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Abstract

Bark beetles have played a fundamental role in coniferous ecosystems
for thousands of years but have recently reached unprecedented levels of
reproduction and infestation within the Rocky Mountain region (Oatman 2015,
Bentz 2009). In Colorado alone, mountain pine beetles and spruce beetles
have killed 21% of Colorado’s forests since 1996 (Romeo 2019). Concurrent
outbreaks, extended north and east range, and longer lifespans of bark
beetles have contributed to more significant infestations that are primarily
a result of increasing temperatures and less regional precipitation (Bentz
2009). Mountain-based industries such as skiing, tourism, and recreation
are threatened by loss of tree stands and potential fire danger (Prestemon
et al. 2013; Frost 2009; Wells 2005). With the increasing visual and physical
impacts of bark beetles on mountain ecosystems, landscape architects will
need to understand how to respond to these impacts within the natural and
built environments. Management applications on infected stands will impact
the aesthetic value of coniferous forests, which can have negative influences
on visitor perceptions (Arnberger et al. 2018). This report documents the
projected extent and significance of existing bark beetle outbreaks relative to
historical trends/events and the degree to which landscapes are impacted by
the loss of scenic value following bark beetle outbreaks.

This report uses previous outbreaks to evaluate future scenarios of bark
beetle impacts to address the potential threats to mountain ecosystems and
implications on human experiences. Guidelines were then generated based
on landscape management techniques of bark beetle, such as promoting
biodiversity and reducing even-aged tree stands, as well as applying principles
of landscape aesthetics (Bentz 2009). The goal of this report is to encourage
discussions within the landscape architecture community to ensure a balance
between the sustainable environmental treatment of bark beetle infestations
and preservation of both visual and cultural value of infested forests.
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ABSTRACT

Bark beetles have played a fundamental role in coniferous ecosystems
for thousands of years but have recently reached unprecedented levels of
reproduction and infestation within the Rocky Mountain region (Oatman 2015,
Bentz 2009). In Colorado alone, mountain pine beetles and spruce beetles
have killed 21% of Colorado’s forests since 1996 (Romeo 2019). Concurrent
outbreaks, extended north and east range, and longer lifespans of bark
beetles have contributed to more significant infestations that are primarily
a result of increasing temperatures and less regional precipitation (Bentz
2009). Mountain-based industries such as skiing, tourism, and recreation
are threatened by loss of tree stands and potential fire danger (Prestemon
et al. 2013; Frost 2009; Wells 2005). With the increasing visual and physical
impacts of bark beetles on mountain ecosystems, landscape architects will
need to understand how to respond to these impacts within the natural and
built environments. Management applications on infected stands will impact
the aesthetic value of coniferous forests, which can have negative influences
on visitor perceptions (Arnberger et al. 2018). This report documents the
projected extent and significance of existing bark beetle outbreaks relative
to historical trends/events and the degree to which landscapes are impacted
by the loss of scenic value following bark beetle outbreaks. This report uses
previous outbreaks to evaluate future scenarios of bark beetle impacts to
address the potential threats to mountain ecosystems and implications on
human experiences. Guidelines were then generated based on landscape
management techniques of bark beetle, such as promoting biodiversity and
reducing even-aged tree stands, as well as applying principles of landscape
aesthetics (Bentz 2009). The goal of this report is to encourage discussions
within the landscape architecture community to ensure a balance between
the sustainable environmental treatment of bark beetle infestations and
preservation of both visual and cultural value of infested forests.
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1. INTRODUCTION

SUMMARY

Bark beetle infestations have occurred throughout history and are a natural
part of the coniferous ecosystems. However, impacts of climate change have
led to thriving bark beetle conditions that have resulted in unprecedented
outbreaks and high tree mortality rates. The loss of conifers throughout the
Rocky Mountain region are impacting the visual state of some of America’s
most beloved landscapes, such as Rocky Mountain, Yellowstone, Grand Teton,
and Glacier National Parks, in addition to other recreational and residential
properties in the region.

This report analyzes the historical patterns and future predictions of two types
of bark beetles, mountain pine beetle and spruce beetle, to understand the
impacts posed by recent and projected future outbreaks to the landscape
architecture profession. This report utilizes precedent studies and content
analysis to detail the current and potential impacts to the field of landscape
architecture, aswell as the use and perceptions of the forestry techniques used
to address outbreaks. Literature explored in this report focuses on historical
outbreaks, current impacts regarding socio-economic and aesthetic effects,
and future implications of a changing climate and unprecedented bark beetle
outbreaks. Through further investigation of perceptions of forest beauty
and public responses to bark beetle treatments, management guidelines
are created to preserve scenic beauty in projects impacted by bark beetle
outbreaks. This report seeks to start a dialogue among landscape architects
so the profession can accurately understand the severity of bark beetle
impacts, as well as the need to incorporate suitable landscape management
techniques into projects in the Rocky Mountain region and beyond. Through
this, we will be able to “outlive” the outbreak by fully enjoying life, instead of
letting it dictate the visual landscape.




Figure 1.2 : :
Old mountain pine beetle__ :
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PROBLEM STATEMENT

Between 2000 and 2012, bark beetles killed 46 million acres of trees, an
area slightly smaller than the state of Colorado, with mountain pine beetles
responsible for half of the mortality (Funk et al. 2014). In Colorado alone,
mountain pine beetle and spruce beetle have combined to kill trees in 21
percent of Colorado’s forested land since 1996 (Romeo 2019). The impacts of
bark beetles are becoming more widespread for pine and spruce trees across
the United States, and the landscape architecture profession has not begun
to assess this threat. Because the treatments to address bark beetle outbreaks
are varied and can influence perceptions of scenic beauty in affected forests,
its implications to landscape architecture need to be explored (Barker, 2003).

The aesthetic and physical impacts of bark beetle outbreaks can adversely
affect community perceptions and forest value, which will negatively influence
economic revenue and developments. With the wide breadth of landscape
architecture projects and a growing number of projects within the wildland-
urban interface, landscape architects need to understand the severity of the
issuein order to address it properly. To get a more in-depth sense of impacts to
the built environment, the landscape architecture profession needs to better
understand bark beetle outbreaks and assess the potential effects that the
rest of the Rocky Mountain region will face. This report utilizes GIS data and
climate information from Colorado to gain a more in-depth analysis of impacts
to the landscape architecture profession. Precedent studies and analysis of
forest treatment methods were also used to gain a better understanding of the
relationship between the management of bark beetle outbreaks and public
perceptions of the affected landscape.



IMPORTANCE

Present outbreaks of bark beetles differ from previously recorded infestations
because of their intensity, range, and synchronicity of attacks (Bentz 2009).
Predicted impacts of climate change will create more stressful conditions for
forests across North America from rising temperatures, increasing drought
conditions, and loss of snowpack. These environmental conditions are
creating habitats where bark beetles increase their frequency of attacks,
in addition to generating more suitable environments for bark beetles
in forests that have yet to be impacted (Bentz et al. 2010). Though current
outbreaks of bark beetle have recently begun to decrease, predictions of the
next several decades expand the range of mountain pine beetle and spruce
beetle outbreaks and severity. This expansion will undoubtedly affect more
communities across the United States, and thus influence more work being
conducted by landscape architects within impacted mountain communities
for the built and natural environment.

PERSONAL RELATIONSHIP

Growing up in Colorado, the impacts of bark beetles have been hard to ignore
and disheartening to face. The excessive losses of pine and spruce trees from
the mid-2000s are now a stark reminder of the impacts of massive bark beetle
outbreaks. | have always been interested in addressing this issue in my future
career, and | am grateful to have the opportunity to bring more attention of
the topic to the landscape architecture profession.



GOALS

The goals of this report are to:

Start a dialogue and provide communication regarding the future
impacts of bark beetles in the public and private sectors of life
that landscape architects primarily interact within the mountain
landscapes of the West.

Stress the effects of bark beetle impacts in common areas of
landscape architectural influence/work, such as national/state
parks, tourism, residential developments, and community planning.

Create management guidelines that increase the scenic quality of
affected forests, while also considering ecological and sustainable
forest management.

Create an informative document that alerts landscape architects of
future threats that bark beetles impose on the profession to promote
more research and attention within the industry.



RESEARCH QUESTIONS

Central question:

How can landscape architects address the aesthetic and visual impacts of

bark beetle infestations in the Rocky Mountain region?

Secondary questions:

What do climate change predictions reveal about the potential for
bark beetle expansion and outbreaks?

How do predictions of bark beetle expansion relate to important
project fields within the landscape architecture profession?

How does the public perceive typical treatment methods?

Which fields of landscape architecture will be most impacted by
bark beetles in the Rocky Mountain region?

How can landscape architects mitigate losses in scenic beauty?

How can landscape architects improve responses to bark beetle
infestations in the Rocky Mountains through considerations of forest
management techniques and landscape aesthetics?



Figure 2.1
Rocky Mountain Natienal
Park'in winter

(Weber 2017)
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2. BACKGROUND

2.1 BARK BEETLES

Bark beetles are tiny insects with hard, cylindrical bodies that reproduce
underthe bark of trees (USDA Forest Service 2019). Bark beetles have naturally
occurred in the forests of North America for thousands of years and have been
dated back to the Holocene era, approximately 12,000 years ago (U.S. National
Park Service 2018, Bentz 2009). They have acted as beneficial and essential
components of the coniferous ecosystem, attacking larger and older trees and
helping to renew forests with younger, more productive trees that promote
natural forest regeneration (Bentz 2009).

Bark beetles spread when females, or pioneer beetles, locate a “frail tree”
and emit a chemical signal (a pheromone plume) to alert others to swarm the
tree (Oatman 2015). They chew through the bark until they reach the phloem,
which carries sugar and nutrients through the tree (Oatman 2015). Female
beetles lay up to 200 eggs, and between one to three weeks later, larvae hatch
and begin to develop inside the tree. As the larvae grow, they tunnel and
feed around the circumference of the tree which impedes the flow of water
and nutrients (Bentz 2009). Adult bark beetles can also carry fungi with them
(commonly the blue stain fungus) that attack trees by disrupting the vascular
system and preventing the flow of nutrients throughout the tree (U.S. National
Park Service 2005, 3). By obstructing the movement of water, mountain pine
beetles are able to attack and colonize a tree within 48 hours, and as a result
of both organisms, the tree is killed within one year (Graham et al. 2016). After
the beetle matures, it flies from the host to find a new tree and continue the
life cycle. Healthy trees within ¥4 of a mile from the beetle-infested tree are at
risk for a new attack (U.S. National Park Service 2005, 3).



Figure 2.2

Mountain pine beetle galleries.

Galleries are the tunnels created within the tree’s bark as the
beetles eat and lay their eggs.

(Tunnock 1995)
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TYPES OF BARK BEETLES

While there are over 600 different types and species of bark beetles throughout
the world. Two of the most aggressive types in the Rocky Mountain region
are mountain pine beetles (Dendroctonus ponderosae Hopkins) and spruce
beetles (Dendroctonus rufipennis Kirby) (USDA Forest Service 2019). Under
stressful conditions, these aggressive bark beetle species can defeat host tree
resistance which allows the beetles to reproduce rapidly (Jenkins et al. 2012).
Mountain pine beetles (see Figure 2.3) attack and kill live trees species such
as lodgepole pine, ponderosa pine, bristlecone pine, whitebark pine, western
white pine, sugar pine, limber pine and more (USDA Forest Service 2019, Bentz
2009). Spruce beetle (see Figure 2.4) has not been as destructive as mountain
pine beetle (in terms of acreage affected, see Figure 2.17), but has attacked
approximately 40 percent of spruce-fir forests in the state of Colorado since
2000, including Rocky Mountain National Park, the San Juan Mountains, the
West Elk Mountain, and the Sawatch Range (Lill 2019). Hosts of spruce beetle
are typically limited to Englemann spruce, White spruce, Lutz spruce, Sitka
spruce, and Colorado blue spruce (Bentz 2009).



Figure 2.3

Adult mountain pine beetle.
Actual sizeis 1/8 to 1/3 inch.
(Mercado 2012)

Figure 2.4
Adult spruce beetle.
(O’Donnell and Cline 2012)

Figure 2.5

Actual adult mountain pine
beetle size compared to a
penny.

(Hodgson 2020)
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STAGES OF OUTBREAKS

There are different stages of a bark beetle infestation that represent varying
levels of mortality. Susceptibility begins when a stand can support an outbreak
which becomes endemic when one to several trees are attacked per hectare
(Jenkins et al. 2012). Epidemics coincide with periods of short-term stress and
drought and is characterized when 80 percent or more of susceptible trees
are killed. During epidemic periods, “canopy openings result in significant
increasein live shrub and herbaceous cover,” and the epidemic phase typically
lasts between 5 and 10 years, ending when “most large-diameter trees have
been killed and the bark beetle population returns to endemic levels” (Jenkins
etal. 2012).

Once a substantial number of attacking adult beetles have burrowed into the
tree and laid eggs, the tree has little chance of survival and will be doomed
long before any of the indicative signs of infestation are visible (Bentz 2009).
With mountain pine beetles, needles of the pines will turn from yellowish-red
to a rusty red color nine to ten months after infestation, before dropping from
the branches the second summer after the tree has been infested (see Figure
2.6) (Colorado State Forest Service 2019a and U.S National Park Service 2005).
Following the successful infestation of spruce beetles, the needles will turn
to a pale yellowish-green color and typically drop from the tree following the
second summer after the tree has been infested (see Figure 2.6) (Colorado
State Forest Service 2019b).

Bark beetle outbreaks and mortality will have both short- and long-term
impacts to local ecosystems. Typically, large stands of even-aged trees will
be most impacted during outbreaks, which allows younger trees to quickly
grow after competition is reduced for light, nutrients, and water (Bentz 2009).
Mountain pine beetles accelerate the natural succession of forests by killing the
dominant canopy trees, thereby opening space for under-story trees (Romme
et al. 1983). Infestation and mortality lead to tree decomposition; however, it
occurs very slowly in drier climates like those in the Rocky Mountains, where
a killed lodgepole pine will fall to the ground within five to ten years (Bentz
2009). Mountain pine beetles impact foundational species of white pines such
as whitebark pine, bristlecone pine, and limber pine, which are longer-lived
and are vital to the survival of other local species.
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Figure 2.6

Tree progression following bark beetle infestation.

(Hodgson 2020)



Figure 2.7

Preparing lodgepole pine infested with
mountain pine beetle for treatment in
Crater Lake National Park.

(Unknown 1924)

» -

Figure 2.8
Large sugar pine tree attacked and
killed by mountain pine beetle in
Yosemite National Park.

(Miller 1916)



HISTORICAL OUTBREAKS

In 1898, the head of the Forestry Division, and later the first Chief of the
Forest Service, Gifford Pinchot heard reports of bark beetles from throughout
the country. At that time, the Division had no experts in entomology and
hired Andrew D. Hopkins in 1901 to conduct special investigations (Graham
et al. 2016). Hopkins grew to be an expert on bark beetles from studying
the southern bark beetle and would grow to shape the future of American
forest entomology (Graham et al. 2016). The Black Hills beetle, Dendroctonus
ponderosae (at the time of discovery), was studied and coined by Hopkins,
and was attacking and killing ponderosa pine in Wyoming, Utah, Colorado,
Arizona, New Mexico, and northern Mexico (Graham et al. 2016). Mountain
pine beetle was first mentioned by Hopkins in 1905 and further described in
1909, attacking pines in “Idaho, Montana, northwestern Wyoming, Oregon,
Washington, and California and in the Canadian Province of British Columbia”
(Graham et al. 2016, 9)

Early European and American entomologists like A.D. Hopkins were
instrumental in bringing the bark beetle epidemic to the public’s attention
and promote greater management. Fear of potential impacts to the timber
industry spurred initial concerns of bark beetle impacts, but before 1915,
“Americans paid little attention to forest insects because the perceived
abundance of timber provided little incentive to study the role of insects in
forests”, and many foresters believed that insects could not be controlled
effectively (Barker 2003). When the threats were eventually seriously
considered, foresters were determined to manage the insects by removing
older and defective trees and emphasized a connection between healthy
forests and efficient timber production.

