discussed briefly above. Kelly Elder described the change toward
externally funded research, characterizing it as something that took place as he
began working with the EFRs:

1 came from the university and worked using soft money because
that s the way university research works. I stepped into this job
expecting and being trained in raising soft money and doing soft
money research. And it was a good thing, because [ came in at
about the transition where the corporate dollars for research really
dwindled. And so the change you see at the Experimental Forest
level is now the research is largely guided by the ability to bring in
soft money. As soon as you start bringing in soft money, you change
the questions that you ask, because you are responding to RFPs
[Requests for Proposals] or funding requests from other agencies
who have interest in specific research. We have had to become
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creative in maintaining Forest Service research due to reduced
funding and long-term studies have been particularly difficult to
maintain. What we do now is compete for funding that serves the
needs of both the Forest Service and other funding entities.

Elder and others believe that external funding is changing the kinds of research
questions and topics pursued on the EFRs, and that the resulting research might
not be as relevant to Forest Service managers, as compared with research funded
by Station dollars. Carl Edminster made a similar statement about the shift toward
shorter-term research:

1 think that there has been a move in many cases away from the
longer-term research to the shorter term, whatever the emerging
issue of the day happens to be.

The concern here is the external funding might not support long-term research,
partly because it responds to trends and current interests, as opposed to longer-
term questions. Overall, external funding was widely believed to have shifted the
focus of research on the EFRs, at least to some extent. This shift toward external
funding was regarded as negative by some participants and as more benign by
others.

Participants also described the way in which different fields and disciplines
have been emphasized or prioritized at different moments in the history of the
EFRs. One participant suggested that the Station had eliminated research in key
areas, such as fire and range and watershed management. This participant also ar-
ticulated the challenge of predicting what research topics will be most important in
the future and thus which long-term research to prioritize. Russ Graham claimed
that the mindset or frame in which forests are viewed has changed over the course
of his career:

In the mid-1970s when I started as a Research Scientist, we were
heavily into timber production. Timber production was the main
goal of the Forest Service. So, all of the projects and all the
research from about 1975 through 1983 were aimed at timber
production. Everything was fertilization, making trees grow faster,
straighter, minimizing any kind of competition so that your crop
trees would grow. But then about 1983 or so, we started looking
into other aspects of the forests. [We] started looking at the forest
floor, the lower vegetation, even looking at the root systems of trees,
the ectomycorrhizae in root systems, that type of thing... So at first,
it was always just pretty much looking at the tree, just the tree as a
product. Then by the 1980s, we started looking at ectomycorrhizae.
We looked at soil processes. We looked at productivity. So while

the forest is changing, also the expectations from society were
changing and the expectations of what research we were doing were
changing. So when you ask me how have the forests changed, it
changed not only that trees grew but also what kind of experiments
we were doing. And so when you look through that entire history of
Priest River, like [ say, from 1911, nearly 100 years now, the forests
were changing but also the research and the expectations and the
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values of the research was changing. But always it comes back to
that that forest was the place that still offered those opportunities as
changing research.

Graham described the expansion of EFR research from a focus on timber produc-
tion to a range of studies on different aspects of forest ecology and how this shift
was prompted by ecological changes and by changing societal expectations. Terrie
Jain described a similar shift from a perspective within which timber was the top
priority to a range of research interests:

In the early part of the century, we were really into timber
production. We were growing trees for products, per se. Well today
it’s a whole different game. We re talking about resilience and
restoration and integrated objectives from wildlife to all of those.
So those are different than timber production. These are much more
complex, much more difficult. And then there's climate change
adding its whole little tidbit to it... The other thing that'’s changed is
we re looking at larger landscapes now versus individual half-acre
plots’ growth.

Jain argued that movement to a focus on different aspects of forest ecology and
management, including resilience and restoration and large landscapes, was more
complex and difficult.

Wayne Shepperd also described similar changes in the research program at
Manitou:

...came a shift in funding more to timber management research
and multifunctional vesearch... We essentially dropped the range
research at Manitou and started more on hydrologic research,
more basic research and forestry and forest ecology research. And
then that shifted again during the Hayman Fire because we got
money to do fire research. So we went from timber management to
fire recovery and then to urban interface fuels treatment research,
which is still being done down there today.

Shifting research foci was attributed to the interests of external funders, pub-
lic values and perceptions, and management challenges on National Forests.
Interestingly, Wayne Shepperd suggested that the long-term datasets from EFRs
present opportunities for new short-term research:

There's certainly been a shift from long-term research to short-

term research, but that doesn 't mean that we need to dump the
Experimental Forests. If anything, that makes them more important
because the long-term records and the long-term activities that
have been documented there provide a tremendous tool, leverage, if
you will, to do new types of research. And we see examples of that
in [the Manitou, Fraser, and Black Hills Experimental Forests]
right now.

According to Shepperd, long-term data can be leveraged in the development of
new research directions on EFRs.
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Relationship with National Forest Systems Management

The relationship between EFR employees and National Forest staff also pre-
sented both opportunities and challenges. The EFRs are located on land owned
by National Forest Systems, with the exception of Desert Experimental Range,
which is owned by the Rocky Mountain Research Station. Thus, most EFRs rely
on National Forests for critical management activities, such as road maintenance
and research-oriented timber sales. Bob Denner discussed the range of work on the
EFRs provided by the local ranger district:

The activities that we do on the forest are restricted to research
only. So road maintenance, timber sales, contract compliance,
post-harvest, silvicultural activities like thinning and planting,

law enforcement, fire protection are all provided by the local
ranger districts. We spend a lot of time maintaining good working
relationships with the local district personnel at each of those sites.

Employees within more management-oriented disciplines, such as silvicultural-
ists, relied on the National Forests to do the treatments, such as timber harvests,
required for research. Terrie Jain described the importance of maintaining good
relationships with the local NFS district for doing her research:

[The relationship with the NFS district] provides opportunities...
The 650-acre study I put in, [ couldn t have done it without

them. They did all the layout. They paid for the NEPA [required
assessments of environmental impact under the National
Environmental Protection Act]. They paid for the paint. I hired
somebody to go and help mark... as far as the research goes. They
are going to do the burning. They did all the thinning in the two
weird designs I wanted. But it was all their money and all their
effort and all their contracting to do it. [ wouldnt have been able to
do a single thing without that. So it’s huge. Huge.

Another participant mentioned that NFS management helps with the protection of
monitoring installments as well. Such protection included law enforcement and the
removal of hazard trees from the vicinity of monitoring sites. Good working re-
lationships are particularly important because, according to one participant, there
is currently no document formally establishing the priority of research over other
uses.

There is not any formal document that says that research takes
priority over all other uses. Hopefully, we re going to correct that
in the next round of Forest Service manual revision. So it really
depends on the working relationship between the Experimental
Forest and the district as to how well research is protected.

Thus, the relationship between the National Forest and the EFR is particularly
important for maintenance of forest infrastructure and for implementation of ex-
perimental treatments/manipulations.
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Summary of Social and Institutional Changes

Following, we summarize some of the key social and institutional changes that
participants described. While these were often articulated as challenges, many par-
ticipants also see opportunities in these changes. In particular, there were mixed
views on the extent to which the station and agency supported the EFRs and on
the impact of external funding. Both social and institutional changes are relevant
to the ability of the EFRs to contribute to research on climate change impacts and
adaptation as they both enable and constrain such research.

* Increasing recreational use

Increasing recreational use of EFRs requires management of visitors and restric-
tions to ensure that data collection/research sites are not compromised. Recreational
use also presented opportunities to study recreational impacts on key resources.

* Declining budgets

Declining budgets were of widespread concern. Declining budgets are believed
to result in an overall inability to maintain staff, continue research, effectively
manage data, and, in some cases, maintain facilities. The biggest concern with
declining budgets is the inability to continue long-term studies. A few participants
suggested there was increasing support and recognition of EFRs.

* Increasing reliance on external funding

An increased reliance on external funding sources (non-Forest Service) due, in
part, to declining budgets is seen as shifting research priorities and, in particular,
limiting the focus on long-term studies.