17



2.2 CURRENT IMPACTS
TOURISM — NATIONAL PARKS

Within the Rocky Mountain region are several of the nation’s most cherished
and enjoyed national parks, forests, and monuments. Seventy-two percent
of the forested land in the six states of the Rocky Mountains (New Mexico,
Colorado, Wyoming, Utah, Montana, and Idaho) is federally owned (Funk et
al. 2014). This land includes the nation’s most cherished landscapes such as
Yellowstone, Grand Teton, Glacier, and Rocky Mountain National Parks, which
generate over $1 billion in visitor spending and attract 11 million visitors a
year (Funk et al. 2014). Sixty million people visited the 37 national forests that
also reside in this region, including White River National Forest in Colorado,
the most visited national forest for recreation, with 9 million visits a year (Funk
etal. 2014).

One of the most impacted and visible locations of bark beetle infestations in
the United States is Rocky Mountain National Park. The park resides in north-
central Colorado and encompasses 265,780 acres, with nearly 60 percent
of that land being forested and dominated by lodgepole pine and spruce/
fir trees (U.S. National Park Service 2005, 1). Aided by its accessibility to the
Denver metropolitan area about 65 miles away, it is a very popular attraction
and received 4,590,462 visitors in 2018, the highest annual visitation ever
recorded for the park (U.S. National Park Service 2019). Bark beetles threaten
several aspects of the parks that necessitate management, though the park’s
enabling legislation explicitly states the preservation of “natural conditions,”
which includes the presence of bark beetles (U.S. National Park Service 2005,
3). These problems include the danger of dead trees that threaten people and
property within the park, compromised integrity of the historic landscape,
and decreased private property values within and surrounding the park (U.S.
National Park Service 2005, 3).






i
== AP
fﬁm i
"‘?ﬁw -
. e . 5 3
e T
Figure 2.10 = g

Older mortality.in‘Williams;
Fork-Basin, Colorado.

(Ciesla 207§) S : - i Fue " o1




RESIDENTIAL AND BUSINESS IMPACTS

Residential areas that are most susceptible to bark beetle attacks reside within
the wildland-urban interface. This area is characterized by development
where housing mixes with undeveloped vegetation and wilderness (Radeloff
et al. 2005). The wildland-urban interface makes up nine percent of the land
area of the United States and contains 39 percent of all housing units in the
nation (Radeloff et al. 2005). Bark beetle infestations cause physical, visual,
and psychological impacts to communities that reside nearby and within
the wildland-urban interface. The visual and aesthetic value provided by the
tree canopy are highly significant and essential contributions to properties
within the wildland-urban interface. Concerns about fire have contributed to
fire suppression practices that have altered forest ecosystems and made trees
more susceptible to bark beetle outbreaks (Price et al. 2010). Infestations and
management techniques are both impactful for scenic amenities and safety of
developments, which hamper economic value through negative associations.

Continuing perceptions of danger and aesthetic loss of bark beetle infestations
have significant impacts on affected communities. Surveys conducted
between six communities in the Kenai Peninsula revealed that the most
common perceived impacts of spruce beetle outbreaks were falling trees,
logging, increased availability of firewood, and increased fire hazard (Flint
2006, 214). In addition to the fear of falling trees and increased fire hazards,
other negative impacts cited by over 75 percent of respondents were visual/
aesthetic decrease, loss of privacy, and changes in wildlife and fish habitat.
However, other positive impacts cited by over 75 percent of the respondents
were increased ecological awareness, expanded timber industry, new views,
and creation of jobs (Flint 2006, 214). The impacts, both biophysical and
social, were mostly felt by communities that were experiencing the most
recent and most extensive spruce beetle infestation. However, communities
that were not experiencing notable and current spruce beetle infestation still
have negative perceptions of bark beetles from falling trees, increased fire
hazards, and aesthetic loss (Flint 2006, 217).
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ECOLOGY — WILDLIFE AND AIR POLLUTION

Bark beetles are a natural part of coniferous ecosystems and have always
had varied relationships with different species of native animal species. Many
species respond positively to bark beetle outbreaks, such as ungulates (elk,
deer, moose, etc.), as a result of the boom of vegetation left on the forest
floor and increase of cover (lvan et al. 2018). Woodpeckers and other bird
species also thrive in beetle-infested areas, as insectivorous predators have
greater food availability, and often become indicators of outbreaks from their
increased activity (Morrisey et al. 2008, Colorado State Forest Service 2019b)
However, red squirrels, golden-mantled ground squirrels, chipmunks, and
coyotes showed a negative association with beetle activity and decreased
activity in impacted regions (Ilvan et al. 2018). Another unexpected positive
association with bark beetle infestation is an increased habitat for bees. As the
canopy of forests is lost, it opens the forest floor with light that promotes more
flowering plants to grow and creates more livable conditions for the bees (Lill
2019).

However, the loss of trees also result in large-scale ecosystem impacts that
extend beyond flora and fauna. High rates of tree mortality caused by bark
beetle infestations impact the natural carbon cycle through increased carbon
dioxide released from the dead trees. In places like British Columbia, the
beetle-killed trees release 990 million tons of CO2 into the atmosphere, an
amount almost five times the standard emissions released by transportation
in Canada (Kurz et al. 2008). This loss is altering affected forests from carbon
sinks to carbon sources, and thus positively contributing to climate change
factors (Kurz et al. 2008).
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Figure 2.11

Photograph of a
woodpecker feeding on
beetles in and under bark.
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WILDFIRE

Thereisa complex relationship between the effects of fire on beetle-impacted
forests. Fire is a major agent in the beginning and end of forest succession and
has substantial influences on the productivity, diversity, and stability of the
ecosystem (U.S. National Park Service 2005). Between 1984 and 2011, there
was a 73 percent increase in the annual number of massive wildfires in the
Rocky Mountain region, and research has indicated that these wildfires are
lasting longer (two and a half months longer) and burning more area (seven
times as much total area) (Funk et al. 2014). Studies conducted throughout
the 20th century to understand the correlation between fire and bark beetles
yielded different findings: in the short term, fires could introduce insect
epidemics by weakening trees (Barker 2003). Studies that looked at the long
term, like the South Ice Cave study, demonstrated that fires could lessen the
risk of bark beetle damage by removing competing under-story vegetation
and promoting tree growth (Barker 2003). The severity of fire and damage to
trees ultimately have the most significant impact on bark beetle production,
which is highly variable (Barker 2003).
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Fire hazard associated with bark beetle
infestation over time.

(Hodgson 2020)
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There has also been much investigation into the correlation between bark
beetle outbreaks and increased fire hazards and fire potential. While there is
a large perception that dead trees created by bark beetle outbreaks increase
fire susceptibility and spread in affected forests, several studies have indicated
that there is a varied correlation between the two despite the number of large
fires rising dramatically across the western United States over the past 25 years
(Jenkins et al. 2012). Some forest researchers hypothesize that the highest fire
hazard exists immediately after bark beetle infestations when the needles are
still on the tree, and then drops significantly once the needles fall from the
tree (Hicke et al. 2012). Hart et al. (2015) reported through their research of
mountain pine beetle infestations that there was not a differencein burned area
in red-stage or gray-stage stands during three peak years of wildfire activity.
As such, the widespread perception among the public that recent bark beetle
outbreaks have led to more extensive wildfires is counter to what is currently
known about the major drivers of wildfires in western U.S. forests (Hart et
al. 2015). Fire behavior is still largely dependent on factors such as climate,
slope, vegetation structure/species, so it is difficult to determine a definitive
relationship with bark beetle infestations. Still, a large consensus among the
public sphere associates high fire danger with beetle killed-trees, which in turn
impacts perceptions of safety in residential and recreational settings.

<

Dead needles drop. Fine Dead trees start to fall. Herbs,
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Surface fuel drier. Woody surface fuels increase.
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2.3 MANAGEMENT TECHNIQUES

Much of the trouble that arises from bark beetle outbreaks is the difficulty
in treating trees once they have been infected. Bark beetles live underneath
the bark in a protected layer, which makes them difficult to control with
insecticides. Currently, there no registered insecticides that can prevent tree
mortality following infestation (University of California IPM 2008)

Landscape maintenance techniques are another form of preventative
treatmentto lessen the impacts of bark beetle outbreaks. The health of trees in
both residential and forest settings is promoted by thinning trees or removing
selected trees before bark beetles attack, which reduces competition for
moisture, sunlight, space, and nutrients (Donaldson and Seybold 1998).
Pruning and disposing of bark-beetle infested limbs help reduce overcrowding
and is part of the management process called sanitation (Donaldson and
Seybold 1998, Bentz 2009). Sanitation and thinning use mechanical methods
of Integrated Pest Management, such as solarizing, burning, chipping,
stripping, and hauling (National Park Service 2005).
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Figure 2.13
Logging beetle-infested
trees.

(Billings 2005)
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Figure 2.14

Maps showing predicted probability of spruce beetle
offspring developing in a single year in spruce forests.

The probability is shown during three climate normal periods:
1961-1990, 2001-2030, and 2071-2100.

(Bentz et al. 2010)
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2.4 FUTURE IMPLICATIONS
UNPRECEDENTED NATURE

While bark beetles have always been a natural part of the coniferous ecosystem,
the last 30 years have been indicative of a heightened level of activity and
an unprecedented outbreak of mountain pine and spruce beetles. Large
outbreaks have happened historically, but evidence suggests that there have
never been so many concurrent outbreaks at such a broad scale that involve
different species and locations at the same time (Bentz 2009). Spruce beetles
can survive in all places where spruce trees exist, but mountain pine beetles
were previously limited by extreme climates. However, mountain pine beetles
have now extended past its historical range more northwards (lodgepole
pines) and southwards (ponderosa and other pines) (Bentz 2009). Mountain
pine beetles are also beginning to attack new tree species such as jack pine
and lodgepole pine hybrids that have never acted as historical hosts, in
addition to attacking and reproducing in spruce trees in British Columbia and
Colorado. This marks the first evidence of multiple generations of mountain
pine beetles in a non-pine species (Bentz 2009).
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CLIMATE CHANGE

Since 1900, the global average surface temperature has increased by about
1.4°F, with 1°F of change occurring since 1979 (Walthall et al. 2013). CO,
concentrations have also increased, passing 400 parts per million (ppm),
which is higher than any level measured in the last 800,000 years. This change
will result in further increases in average temperature, as the United States
is predicted to warm between 1.8 and 3.6°F throughout much of the country
over the next 30 years. A low emissions scenario (CO2 concentrations increase
to 550 ppm) projects that temperature would increase 5.4-7.4°F within the
Interior West by 2080, while a high emissions scenario (CO2 concentrations
increase to 800 ppm) would increase temperatures between 9 and 10.8 °F
in the Interior West (Walthall et al. 2013). Much of the United States will see
hotter nights and fewer frost days, with the Intermountain West projected to
decrease 40-50 frost days a year (Walthall et al. 2013).
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Historical Average Annual Temperature, 1975-2005
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Historical and projected
average temperatures in
the western United States.

(Hodgson 2020)
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Within the Rocky Mountains, the region has seen impacts from climate change
that are impacting fire risk and bark beetle outbreaks. Between 1999 and
2003, the region recorded the driest year since 1895, the fourth-lowest five-
year precipitation total ever recorded (22 percent below average) and second
hottest five-year interval since 1895, which triggered many forest impacts that
we see today (Funk et al. 2014). Current climate trends further alter the climate
to be hotter and drier than the 1999 to 2003 period (see Figure 2.16), with
changes in precipitation leading to higher frequency and duration of droughts
and longer dry seasons (Bentz et al. 2010 and Funk et al. 2014).

2010 2011 2012 2013 2014 2015 2016 2017

Percent Area

2009

2010 2011 2012 2013 2014 2015 2016 2017

Figure 2.17
Area infested by mountain pine beetle
and spruce beetle in Colorado.

(Hodgson 2020)
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CLIMATE EFFECTS ON BARK BEETLES

Bark beetles are ectotherms, meaning that their survival is thermally-
dependentand their population success is highly sensitive to climatic changes
(Bentz 2019). Temperature impacts the rate of development, and in species
like mountain pine beetle, it indicates when to move onto the next life stage
when they have accumulated enough thermal energy. These temperature
thresholds help the beetles survive cold-induced mortality and ensure
synchronized emergence during the summer months for adults (Bentz 2009,
11). Spruce beetles are unique and can enter “diapause,” a resting state where
they can resume their development after detecting cues such as temperature
changes and long periods of solar radiation of the tree bark (Bentz 2009, 11).
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Figure 2.18
Historic vs. recent bark
beetle life cycle.

(Hodgson 2020)

34



Usually, bark beetles in higher elevations produce on a univoltine or
semivoltine schedule, a less frequent reproduction of one generation every
one or two years. However, increases in temperature and milder winters have
shifted the beetle’s reproductive schedule to bivoltine, meaning they have
produced two generations in a single year, which is drastically increasing the
number of adult beetles (see Figure 2.18) (Bentz 2009). Research by Dell and
Davis (2019) found that the winter of 2018 in Colorado was warmer and drier,
which corresponded to an earlier emergence and flight activity across the
region. Thus, higher temperatures allow beetles to cut their reproduction time
in half, which leads to explosive population growth (Funk et al. 2014). Research
conducted in Colorado to analyze the correlation between temperature and
bark beetle patterns showed significant warming from 1970 to 2008. Specific
air warming occurred during the spring development phase, where the
number of days above 32°F (0°C) before July 1 increased by 15.1 days (Mitton
and Ferrenberg 2012).
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Following climate change trends, the climate would become less suitable
for species such as lodgepole pine, Engelmann spruce, ponderosa pine, and
white bark pine (Funk et al. 2014). Increased stress from heat and drought
weakens trees and reduces their defenses, such as producing resin, to combat
bark beetle attacks (Funk et al. 2014). These stressors are resulting in the
unprecedented outbreaks of bark beetles as they are killing trees more quickly
and across a wider area. Research conducted by Mitton and Ferrenberg (2012)
analyzed mountain pine beetle generation in response to climate change near
the University of Colorado’s Mountain Research Station in Boulder County,
Colorado. Long term temperature data of the area showed significant warming
from 1970 to 2008, with specific air warming during the spring development
phase, where the number of days above 32°F (0°C) before July 1 increased by
15.1 days (Mitton and Ferrenberg 2012). Due to increasing temperatures, the
elevational limit for mountain pine beetle attacks in Colorado have increased
from 2,740 meters (8,990 feet) to more than 3,350 meters (10,990 feet). Analysis
of trees in outbreak areas revealed that pupae were developing faster and
emerging earlier (May and June) and can reproduce that same year and have
adults emerge in August and September (Mitton and Ferrenberg 2012).
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Projected Spruce Beetle and Mountain Pine Beetle Tree Loss in
Western Colorado, 2013-2027
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2.5 CONCLUSION

Outbreaks of spruce and mountain pine beetle are affecting the relationships
that humans share with forests. Though the unprecedented bark beetle
outbreak following 1996 has lessened over the past few years, experts predict
that stressful conditions prompted by climate change and fire suppression will
continue to exacerbate these impacts (Bentz 2009). Bark beetles not only affect
the ecological composition of infested forests, but they also have significant
consequences for surrounding communities that are influenced by losses
of aesthetic value and negative perceptions (Flint 2006). The consideration
of aesthetics is subjective and is “one of the major considerations in forest
management”, but is often set aside by foresters that prioritize utility (Stark
1987,172). Becausethereisno cure-all treatmentto combat bark beetlesonce
a tree is already infested, preventative measures need to be promoted within
more professions that have influence and communication with both the built
and natural environment, such as landscape architecture. This report seeks to
expand on the information outlined in this section to demonstrate the need
for landscape architects (specifically those that work in the Rocky Mountain
Region) to be more aware of considerations for landscape management and
to help the profession promote discussions regarding the impacts that bark
beetles pose in the future.
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3. METHODOLOGY

Two methods were explored to address and inform readers of the severity
of bark beetle outbreaks within the Rocky Mountain Region. Understanding
the existing and predicted changes of infested forests is used to stress the
physical and visual implications of bark beetle infestations and demonstrate
the need for greater considerations of human spaces in the wildland-urban
interface. Visual representations of important spaces and their relationships
with infestation cycles also emphasize the increasingly impacted experience
for visitors. Finally, management guidelines were curated from information
regarding landscape aesthetics and existing forestry practices.
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3.1 CONTENT INVENTORY AND ANALYSIS

This analysis is made up of three different foci of study to paint an accurate
picture of bark beetle infestations and their potential impacts. These sections
utilize literature reviews, existing studies, and governmental visual resource
guides. This information helps stress the severity and danger of infestations
to the landscape architecture profession, as well as inform management
and aesthetic considerations that will aid in the creation of management
guidelines. Topics being investigated in this section include:

e Current and projected impacts to fields related to landscape
architecture projects.

e Management considerations of existing methods used to treat bark
beetle outbreaks and how those methods impact scenic value.

e Visual resource guides from U.S. agencies which evaluate the
aestheticvalue of landscapes and their relationship to development.
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UNDERSTANDING IMPACTS

This section includes existing research that addresses the economic, social,
and ecological impacts of bark beetle infestations and its relationship with
the landscape architecture profession. Research conducted by experts have
analyzed the value of losses to different fields that are relevant to landscape
architecture. Information regarding the varied aspects of bark beetle impacts
is beneficial in understanding the severity of potential bark beetle epidemics.
First, to understand the relationship to landscape architecture, four landscape
architecture firms with officesin Colorado were evaluated. These firms include:

e  studiolNSITE (Denver)
e Design Workshop (Denver, Aspen)
e DHM Design (Carbondale, Denver)

e SE Group (Frisco)

From those firms, all projects within western Colorado that were displayed on
their websites as of February 20, 2020, were selected. In total, 71 projects were
selected and evaluated based on project type and location. These projects
were used to delineate the fields of landscape architecture that would see
the greatest impacts based on their percentage makeup and location among
prominent mountain communities.
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The landscape architecture projects were then mapped alongside GIS data
of western Colorado to analyze the relationship between important aspects
of intermountain life and predicted mortality maps of spruce beetle and
mountain pine beetle-infested trees. Scenarios were then created using
management guidelines that focus on landscape architecture fields/project
types that are projected to experience effects of bark beetles, as delineated in
this section. These fields include:

e Residential
e Recreation (State and Federal public land)
e Skiing
The main topics and relationships being explored include:
e Aesthetic and economic consequences
e Public perceptions associated with bark beetle outbreaks

e Proximity to predicted outbreaks of spruce beetle and mountain
pine beetle
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MANAGEMENT CONSIDERATIONS

This section utilizes research that addresses measures used to mitigate the
spread of bark beetles within a specified infested area. Forestry, silvicultural,
and other management techniques were explored. In addition, studies and
literature were evaluated that addresses the social response and preferences of
specific management methods, which will influence management guidelines.
Existing management recommendations that consider landscape aesthetics
were also investigated. The treatment methods investigated include:

e Chemical (pheromones, insecticides)
e Thinning, sanitation, and clear-cutting (mechanical)
e Cultural control

e Prescribed fire

Thisinformationwasusedtodeterminethe mostimportantinfluencestoscenic
value and to understand when additional aesthetic intervention is required.
Positively perceived forest elements were highlighted and implemented
into the management guidelines, alongside existing recommendations that
promote scenic beauty.
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EVALUATIONS OF LANDSCAPE AESTHETICS

Using existing frameworks from four United States’ governmental agencies
(Forest Service, National Park Service, Bureau of Land Management, and U.S.
Federal Highway Administration) that address visual resources and landscape
aesthetics, more information can be gathered to inform appropriate
management guidelines for bark beetle-infested areas that affect the built
environment. Specifically, the visual resource guides evaluated were:

e Scenery Management System (USDA Forest Service)
e Visual Contrast Rating System (Bureau of Land Management)
e Visual Resource Inventory (National Park Service)

e Guidelines for the Visual Impact Assessment of Highway Projects
(Federal Highway Administration)

From this data, evaluations were made to inform management
recommendations that address considerations of landscape aesthetics
and social perceptions of bark beetle impacted areas. Understanding what
important elements to emphasize and preserve within affected landscapes
benefits the management guidelines.
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3.2 PRECEDENT/SITE STUDIES

Three different sites were analyzed to provide insights into the progression
of bark beetle infestations over time. Examination of these sites considered
the ecological, visual, and social impacts on forests and the surrounding
communities that reside nearby. Understanding how infested forests in
the past have grown was key in understanding the physical and visual
implications of bark beetle infestations in the future, in addition to further
examining treatment methods used. The cyclical nature of bark beetle attacks
inthese locations help demonstrate the potential impacts of outbreaks, which
continue to expand over time.

The sites were chosen based on the following criteria:

e Area must be impacted by a spruce or mountain pine beetle (MPB)
infestation

e Areaislocated in North America
e Areaneeds an estimation of trees/acreage of affected trees

e Information is available regarding post-infestation evolution of the
affected area for at least ten years.

Each site studied considered:
e Location

e Sjze

Date of Infestation(s)

Type of Infestation

Number/Acreage of Affected Trees

Attributed Causes

Background Information

Treatment/Control Measures:

Timeline of Outbreak(s)
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SITE #1: KENAI PENINSULA (ALASKA)

Spruce beetles began impacting the Kenai Peninsula of Alaska in the 1980s
and lasted for more than 20 years, resulting in spruce mortality over 400,00
hectares of forest (Hayes and Lunquist 2007 and Flint 2006, 207). The outbreak
of spruce beetles led to 90 percent mortality in some areas of forest, leading to
dramatic changes to the landscape and some of the surrounding communities
(Flint 2006, 208). This site is a good representative of the impact of spruce
beetle infestations over time and the social perceptions that are associated
with outbreaks.

SITE #2: KOOTENAY NATIONAL PARK (BRITISH COLUMBIA)

Following a series of fires, Kootenay National Park was hit by an outbreak
of mountain pine beetles in the 1930s that killed almost 80 percent of the
lodgepole pine on 25,600 acres along the Kootenay River (Shrimpton 1994).
This site is an excellent example of the successional changes of an impacted
landscape over time, with specific references to ecological changes of the
forests and the relationship with management and tourism.

SITE #3: THE BLACK HILLS (SOUTH DAKOTA)

Mountain pine beetles were documented in the Black Hills approximately
115 years ago in South Dakota and Wyoming (Graham et al. 2016) Plots with
densities over 150 square feet of basal area per acre experienced significant
mortality as early as 1987, while plots with densities of 90 square feet of basal
area per acre experienced severe mortality by 2010 (Graham et al. 2016). This
site is a significant and well-documented example of the evolution of bark
beetle impacts as one of the first officially documented areas in the United
States. It demonstrates relationships between stand age, density, and bark
beetle susceptibility that are helpful in predicting bark beetle behavior and
impacts.
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3.3 CREATING MANAGEMENT GUIDELINES

The purpose of this research is to stress the current and future impacts of
bark beetle outbreaks to important fields of landscape architecture to justify
the creation of recommendations for landscape architects to help manage
and prevent the spread of bark beetles. Landscape architects have a unique
position to be able to incorporate silvicultural and landscape management
techniques with considerations of landscape aesthetics and social
implications of outbreaks and treatments. With this understanding, landscape
architects will be able to better communicate with landscapers, clients, and
other contractors the necessary steps that should be taken to lessen the
impacts of a pending outbreak.
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Figure 4.1

Mountain Pine beetle<*
attacked forest in the red
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(Brown 2007)







4. FINDINGS

4.1 CONTENT INVENTORY AND ANALYSIS SUMMARY

This section is divided into three foci: the investigation of threats to areas of
landscape architecture, the examination of forest management practices to
address these threats, and the exploration of visual resource guides within
U.S. agencies. The impacted fields being addressed in the first section are the
residential, recreational (public land), and businesses (ski resorts), as they
relate most to landscape architecture projects within the Rocky Mountains.
Next, by looking at existing management practices and responses, information
was gathered that influences management considerations and better inform
landscape architects. Lastly, the analysis of the visual resource guides supports
management guidelines by supplying aesthetic considerations. Together,
the information from this section helps address bark beetle infestations by
understanding the risks to prominent landscape architecture fields and
management considerations for future projects.
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4.2 UNDERSTANDING IMPACTS

It is important to understand the relationship between bark beetle impacts
and the landscape architecture profession. By understanding the relationship
between potential bark beetle outbreaks and existing landscape architecture
projects, a more accurate assessment of potential impacts can be estimated.
The impacts were explored in this report by analyzing existing landscape
architecture firm projects, projected bark beetle outbreaks and tree loss, and
existing studies regarding the specific impacts to those project types.

LANDSCAPE ARCHITECTURE PROJECTS AT RISK

To gain a better understanding of the project types at risk within the Rocky
Mountain Region, existing landscape architecture projects were explored
to understand the most common and typical project types. This report
investigates four landscape architecture firms with offices in Colorado and
outlines their projects based on location and project type within western
Colorado. The firms that were reviewed included:

e studiolNSITE (Denver)
e Design Workshop (Denver, Aspen)
e DHM Design (Carbondale, Denver)

e SE Group (Frisco)

From these firms, 71 projects were selected within the Colorado Rocky
Mountain Region and analyzed based on project location and project type (see
Appendix D). These projects were sorted into common themes, based on their
project types, which were identified as residential, recreation, community,
tourism, and environmental. The breakup of these project types is identified
as follows:

e 31% community projects (22 total)

e 27% residential projects (19 total)

e 18% recreation projects (13 total)

e  16% tourism/ski resort projects (11 total)

e 8% ecologically focused projects (6 total)



Figure 4.3

Percentage make-up of
landscape architecture
projects in western
Colorado.

(Hodgson 2020)

ECOLOGICAL 8%

TOURISM 16%

COMMUNITY 31%

The most common landscape architecture project type is community-based
projects, which includes master-plans and urban designs. The second most
common type is residential projects, which included single-family, multi-
family, and ranch-style residences. The third most common is recreational
projects, which includes trail systems, national parks and forests, and other
miscellaneous projects open to the public. The fourth most common project
type is tourism-based projects centered around ski resorts, including ski
slopes and base villages. The least common, but still prominent, project
type is ecological projects, which commonly deal with the preservation and
restoration of native ecosystems.
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By understanding the most prominent project types from existing landscape
architecture firms that interact in the Rocky Mountain Region, more
insightful assessments and information can be gathered that directly relates
to the landscape architecture profession. The five project types (recreation,
ecological, residential, community, and tourism) were separated into three
categories for further explanation and exploration of additional impacts.
These categories included:

e The natural environment, including recreation and ecological
projects.

e The built environment, including residential and community
projects.

e  Tourism, looking at the ski-industry based projects.

Additional investigation included research regarding the economic and
ecological impacts of bark beetle outbreaks within these categories and
mapped relationships with predicted spruce and mountain pine beetle
mortality.
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Housing and Projected Spruce Beetle Tree Loss, 2013-2027
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RESIDENTIAL AND COMMUNITY

Though recent research has largely established that climate and drought have
been important factors for the cause of lodgepole pine forest fires in the past
century, there is still a dominant public perception that bark beetle impacted
areas will increase fire risk in residential areas (Kulakowski and Jarvis 2011).
This perception, the aesthetic loss of nearby trees, and safety concerns from
falling trees have lead to negative associations to bark beetle infestation to
property values. An analysis of the relationship between residential property
values and mountain pine beetle infestations by Price et al. (2010) in Colorado
used GIS (Geographic Information System) to evaluate the effect of tree
mortality on property values. The models indicate a positive relationship with
housing prices and the percentage of forest cover and negatively impacted by
mountain pine beetle damage. At intervals of 0.10 km, 0.50 km, and 1.0 km,
this report found that a tree killed within those intervals will reduce property
values by approximately $648, $43, and $17 per tree, respectively (Price et al.
2010). These values are representative of the negative impact that mountain
pine beetles pose to properties within the wildland-urban interface and the
necessity for beetle management within those zones.
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Projected MPB Tree Loss Relative to Housing in the Wildland-
Urban Interface in Western Colorado, 2013-2027
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Projected Spruce Beetle Tree Loss Relative to Housing in the
Wildland-Urban Interface in Western Colorado, 2013-2027
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RECREATIONAL AND ENVIRONMENTAL

The majority of bark beetle infestations in the Rocky Mountain region affect
the scenic landscapes protected by state and federal agencies, such as
the U.S. Forest Service and National Park Service. In addition to providing
protection for native ecosystems, these lands have important cultural and
scenic value for visitors and those that live nearby. Not only does the loss of
visual quality affect recreational areas, but affected forests also present safety
risks from falling trees. Post outbreak years, approximately 5-20 years after
infestation, beetle-killed trees are at risk of blowdown and create hazards for
hiking trails, visitor sites, and other trafficked areas (Cerezke 1993). Following
a spruce beetle outbreak in the 1990s (see Figure 4.22), campsites in the Kenai
Peninsula suffered from a reduction of shade, screening, and aesthetic quality
from loss of overstory trees. The campsites then became more exposed to
climatic factors such as wind, temperature, and weather, in addition to
the danger from moose and bear habitat (Lundquist 2016). Both the visual
and physical impacts of bark beetle infestation are important to consider,
especially when considering management and treatment options.

By using correlations of reduced live tree density and mountain pine beetle
infestation rates, Rosenberger et al. (2013, 32) were able to create estimates
for nonmarket goods like recreation. By quantifying the infestation rate of
mountain pine beetles, the number of live trees in Rocky Mountain National
Park (greater than 5-inch diameter), user days in the park and the value per
user day, the researchers were able to calculate the decrease in the number
of user days depending on the percent change in tree density. Tree density
loss also has a negative association with consumer surplus per day, and
when combined with the decline in total user days, results in substantial
economic losses. Reductions of 25, 50, and 75 percent in live density amounts
corresponded to approximate losses of $5 million, $25 million and $59 million
in recreational values, or an annual decrease of $30-$341 per acre year
(Rosenberger et al. 2013, 35).