* Expanding research focus

The expansion of research on the EFRs, beyond timber production or range sci-
ence, is seen as both a challenge and an opportunity. A wider range of questions
are being asked, but research topics are increasingly complex and occur at larger
spatial scales.

* Maintaining relationships with National Forests

The need to maintain good working relationships with National Forests to ensure
the maintenance of forest infrastructure (e.g., roads) and support for treatments
(e.g., thinning or burning) is of continued importance to EFRs.

THE ECOLOGICAL CONTEXT

Participants were asked to describe the ecological changes they observed on
EFRs and to discuss what changes might be attributed to anthropogenic climate
change. EFR employees drew on both formal studies and informal, on-the-ground
field observations to describe these changes. They focused on both “natural”
change, such as succession and weather variability, as well as human-induced
change, such as introduction of non-native species and anthropogenic climate
change.

Forest Change

Many EFR employees described the ways EFR forests had changed over time
with respect to structure, function, and species composition. Several participants
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stated that the EFRs looked very different now than at the start of their careers.
Wyman Schmidt explained that most of the ecological change he saw on Coram
Experimental Forest was due to succession:

1 think most of it is just purely natural succession processes... As
the trees get older, they provide more shade and you start getting
shade-tolerant species coming in and they, in turn, they affect the
understory and how the understory is available for wildlife.

Wayne Shepperd described the growth he has seen at Black Hills and Fraser
Experimental Forests since the beginning of his career:

These are dynamic systems. I was literally able to see the forest
change in density and growth over time during my career,
especially at the Black Hills. Trees that were sapling size when

1 first started and first saw that forest are now saw logs. And

the regeneration that started is just amazing. So I’ve seen those
changes. I've seen similar changes, but on a much slower scale,

at Fraser on some of our regeneration studies. We 've got saplings
that you could go up there and you could find a tag on the bottom
of them that we found that tree the week that it germinated and it’s
now a sapling size tree. And it's taken it 45 years to get there. So it
gives you an appreciation of the environment that those forests are
trying fto exist in.

Russ Graham discussed small-scale disturbance and the processes of growth and
succession:

When we look at forest changes, I would suggest, trees grow. And
one of the most august things at Priest River and Deception Creek,
one of the biggest forest changes, was the mechanical disturbance
of weather. About every five to six years on one of those forests
there is a wind event, a weather event, a snow event that would
change some of the character of the forest. A lot of people I don't
think recognized how those small disturbances interacted with the
forest growth and development. Also, then you would start seeing
how different trees would respond to those disturbances. Western
white pine, for example, is a very fine needled pine, very loose.
Meanwhile, grand fir is a much heavier needled tree that captures
snow. For example, then you would have this big snow event where
snow would be falling out of a tree. The white pine would shed that
snow and the grand fir would get broken.

In some cases, forests change was attributed to insects, disease, and invasive plants.
The recent mountain pine beetle outbreak was the most commonly mentioned, but
white pine blister rust (Cronaritium ribicola), larch casebearer (Coleophora lari-
cella), and spruce budworm (Choristoneura species) were also discussed. Kelly
Elder told of the impact of the mountain pine beetle on Fraser Experimental Forest:
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The biggest change I've seen at Fraser is that everybody notices,
even the people who live in the cities and drive through there for
the first time, is the impact of the mountain pine beetle. We 've seen
major mortality in the lodgepole forests at Fraser with up to 90%
of the living lodgepole decimated. We are quickly seeing a response
to that impact in terms of vegetation with radical growth in the
understory vegetation that s already established there. We think
we’ll see a shift in species composition. Certainly, we re seeing
more subalpine fir coming in and that’s traditionally been a mixed
lodgepole pine, Engelmann spruce, and subalpine fir forest. It has
been the lodgepole that has been pounded, but they are coming
back too. We are also seeing aspen taking off.

Ray Shearer described a western spruce budworm outbreak on Coram Experimental
Forest:

Well, you had the periodic western spruce budworm that defoliated
all the subalpine fir and, to a lesser degree, the Douglas fir. Very
little on spruce and none on western larch that could be discerned.
But, nevertheless, that peaked and then waned so we had a period
of maybe 5 to 10 years where the budworm was evident. And as far
as I know, it hasn t been evident for 20 years.

Terrie Jain described the cascading effects of white pine blister rust on the ecology
of Deception Creek Experimental Forest:

Well, there are changes going on. There are two things that interact.
One, in Deception Creek, for example, we had the introduction

of blister rust, which really knocked out the white pine. One of

the other species that took over that niche was grand fir. What we
historically had was a mixture of tree species, now, we have more
of a dominant one species system. And we 're seeing at Deception
Creek things like tussock moth and other things coming in and
taking a number on those grand fir. Now I can 't say that it s climate
change or is it the food is so available they re just taking it in,
because grand fir isn t really resilient to a lot of diseases and
insects and endemic insects. So there are two things that happen.
One, we had a species shift. And two, now we have a species that is
not as resilient to the endemic disturbances that functioned.

Desert Experimental Range experienced the introduction of several weedy exot-
ics. Stan Kitchen described these introductions as the primary agent of vegetation
change Desert Experimental Range has experienced:

The biggest change that I think that we have seen has been the
expansion of some introduced weeds that are becoming better
established, in some instances replacing the native vegetation.

Wyman Schmidt described the initial infestation and later control of the larch case-
bearer, an introduced pest of western larch at Coram Experimental Forest.
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The advent, the introduction of the larch casebearer, for example.
1t was a big intrusion into the system, but because of some of the
research that was involved with that and we were able to get on top
of much of that problem with introduced parasites and predators.
So that was relatively short-lived, you know, in terms of forestry.

Fire was another agent of change discussed by EFR employees. In particular, the
increase in higher intensity, “catastrophic” fires was noted by several participants
as having significant effects on the ecology of certain EFRs. Dan Neary described
the advent of large, high intensity wildfires on Sierra Ancha and Fort Valley
Experimental Forests:

The big one has been fire, wildfire. That really wasn t there before.
Sierra Ancha had a fire back in the ‘50s, but it wasn t really big.
And throughout the Southwest, a lot of these fires, now they re
bigger and badder. And this was a big, bad one. Fort Valley's had a
couple minor ones that it didn t really have in the past.

Similarly, Wayne Shepperd described the occurrence of such fires as a change he
has seen over his career on Manitou and Fraser Experimental Forests:

The other change I think that s profound in the Front Range is the
occurrence of the fires. They re much larger now than they used to
be... And we had tremendous numbers of fires. The Hayman Fire
was the largest fire in Colorado history, which burned in the forest.
So that was something different than our historic records showed
existed in the past.

Participants see EFR forests and ranges as dynamic ecosystems, and they readily
described many different changes to the EFRs in which they worked. EFRs had ex-
perienced shifts in species composition due to the process of succession; insect and
disease outbreaks (some which had come and gone, others on the rise); changes
due to disturbance events such as wind storms, heavy snows, or fires; changes to
the disturbance events, such as the increase in higher intensity fires; and invasion
by non-native species, primarily invasive plants.

Climate Change

EFR employees also described a suite of changes potentially related to climate
change, including many of the changes previously described. Warmer tempera-
tures and changing precipitation patterns were widely believed to impact species
composition, insects and disease, and wildlife. Dan Neary explained that the
combination of climate change, drought, and fire has caused conversions on the
Arizona Experimental Forests:

There's been thousands of acres in some places with type
conversion. It’s often going towards more drier species. In other
words, you're going from ponderosa to chaparral, for instance, or
grassland because you 've got the zones as you go up in altitude
here. The climate change, the drying out tends to, shoves things
lower so you have, in some other places you ’'ve had over the past
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50, 70 years pifion-juniper s expanded because it’s been wet. Well,
now being dry and hot and getting some burning, it's retreating
again to higher altitudes. That's real visible. It's not always
necessarily visible on the Experimental Forest, but as I said, we've
had fires like the western most section of Fort Valley went up in a
wildfire and had been used for some research.

Another participant described changes in growth form in Engelmann spruce (Picea
englelmannii) on Fraser Experimental Forest as a result of milder winters:

Well, the principal change I saw, there's an area that we call
Alexander s Knoll that is pretty much on the edge of the alpine
going from the subalpine to the alpine. And there was a lot, on this
particular knoll, there was a lot of Engelmann spruce krummholz
in the early ‘80s. And during my time there, I have seen that
krummbholz start sending up main shoots and look like its turning
into a tree instead of just krummholz. And I associate that with
less rugged weather conditions, milder weather conditions, milder
winters.

Stan Kitchen explained that increased mortality in Engelmann spruce on Great
Basin Experimental Range is likely tied to milder winters:

In the Great Basin Experimental Range, probably the most obvious
change if someone had been up there 20 years ago and went up
there now is the change that has happened in much of the West,

and that is we 've lost most of our Engelmann spruce. And they 're
standing in red. It’s a very obvious change thats taken place.
There's reason to believe that that is linked to climate change and
with milder winters. We don 't have real clear temperature data over
the last two years... But winters in general have been milder. And
that s believed to be tied to that die off.

Wayne Shepperd explained why he believes the incidence of sudden aspen decline
may be attributable to climate change:

In the case of sudden aspen decline, the fact that Jerry Rehfeldt s
model showed that the distribution of or the area in which aspen
will be capable of growing, the climate in that area will no longer
sustain aspen in the end of the century. The areas that his model
projects will no longer be able to sustain aspen are the very same
areas that we’ve seen a predominance of sudden aspen decline.
There’s almost a one-to-one agreement there. I don 't think that's a
coincidence.

Bob Musselman explained that climate change, in association with other factors,
seems to be driving spruce and fir beetle infestations at GLEES.

Climate change is driving the beetle issue as well. The direct
effect is the beetles are killing the trees. But the indirect effect is
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that climate change is causing the beetles to explode. Well, not

all climate. The stand is failing. It’s an old-growth stand and its
weaker. The drought stressed it. So those are involved. Drought
stress, old stand, and it’s more susceptible to beetle kill. I think

the climate change is the driver. And we 're trying to document
what those climate changes are, and we 're seeing some changes in
temperatures some months of the year in just 20 years. There are
changes in snowmelt rates and initiation of snowmelt, that type
thing.

Another participant explained that the mountain pine beetle infestation is similarly
tied to moderating winter temperatures along with drought:

Well, obviously the mountain pine beetle. And that all pretty much
kicked off as a result of the drought in 2003. It stressed the trees
and made them susceptible. And then we haven t had the bitterly
cold winters, 40 below temperatures that you need to knock them
back like you used to have in the ‘80s and there usually was a
week during the winter when it would go down to 20 below 0 every
night in Fort Collins. And I presume that would correspond with
temperatures going down to 40 below in the Fraser Experimental
Forest area. And we haven t seen that since the early ‘90s. We had
a little bit of sub-zero weather this year, but nothing like we had in
the good old days.

Michael Ryan explained changes over the last three decades in the fledging dates
of the flammulated owl (Otus flammeolus):

He's got a really strong signal that shows that over the 30 years
he's been studying it [the owls] have fledged, left the nest 10 days
earlier on average... And that’s related to the climate there getting
warmer.

In short, many different changes were attributed to climate change, drawing on
both formal studies and informal observation. These changes included the decline
of certain species (e.g., aspen or Engelmann spruce), conversion of some areas
to new habitat types (e.g., conversion of ponderosa pine forests to chaparral),
changes in forest structure (e.g., from krummbholz to trees), increase in native and
non-native pathogens (e.g., mountain pine beetle and spruce budworm), and shifts
in the timing of wildlife activities (e.g., the fledging of owls).

Natural Variability

Many EFR employees discussed both anthropogenic climate change and natural
variability in climate and weather as sources of change on the EFRs. However, it
should be noted that changes attributed to climate change by some participants
were described as part of natural variability by other participants. Bob Denner
explained that climatic cycles give rise to pest infestations on Priest River
Experimental Forest:
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But again it s cyclic... We’ve seen outbreaks of insects, but that was
a direct result of a weather event that created ideal conditions for
the endemic population to explode. Once that subsided, everything
went back to some semblance of normalcy.

Chuck Troendle explained the cyclical nature of precipitation in Fraser Experimental
Forest:

There are cyclical patterns in our data. You asked about the long-
term data. We see about a 12-year cycle in our data. In other

words, you have a wet cycle and then you have a dry cycle. And that
[cycle] is about 12 years... And that varies around the country so
that it just depends on where you 're at.

Ray Shearer claimed that variation in precipitation has been one of the drivers of
ecological change on Coram Experimental Forest:

Well, precipitation is the key factor. Some summers we would have
relatively frequent showers that would prolong the life of new
seedlings. And other summers by the 4th of July most of them would
be gone. So there are these kinds of variations.

Stan Kitchen made a similar argument about the paramount importance of pre-
cipitation, linking precipitation cycles to changes in wildlife distributions on the

Desert Experimental Range:

The wildlife portion cycles very much. Rabbit, jackrabbit
population cycle up and down through the years. And the predators
cycle with the primary consumers. And [’ve seen that variability
from a lot of rabbits to few and a lot of rodents to few and the
hawks and owls and everything that prey on those. Kit fox as

well that we have had research, though I haven't had my own
personal research, but we have had others that have, have seen
that variability. But it essentially has tracked the overriding pattern
of that annual to oftentimes multi-year pattern of variability in
precipitation, as that would be the driving force.

Russ Graham argued that year-to-year variability in weather at Priest River
Experimental Forest has been more noticeable than directional change in climate:

In my time, at Priest River especially and the long-term weather
records, [I've seen] how unaverage I guess the weather is really.
And there s from one year to the next you can 't really say that it’s
going to be wet or its going to be dry or what have you. So anyway,
when you talk about changes, I would say not as changes as much
as the variation of weather that you can see over time in Priest
River, for example.

Keep in mind that many participants discussed both anthropogenic climate change
and natural variability, and that participants who described processes of natural

36 USDA Forest Service RMRS-RP-100. 2012.



change did not necessarily dismiss anthropogenic climate change as an important
driver of change.

Summary of Ecological Changes

Following, we summarize the key ecological changes that participants dis-
cussed. EFR employees drew on formal research results and informal observations
to describe these changes.

* Dynamic ecosystems

EFR ecosystems were characterized as dynamic systems in which many different
kinds of change were expected, observed, and documented.

* A variety of ecosystem changes

Changes to EFR ecosystems included shifts in species composition due to succes-
sional processes and invasion by non-native species, the influence of the growth
and decline of various insects and diseases, the impacts of disturbance processes
(e.g., wind, fire, and heavy snows), and changes to the disturbance processes (e.g.,
larger or more intense fires).

* Anthropogenic climate change resulting in species decline, habitat
conversion, increases in pathogens, and timing changes

EFR employees attributed many ecological changes to anthropogenic climate
change, including the decline of certain species (e.g., aspen or Engelmann spruce),
conversion of some areas to new habitat types (e.g., conversion of ponderosa pine
forests to chaparral), changes in forest structure (e.g., from krummbholz to trees),
increase in native and non-native pathogens (e.g., mountain pine beetle and spruce
budworm), and shifts in the timing of wildlife activities (e.g., the fledging of owls).

e Natural cycles and variability are important

EFR employees also acknowledged the important role of precipitation cycles and
the natural variability of weather patterns. They recognized the ways in which pre-
cipitation cycles impacted ecosystem features such as wildlife populations. Many
participants acknowledged both the influence of natural cycles and the effects of
anthropogenic climate change.

EFRS AND CLIMATE CHANGE RESEARCH

To assess the capacity of EFRs to contribute to climate change, we asked par-
ticipants to describe existing or proposed climate change research and to talk about
the challenges and opportunities of future climate change research on EFRs.

Monitoring and Modeling

Many existing monitoring and modeling studies associated with EFRs were
contributing to knowledge of climate change. Participants described weather
station data from the EFRs dating back to their inceptions, as well atmospheric
monitoring as part of broader networks such as National Ecological Observatory
Network, National Center for Atmospheric Research, and the AmeriFlux system.
Several EFRs were appropriate for this type of monitoring because of their relative
isolation and the control over the monitoring installations that EFR designation
offered. Long-term data on temperature and precipitation were not only important
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because they contributed to knowledge of regional and global climate trends. Such
data could also be combined with on-the-ground ecological measures to help re-
searchers understand the relationship between changes in climate and changes to
EFR ecosystems.