Recreation and Projected Spruce Beetle Tree Loss, 2013-2027
aRAMS 0o PFC0r0

White River
National Forest
o s

Arapahoe and
Roosevelt National
Forests

Projected
Percentage
Tree Loss To
Spruce Beetle
(2013-2027)

. 100%

0% : X E ¢ i
Recreation and Projected MPB Tree Loss, 2013-2027
a - SHRRR :
White River
National Forest
iy L ben Y
. N
Arapahoe and §
iRoosevelt Nationalg
Forests
Projected ;

Percentage Tree White River

Loss To MPB National Fo

(2013-2027) :

. 100%

0%
U.S. Forest Service Proclaimed Forests
. 05 10 20mi. _
Figure 4.8 Recreational Landscape || National Park Service Operated Land
Map of public land and bark Architecture Projects
PR Recreation Opportunities (Forest Service

beetle projections. Ecological Landscape o ‘on Opportunities | vice)
(Hodgson 2020) Architecture Projects  — National Forest System Trails

Layer sources: USDA Forest Service 2012, USDA
Forest Service 2020, U.S. National Park Service

69 —



Projected MPB Tree Loss Relative to Public Land and Recreation
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Projected Spruce Beetle Tree Loss Relative to Public Land and
Recreation in Western Colorado, 2013-2027
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Colorado Ski Resorts and Projected Spruce Beetle
Tree Loss, 2013-2027
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TOURISM

One of the most prominent and popular industries in the Rocky Mountain
region is mountain resorts. However, the effects of bark beetles outbreaks will
not only lessen perceptions of scenic beauty, but the experience of skiing and
snowboarding will degrade. Not only do the resorts feel the visual impacts of
tree losses, but the experience of skiing and snowboarding will see changes as
well. Forests play an important role by reducing weak layers of snow formation
to prevent slab avalanches, as well as reducing near-surface wind speeds,
intercepting falling snow, and balancing surface energy (Teich et al. 2016).
As the trees die or are removed as a result of bark beetle induced mortality,
greater sun exposure to the normally shaded snowpack on slopes will cause
quick spring melt. The infestations create potential avalanche release areas
that jeopardize infrastructure, ski slopes, and backcountry areas where
recreationists typically interact (Teich et al. 2016). With increasing evidence
that outbreaks are moving higher in elevation and increasing in magnitude,
more ski resorts will be at risk for outbreaks that present hazardous conditions
and negatively impact skiing (Mitton and Ferrenberg 2012, Bentz et al. 2019).
Commonly, stands of infested trees are logged for timber products and
to reduce hazardous conditions; therefore, forests that serve a protective
function require planning and additional protection considerations to prevent
avalanches, such as wooden fences (Teich et al. 2016). An example of a heavily
impacted ski resort is Brian Head ski resort in Utah, which lost up to 80%
of their trees from a spruce beetle outbreak (Wells 2005). Now, popular ski
resorts at risk include Vail, Breckenridge, Winter Park, Wolf Creek, and others
as the path of bark beetles expands (see Figure 4.11).
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Projected Spruce Beetle Tree Loss Relative Ski Resorts in Western
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4.3 IMPACT FINDINGS

Information in this section stresses the severity and reality of bark beetle
impacts on everyday life. Bark beetles not only impact natural forest
ecosystems, but can also have drastic impacts on the built environment due
to losses in aesthetic value, and thereby have implications for the landscape
architecture profession. Through analysis of fields relative to landscape
architecture, specific project types have been identified as being at risk from
current and predicted bark beetle outbreaks. This report utilizes these project
types as locations for scenarios that demonstrate the use of management
guidelines. The main project types at risk include:

e Recreation (campsites, picnic areas, nationals parks, and forests)
e Ecological (preservation and restoration)

e Residential (single-family and multi-family homes/yards)

e Community (master-plans and urban development)

e Tourism (ski slopes and base villages)

Through this identification, the management guidelines can be more easily
applied and will become a useful tool for landscape architecture in real-life
applications.
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4.4 MANAGEMENT CONSIDERATIONS

Integrated Pest Management, as defined by the National Park Service, is a
decision-making process that uses knowledge of “biology, the environment,
and available technology to prevent unacceptable levels of pest damage”
while posing the least possible risk to people, resources, and the environment
(2005, iii). The techniques are aimed at prevention (using long-term techniques
like thinning to improve the ability to withstand bark beetle outbreaks),
suppression (direct control techniques to address short term needs during an
outbreak), and restoration (maintaining the bark beetle’s role in the natural
ecosystem by allowing them to continue) (National Park Service 2005). The
four different management techniques are mechanical, cultural, chemical,
and prescribed fire (National Park Service 2005).
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CHEMICAL

Chemical treatments are used as preventative and control measures to
address bark beetle outbreaks. The chemical treatments used on trees subject
to bark beetle infestations are preventative measures, such as bole sprays,
carbaryl, and synthetic pyrethroids (USDA Forest Service 2011). These sprays
are applied to the outer bark and act as neurotoxins that deter beetles from
host trees (Stephens 2010). These treatments require an annual application
and are not appropriate for use near riparian areas (Stephens 2010). Standard
preventative treatment for small scale infestations is the use of pheromone
packets. These sociochemical treatments utilize the pheromones that beetles
use to communicate with one another to send a signal to stay away from the
protected trees (Montana DRNC 2019). Verbenone is a short-term treatment
that is attached to trees before beetle flight between June 15 and July 1. It
deters bark beetle infestations by disrupting the pheromone signals that
the beetles use to communicate (USDA “Using Verbenone to Protect Trees
from Mountain Pine Beetle”). Phermone packets are applied as time-release
capsules or flakes that are attached to at-risk trees, which must be replaced
annually and are most successful in low bark beetle populations (Stephens
2010).

In British Colombia, treatment of mountain pine beetle outbreaks has
been addressed partially using an organic arsenic pesticide (monosodium
methanearsonate, or MSMA) (Morrisey et al. 2008). This pesticide has been
used for over twenty years in British Columbia to control mountain pine beetle
and spruce beetle infestations. MSMA is injected into trees within 3-4 weeks of
infestation, which travels from the xylem into the phloem, killing the trees and
poisoning the beetles. This method is favored amongst foresters for its low cost
and usability in remote areas when harvesting is not economical (Morrisey et al.
2008). However, the use of pesticides creates ecological disturbances that can
negatively impact local ecosystems. As stated in the Background, insectivorous
predators like woodpeckers thrive from bark beetle infestations as a source of
their food (Morrisey et al. 2008) and bark beetles are natural disturbance agents
in these ecosystems. The use of MSMA results in greater arsenic loading into the
environment, and elevated arsenic levels have been detected in woodpeckers
and other birds breeds next to exposed stands. MSMA has the potential to
impact woodpecker populations directly through arsenic poisoning, and
indirectly by limiting food availability (Morrisey et al. 2008).
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THINNING AND SANITATION

Landscape maintenance techniques are another form of preventative
treatment to lessen the impacts of bark beetle outbreaks. The health of treesin
both residential and forest settings is promoted by thinning trees or removing
selected trees before bark beetles attack, which reduces competition for
moisture, sunlight, space, and nutrients (Donaldson and Seybold). Pruning
and disposing of bark-beetle infested limbs will help reduce overcrowding
and is part of the management process called sanitation (Donaldson and
Seybold, Bentz 2009, National Park Service 2005). Sanitation and thinning
use mechanical methods of Integrated Pest Management, such as solarizing,
burning, chipping, stripping, and hauling (National Park Service 2005).

Spruce and pine forests have varied responses to density reduction practices
like thinning. Typically, individual-tree and group-selections are used to
regenerate a particular species, while thinning from above and intermediate
treatments are meant to enhance the growth of largely commercially focused
species by reducing competition (Temperli et al. 2014). For mountain pine
beetles, density reduction is effective for reducing pine beetle infestations in
lodgepole pine, ponderosa pine, and whitebark pine while beetle populations
are in endemic stages and it is conducted rigorously over a large-scale area
(Fettig et al. 2014). Research by Temperli et al. (2014), which evaluated the
effectiveness of density reduction for spruce beetle disturbance, found that
spruce density reduction did not correspond to a reduction in infestation
rates for large spruce (>25 cm DBH) during an outbreak. This information
demonstrates that large spruce trees and high densities of spruce were still at
risk despite thinning efforts and is likely because drought is a much stronger
driver of susceptibility than stand structure.
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In residential landscapes and smaller-scaled projects, treatments include
chipping woody materials, debarking, and removing affected or at-risk trees.
With trees that have been pruned or thinned, chipping destroys beetles and
theirhabitats. Itallows the materials to be scattered as mulch (as longasitis not
placed next to a tree of the same species, which would increase the likelihood
of re-infestation) (Donaldson and Seybold). Debarking is another technique
where the bark is removed to destroy the phloem where adult bark beetles
lay their eggs so the trees will no longer support bark beetle reproduction.
For the management of forests, much of the mechanical treatments deal with
addressing slash, the woody material left behind after commercial logging
or thinning operations (Donaldson and Seybold). These techniques include
lop and scatter (removing and spreading branches into sunlit areas to dry the
inner bark), piling and burning, and removal of infested stems (Donaldson and
Seybold). Burning and burying are more labor-intensive and expensive, as are
many direct management techniques that make them difficult and impractical
for large scale projects.



REGENERATION HARVEST AND CULTURAL CONTROL

Aregeneration harvestisideal in areas where foresters want to promote a fast-
growing forest and is accomplished by removing some of the slow old-growth
(Samman and Logan 2000). This process includes clear-cutting (removing
all trees), shelterwood cuts (removing all but the healthiest trees to protect
understory trees), or seed cuts (removing all but the healthiest trees to support
reproduction) (Samman and Logan 2000). Cultural control aims at limiting the
impacts of bark beetles by considering tree selection and planting species
that are appropriately adapted to the area, thereby creating heterogeneous
landscapes that contain many sizes, ages, and species of trees. These forests
become more resistant and resilient as they receive more sunlight and wind
to help disperse pheromones and less competition for resources (Bentz 2009).
For small scale areas, irrigating the outer canopy of trees to address natural
drought with enough water to reach one foot below the surface (UC IPM 2008).
For spruce stands, management practices that enhance the resilience of
stands by increasing spruce advance regeneration in the understory (Temperli
et al.). Following and responding to infestations, one can promote landscape
diversity in species, age, and structure, which will allow bark beetles to occur
naturally within the forest without massive losses (Samman and Logan 2000).
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Figure 4.17
Prescribed fire of beetle-
infested trees.




PRESCRIBED FIRE

Prescribed fires are controlled fires that are
typically used to reduce the build-up of hazardous
fuels, promote wildlife habitats, and restore fire-
adapted forest ecosystems (Tabacaru et al. 2016).
Beetles have a complex relationship with fire, and
much debate has circulated weighing the positive
and negative effects of using prescribed fires to
address bark beetle infestations. While the fires
do reduce the build-up of material and kill beetles
within infested trees, prescribed fires also stress
uninfested trees, so they become more susceptible
to bark beetle attacks (Fettig et al. 2010). In western
Canada, Tabacaru et al. (2016) found that for
low-density bark beetle populations, prescribed
fires act as a short-term resource for bark beetle
broods. Trees burned from a prescribed fire were
more likely to be attacked than non-burned trees,
but the fire did not promote further outbreaks as
the attacks declined four years following the fire
(Tabacaru et al. 2016)
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AESTHETIC PREFERENCES OF MANAGEMENT

Bark beetle infestations have significant impacts on the visual composition of
forests. Most visitors and residents are very sensitive to beetle activity, where
the greener and more thriving a forest appears, the more it is appreciated
whereas dead and dying material negatively affect preferences (Arnberger et
al. 2018). Not only does the appearance of the decaying trees influence public
perceptions, but so do the forest management techniques of intervention or
non-intervention. In a study reviewing social impacts from outbreaks, visitors
were surveyed at three different parks that were impacted by bark beetles
and chose their most and least-preferred forest environment from a series of
photos that depicted beetle impacted forests and management activities. The
lowest value of preference was given to scenarios where all trees were dead
and where the mortality was followed by clear-cutting that left visible traces
of human intervention (Arnberger et al. 2018). Visitors preferred artificial
reforestation with young spruce trees of the same age class over a natural
succession of mixed pine and spruce. The study deduced that the foreground
and near-view of forest surroundings were the most important consideration
for recreationists. The study also stated that the focus for forest management
should be on the forest surrounding hiking trails and tourism facilities, and
clear-cutting should be avoided on trails unless the infested tree poses a
danger to visitors (Arnberger et al. 2018).



Fuel and forest management practices are controversial within impacted
communities, especially concerning the impacts to the scenic beauty that
the natural landscape offers (Ryan 2005). Forest management that embraces
landscape aesthetics may promote public acceptance of forest activities
and promote forest sustainability (Panagopoulos 2009). Multipurpose forest
management and recreational focuses promote greater consideration of
people’s perceptions of these landscapes. Sustainable forest management
looks at long-term management solutions that promote healthy performance
inthe future, but sometimes these management solutions clash with aesthetic
values. As explained by Panagopoulos (2009), woody debris may be beneficial
for ecological development, but to the public, it looks messy.

Conversely, if materials were cleaned-up to look more visually pleasing, it
would disrupt local habitats. Because many regard landscape aesthetics
and beauty to be relative/subjective, not as much emphasis is placed on
landscape aesthetics regarding other important aspects of sustainability such
as economic, ecological, and social considerations (Pangagopoulos 2009).
Ecological and aesthetic focuses tend to clash in forest management and
present conflicts. As woody debris is an important source of organic matter
and habitat that supports forest health, it lowers the aesthetic value for
visitors (Gobster 1999, Ryan 2005). Likewise, fire is a necessary part of some
ecosystems but is also disliked by people and has low scenic qualities. Joan
Nassauer suggested, “cues to care” to address messier ecosystems through
small human interventions, such as fences and planting native flowering
plants, to increase appreciation and acceptance for native ecosystems and
create “orderly frames” (Nassauer 1995, Ryan 2005).
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Regarding forest landscape aesthetics, the greatestimportance for preferences
is argued as the spatial configuration for space, where the organization and
compositions of the landscape are processed (Nielsen et al. 2012). As one
walks through a forest, they are continually analyzing their relation to the
surrounding environment. In a study by Nielsen et al. (2012), forested spaces
that were desired had implied space via the tree canopy, as well as landscape
elements and subtle details. The most favored elements were special trees,
especially large living trees. Dead wood was the most frequently disliked
element, especially if it was in the early stages of decomposition, but was
more favored in the intermediate stage where it appeared to be the result of
natural causes (Nielsen et al. 2012). Other disliked elements include those
made from artificial material such as recreational facilities, food wrappers
left on the ground, and ruts left by machinery (Nielsen et al. 2012). The study
demonstrated that people are sensitive to human interventions in natural
settings, where it is perceived as intrusive. Though people generally prefer
more managed landscapes, they prefer no trace of human intervention,
so forest management practices should aim to reduce their visual impact
(Nielsen et al. 2012).



An analysis of scenic beauty characteristics attributed to ponderosa pine
(Pinus ponderosa), one of the most common hosts of mountain pine beetle,
found that larger trees and herbage contributed to scenic beauty and lower-
overstory densities and lower degrees of tree grouping are preferred. Small
pine trees and downed wood took away from scenic beauty, with the presence
of slash even more detrimental to this perception (Brown and Daniel 1984).
As previously stated, large clear-cuts have a negative effect on scenic beauty,
but a partial clearing of up to 50 percent of trees in a dispersed pattern may
be more acceptable, especially if large trees are saved (Ryan 2005). Visual
access and an open forest composition are preferable, as well as mixed-aged
forest stands (Gan et al. 2000, Ryan 2005). Providing information regarding
managementtechniquesthroughsignage, stewardship programs, newsletters,
and brochures increased public acceptance of clear-cut and restoration
areas (Ribe 1999; Ryan 2005; Covington and DeBano 1993). Information can
be an important tool to display the intent and purpose behind management
practices and help visitors become more accepting of natural processes,
though perceptions of scenic beauty were still unaffected (Ribe 1999; Ryan
2005; Covington and DeBano 1993).