EFR employees also discussed the ways in which existing monitoring and mod-
eling might help us understand how certain species were responding to changing
conditions. For example, Bob Musselman talked about vegetation monitoring of
beetle kill plots at GLEES, and Carl Edminster discussed work monitoring spe-
cies’ responses to drought. Russ Graham mentioned a modeling study by a former
RMRS employee looking at shifts in seed viability zones in the context of climate
change. The model was constructed with data coming primarily from Experimental
Forests. Chuck Troendle discussed a modeling study on the impacts of climate
change on subalpine hydrology. Kelly Elder described hydrological monitoring
being conducted at Fraser Experimental Forest that could be used in adaptive man-
agement plans.

Research on Climate Change Impacts

EFR employees discussed a range of research projects or proposals focused
on climate change impacts, including studies of changes in snowpack, vegetation
composition, hydrology, wildlife distributions, and soil processes. The list of proj-
ects in this section is not exhaustive but rather provides a sense of the range of
existing and proposed climate change studies on EFRs.

Bob Musselman mentioned research at GLEES looking at changes in snowpack
and vegetation composition over the past 20 years. Fraser Experimental Forest is
part of a collaborative project looking at the ecology of the gray jay (Perisoreus
canadensis). Brian Geils mentioned a proposal for a then and now comparison
at historical weather station sites on Fort Valley Experimental Forest. Dan Neary
conveyed that the Arizona Experimental Forests have been asked to join a study of
decomposition under different carbon dioxide concentrations.

Participants also described opportunities to utilize long-term datasets that were
not originally designed to examine climate change but were uniquely positioned
to answer climate change related questions due to the specific data collected and
the long timeframe. Kelly Elder explained that much of Fraser Experimental
Forest’s research in hydrology and biogeochemistry should show effects of cli-
mate change. Linda Joyce and Michael Ryan described a collaborative project at
Manitou Experimental Forest with the Colorado College studying change in the
flammulated owl. Michael Ryan discussed how the project can contribute to cli-
mate change knowledge because of the long timeframe and the nature of the study:

Because of the long-term nature of it, we have a really unique
long-term study there that'’s run by Brian Linkhart out of Colorado
College who has been studying this tiny little migrating owl called
the flammulated owl. It’s about 6 inches tall maybe at the biggest.
And they go, we think, down to Mexico for the winter and then
come back here. And so because Brian has been studying that for
30 years, we know an awful lot about this bird, their fidelity to
different trees when they come back to different mates... One of the
really unique things about that particular dataset that unfortunately
isn t published yet but is that he's got a really strong signal that
shows that over the 30 years he's been studying it they have, they
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have fledged, left the nest like 10 days earlier on average because...
And that s related to the climate there getting warmer.

In other cases, new studies had been designed to answer emerging climate change
questions. Stan Kitchen described research at Great Basin Experimental Range
looking at responses to manipulations in precipitation:

At the Great Basin Experimental Range currently there'’s a

study that involves... rainout shelters, so it s redistribution of
precipitation so that, assuming that with climate change there
could be some changes in if not the total precipitation, the timing
of precipitation. So there's some rainout shelters to redistribute
through time the precipitation. Its been through two years of
treatment at this point. And they re looking at soil processes and
vegetation processes across an elevational gradient. So shrublands,
forest, forest openings, and then up in the subalpine area,
nonforested as well.

Thus, EFR staff were taking advantage of existing, long-term studies to gain new
insights on climate change impacts, and designing new studies to specifically look
at climate change.

Research on Climate Change Adaptation

We also asked participants about research looking at the outcomes and effec-
tiveness of climate change adaptation actions (i.e., management actions taken
in response to climate change impacts). Several participants discussed the ways
that manipulative experiments could improve knowledge of adaptation, with the
most frequently mentioned being common garden studies. Bob Denner and Russ
Graham described common garden studies at Priest River and Deception Creek
Experimental Forests, with another common garden study set to be implemented
at Priest River Experimental Forest in 2012 in collaboration with the Canadian
Ministry of Forests. Similarly, Brian Geils talked about a common garden study
at Fort Valley Experimental Forest with Northern Arizona University and others.
Stan Kitchen told of another common garden study at Desert Experimental Range
looking at the adaptive range of blackbrush (Coleogyne ramosissima), a desert
shrub.

Outside of common garden studies, participants described several other types
of adaptation-related research. Bob Denner mentioned experimental plantings
in logged areas on Priest River Experimental Forest. Kelly Elder discussed ex-
periments looking at hydrological responses to forest manipulations and climate
change on Fraser Experimental Forest. Michael Ryan told of experiments to test
the ecological impacts of one potential adaptation, fuel treatments, on Manitou
Experimental Forest. Meanwhile, Terrie Jain discussed her work trying to create
resilience in forests at Deception Creek Experimental Forest through experimental
silvicultural treatments, while taking into account the social context in terms of
what silvicultural treatments are socially acceptable.

While there was relatively little existing research related to climate change ad-
aptation and only a handful of proposals, most participants think that EFRs could
play a very important role in studying climate change adaptation due to their rep-
resentativeness and ability to host manipulative research.
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Role of EFRs in Future Climate Change Research

Nearly all participants argued that EFRs could and should play a major role in
climate change research. They suggested that EFRs are uniquely positioned to con-
tribute to studies of both climate change impacts and adaptation actions. In making
this case, they drew on many of the strengths of EFRs described earlier in this re-
port, including (1) the long-term nature of research on EFRs, including the level of
research integrity and control provided by the designation; (2) the representative-
ness of the EFRs and the large scale of many of the sites; and (3) the ability to do
manipulative, experimental research. According to one participant, “to have these
areas so they can check on climate change is very, very important.”

Dan Neary, in discussing research on climate change impacts, explained that
EFRs are the “place to do it because you’ve got long-term data. And that’s the only
way you’re going to really be able to tell.” Bob Musselman also focused on the
long-term data, saying:

We have the role of having the extremely rich database of long-
term data. We can go back and look at that over different types

of ecosystems and landscapes to see how things have changed

and how they’ll change in the future. I think that's one of the most
valuable goals is to network our datasets long term... My theory is
the longer you monitor data, the more valuable it becomes. So 20
years is good. Thirty years is better. Forty years is better. Ten years
is okay.

The value of long-term data was described again and again. Wyman Schmidt ar-
gued that the long-term nature of climate change requires baseline data, which can
be most easily supplied by the EFRs:

The main thing, like we 've mentioned before, because climate
change is so long-term, you know we re talking about the movement
of glaciers, you have to establish some baseline information
somewhere along the line, and Experimental Forests are the logical
place to do it in our area.

For many participants, the long-term data in combination with the research integ-
rity provided by the level of control over the landscape of EFRs made them an
ideal site for climate change research. Durant McArthur argued that this control
provides for consistency:

1o understand changes in climate change impacts, you need long-
term studies in places that can be monitored consistently. And these
kind of assets [EFRs], which the agency has more control over, are
very important in those kinds of data collection.

Ward McCaughey also emphasized the control on EFRs as an important asset for
researching climate change impacts:

1 think they re all important. All the Experimental Forests are
important because there is very tight control over that area. And
that area is, in almost all cases, probably stuck in the middle of
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National Forest land that surrounds it. And on National Forest land
they ’re constantly cutting, changing, converting. And these islands
of controlled environments I think are very important long-term
climate change for monitoring effects. When you do make a change,
say within the Experimental Forest close to that site, you can at
least attenuate for it or at least know when it occurs, exactly when
it occurs and monitor for that direct change.

Many participants described this long-term control as research integrity and ar-
gued that it represented a real asset for topics that require a long-term approach,
such as climate change.

In addition, participants argued that EFRs were uniquely positioned to con-
tribute to research on climate change impacts and adaptation strategies because
they represented a diversity of ecosystem types. Participants used several terms
to describe this strength, including the “gradient” or “network” of EFRs. Bob
Musselman discussed the strength of the EFR network for looking at how species
and ecosystems adapt to climate change:

We have such a wide variety of ecosystems and habitats where we
have Experimental Forests where we re doing this monitoring and
that’s pretty valuable as a network rather than just as an answer
for that one site. So we’re in a really good position to show how
systems will adapt to climate change because we 're looking at it
from all our systems.

Terrie Jain argued that the gradient over which EFRs occur makes them impor-
tant for looking at adaptation. Michael Ryan described a slightly different aspect
of representativeness. He explained that the EFRs comprise the majority of the
geographic range of several species, making them good areas to do manipulative
experiments to study the resilience of those species under different conditions.

In our Station here, we have Experimental Forests that cover sort of
the gradient in a couple of species, like say most notably ponderosa
pine. So we go all the way from Arizona up to Idaho I think. And 1
think they’d be really good places to both do sort of simple common
experiments about global change effects like snow manipulation or
precip. manipulation and also to look at those in conjunction with
some adaptation options, whether it's planting species that you
might expect to be there in the future or doing treatments to lower
density to make the surviving trees a little bit more resilient. We re

set up to do stuff like that. And we could do stuff like that.

As noted previously, participants noted that the number of studies looking at
adaptation strategies was limited. According to Wayne Shepperd, this lack of ad-
aptation-related research may be due to a bias against active management:

There was a lot of climate change research underway modeling
as well as some observational stuff, some experimental stuff. But
a lot of that wasn t translated to management actions. I think
there's a bit of a bias there. A lot of ecologists really aren t into
management. 1 find it ironic that recently we 're beginning to hear
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in print that they re advocating we need to actively manage. And

1 see this also in some conservation and environmental groups
accepting that some management might be appropriate. I think

this is good. But there wasn t a lot of research looking at how can
we manage for climate change. But as I just said, I think we need
to start doing that. And we are. But, I think, the future of research
will be looking at the response to disturbances and how we might
help that by tweaking the system. In many cases, preserving or

at least sustaining for a longer period of time existing forest
vegetation might require density control. What's limiting to a lot of
the future distribution of forests isn t the ability of trees to survive
in an environment. It’s the abilities for trees to establish in that
environment. And so initially, we won t see new seedlings. But

we can keep those older trees around by maybe some judicious
thinning, perhaps. That's a hypothesis that needs testing in a lot of
areas under a lot of circumstances. So it's not a hands-off approach.
1 think a lot of people recognize that is okay... It gets back to how
can we look at the underlying factors involved and then formulate
a hypothesis that makes sense based on what we know about the
basic ecologic requirements for species. And so I think we’ll move
that direction. I don 't think we have yet. There isn t history of doing
that, if you will, but there’s a lot of work that's been done that could
be used getting back to that theme.

In keeping with Wayne’s discussion of active management, many participants cit-
ed the ability to do manipulative research as a unique feature of EFRs, one that
could contribute a lot to the study of adaptation strategies. According to Linda
Joyce, “They are also great places to try and test out some of these adaptation op-
tions for which we don’t really have much precedent.” Another participant argued
that the ability to manipulate was what separated EFRs from research natural areas
(RNAs).

The advantage to Experimental Forests over research natural areas
is that you can do manipulative research on Experimental Forests
and you can't in an RNA. I think they re a prime location for that
kind of work. And I would be willing to bet you that if the scientists
in charge all had a chance to jump at some networked common
garden or something like that, they would all love to do it if it was
funded.

Stan Kitchen, in thinking about the contribution of EFRs to climate change, made
a similar argument about the importance of experimentation:

They are Experimental Forests, Experimental Ranges, which
means we expect to experiment. They re not necessarily meant

to be just another location that is, like a research natural area,
untouched. Many of them have research natural areas, including
the Desert and one very close to the boundaries of the Great Basin
Experimental Range. They have their purpose, they 're your control,
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they re your contrast. But I absolutely think that we have the
opportunity to do that experimentation.

Other participants emphasized the important of RNAs, suggesting the permanent
plots in RNAs provide “information about succession of vegetation in old-growth
forests and ranges... points to initiate research following disturbance, especially
fire.” Another example came from Wayne Shepperd, who argued that the manip-
ulative capacity of EFRs makes them good demonstration sites for experiments
looking at adaptation strategies:

They provide a good demonstration area. This is the area where you
can set up an experiment and set it up as a demonstration to test

a theory or to answer a question. And then you can bring people

to see that on, in most cases, a relatively small scale. On some
cases an operational scale. But that, in turn, can lead to further
operational scale tests within the National Forest System.

Scale was also important in responses regarding adaptation research because the
EFRs, while capable of doing larger-scale research than many other research sites,
cannot typically host landscape-level research, which some participants claimed
would be necessary for adaptation. Several participants also mentioned that capac-
ity to do adaptation research was variable across individual EFRs because of their
size and their history of research. Along these lines, participants also mentioned
that it would probably be necessary to expand research outside of EFRs so that
results could be extrapolated reliably to broader landscapes. Participants argued
that these traits were important for adaptation research because, especially in forest
environments, experiments involving adaptation treatments would necessarily be
long term, requiring decades to show results.

In summary, participants argued that EFRs could and should play a “huge role”
in climate change research, based on the long-term data, “the stability on the land-
scape where we can control what happens,” and the ability to do manipulative
experiments.

Challenges: Funding, Commitment, and Tough Decisions

While nearly all participants felt that EFRs play an important role in looking at
climate change, many voiced concerns about potential challenges or limitations. In
thinking about the potential contribution of EFRs to knowledge of climate change
impacts and adaptation strategies, participants once again focused upon the institu-
tional context within which the EFRs operate. Thus, the comments in this section
largely echo the views described earlier on institutional context and change.

One participant suggested that maintaining “Experimental Forests [to] provide
that outdoor laboratory where you can do experiments on a variety of scales with
the good control” would be required in order to realize the potential of EFRs to
contribute to climate change. Another participant, echoing sentiments described by
a number of participants, felt that there was not enough commitment to the EFRs
to allow them to play a big role in looking at climate change:

But in a general sense, I think [EFRs are] a tremendous asset.
There are data that could be used, but it will require some level
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of commitment that I don t, within this Station... I don t see the

commitment there.

Some participants suggested that RMRS was increasingly recognizing the EFRs,
while others felt that there was a lack of commitment that would hamper the ability
of the scientists to do climate change-related research on EFRs.

Many EFR employees associated lack of commitment with lack of funding. In
fact, the most common recommendation that participants gave for ensuring that
the EFRs would be able to look at climate change impacts and adaptation strate-
gies was for RMRS to provide enough funding for the EFRs to continue operating
without downsizing. Participants emphasized that long-term research is not cheap
and that financial commitments need to be drawn up for time periods longer than
fiscal years because the EFRs need long-term stability to do long-term research.
One participant explained that funding is the deciding factor in the ability of the
EFRs to look at climate change impacts and adaptation: “It always boils down to,
‘what can we afford to do?”” Another participant, in thinking about potential cli-
mate change research, explained that the funding situation of EFRs is dire:

The EFRs are on life support right now as far as funding. We

don 't have enough money to do what we have to do, our staff, our
facilities ... The Experimental Forests are in danger of going away
because we don 't have the baseline support to keep them going.
We 're struggling. We're on a shoestring budget and barely getting
by. That's my thought... The basic infrastructure for Experimental
Forests is expensive. And it's just a matter of what the commitment
of the Research Station and the national system is to maintain that
long-term database that I think is so valuable. I don t know if they
value that enough to continue to support it or increase the support
where we can survive or not. We re barely getting along where we
are now.

One participant suggested the some EFRs had such a low level of support that he
could not envision them playing much of a role at all, saying “it’s hard visualize
[this EFR] having much of an input with the lack of work that’s being done there
currently. And I don’t mean to disparage the people that are working. It’s just that
they aren’t funded to do it.” The following participant made the case that funding
will be required to homogenize data collection on the EFRs in order to make them
capable of looking at climate change impacts.