0] ———



MANAGEMENT RECOMMENDATIONS

Management plans for different land uses have varying focuses and strategies.
Projects within the wildland-urban interface that focus on protecting high-
value trees would be too expensive in larger-scale projects (Samman and
Logan 2000). In more wilderness and roadless areas, a natural and no-action
approach may be appropriate when far removed from developed areas. When
closerto development, long-term prevention strategies may be emphasized to
reduce the susceptibility of nearby lands. Areas with multiple ownership such
as federal, state, and private stakeholders should prioritize partnerships and
communication between the groups prior to outbreaks to develop necessary
management plans (Samman and Logan 2000).



Strategies for managing fuels and visual quality, outlined by the U.S. Forest
Service, are organized around three stages: planning, implementation, and
monitoring (Ryan 2005, 2).

1. Planning. During the planning phase, the U.S. Forest Service
encourages a multidisciplinary team, including landscape architects, to help
evaluate visual impacts of management activities. Locations chosen during
the planning phase should avoid sensitive areas near homes and scenic roads
(Ryan 2005). Natural boundaries should be created, and the public should be
involved in the planning and proposal process.

2. Implementation. Using careful consideration of tree removal is
an important aspect of the implementation phase. Mature trees should be
protected. Using “cues to care” demonstrates that the forest is being managed
while still preserving the natural integrity of the forest.

3. Monitoring. During the monitoring phase, providing information
about the management of forest through signage to address the timeline
of management efforts and visualization of the future forest. Cleaning up
woody debris and slash from tree thinning and enhancing the revegetation of
disturbed areas are important to consider as affected areas grow.
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Public Perceptions of Treatment Methods

(Ryan 2005)
L
=
=
(V2]
o
[a (Panagopoulos 2009)
(Ryan 2005)

(USDA Forest
| Service 2011)
<C (Arnberger et al.
& 2018) (Morrisey et al. 2008)
a Pheromone
=

Insecticides

(Arnberger et al

2018)

Ll
=
|_
f_.:) Prescribed
% Non- Sanitation Fire
intervention Thinning Clear-Cutting
Low Intensity Medium Intensity . High Intensity
Treatment Treatment Treatment
Figure 4.18

Public perceptions of forest
treatment methods.

(Hodgson 2020)



4.5 MANAGEMENT CONSIDERATION FINDINGS:

The information gathered in this section provides many insights into the
relationship between treatments of bark beetle outbreaks and aesthetic value.
The information below represents themes that were found in the section of
the content analysis regarding management. This information is outlined
below, and make up important considerations of the management guidelines.

Treatment Types. The direct methods of management (mechanical,
chemical, and prescribed fire) are intensive, short-lived, and are only effective
for a small number of trees (Temperli et al. 2014). Indirect control of bark
beetle infestations promote resistance/resilience of stands through the
identification of tree and stand characteristics (Graham et al. 2016). Planning
and inventory of existing conditions are important to implement and consider
when managing a site and overseeing existing vegetation. Important variants
to evaluate are the scale of the project, land use objectives, and past trends
that need to be taken into consideration for the prevention, suppression,
and potential restoration of infested areas to create a cohesive and dynamic
management plan (Samman and Logan 2000).

Aesthetic perception of treatments. Most of the common treatments used
to address bark beetle outbreaks have negative perceptions of scenic and
aesthetic value (see Figure 4.18). Treatments that were perceived positively or
had no impact:

e Use of pheromone packets, little to no visual impact (USDA Forest
Service 2011)

e Selective thinning, from a decrease in density (Ryan 2005)

Treatments that were perceived negatively and decreased scenic value:
e Clear-cutting and extreme thinning (Arnberger et al. 2018)
e Insecticides, from negative ecological association (Morrisey et al. 2008)
e Clearevidence of human intervention (Nielsen et al. 2012)
e Non-intervention, from dead trees (Arnberger et al. 2018)
e Prescribed fire (Ryan 2005, Covington and DeBano 1993)

e Sanitation and mechanical treatments, from woody debris
(Pangopoulos 2009, Brown and Daniel 1984)
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Management recommendations. The management recommendations focus
on enhancing and preserving the visual and unique characteristics of forests.
The type of projects and proximity to the bark beetle outbreak are important
elements to consider, as they will heavily impact scenic value. Important
elements of the forest that add scenic value include:

o Large and scenic trees (Nielsen et al. 2012)

o Visual access through the forest (Ryan 2005)

o Mixed-aged species (Gan et al. 2000 and Ryan 2005)

° Implied space from the tree canopy (Nielsen et al. 2012)
° Restoration and reforestation (Arnberger et al. 2018)



FOREST ELEMENTS THAT ADD SCENICVALUE

Visual Access
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4.6 RATING SYSTEMS OF LANDSCAPE AESTHETICS

In compliance with the National Environmental Policy Act (NEPA) of 1970,
U.S. government agencies began creating assessments of the environmental
effects of proposed projects, including visual impacts, in the form of a Visual
Impact Assessment (VIA) (U.S. Department of Transportation 2015, Brown
and Daniel 1984). The following agencies (U.S. Forest Service, U.S. National
Park Service, U.S. Bureau of Land Management, and Federal Highway
Administration) are examined here for their process and evaluation criteria
to determine important characteristics moving toward the creation of
management guidelines.
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SCENERY MANAGEMENT SYSTEM, U.S. FOREST SERVICE 1995

The U.S. Forest Service published the Scenery Management System in
1995, which serves as a tool for evaluating the scenic value and aesthetic
preferences for land management planning (USDA Forest Service 1995). It
outlines descriptions of scenic attractiveness, which measures the importance
of scenic factors based on human perceptions of beauty and indicates levels
of long-term appeal (USDA Forest Service 1995). Among these considerations
are intactness, harmony, variety, vividness, mystery, coherence, uniqueness,
pattern, and balance (USDA Forest Service 1995), which are representative of
wholeness and the pleasant arrangement of landscape attributes. Landscape
aesthetics also consider landscape visibility of different areas, which are
dependent on how space is being viewed and the context concerning the view
being providing (USDA Forest Service 1995). By using the scenic attractiveness
classifications, distance zones, and concern levels, scenic classes are created,
which help determine the importance of landscapes and prioritization of
management. The classifications used in this document are helpful for
this report to identify the most impacted areas of human and ecological
significance in terms of aesthetic value, which can be focused on in developing
management guidelines for landscape architects.



VISUAL CONTRAST RATING, BUREAU OF LAND MANAGEMENT (BLM)

The Bureau of Land Management’s visual contrast rating process is used as
a tool for the planning and design phase of proposed actions to minimize
visual contrast with the existing landscape. The steps involved in the contrast
rating process begin by first obtaining a project description, then describing
the visual resource management (VRM) objectives, usually based on a
Resource Management Plan (RMP) that each field office or region establishes
forits lands (USDI Bureau of Land Management 1986). Key observation points
(KOPs ) are selected in areas where people are commonly present or places
that have strong public sensitivity, typically located on commonly traveled
routes where the project is visible (USDI Bureau of Land Management 1986).
Visual simulations are created, typically through computer-generated realistic
visualizations, to demonstrate the appearance of the proposed project and
surrounding landscape from the selected KOPs. These visual simulations
help stakeholders visualize proposals, as well as evaluate the effectiveness
of mitigation measures. Lastly, a contrast rating form is completed to record
the visual contrast rating for views within the KOPs, used to create ratings by
comparing elements of form, line, color of the existing landscape with the
proposed development (USDI Bureau of Land Management 1986).



VISUAL RESOURCE INVENTORY, NATIONAL PARK SERVICE (NPS)

The National Park Service’s Visual Resource Inventory is a process to support
visitor experiences and identify scenic values. The system uses a view as a
unit of inventory, which includes a viewpoint, the viewed landscape, and
the viewer. Views are identified, mapped, and described from the viewer’s
perspective to understand its scenic quality and its importance to the visitor
experience (U.S. National Park Service 2016). The view is given a scenic quality
rating based on three factors: landscape character integrity, vividness (focal
points, bold forms/lines), and visual harmony (scale, spatial relativity) (U.S.
National Park Service 2016). A view importance rating is also given to identify
the natural, cultural, historical, or other resource values. The ratings are given
based on the viewpoints, the viewed landscape, and viewer concern. Within
both the scenic quality rating and view importance rating factors, a score is
given from 1-5 for each section and combines to determine the view’s scenic
inventory value, which ranges from very low to very high (U.S. National Park
Service 2016).



GUIDELINES FOR THE VISUAL IMPACT ASSESSMENT OF HIGHWAY
PROJECTS, FEDERAL HIGHWAY ADMINISTRATION

The Visual Impact Assessment process conducted by the Federal Highway
Administration addresses the visual impacts and impacts of highway
developments. The process contains four phases: Establishment, Inventory,
Analysis and Mitigation (U.S. Department of Transportation 2015). During
the establishment phase, the Area of Visual Effect (AVE) is determined
through considerations of landscape constraints (landform and land cover)
and limits of human sight (U.S. Department of Transportation 2015). The
inventory phase examines visual quality as the relationship between viewers
and their environment. During the analysis phase, impacts on the visual
quality of the AVE are analyzed, as impacts to visual resources and viewers
are described through the degree of impact as being beneficial, adverse or
neutral (U.S. Department of Transportation). Finally, during the mitigation
phase, mitigation and enhancement efforts are defined and are typically
completed after a preferred alternative is selected. Each phase is based on
an interaction between people and the environment, which finds common
ground in analyzing their interaction with one another (U.S. Department of
Transportation 2015).
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4.7 RATING SYSTEMS OF LANDSCAPE AESTHETICS FINDINGS

The rating systems used by different U.S. agencies to address visual
importance and scenic quality are important ways to create effective strategies
for landscape conservation and measurements. The documents stress the
relationship of viewer interaction and perception of forest landscapes, which
will be highlighted in the management guidelines created in this report.
Repetitive and unifying characteristics between the documents include:

Viewpoints and Focus Areas:
e Foreground and near views of impacted forests
e Areassurrounding hiking trails or tourism facilities

e Areas where people are commonly present or have strong public
sensitivity

Scenic Forest Character:
e Form: Defining lines, colors ,and patterns.
e Harmony: Balance, continuous scale, and intactness
e Focal points: Emphasizing uniqgueness and variety.
e Slope and topography

These characteristics highlighted by the visual resource guides of the United
States are indicative of important considerations that landscape architects
will make when managing bark beetle ingestions, through 1) determining
the most ideal and appropriate area of intervention to focus efforts at and
2) preserving and enhancing natural forest character for a cohesive and
scenically attractive intervention.






4.8 PRECEDENT STUDY SUMMARY

To understand the progression and realism of bark beetle outbreaks, three
existing locations were investigated that represent the effects of mountain
pine and spruce beetle infestations across the United States. At all locations,
the affected forests had been infested at other times in history and speak to
the perpetual nature of bark beetle outbreaks. The sites are:

e The Kenai Peninsula (Alaska)
e Kootenay National Park (British Columbia)
e Black Hills National Forest (South Dakota)

These sites reveal the threats of bark beetle infestations and management
techniques, present historical impacts, and include treatments that will
influence the management guidelines in the next chapter.



4.9 PRECEDENT STUDIES
KENAI PENINSULA

Location: South-central Alaska, United States

Size: 24,600 sq. miles

Date of Infestation(s): 1971-1996

Type of Infestation: Spruce beetle

Forest type: Boreal forest, white spruce forest

Number/Acreage of Affected Trees: Over 500,000 hectares (1.2 million acres)

Attributed Causes:

e Natural occurrences: wind-thrown, fire-scorched and flood-
damaged trees (Alaska Department of Natural Resources)

e Warming trend, increased spruce susceptibility to beetle attack,
reduced life cycle from 2-years (prior to 1980) to 1-year (1980-2003)
(Werner et al. 2006)

e Relatively high densities of large-diameter spruce in an aging forest
across the region (Werner et al. 2006)

Background Information:

Research conducted by Flint (2006) sought to understand the socioeconomic
impacts of the spruce beetle infestation from the perspectives of community
residents. Six communities were evaluated that corresponded to various
levels of spruce beetle activity. The social effects considered among the
residents were aesthetic and emotional, economic, community conflict,
safety, and inconvenience. Researchers found that environmental conditions
on the Peninsula were very important to local quality of life and the identity
of the community that is dependent on natural resources and scenic quality
(Flint 2006, 214)
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Figure 4.21
Spruce beetle'mortality in
the Kenai Peninsula

(Hollen 2017)
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Timeline of Outbreak(s):

There were previous spruce beetle outbreaks on the Kenai Peninsula dating
back to the 1850s (Berg et al. 2006). A massive outbreak occurred between
the 1870s and 1980s. Although not as extensive as the 1990s outbreak, the
former outbreak contributed to low beetle infestations levels in the 1910s by
killing a majority of the mature spruce trees in the area (Berg et al. 2006). More
infestations became prominent in the late 1950s to early 1960s and became
more intense in the late 1960s to 1975 (Berg et al.) A spruce beetle epidemicin
the 1990s lead to much of the devastating damage that is seen today. Reaching
its peak in 1996, the outbreak infested 429,000 hectares of forest (Berg et al.
2006 and Werner et al. 2006). During the late 1970s infestation, 29% of white
spruce were killed in Resurrection Creek. The 90s outbreak occurring 16
years later led to a 51% mortality rate of spruces greater than 20 cm in
diameter. This outbreak resulted in similar tree species composition, but
the size and density of spruce trees were greatly reduced (Berg et al.
2006). The number of understory plants decreased to two species, and
grass cover rose from less than 1% to over 50%. A recent outbreak
beginning in 2016 has infested 48,000 acres in the northern Kenai
Peninsula and almost 900,000 acres in southcentral Alaska (USDA Forest
Service 2018, Alaska Department of Natural Resources).

Treatment/Control Measures:

To address the mortality left from the 1990s outbreak, salvage logging and
clear-cuts were made throughout the region, which had strong opposition
from environmental organizations (Flint 2006, Lundquist 2016). Targeted fuel
reduction treatments following this outbreak were conducted in 2000-2002 by
addressing downed woody material (Schulz 2003). With the current outbreak,
landowners are encouraged to inspect their trees and consider removing
infested trees during winter (USDA Forest Service 2018).
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Timeline of spruce beetle
outbreaks in the Kenai
Peninsula.
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Figure 4.23

Mountain pine beetle
damage in Kootenay
National Park.

(Skélving 2014
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KOOTENAY NATIONAL PARK

Location: Southeastern British Columbia, Canada
Size: 543 sg. miles

Date of Infestation:

Type of Infestation: Mountain pine beetle

Forest type: Subalpine forest, alpine tundra

Number/Acreage of Affected Trees: 65,000 ha (Parks Canada 2019, Cerezke
1993)

Attributed Causes:
e Old lodgepole pine stands, 160-170 years old

e Drought/dry period between 1919 through 1942 (Hopping and
Mathers 1943)

Background Information:

Three even-aged stands of pine were infested: the two oldest (130 and 110
years) sustained the most significant loss, and the youngest (60 years) suffered
patches of damage toward the end of the outbreak period (Shrimpton 1994).
Next to the highway, tourist traffic along the road generated fire concern and
fear that the number of dead trees could lessen the increasing flow of tourist
traffic (Shrimpton 1994).
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Timeline of Outbreak:

Before the mountain pine beetle outbreak between 1930 and 1942, the stand
volume of Kootenay National Park was 350 cubic meters per ha (Shrimpton
1994). In 1929, the infestation was observed on the east side of Kootenay
River, where it remained until 1934 and resulted in extensive pine mortality
(Cerezke 1993). A 1937 survey shows that pine mortality had exceeded 80%
near Pitts Creek and was concentrated in the oldest stands between 130-140
years old (Cerezke 1993). Though there was a decline in pine mortality
between 1937-1938, it returned and increased in severity until 1941, with an
estimation of 85-90% pine mortality over 65,000 ha. The end of the 1930s
outbreak decreased stand volume to 50 cubic meters per hectare (Shrimpton
1994). Fifty years following the outbreak, the affected area has shifted towards
an uneven spruce stand that accounts for 88% of the regeneration (Shrimpton
1994). Another outbreak in the 1980s saw mountain pine beetle revisit Pitts
Creek and Kootenay Crossing. Between 1982-1987, the infestation became
more intense within the south area of Kootenay Crossing (Cerezke 1993).