The interesting thing about the Experimental Forests is they all
were these independent entities. And now we re moving towards a
network. One of the drawbacks of being independent entities is that
we weren t necessarily collecting all of the same data, or even for
meteorology we weren t collecting all of the same meteorological
variables on all the Experimental Forests. And we 're still not.
Unfortunately, getting a homogeneity to the data collection requires
more funding, and we 're in a less funding environment.

Another participant echoed this concern, explaining that it may be difficult to
compare across the long-term datasets of different EFRs because data collection
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procedures were not the same. The following participant suggested that some cli-
mate change research opportunities had been missed due to the lack of funding:

1 think there were some opportunities that we couldn t capitalize on
largely because of funding, in terms of instrumenting a lot of these
areas, that given what we think we know now relative to climate
change or anything else, just year-to-year fluctuations that we
really, we’ve missed the boat. We 've missed some opportunities.

The implication here is that data collection opportunities, once lost, may not be re-
gained. Other participants argued that funding for facilities was necessary in order
to draw scientists to the EFRs. In many cases, the need for additional funding was
discussed alongside the need for more recognition for the EFRs.

EFR employees also acknowledged the need for the Station to make tough deci-
sions in the face of budget shortfalls. They discussed the challenges of prioritizing
and acknowledged the many trade-offs inherent in budget decisions. They also
argued for balance in terms of funding priorities. One participant called it a “big
strategic problem” saying:

There’s a challenge and there's an opportunity... I think the
challenge remains of figuring out how to integrate and value all
these different kinds of research both in the short term and the

long term and especially in these times of economic scarcity that
people have a lot, have a tendency, it’s just natural human nature,
to become more protective of their piece and maybe not be reaching
out to others.

He acknowledged that Station employees might advocate for their own programs
in a time of scarcity, but that decision-makers are challenged to find ways to value
different kinds of research. Another participant also acknowledged the challenges
of this level of responsibility:

They have a large responsibility, all kinds of science to fund.
But this should be a part of the mix. I believe [EFRs] should be
maintained, not necessarily at the expense of other parts of the
program, but the Station s programs shouldn t squeeze these
valuable assets out. So I guess what I'm saying is let’s have
reasonable balance as we go forward.

Several participants argued for balance as they thought through the role of EFRs
in climate change research and the funding required to realize the potential con-
tributions of EFRs. One participant suggested that RMRS develop priorities with
each program, identify which EFRs would be most critical to those priorities, and
allocate funding accordingly.

A few participants discussed the possibility of closing some EFRs. Several par-
ticipants mentioned feeling that the RMRS station leadership had been trying to
avoid any such drastic measures and, as a result, all of the EFRs were suffering
and becoming less effective. These participants contended that the Station would
be better off if it focused funding on a smaller number of EFRs or projects, thereby
ensuring that at least some of the EFRs would retain enough funding to continue
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research. One participant acknowledged that some EFRs may need to be closed in
order for the rest to effectively do climate change research:

1 realize in tight times that this might require that some may have
to be closed. And this is not unprecedented. We had Experimental
Forests that no longer exist.

Another participant described this potentially difficult decision, saying:

We 're going to have to make certain tough decisions. I'm totally
against closing things, long-term data collection efforts, whether
its a USGS gauge, river gauge, or an Experimental Forest, because
once you close them, its a done deal. And the investment in them
goes out the door. They're worthless overnight. But at the same
time, if the whole system is dying and becoming worthless as a
whole, maybe its time to make some tough decisions and close
some...

Other participants strongly opposed closing any EFRs, arguing for the value of
each site based on the long-term datasets, the representativeness of the EFRs, and
their research integrity.

Summary of the Role of EFRs in Climate Change Research

EFR employees described numerous ways that EFRs are and could potentially
contribute to improved understanding of climate change impacts and adaptation
actions.

* Long-term studies can be used to answer climate change questions

Because EFRs are the sites of numerous long-term data collections efforts, they
are positioned to answer many climate change questions through existing data
collection. While many existing studies were not originally designed to address
climate change, depending on the nature of the measurements, researchers may be
able to answer important climate change questions with existing/ongoing datasets.
For example, atmospheric data can be combined with information on particular
tree species to understand how forests are responding to changing conditions.
New long-term studies can also be initiated to answer emerging climate change
questions.

* Research integrity and level of control makes EFRs important sites for
climate change research

Because researchers have long-term control over the management and science,
studies on EFRs have an uncommon level of research integrity. Since research
on climate change impacts and adaptation actions likely requires a long-term ap-
proach, this level of research integrity is particularly important because it assures
scientists that studies can continue into the future with a minimum of interference.

* EFRs are uniquely positioned for experimental/manipulative studies

Experimental studies that manipulate ecosystems may be necessary for under-
standing both the ways that ecosystems and species are adapting to climate change
and the efficacy of different adaptation strategies. From common garden studies
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to larger-scale treatments to increase resilience, EFRs offer sites that can accom-
modate these manipulations and monitor outcomes over the long term.

* EFRs represent a range of ecosystems allowing for climate change
research that applies to most western landscapes

Because of the diversity of EFR ecosystems, they can be viewed as a sort of net-
work or gradient, representing the range of ecosystems that are being impacted by
and are responding to climate change.

* Realizing the potential of EFRs to contribute to climate change research
requires commitment, funding, and tough decisions

Realizing the potential of EFRs to contribute to improved understanding of climate
change impacts and adaptation actions requires long-term commitment, adequate
funding to maintain sites and long-term data collection and management, and dif-
ficult decisions regarding how to allocate funds in a budget shortfall.

IMPLICATIONS AND RECOMMENDATIONS

The ecological changes identified by EFR employees are not unique to EFRs;
they are the shifts in forests and other ecosystems that are being observed and
documented in similar landscapes throughout the Interior West. What is unique is
the ability of the EFRs to contribute to our understanding of these changes and the
efficacy of possible management responses. Here, we summarize the key insights
and recommendations made by 21 EFR employees in their in-depth interviews
on climate change and EFRs and provide some additional interpretations and
recommendations.

» EFRs build on a history of relevance, science leadership, and application value.
They are uniquely positioned within the Forest Service and within the world to
ask and answer important questions in natural resource management. The key
challenge is how to maintain and build the potential of EFRs in a constrained
budget environment.

* Informal, field observations play an important role in research. These observa-
tions generate ideas for projects and specific research questions and improve
the interpretation of results. To the extent that researchers are able to spend
significant time in the field and develop long-term relationships with particular
EFRs, field observations will continue to improve the quality of EFR research.

* Long-term data collection is one of the hallmarks of the EFRs and is particu-
larly important in the context of climate change. Understanding climate change
impacts and the efficacy of adaptation actions requires a long-term approach
and long-term investment in data collection efforts. Importantly, both existing
and new long-term studies can contribute to knowledge of climate change if
adequate support can be secured. In some cases, investment in long-term data
collection may require valuing datasets whose future uses are certain but not yet
specified.

* EFRs offer a potentially unparalleled level of research integrity as well as the
ability to manipulate/conduct treatments at multiple scales. Climate change
research, particularly research on adaptation actions that are largely untested,
can benefit from experimental treatments in a relatively controlled environ-
ment in the long term. It may be important to identify mechanisms to facilitate
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experimental treatments, for example through additional support for NEPA re-
view or expedited review processes.

e While the EFR employees in this study did not focus on partnerships as a mech-
anism to build capacity, they described numerous collaborative studies with
university partners and the potential for EFRs to become part of larger net-
works. Partnerships may provide a means to leverage additional resources for
EFRs. EFRs can build on existing research priorities throughout the RMRS,
they can connect to existing monitoring networks across North America, and
they can partner with universities and non-governmental organizations that
have access to other pools of federal dollars. In particular, promoting EFRs to
potential university collaborators as a site where experimental treatments can
be conducted in relatively controlled environments over the long-term might
attract new partners with different types of resources.

 Universities and state agencies could also become long-term partners of specific
EFRs, where desirable. Memoranda of Understanding could facilitate collabo-
rations that allow these non-Forest Service institutions to invest in EFRs for the
long-term. Andrews Experimental Forest provides an interesting such model of
Forest Service-university collaboration.