Treatment/Control Measures:

The bark beetle outbreak that began in 1929 was not brought to attention until
1934, so though control was still possible, there was no money available to
treat it (Hopping and Mathers 1943). Surveying and cruising took place during
the summer of 1941 to examine trees and promote data collection (Hopping
and Mathers 1943). The trees were treated through decking and burning,
which involved taking down green infested and red-stage trees (Hopping and
Mathers 1943). The construction of the Banff-Windermere highway lead to fire
concerns along the highway and that the dead trees would impact tourism,
so salvage work began in 1942. Trees were hand-logged, leaving stumps as
evidence of the work (Shrimpton 1994).



BLACK HILLS NATIONAL FOREST

Location: western South Dakota and eastern Wyoming, United States
Size: 1,875 sg. miles

Date of Infestation: 1996-2016

Type of Infestation: Mountain pine beetle

Forest type: Montane, Ponderosa pine

Number/Acreage of Affected Trees: 447,00 (1996-2016) (Tan 2016)

Attributed Cause:

e Natural mountain pine beetle cycle, stressed by drought conditions
and high stand densities

Background Information:

Bark beetles were first investigated by the Division of Forestry (later the U.S.
Forest Service) within the Black Hills, and thus named the insect the Black Hills
Beetle in 1901 which attacked and killed ponderosa pines in Wyoming, Utah,
Colorado, Arizona, and New Mexico (Graham et al. 2016,8). The Black Hills
thrive from abundant seed crops and spring/summer rains, giving it the ability
to rapidly regenerate and making it one of the most consistent commercial
timber harvesting programs in the United States since 1898 (Graham et al.
2016, 5).
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Timeline of Outbreak:

Following the mass outbreak of the 1880s, 10,000 to 15,000 trees had been cut
down between 1906 and 1908, and the broods had been destroyed (Graham et
al. 2016). Due to the scale of the outbreak, bark beetle levels for the beginning
of the century stayed relatively low until the 1940s. Another outbreak between
1970 and 1981 peaked in 1974 and resulted in over 600,000 trees killed
(Graham et al. 2016). This outbreak was significant as the last major outbreak
of mountain pine beetle in the Black Hills before stand density research was
conducted (Graham et al. 2016). The most mountain pine beetle episode
occurred between 1981 and 2012. While the period between 1981 and 1997
had low tree mortality and was largely scattered, it soon grew going into
the new millennium. Between 2001 and 2008, 222,000 acres were infested,
and the infestation later peaked between 2009 and 2012 with an additional
165,000 more infested acres. Logistically, beetles were more likely to attack
pines with a diameter breast height (DBH) between 9 and 17 inches, but the
pines showed more resistance with 45 to 80 square feet of basal area per acre
and a stand density index (SDIs)between 102 and 122 (Sartwell and Stevens
1975, Graham et al. 2016).

Treatment:

Starting in 1906, Black Hills foresters and workers utilized the action of
felling, peeling and burning tree stands to combat mountain pine beetle
spread throughout the region (Graham et al. 2016, 34). The area saw one of
the longest and continuous efforts to control bark beetles in North America,
starting in 1901. Initial strategies to address outbreaks began with using trap
trees and then moved to felling, peeling, and burning attacked trees (Graham
et al. 2016). In 1947, to control a pending epidemic, Congress appropriated
$235,000 to use orthodichlorobenzene (an insecticide), which was sprayed on
standing trees instead of using peeling, burning, and harvesting.

Between 1946 and 1955, 93,000 attacked trees were sprayed. By the 1960s,
indirect methods of control became more popular. Direct control would
delay impacts, but once control actions ended, the infestation would be the
same as uncontrolled areas and was not economically viable (Amman and
Baker 1972, Graham et al. 2016). Stand density control became popular by
the 1960s, indicating the movement in treatment methods towards indirect
management (Graham et al. 2016).
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TREATMENT

Treatment history is extensive.
Moved away from more intensive
and mechanical methods of
treatment due to cost and labor.

SOCIAL IMPACTS

Most common perceived impacts
were falling trees, visual/aesthetic
decrease, loss of privacy, and
increased fire hazard.

OUTBREAK

Despite treatment efforts,
outbreaks were cyclical/repetitive,
but differed in intensity based on
forest characteristics and climate
conditions.

Figure 4.27
Precedent study summary
diagram.

(Hodgson 2020)
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4.10 PRECEDENT STUDY FINDINGS

The precedent studies helped examine the severity and longevity of bark
beetle impacts over time. Because bark beetles are naturally occurring
and an important part of the coniferous ecosystem, they will continually
attack forests where the beetles can survive. Concentrated applications of
management techniques were made in each of the study areas, but the bark
beetle outbreaks were repetitive. Treatment decisions were largely made to
preserve the timber industries in the outbreak areas, as well as to address
safety hazards and perceived fire risk. The causes of the outbreaks in each
site were attributed to warming climates, drought, and susceptible stands
that were old, large, and dense.

From each precedent study, the following information was gathered:

e Kenai Peninsula: Salvage logging and clear cuts were used,
Interviews indicated that most common perceived impacts were
falling trees, were visual/aesthetic decrease, loss of privacy, and
increased fire hazard.

e Kootenay National Park: Cared for aesthetic and safety concerns
around roadway that would also impact tourism. Post-outbreak,
the species make-up of the affected forest shifted from pine to an
uneven spruce stand.

e Black Hills: Long history of treatment. Showed that direct and
mechanical methods were labor intensive and expensive, more
indirect methods became popular.

The precedent studies address treatment options, social impacts, and
outbreak characteristics (see Figure 4.27), which are important aspects
of bark beetle infestations to understand when creating management
recommendations. The guidelines created in the next chapter consider the
repetitive nature of outbreaks and commonly perceived impacts to create a
realistic and comprehensive plan to address bark beetle infestations.
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5. MANAGEMENT

5.1 CHAPTER SUMMARY

This chapter synthesizes the information gathered throughout Chapter Four:
Findings to propose management guidelines for landscape architects that
unite considerations of forest treatments and aesthetic values. First, impacts
and elements that influence public perceptions of forests and treatment
options are stated to inform decisions relating to the management guidelines
and are used to assess associated visual impacts. Next, the guidelines focus on
the design and management of projects that: 1) are at risk, 2) have a low-level
infestation, 3) are at epidemic levels, or 4) have been attacked by mountain
pine beetles, specifically in Colorado and broadly in the Rocky Mountain
region. Finally, these guidelines are demonstrated through four different
scenarios that will investigate responses to different project types and stages
of bark beetle outbreaks. The management guidelines are recommendations
and reminders of important considerations to follow throughout the lifespan
of a project. These scenarios are supplemented with visualizations that
depict treatment options and aesthetic considerations highlighted in these
management guidelines.

The goals of the management guidelines and scenarios are:

e Highlight the differences in treatment recommendations between
more public sensitive and less public sensitive areas

e Address management considerations in different phases of the
typical landscape architecture design process.

e Present options to enhance scenic beauty qualities during and
after forest treatment measures take place.

e Demonstrate the aesthetic considerations of the management
guidelines through different scenarios.
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5.2 DETERMINE IMPACTS TO SCENIC VALUE

The following elements have the strongest influence on recommended
treatment options when visual and aesthetic forest qualities are emphasized.
These elements should be established before determining treatment and
should be discussed with clients and stakeholders at the beginning of the
design process. A matrix to describe impacts to scenic value is created to
better inform necessary decisions following intensive outbreaks in highly
sensitive areas.

LAND USE AND VISUAL SENSITIVITY

Areas that are well-trafficked and have high sensitivity to perceptions of scenic
value need more careful considerations of management. In a public land or
hiking trail setting where areas are wilder and people have less contact, there
is less loss of scenic value from more intensive management options like clear-
cutting and salvage logging. In areas designated for recreation like ski slopes
and campsites, treatment will heavily impact the scenic value and quality
of the site. The intended land use and interaction with humans contribute
to the degree of visual sensitivity, defined as having low, moderate, or high
sensitivity (see Figure 5.3)

e Low sensitivity: Little to no relationship between development
and setting; low access and low visibility.

e Moderate sensitivity: small to medium relationship between
development and setting; available access and visible from
location.

e High sensitivity: Strong relationship between development and
setting; easily accessed and highly visible from location.
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Examples: native wilderness and
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development and campsites

Figure 5.3
Visual sensitivity rating.

(Hodgson 2020)



DETERMINE STAGE OF BEETLE INFESTATION

Depending on the state of bark beetle infestation in and around a project,
different treatment approaches will be more appropriate. Large-scale
outbreaks and resulting mortality of visible trees will lessen scenic beauty, as
well as require more intensive treatments such as clear-cutting, which have
a negative public perception. The stages of bark beetle are categorized as
follows: Susceptible, Endemic, Epidemic, and post-outbreak mortality (see
Figure 5.4). The typical corresponding treatments are listed below that display
the increasing severity of treatment required for more intensive stages of bark
beetle outbreaks.

e Susceptible to infestation: preventative treatments, chemical
treatments, selective thinning older and denser stands, promote
sustainability, and non-intervention. Treatment intensity: low.

e Endemic infestation: selective thinning, mechanical/sanitation,
insecticides. Treatment intensity: moderate (if mitigation is desired)

e Epidemic infestation: thinning, clear-cutting, prescribed fire, non-
intervention. Treatment intensity: high (if mitigation is desired)

e Post-outbreak mortality: clear-cutting, thinning, prescribed fire,
non-intervention. Treatment intensity: high (if mitigation is desired)



Susceptible to Infestation

Characterized by:

. No bark beetles detected in the area

. Large number of older, denser and more weak
stands and/or recent drought

Endemic Infestation
Characterized by:
+  Onetoseveral trees are attacked per hectare

. Low-level infestation

Epidemic Infestation

Characterized by:

« 80 percent or more of susceptible trees are killed

«  Lasts between 5 and 10 years, kills most large-
diameter trees

Post-Outbreak Mortality

Dead trees, 5+ years following infestation
«  Trees pose safety risk from falling over

Figure 5.4 \/
Stages of bark beetle infestation.

(Hodgson 2020)



IMPACTS TO SCENIC VALUE

To aid landscape architects to comprehend the visual impacts resulting from
bark beetle outbreaks, a matrix was created that evaluates the two most
important factors affecting design decisions related to bark beetle infestations.
The first factor rates of visual sensitivity (see Figure 5.3), which addresses the
relationship between the infested forest and the proposed development. The
second factor considers the stages of the bark beetle infestation (see Figure
5.4). Scores have been attributed to these factors in order of severity, with the
highest score representing the greatest impact on scenic value. In the matrix
table (see Figure 5.5), the scores associated with each factor are multiplied to
create product scores that correspond to a composite assessment of scenic
value impact. Scores between 1 and 4 signify a limited impact to scenic value,
scores between 5and 7 indicate a moderate impact to scenic value, and scores
8 and above signify significant impacts to scenic values. Moderate impacts
to scenic value should consider the addition of aesthetic interventions to
increase scenic value, while those that will suffer significant impacts will
need to implement those interventions to accommodate for the loss of visual
quality and maintain positive perceptions of forests within the project area.



Potential Impacts to Scenic Value
Visual Sensitivity

Rating Moderate High
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Outbreak Stage
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(2)
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(1)
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5.3 ELEMENTS INFORMING MANAGEMENT CONSIDERATIONS
AREA OF FOCUS AND FOREST PREFERENCES

Within the site and intended land use, focus areas should be delineated
to concentrate treatment efforts where they will be most impactful.
Representative viewpoints located in the foreground have near views of the
forest. Typically, points surrounding areas of public interaction and visual
access, such as hiking trails, rest areas, tourism facilities, and other commonly
traveled routes like roadways, serve as key focus areas. Viewpoints should be
delineated early in the design process, so treatment considerations can be
efficient and provided a focus for design interventions.

It is also important to understand the public’s aesthetic preferences within
forests to better preserve and promote aesthetic values. There are positive
and negative public perceptions when it comes to elements found in forest
landscapes. Forest elements that are preferred include:

e large and scenic trees

e Visual access with forests through lower densities
e Mixed-age forest stands

e Implied space created by the forest canopy

e Preservation/enhancement of forest character: Form (line, color,
pattern), harmony (scale, balance, intactness), and focal points
(unigueness and variety)



Conversely, some elements of forests and management treatments have
a negative public perception. Evidence of human interaction in natural
environments subtracts from the scenic beauty, as does the evidence of
management and dead trees. Forest elements that are disliked include:

e Evidence of human intervention (trash, views of built facilities, ruts
made by machinery)

e Woody debris (thinning, clear-cutting, and natural processes)
e Dead trees

e Evidence of fire

ADDITIONAL AESTHETIC INTERVENTIONS

When intensive forest treatment options are deemed necessary, they have
a negative impact on the scenic quality. However, as noted in Chapter 4:
Findings, there are additional interventions and management strategies to
reduce the loss of aesthetic quality associated with bark beetle impacts and
treatments. They include:

e Restoration of clear-cut areas. Replanting recently-killed or clear-
cut areas that support the natural successional process with young
trees not only enhances the aesthetic value of impacted areas, but
can also support ecological growth through biodiversity with the
integration of mixed aged and species stands of trees.

e Educational information. Providing information regarding the
current landscape near key viewpoints and areas of intervention,
whether it be dead trees following a beetle infestation or a clear-
cut area devoid of vegetation, will make visitors more accepting of
natural processes and feel that the area is receiving attention.

e Adding orderly frames and “cues to care”. While preserving the
natural integrity of the forest landscape, adding in elements that
demonstrate that the forest is being managed will increase scenic
value. These management techniques include enhancing paths,
adding in natural wildflowers, and placing naturalistic looking
fences or benches.



5.4 MANAGEMENT GUIDELINES

This section proposes management guidelines based on typical landscape
architecture projects and management recommendations promoted by the
U.S. Forest Service (Ryan 2000). By connecting with the landscape architecture
process, this portion of the report creates an accessible management guide
of recommendations to address current and future bark beetle impacts. The
strategies outlined for fuel management and higher visual quality provide
more considerations of the management process in addition to examples of
techniques to increase aesthetic value (see Figure 5.6). This process is divided
into three stages:

1. Inventory, Communication, and Planning
2. Management and Design Implementation

3. Post-Treatment Analysis
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INVENTORY, COMMUNICATION, AND PLANNING

Oncea projectisawarded, preliminary steps should be taken to assess the current
conditions and future potential of bark beetle infestations in the area to ensure
that the danger is efficiently addressed and the project is able to appropriately
achieve its intended purpose. Before the design of the project and during
schematic design and design development phases, the following steps should
be taken to promote effective planning and treatment before or in response to
bark beetle outbreaks associated with at-risk sites. The steps include:

1. Conduct (or research) aerial and ground surveys
2. Create an interdisciplinary team

3. Determine public relationship

>

Establish communication with client(s) and the community



Figure 5.7
(Hodgson 2020)

1. Conduct (or research) aerial and ground surveys

It is crucial to document the condition of existing trees to determine
potential and existing infestations and susceptible stands.
Understanding tree and stand characteristics can support future
treatment options and will provide a necessary assessment of
required management areas, in addition to learning the existing
threat that a beetle outbreak is posing (healthy/at-risk, low-level
infestation, epidemic, or post-outbreak mortality). This knowledge
can pre-emptively influence design decisions, such as having trails
with less visualization of at-risk stands or infested stands that may
need to be removed to preserve higher scenic quality.
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2. Create aninterdisciplinary team

While landscape architects are better equipped to address aesthetic
concerns more than other professions, forest-based experts need
to be consulted or contracted to ensure that ecological concerns
are appropriately considered. Professions that should be included
are silviculture, forestry, entomology, hydrology, and conservation.
Reaching out to resources such as federal and state forest services
will also provide important information regarding surrounding
forested areas and the progression of existing outbreaks.



Figure 5.9
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3. Determine public relationship

Depending on the type of project, interaction with the public will vary
and may influence the type of treatment that is used. Projects that are
not as visible to public views could utilize more intense treatments
such as clear-cutting without the risk of public disapproval and
loss of scenic beauty. Areas that are more sensitive to the public
will benefit from less extreme and more precise treatment, such as
selective and sporadic tree removal. The visual relationship that the
project site shares with bark beetle infestations and proximity to the
area can be used to determine the level of scenic value consideration.
This is assessed through the composite scenic value impact rating
(see Figure 5.5.) that establishes thresholds for initiating intervention
measures.
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4. Establish communication with client(s) and community

Creating healthy communication with project clients and those
influenced by the project will help inform treatment objectives.
Working with clients will help determine the amount of attention and
financial support to direct towards maintaining high aesthetic quality
and ecological sustainability. If applicable, communicating with
community members and local stakeholders can inform designers
of additional concerns and desires regarding potential treatment
actions and cultural landscape values that they wish to be preserved.
For projects that involve multiple owners, such as land operated by
private landowners and state/governmental agencies, this dialogue
will be especially important.



MANAGEMENT AND DESIGN IMPLEMENTATION

Once the first phase is completed, communication with the forestry team
should begin to determine the management of the bark beetle threat
moving forward. Depending on the visual sensitivity and stage of the bark
beetle outbreak, additional steps may need to be taken to mitigate the loss
of aesthetic value, which are detailed in Section 5.3 of this chapter. These
considerations and design moves should be incorporated and discussed
during design development and construction documentation and should
showcase considerations for user experience and ecological care. The steps
include:

1. Determine forest treatments
2. Strategize treatment to increase and preserve scenic beauty

3. Implementing “cues to care”
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1. Determine forest treatments

Depending on the stage of the outbreak and goals of the project,
treatment options to address the bark beetle threat will vary.
Interdiciplinary team members or local forestry professionals can be
consulted regarding their recommended best course of action. More
visible projects and those that elicit more public response should
try to use methods less impactful to scenic quality. However, if more
intensive treatment is required due to the severity of the outbreak
or killed trees, that should take precedence. If no current outbreaks
or mortality are impacting the site, preventative techniques will help
reduce the intensity and susceptibility of existing trees to bark beetle
infestations. These techniques range from using pheromone packets
to keep away beetles, to indirect methods that promote visual access
throughout selected viewpoints like thinning.



Figure 5.12
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2. Strategize treatment to increase and preserve scenic beauty

Within more selective treatment and management of infested trees,
strategic moves may help preserve existing forest character and
scenic beauty. Preservation of large and unique trees will provide
interest and a focal point to draw attention, though sometimes this
may clash with forestry goals as larger trees are at more risk for bark
beetle infestations. Preserving implied spaces from overstories will
also promote higher scenic value, in addition to allowing visual
access within forested areas (see Figure 4.19)



Figure 5.13
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3. Implementing “cues to care”

After understanding the visual sensitivity of the project area and
determining the stage of bark beetle outbreak, a composite scenic
quality impact score can be used to guide potential intervention
treatments (see Figure 5.5). Moderate and significant visual impacts
will need to incorporate additional elements to increase aesthetic
value in infested and treated areas. The strategy of complimenting
a messy ecosystem with orderly frames can be utilized when more
drastic measures are required in the management of infested
or killed trees. Orderly frames are achieved by adding elements
that demonstrate consideration of scenic values such as fences,
seating, native wildflower plantings, or other additions that increase
appreciation and acceptance for native ecosystems. It is important
to highlight natural-looking or perceived elements for construction,
as artificial construction and development will detract from aesthetic
value.
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POST-TREATMENT ANALYSIS

Finally, in the construction administration and post-treatment phase, the focus
should be on informing the public of the outbreak and treatment methods,
promoting forest sustainability, and mitigating the effects of the treatments
that were implemented. The steps include:

1. Respond to treatment effects
2. Educate the public on treatment and future conditions of the site

3. Evaluate design and treatment interventions



Figure 5.14
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1. Respond to treatment effects

Many treatment methods of bark beetle infestation leave behind
disturbed landscapes that are visually displeasing and detract from
scenicvalues. For thinning, sanitation, and other forms of mechanical
treatment, cleaning up the woody debris and material will increase
aestheticvalue, though it may be at the loss of ecological benefits that
the debris provides. Reforestation of areas impacted by clear-cutting
and promotion of diverse stands will also increase aesthetic value, in
addition to strengthening forest conditions through biodiversity that
will lessen the impacts of future bark beetle outbreaks.
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2. Educate the public on treatment and future conditions

Signage and pictures along traveled and affected areas that address
the reasoning behind the dead trees and treatments will help
distribute information to visitors. While it may not improve scenic
beauty values in impacted areas, the information will promote a
greater understanding and acceptance of natural processes that will
benefit perceptions of the area and design. Position information in
high traffic areas, where the infestation or treatment is in close view
and proximity to where visitors are interacting (see Figure 4.20).
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3. Evaluate design and treatment interventions

While this responsibility may not fall to the landscape architect
followingaproject’scompletion,thepossibility of re-infestation should
be understood and communicated to the client. Also, understanding
responses of the environment and human perceptions to applied
treatments will help landscape architects learn to better mitigate the
future effects of similar bark beetle outbreaks. By continuously being
involved in the treatment of bark beetle areas, greater consideration
can be given to aesthetic values in hopes of lessening the social and
scenic effects, both in the short and long-term lifespan of the forest.



5.5 MANAGEMENT SCENARIOS

To provide an example of how landscape architects can work to implement
the management guidelines, three scenarios have been created that address
varying land uses and stages of a bark beetle outbreaks. Different project
types will be examined within these land uses to exemplify concerns and
considerations of treatment options that will be addressed through the
guidelines previously established (see section 5.4). As stated in Chapter 4:
Findings, the areas of work that are prominent in the landscape architecture
profession within the Rocky Mountain region and are at risk with future
mountain pine beetle and spruce beetle outbreaks include:

e Recreation (campsites, picnic areas, national parks, and forests)
e Residential (single-family and multi-family homes/yards)

e Ecological (preservation and restoration)



SCENARIO #1: RECREATION

Project type: Trail System

Stage of beetle infestation: Endemic, mountain
pine beetle

Rating of visual sensitivity: Moderate

As an area with a beautiful view of a far mountain
range, this clearing will feel the visual impacts of
the infested trees that lie in the foreground and
close proximity to the trail. The trees pose a safety
risk in the future for hikers along the trail, as well as
lowering scenic value.




Figure 5.17
Visualization of a
recreation scenario before

treatment.




GUIDELINE IMPLEMENTATION

1. Inventory, Communication, and Planning

e Infested and at-risk trees are delineated
to understand what trees can be saved

e Trail visitors are interviewed to
understand valued view and spaces to
preserve

Infested trees removed

2. Management and Design Implementation S Woodymtrialcleared

e Infested trees are removed via thinning,
large and scenic trees are preserved

e Localstones are used to create frames
and seating, adding aesthetic value and
accenting views

3. Monitoring

Na

e Removed woody material and clear e : "
tural seating area

traces of treatment

e Plant new, diverse stands of native trees

Woody material clear and
new pines planted
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Figure 5.18
Visualization of recreation
scenario after treatment.

Preserved scenic trees £&

| Infested and at risk trees
removed




SCENARIO #2: RESIDENTIAL

Project type: Single-family residence

Stage of beetle infestation: Post-outbreak
mortality, spruce beetle

Rating of visual sensitivity: Moderate

The immediate and surrounding area of this
residence has experienced extensive spruce beetle
mortality and has a significant impact on scenic
value. The trees in the foreground are the highest
priority for removal based on their proximity to the
house, which presents a safety risk and greater loss
of aesthetic value.




Figure 5.19
Visualization of residential
scenario before treatment.
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GUIDELINE IMPLEMENTATION

1. Inventory, Communication, and Planning

Infested and at-risk trees are delineated
to understand what trees can be saved

Communicate with the homeowner
to inform them of the extent of the
infestation and learn desired design

2. Management and Design Implementation

Infested trees are removed via clearcut,
uninfested trees preserved

Killed tree stumps used to create
property fence

Local stones used in landscape design

3. Monitoring

Removed woody material and clear
traces of treatment

Reseed disturbed ground with native
grasses

Plant deciduous trees in the foreground
to hide tree mortality in the background
and add more diversity




Figure 5.20
Visualization of residential
scenario after treatment.
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=8 Preserved scenic trees

Deciduous trees planted to
add scenic value and diversity

Dead trees used to creae
property fence

Disturbed soil re-seeded with
native grasses




SCENARIO #3: ECOLOGICAL

Project type: Creek restoration

Stage of beetle infestation: Epidemic, mountain
pine beetle

Rating of visual sensitivity: Low

This natural area is currently being impacted by
an extensive bark beetle epidemic. Due to the low
degree of public sensitivity, the impact to scenic
value is relatively low, so extensive treatments
aren’t necessary to preserve scenic value.
Interventions should be focused on stabilizing
the river, but additional interventions can benefit
visitor experiences and inform them of the
infestation.




Figure 5.21
Visualization of ecological
scenario before treatment.
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GUIDELINE IMPLEMENTATION

1. Inventory, Communication, and Planning

e Infested and at-risk trees are delineated
to understand the extent and growth of
the infestation

e Wildlife experts are consulted to
understand appropriate design
measures

2. Management and Design Implementation

e Duetotheintensity of the outbreak,
non-intervention is used as the trees are
left to naturally experience the outbreak

e Thesmalltrail and creek edge is
stabilized with native stones

e Abridgeis added over the creek to
minimize disturbances.

3. Monitoring

e Signage is created along the creek to
inform passersby of the visual effect the
infestation is having on the forest




B! Informational signage outliningthe
outbreak’s effect on the forest

Natural stones placed to
" stabilize creek and create border

Figure 5.22
Visualization of ecological
scenario after treatment.

(Hodgson 2020)
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6. CONCLUSION

PROJECT SIGNIFICANCE

The increased spread and intensity of bark beetle infestations across the
United States are going to create impacts that many industries and professions
will no longer be able to ignore. Bark beetles have recently been more active
and causing more tree mortality, as evidenced by the outbreak that impacted
North American in the late ‘90s and early 2000s. This increase in severity can
largely be attributed to warmer temperatures and drought conditions, which
weaken tree defenses and increase beetle life cycles. With temperatures
expected to increase over the next few decades, bark beetles will become
more prominent than ever. The landscape architecture profession, which
unites the built and natural environments together, will undoubtedly see the
visual impacts of bark beetle infestations affect projects, especially within the
Rocky Mountain region.

As the relationship between landscape architects and bark beetle impacts
has yet to be explored in-depth, this report provides an essential initial dive
into the topic. This project sought to answer the question: How can landscape
architects address the aesthetic and visual impacts of bark beetle infestations
in the Rocky Mountain region? By understanding the variables of bark beetle
infestations and perceptions of scenic value associated with those forest
variables, a comprehensive set of management guidelines was created to
assist landscape architects in promoting and preserving scenic value in
projects that are or may be affected.




LIMITATIONS

The wealth of information behind bark beetle behavior, effectiveness of
treatment methods, and landscape aesthetics is staggered and a daunting
topic to address. The restriction of time allowed to complete this project
limited the amount of research that could be completed, which undoubtedly
extends beyond what is mentioned in this report. Personal analysis of bark
beetle-infested areas in the Rocky Mountains was not possible also due to the
time restraint and the distance between the Rockies and Manhattan, Kansas,
where the author currently resides.

The management guidelines and recommendations are based on personal
observation from the content inventory analysis between existing landscape
management techniques and considerations of landscape aesthetics. Many
management practices have both positive and negative aspects in terms
of ecological, aesthetic, and economic value, and are constantly being re-
evaluated by new research. It is important to understand the varying methods
and what will be best for different projects. Several landscape architecture
firms that work on mountain based-projects were contacted regarding their
interaction with bark beetle infestation and their projects; however, no firms
who responded had any interaction or dealt with the management of bark
beetle infestations. Major landscape architecture foundations such as the
American Society of Landscape Architects (ASLA) and Landscape Architecture
Foundation, have not addressed the topic of bark beetle outbreaks and their
impacts to public perceptions of scenic value.



FUTURE RESEARCH

Within Chapter 2: Background and Chapter 4: Findings, this project looks to
synthesize the knowledge of bark beetles and their impacts from different
professions and fields, including ecology, silviculture, forestry, economics,
and landscape architecture. Combined research between the professions will
be beneficial in providing more clarity and understanding to the topic and
relationship between bark beetles and the landscape architecture profession.

With additional time and resources, impacted communities could be
interviewed to gain a more comprehensive sense of the impacts and
perceptions that are associated with bark beetle infestations. In addition,
more extensive research can be conducted over time (the next 10 or 20 years),
to understand the economic losses associated with landscape architecture
projects as bark beetle outbreaks evolve over time. Because the relationship
between the landscape architecture profession and bark beetles has not been
explored in-depth, this research would be extremely beneficial and more
definitively analyze how the profession is being impacted.

Analysis of the proposed management guidelines addressed in Chapter
5: Management over time is important to understand the success and
applicability of the recommended actions on perceptions of scenic value.
Monitoring the aesthetic reaction to the proposed guidelines to evaluate
their effectiveness will be crucially important moving forward. Also, a greater
understanding regarding the notion that aesthetic value can be changed with
greater understanding of ecological processes through education should also
be further investigated. This research is important to evaluate the benefits of
changing aesthetic perceptions through knowledge against a more aggressive
approach to change the physical environment itself. These additional
considerations would aid application of findings and the development of the
guidelines for future use.



FINAL THOUGHTS

Landscape architects are not foresters and do not commonly interact in the
realm of forest management practices. However, becoming more involved with
professionals directly involved with decision making related to bark beetle
infestations can help ensure that scenic quality issues are also considered.
Apart from cultural value, high scenic quality also has economic value and
it pays to be proactive. Understanding stand and tree characteristics in the
project area allows consideration of preventative treatments (pheromone
packets, etc.) and promotion of healthier stands (selective thinning of older
and denser stands), which maintain higher scenic quality. Epidemics that lead
to high levels of tree mortality require more intensive mitigation treatments if
changes in scenic quality are of major concern.

Bark beetles are a natural component of the environment, so the future of
forest planning and consideration of landscape aesthetics should focus on
building stronger and more diverse forests. As bark beetle attacks occur,
stronger and healthier stands will able to fight off infestations so that epidemic
scenarios are less frequent in the coming future. Even so, many variables are
beyond human control. When response resources are limited, it makes the
most sense to concentrate effort at the forest-development interface.