* EFRs exist within a broader institutional context-the RMRS, Forest Service re-
search, and North American science—all of which are experiencing changes in
terms of levels of funding and the way funding is allocated (e.g., competitive
proposals for short-term research versus long-term investments in research pro-
grams). Realizing the potential of EFRs to contribute to climate change may
require swimming against the current to fund long-term studies and invest in
specific sites.
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Appendix A: Experimental Forests and Ranges in the Rocky Mountain Region

Experimental Forests and Ranges (EFRs) administered by the Rocky Mountain
Research Station (RMRS) include a wide spectrum of landscapes, productivity,
and elevations. This section gives a basic introduction to the ecology, history, and
research focus of each. There are three EFRs in Idaho: Priest River, Boise Basin,
and Deception Creek EFs; two in Montana: Coram and Tenderfoot Creek EFs;
one in South Dakota: Black Hills EF; one in Wyoming: Glacier Lakes Ecosystem
Experiments Site; two in Colorado: Manitou and Fraser EFs; three in Arizona:
Sierra Ancha, Long Valley, and Fort Valley EFs; and two in Utah: Great Basin and
Desert ERs. We present them in alphabetical order.

Black Hills Experimental Forest, located in Black Hills National Forest in west-
ern South Dakota, was established in 1961. Black Hills EF was designated for
research in multi-use management of ponderosa pine forests and continues to offer
research opportunities for studies in ponderosa pine with a wide range of age class-
es and stand structures owing to silvicultural treatments performed in the 1980s.
Black Hills has an Ameriflux tower that is operated by the South Dakota School
of Mines.

Boise Basin Experimental Forest is located adjacent to the city of Idaho City,
Idaho, and was established in 1933. Boise Basin’s original research focus was
ponderosa pine management along with the ecological effects of silvicultural
treatments. It has long-term databases on fire return intervals, soils, habitat types,
and vegetation trends. Current research opportunities include the wildland-urban
interface, recreation, and ponderosa pine restoration. Boise Basin has hosted col-
laborations between RMRS scientists and the National Interagency Fire Center,
Idaho University, Forest Service Region 4, Boise National Forest, and the Boise
Cascade Corporation.

Coram Experimental Forest, in northwest Montana, was also established in
1933. Coram, along with Glacier and Waterton Lakes Parks, is part of the Crown
of the Continent Biosphere Reserve. Research there has been focused on western
larch regeneration and management and includes long-term databases on natu-
ral regeneration following different silvicultural treatments and site preparations,
small mammal interactions in larch forests, conifer seed dispersal, and direct seed-
ing of conifers. Coram offers a wide variety of age classes and stand types owing
to its history of experimental silvicultural treatments and site preparations. RMRS
researchers at Coram have collaborated with researchers from a wide range of na-
tional and international universities and land agencies.

Deception Creek Experimental Forest is located 32 kilometers east of Coeur
d’Alene, Idaho, and was established in 1933 for silvicultural research in western
white pine management. Located in an area with abundant precipitation, Deception
Creek has probably the highest productivity of any EFR in RMRS territory. It has
long-term databases on forest growth, weather, and western white pine genetics.
Because of a variety of stand ages, Deception Creek offers a wide range of condi-
tions for research. Collaborators include area universities, Forest Service Region
2, and the Idaho Panhandle National Forest.
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Desert Experimental Range, located in western Utah, was established in 1933 to
serve as a center for rangeland research. It was designated as a Biosphere Reserve
in 1976 and is the only such Reserve in the western hemisphere in a cold-desert
landscape. Desert ER has long-term databases on daily precipitation and tem-
perature, vegetation maps, and grazing exclosures. Research has been focused on
disturbance and successional processes in cold-desert environments, desertifica-
tion, winter sheep management, rodent ecology, pronghorn antelope biology and
management, cryptobiotic soil-crust ecology, and avian and mammalian popula-
tion dynamics.

Fort Valley Experimental Forest received EFR designation in 1931, though re-
search began there in 1908, making it the earliest experimental site in the National
Forest System. Located 14 km north of Flagstaff, Arizona, Fort Valley sits at 2176
m elevation in a ponderosa pine forest. Long-term databases include weather, pon-
derosa pine regeneration, range research, mistletoe research, and racial variation
in ponderosa pine. Current research directions include forest pathology, forest
restoration, forest management in the wildland-urban interface, and fire effects.
Collaborators at Fort Valley include Coconino National Forest, Northern Arizona
University, the Ecological Restoration Institute, and a local school district.

Fraser Experimental Forest is located 112 km northwest of Denver, Colorado.
The environment ranges from alpine to subalpine, with Engelmann spruce and
lodgepole pine forests and alpine tundra. It was established in 1937 for research
into the effects of forest management on water yields and timber production.
Fraser has long-term databases on streamflow, snowdepth and water content, me-
teorology, seed production, and tree growth and mortality. Collaboration at Fraser
includes the USDI Geological Survey, NASA, National Oceanic and Atmospheric
Administration National Weather Service, National Center for Atmospheric
Research, and many universities.

Glacier Lakes Ecosystem Experiments Site (GLEES) in Wyoming was estab-
lished around 1990 to research the effects of atmospheric deposition and climatic
change on alpine ecosystems. GLEES is considered a part of the EFR network, but
it does not yet have an official EFR establishment document. This is in the works,
according to one of the study participants. GLEES is part of several national moni-
toring networks, including the Ameriflux system and the National Atmospheric
Deposition Program. Long-term databases include climate, atmospheric chemis-
try, water chemistry, snow, and vegetation.

Great Basin Experimental Range was established in 1912 in response to cat-
astrophic flooding. It is located east of Ephraim, Utah, on the west side of the
Wasatch Plateau in the Manti-La Sal National Forest. One of the locations for
seminal research on range management, Great Basin’s research emphasis has also
included watershed ecology and management and silviculture. Long-term data-
bases include climate, streamflow, restoration plantings, and the effects of grazing
treatments and exclosures. Current research directions include plant adaptation
and successional processes, nutrient cycling, restoration ecology, and game habitat
improvement.

Long Valley Experimental Forest was established in 1936 to represent a contrast-
ing soil type to that of Fort Valley Experimental Forest. Located 96 km southeast
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of Flagstaft, Arizona, Long Valley is primarily composed of ponderosa pine stands
and has hosted research with a focus on burning, thinning, and regeneration.

Manitou Experimental Forest is located in Colorado’s Front Range near
Colorado Springs. It was designated in 1936 with a primary research focus on the
restoration of pine-grassland ecosystem. In 1980, the research emphasis shifted
to ponderosa pine management and wildlife. It has also served as an important
location for research into the wildland-urban interface because of its proximity to
urban centers and the numerous private inholdings it contains. Long-term data-
bases include weather, deposition, streamflow, and information on the flammulated
owl. Manitou has hosted collaborative research with several Colorado universities
and the USDI Geological Survey.

Priest River Experimental Forest, established in 1911, was one of the earliest
sites to receive EFR designation. It has long-term weather, forest growth, stream-
flow, and snowfall databases and has been a site for important work in silviculture,
fire, and forest genetics. Its facilities and laboratories have allowed it to host sci-
entists and research projects, leading to collaborations with area universities, state
land management agencies, and Forest Service districts.

Sierra Ancha Experimental Forest was established in 1932 and is located along
the eastern slope of the Sierra Ancha mountain range approximately 175 km north-
east of Phoenix, Arizona. The primary plant associations are chaparral shrubs, but
there are also mixed conifer stands, oak woodlands, and grasslands, among oth-
ers. Sierra Ancha’s original research focus was watershed management, and it has
hosted collaborations with the Tonto National Forest, Arizona universities, and the
Salt River Water Users Association.

Tenderfoot Creek Experimental Forest, located in the Little Belt Mountains east
of the Continental Divide in Montana, was established in 1961 to study the man-
agement of lodgepole pine forests. Long-term databases include information on
timber inventories, streamflow and water quality, and fuels analysis, among others.
Beginning in 1991, Tenderfoot Creek has been host to a long-term research proj-
ect on different options for managing lodgepole pine forests, meaning that there
are many opportunities for current and ongoing studies in this area. Scientists at
Tenderfoot Creek have collaborated with several National Forests, area universi-
ties, and land management agencies.
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Appendix B: Rocky Mountain Research Statioin EFR Data Network

Met Hydrol ICP2 NADP Ameri-flux HydroDB ChemDB SnoTel CASTNET

Black Hills X*

é 01se Bas m ....................................................................................................................................
Coram ................. X ......... X .............................................................................................................
Decept]on Creek ..............................................................................................................................
DesertER ............ X ........................................................................................................................
Fortvauey ........... X ................................................................................................ X .....................
Fraser ................. X ......... XX ....................................................
GLEES ................ X ......... X .......... X ......... XX .............................................. X ............. X ......

Long Valley

M am tou ............... X ............................................... X S
.I.) n est Rlver .......... X ......... X .............................................................................................................
.S. lerraAncha ......... X ......... X .......... X .................................................................................................
;i" enderfoot ........... X ......... X .......... X ......................................................................... X .....................

*Maintained by cooperators

Key:

Met = EFR collects long-term meteorological data

Hydrol = EFR collects long-term hydrological data

NADP= National Acid Deposition Program, http://nadp.sws.uiuc.edu/

ICP2 = International Co-operative Program on Assessment and Monitoring of Air Pollution Effects on Forests, http://icp-
forests.net/

Ameriflux = The AmeriFlux network provides continuous observations of ecosystem level exchanges of CO,, water,
energy and momentum spanning diurnal, synoptic, seasonal, and interannual time scales and is currently composed of sites
from North America, Central America, and South America, http://public.ornl.gov/ameriflux/

HydroDB/ClimDB = centralized server to provide open access to long-term meteorological and streamflow records from
a collection of research sites, http://www.fsl.orst.edu/climhy/

SnoTel = automated system to collect snowpack and related climatic data in the Western United States called SNOTEL
(for SNOwpack TELemetry), http://www.wcc.nrcs.usda.gov/

CASTNET = The Clean Air Status and Trends Network (CASTNET) is a national air quality monitoring network
designed to provide data to assess trends in air quality, atmospheric deposition, and ecological effects due to changes in air
pollutant emissions, http://epa.gov/castnet/javaweb/index.html
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Appendix C: Interview Guide

What is/was your role on the Experimental Forest/Range? (How long have been working/did you
work with EF/R)? What does/did your job entail relative to the EF/R?)

What kind of time have you spent/did you spend in the field in ?

How would you describe the Experimental Forest/Range to a member of Congress? What unique or
special contribution does this Experimental Forest/Range make?

When you first started here, what were some of your early impressions of this Forest/Range?

What changes have you seen on the Forest/Range since you started working here?

What sort of institutional changes have you seen during this time? I’m thinking about changes in the pro-
gram of work, staffing, funding, and so on. How have those changes influenced research on the

Experimental Forest/Range?

What role do/did your regular, day-to-day experiences in the field at Experimental Forest/Range
over the years you’ve/you worked with this forest/range play in your understanding of change?

What role do/did these day-to-day experiences in the field at play in the development and interpretation
of experiments/research?

Can you tell me about the relationship between the Experimental Forest/Range and nearby communities
or other forest users?

Going back to some of the ecological changes you described earlier, what do you think is causing those changes?
Are there changes that you think are happening because of climate change?

How have these changes affected the program of work or focus of the Experimental Forest/
Range?

Can you tell me about the climate change-related research on this Forest?
-if answer addresses only climate monitoring-type research probe about impacts-related research

Are you conducting or planning any experiments/research to test proposed climate change adaptation actions?
I’m thinking of adaptation as actions that land managers take to assist ecosystems and species in adapting to new

conditions.

What role do you think Forest Service Experimental Forests and Ranges in general could and should play in
advancing our understanding of climate change impacts?

What role do you think they should play in testing adaptation actions and advancing climate change adaptation?

How do you think the Forest Service, or more specifically the Rocky Mountain Research Station, should support
and utilize the Experimental Forests and Ranges to ensure that they are able to fill those roles?

Is there anything else you’d like to add?
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Appendix D: Interview Participants

(retired)

Years with
Name Experimental Forest/Range(s) Occupation EFRs
Brian Geils Fort Valley, Manitou, GLEES, | Scientist-in-charge (former) 30
Fraser, Priest River, Deception | and researcher
Creek
Dan Neary Fort Valley, Long Valley, Sierra | Scientist-in-charge and 18
Ancha researcher
Carl Edminster Manitou, Fort Valley, Long Lead scientist and researcher 25
Valley, Fraser, Black Hills, (retired)
Sierra Ancha
Michael Ryan Manitou, Fraser Scientist-in-charge and 22
researcher
Wayne Shepperd | Fraser, Manitou, Black Hills Manager and researcher 36
(retired)
Chuck Troendle Fraser, Manitou Administrator and researcher 22
(retired)
Kelly Elder Fraser Scientist-in-charge and 10
researcher
Linda Joyce Manitou, GLEES, Black Hills Administrator 14
Bob Musselman | GLEES Scientist-in-charge and 22
researcher
Russ Graham Deception Creek, Priest River, | Scientist-in-charge and 35
Boise Basin, Black Hills researcher
Terrie Jain Deception Creek, Boise Basin, | Scientist-in-charge and 10
Priest River, Black Hills researcher
Bob Denner Priest River, Boise Basin, Supervisory forester 20
Deception Creek, Black Hills
Ward McCaughey | Coram, Tenderfoot Creek Manager and researcher 20
(retired)
Ray Shearer Coram Manager and researcher 46
(retired)
Durant McArthur | Great Basin, Desert Administrator, scientist-in- 37
charge, and researcher (retired)
Gary Jorgensen Great Basin, Desert Technician (retired) 39
Stan Kitchen Desert, Great Basin Site manager, scientist-in- 19
charge, and researcher
Wyman Schmidt | Coram, Tenderfoot Creek Manager and researcher 35

* An additional three participants chose to remain anonymous.
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Mountain
Research Station

The Rocky Mountain Research Station develops scientific information and
technology to improve management, protection, and use of the forests and
rangelands. Research is designed to meet the needs of the National Forest
managers, Federal and State agencies, public and private organizations,
academic institutions, industry, and individuals. Studies accelerate solutions to
problems involving ecosystems, range, forests, water, recreation, fire, resource
inventory, land reclamation, community sustainability, forest engineering
technology, multiple use economics, wildlife and fish habitat, and forest insects
and diseases. Studies are conducted cooperatively, and applications may be
found worldwide.

Station Headquarters
Rocky Mountain Research Station
240 W Prospect Road
Fort Collins, CO 80526
(970) 498-1100

Research Locations

Flagstaff, Arizona Reno, Nevada
Fort Collins, Colorado Albuquerque, New Mexico
Boise, Idaho Rapid City, South Dakota
Moscow, Idaho Logan, Utah
Bozeman, Montana Ogden, Utah
Missoula, Montana Provo, Utah

www.fs.fed.us/rmrs

The U.S. Department of Agriculture (USDA) prohibits discrimination in all of its programs
and activities on the basis of race, color, national origin, age, disability, and where
applicable, sex (including gender identity and expression), marital status, familial status,
parental status, religion, sexual orientation, political beliefs, genetic information, reprisal,
or because all or part of an individual’'s income is derived from any public assistance
program. (Not all prohibited bases apply to all programs.) Persons with disabilities who
require alternative means for communication of program information (Braille, large print,
audiotape, etc.) should contact USDA's TARGET Center at (202) 720-2600 (voice and
TDD).

To file a complaint of discrimination, write to: USDA, Assistant Secretary for Civil Rights,
Office of the Assistant Secretary for Civil Rights, 1400 Independence Avenue, S.W., Stop
9410, Washington, DC 20250-9410.

Or call toll-free at (866) 632-9992 (English) or (800) 877-8339 (TDD) or (866) 377-8642

(English Federal-relay) or (800) 845-6136 (Spanish Federal-relay). USDA is an equal
opportunity provider and employer.
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