APPENDICES

APPENDIX A: GLOSSARY LIST

Bark beetle: tiny insects with hard, cylindrical bodies that reproduce under the
bark of trees that act as a natural part of the coniferous ecosystem with over 600
different species across the world (USDA Forest Service 2019, Bentz 2009)

Basal area: The cross-sectional area (square feet) of a single tree at breast
height, expresses as per unit of land area. Used to determine forest stand
density, timber stand volume and growth (Elledge and Barlow 2010)

Diameter at breast height (DBH): The diameter width of a tree trunk 4.5 feet
above the ground (Elledge and Barlow 2010)

Endemic infestation: Low-level populations and infestation, cause tree-killing
below a tolerable threshold. The threshold is usually single and widely scattered
trees (no exact number, ex: 1 tree per 25 acres) (Bartos and Schmitz 1998)

Epidemic infestation: High-level populations and infestations, usually when
bark beetles are present (no exact number, ex: 1 tree per acre) (Byron, 2005)

Forest stand: A small area of trees, ranging in size, where the trees share
characteristics such as species, age, size, condition, or location (Snyder 2014).

High-value tree: As defined by the U.S. National Park Service, is a living pine
and spruce tree that have the following characteristics: (U.S. National Park
Service 2005)

«  Provide shade and visual screening for campgrounds, picnic areas,
and parking lot structures

«  Have cultural significance
«  Provide exceptional and irreplaceable habitat for wildlife

«  Provide exceptional and irreplaceable seed source

+ Have outstanding visual quality
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Mountain pine beetle (Dendroctonus ponderosae Hopkins): A bark beetle
species that attacks and kills live trees species such as lodgepole pine,
ponderosa pine, bristlecone pine, whitebark pine, western white pine, sugar
pine, limber pine and more (USDA Forest Service 2019, Bentz 2009).

Pheromone plume: A chemical signal released by females or pioneer beetles
after they locate a “frail tree” that alerts other beetles to swarm the tree
(Oatman 2015).

Phloem: a resinous layer between the outer bark and the sapwood that
carries sugars (nutrients) through the tree (Oatman 2015).

Slash: woody material left behind from thinning or commercial logging
operations, including branches and small diameter sections of tree stems, that
can support breeding populations of bark beetle (Donaldson and Seybold).

Spruce beetle (Dendroctonus rufipennis Kirby): Bark beetle species that
attacks and kills Englemann spruce, White spruce, Lutz spruce, Sitka spruce,
and Colorado blue spruce (Bentz 2009).

Stand density index (SDI): A relative measure of density which combines
number per acre with average tree size, and expresses the density of a stand in
terms of an equivalent number of 10-inch trees. The higher the SDI, the more
crowded the stand (Vanderschaaf 2019)

Wildland-urban interface: The area of development where housing mixes
with undeveloped vegetation and wilderness (Radeloff et al. 2005).

169



APPENDIX B: IMAGE CITATIONS

Title Image: Hodgson, Danielle. 2019. “Untitled graphic of a vulnerable pine tree”.
Adapted in Illustrator. Image source:

«  Salman, K.A;; Bongberg, J.W. 1942. Logging high-risk trees to control
insects in the pinestands of northeastern California. Journal of
Forestry. 40(7): 533-539.

Figure 1.1. Russell, Andrew. 2014. “This is a picture of Nymph Lake in Rocky Mountain
National Park. It's an HDR shot taken from the trail to Emerald Lake.”
Accessed on January 28, 2020. https://bit.ly/38N1hSK.

Figure 1.2. Ciesla, William M. 2015. “Old mountain pin beetle kill, Deadman Road,
CO.” Forest Health Management International, Bugwood.org. Accessed
on January 28, 2020. https://www.forestryimages.org/browse/detail.
cfm?imgnum=5540352.

Figure 2.1. Weber, Bradley. 2017. “Rocky Mountain National Park”. Accessed on
January 24, 2020. https://bit.ly/36owcér.

Figure 2.2. Tunnock, Scott. 1995. “Galleries”. USDA Forest Service, Bugwood.org.
Accessed on February 4, 2020. https://www.forestryimages.org/browse/
detail.cfm?imgnum=2252081.

Figure 2.3. Mercado, Javier E. 2012. “Mountain pine beetle, Doral / Abaxial / Back”.
Bark Beetle Genera of the U.S., USDA APHIS PPQ, Bugwood.org. Accessed
on February 4, 2020. https://www.forestryimages.org/browse/detail.
cfm?imgnum=5477295.

Figure 2.4. O’'Donnell, M. and A. Cline. 2012. “Spruce beetle, Doral / Abaxial / Back.”
Wood Boring Beetle Families, USDA APHIS PPQ, Bugwood.org. Accessed
on January 28, 2020. https://www.forestryimages.org/browse/detail.
cfm?imgnum=5480741.

Figure 2.5. Hodgson, Danielle. 2020. “Bark beetle size comparison”. Adapted using
Adobe Photoshop. Image sources:

+  Morgan, Mark. 2010. “2009 US Lincoln penny”. Accessed
on February 5, 2020. https://www.flickr.com/photos/
markmorgantrinidad/5133638198.

170



+  Cranshaw, Whitney. 2011. “Adults on penny showing relative size Host:
black walnut”. Colorado State University, Bugwood.org. Accessed on
February 5, 2020. https://www.forestryimages.org/browse/detail.
cfm?imgnum=5445293&.

Figure 2.6. Hodgson, Danielle. 2020. “Diagram of tree progression following beetle
infestation”. Adapted using Adobe Photoshop and Illustrator. Image sources:

. Furniss, Robert L. 1942. Class 3A; Keen Ponderosa Pine Tree
Classification. USDA Forest Service, Pacific Northwest Region,
State and Private Forestry, Forest Health. Accessed on February
6, 2020. Protection. https://www.flickr.com/photos/151887236@
N05/25173006207.

. Siegmund, Walter. 2007. North Plateau Ponderosa Pine. Accessed on
February 6, 2020. https://en.wikipedia.org/wiki/Pinus_ponderosa#/
media/File:Pinus_ponderosa_15932.JPG.

«  Bongberg. 1942. Ponderosa pine. Risk 4, Keen 2A, Dunning 1. Blacks
Mountain, California. USDA Forest Service, Pacific Northwest Region,
State and Private Forestry, Forest Health Protection. Accessed on
February 6, 2020. https://www.flickr.com/photos/151887236@
N05/39715337094.

Figure 2.7. Unknown. 1924. “Preparing lodgepole pine infested with mountain pine
beetle for the sun-curing (solar) treatment”. USDA Forest Service, Region 6,
State and Private Forestry, Forest Health Protection. Accessed on February
5,2020. https://www.flickr.com/photos/151887236@N05/32368803627 .

Figure 2.8. Miller, J.M.. 1916. “Large sugar pine tree (Pinus lambertiana) attacked
and killed by mountain pine beetle (Dendroctonus monticolae)”. USDA
Forest Service, Pacific Northwest Region, State and Private Forestry, Forest
Health Protection. Accessed on February 5, 2020. https://www.flickr.com/
photos/151887236@N05/33469765352/in/photostream/.

Figure 2.9. Cranshaw, Whitney. 2013. “Campground closed during activities(tree
removal, insecticide spraying) related to mountain pine beetle
management”. Colorado State University, Bugwood.org. Accessed
January 28, 2020. https://www.forestryimages.org/browse/detail.
cfm?imgnum=5490378 .

7



Figure 2.10. Ciesla, William M. 2015. “Old mortality, Williams Fork Basin, CO
Forest Health Management International, Bugwood.org. Retrieved on
November 14, 2019. https://www.forestryimages.org/browse/detail.
cfm?imgnum=5540360.

Figure 2.11. Dewey, Jerald E. 1995. “Woodpecker feeding on beetles in/under bark”.
USDA Forest Service, Bugwood.org. Accessed on March 6, 2020. https://
www.forestryimages.org/browse/detail.cfm?imgnum=2253060.

Figure 2.12. Hodgson, Danielle. 2020. “Fire hazard associated with bark beetle
infestation over time”. Made in Adobe Illustrator. Adapted from: Bentz,
Barbara J. 2009. “Bark Beetle Outbreaks in Western North America: Causes
and Consequences.” Snowbird, Utah: Bark Beetle Symposium. https://www.
fs.fed.us/rm/pubs_other/rmrs_2009_bentz_b001.pdf. Image sources:

+  Bongberg. 1942. Ponderosa pine. Risk 4, Keen 2A, Dunning 1. Blacks
Mountain, California. USDA Forest Service, Pacific Northwest Region,
State and Private Forestry, Forest Health Protection. Accessed on
February 6, 2020. https://www.flickr.com/photos/151887236@
N05/39715337094.

. Furniss, Robert L. 1942. Class 3A; Keen Ponderosa Pine Tree
Classification. USDA Forest Service, Pacific Northwest Region, State
and Private Forestry, Forest Health. Accessed on February 6, 2020.
https://www.flickr.com/photos/151887236@N05/25173006207.

Figure 2.13. Billings, Ronald F. 2005. “Log decks. Prince George, British Columbia,
Canada”. Texas A&M Forest Service, Bugwood.org. Accessed on January 28,
2020. https://www.forestryimages.org/browse/detail.cfm?imgnum=2108055.

Figure 2.14. Bentz, Barbara J., Jacques Régniere, Christopher J Fettig, E. Matthew
Hansen, Jane L. Hayes, Jeffrey A. Hicke, Rick G. Kelsey, Jose F. Negrén, and
Steven J. Seybold. 2010. “Predicted probability of spruce beetle offspring
developing in a single year in spruce forests across the range of this insect in
North America during three climate normals periods.” USDA Forest Service,
Rocky Mountain Research Station. BioScience 60 (8): 602-13. Accessed on
March 10, 2020. https://doi.org/10.1525/bi0.2010.60.8.6.

Figure 2.15. Hodgson, Danielle. 2020. “Historical and projected average temperature
in the western United States.” Created in ArcGIS. Scale: 1:32,672,592. Layer

172



Data:

. USDA Forest Service. “Historical annual temperature (CONUS) (Image
Service) 2020”. https://enterprisecontentnew-usfs.hub.arcgis.com/
datasets/historical-annual-temperature-conus-image-service

Figure 2.16. Hodgson, Danielle. 2020. “Drought percentages in Colorado. Created
using Adobe Illustrator Adapted from:

«  National Drought Mitigation Center. 2020. “U.S. Drought Monitor”. U.S.
Drought Monitor is jointly produced by the National Drought Mitigation
Center at the University of Nebraska-Lincoln, the United States
Department of Agriculture, and the National Oceanic and Atmospheric
Administration. Map courtesy of NDMC. Accessed on March 6, 2020.
https://droughtmonitor.unl.edu/Data/Timeseries.aspx

Figure 2.17. Hodgson, Danielle. 2020. “Area infested by mountain pine beetle and
spruce beetle in Colorado”. Diagram created in Adobe InDesign. Adapted
from:

+  Colorado State Forest Service. 2019a. “Area Infested by Mountain
Pine Beetle & Spruce Beetle in Colorado, 1996-2017". Accessed on
November 1, 2019. https://csfs.colostate.edu/forest-management/
common-forest-insects-diseases/mountain-pine-beetle/

Figure 2.18. Hodgson, Danielle. 2020. “Historic vs. recent bark beetle life cycle.”
Created in Adobe Illustrator. Adapted from:

. Mitton, Jeffry B., and Scott M. Ferrenberg. 2012. “Mountain Pine Beetle
Develops an Unprecedented Summer Generation in Response to
Climate Warming.” The American Naturalist 179 (5): E163-71. https://
doi.org/10.1086/665007.

Figure 2.19. Hodgson, Danielle. 2020. “ Map of spruce beetle and mountain pine
beetle projections in western Colorado.”. 1:32,672,592. Map made in ArcGIS
and Adobe InDesign. Layer data:

+  USDA Forest Service. 2012. “The projected percentage loss to host
tree species basal area due to Spruce Beetle, 2013-2027”. Accessed on
February 1, 2020. https://www.fs.fed.us/foresthealth/applied-sciences/
mapping-reporting/national-risk-maps.shtml

173



+  USDA Forest Service. 2012. “The projected percentage loss to host
tree species basal area due to Spruce Beetle, 2013-2027. Accessed on
February 1, 2020. https://www.fs.fed.us/foresthealth/applied-sciences/
mapping-reporting/national-risk-maps.shtml

«  USDA Forest Service. “National Insect and Disease Risk Map”. Accessed
on February 1, 2020. https://www.fs.fed.us/foresthealth/applied-
sciences/mapping-reporting/national-risk-maps.shtmtl

Figure 3.1. Collins, Christian. 2017. “Cloudy early fall morning at Bear Lake, Rocky
Mountain National Park, Colorado. Aspens just getting started.” Accessed on
January 28, 2020. https://bit.ly/37ARqzo.

Figure 3.2. Hodgson, Danielle. 2020. “Methodology diagram”. Created with Adobe
[llustrator.

Figure 3.3. Hodgson, Danielle. 2020. “Content Inventory and Analysis diagram”.
Created with Adobe Illustrator.

Figure. 3.4. Hodgson, Danielle. 2020. “Map of precedent study locations”. Created with
Adobe Illustrator. Image Sources:

«  Agle. “A map of the United States and Canada with state and province
boundaries”. Accessed on November 14, 2019. https://commons.
wikimedia.org/wiki/File:North_America_blank_map_with_state_and_
province_boundaries.png

«  Qomariyah. “Place”. The Noun Project. Accessed on November 14, 2019.
https://thenounproject.com/search/?q=place&i=2847843

Figure 4.1. Brown, Matthew. 2007. “Mountain Pine Beetle attacked canopy in the
red stage seen from the top of the Kennedy Siding Flux Tower in Interior
BC.” UBC Micrometeorology. Accessed on January 24, 2020. https://bit.
ly/2uqylvD.

Figure 4.2. Wilson, Tim. 2010. “More pine bark beetle damage”. Accessed on February
4,2020. https://www.flickr.com/photos/timwilson/4772916067.

Figure 4.3. Hodgson, Danielle. 2020. “Percentage make-up of landscape architecture
projects in western Colorado”. Graphic created in Adobe Illustrator and
Microsoft Excel

Figure 4.4. Hodgson, Danielle. 2020. “Diagram and division of landscape architecture

174



projects at risk“. Graphic created in Adobe Illustrator. Image sources:

Vignesh, P. Thanga. “Cabin”. The Noun Project. Accessed on February
16, 2020. https://thenounproject.com/icon/1448577/

Doane, Andrew. “Tent”. The Noun Project. Accessed on February 16,
2020. https://thenounproject.com/icon/1175818/

Taamir468. “Snow ski”. The Noun Project. Accessed on February 16,
2020. https://thenounproject.com/icon/2218015/

Dyck, Ashley van. “City”. The Noun Project. Accessed on February 16,
2020. https://thenounproject.com/icon/21899/

Made by Made, AU. “Park”. The Noun Project. Accessed on February 16,
2020. https://thenounproject.com/icon/1967246/

Figure 4.5. Hodgson, Danielle. 2020. “Map of wildland-urban interface and bark beetle
projections”. 1:32,672,592. Map made in ArcGIS and Adobe InDesign. Layer
data:

USDA Forest Service. 2012. “The projected percentage loss to host

tree species basal area due to Spruce Beetle, 2013-2027”. Accessed on
February 1, 2020. https://www.fs.fed.us/foresthealth/applied-sciences/
mapping-reporting/national-risk-maps.shtml

USDA Forest Service. 2012. “The projected percentage loss to host

tree species basal area due to Spruce Beetle, 2013-2027. Accessed on
February 1, 2020. https://www.fs.fed.us/foresthealth/applied-sciences/
mapping-reporting/national-risk-maps.shtml

USDA Forest Service. “National Insect and Disease Risk Map”. Accessed
on February 1, 2020. https://www.fs.fed.us/foresthealth/applied-
sciences/mapping-reporting/national-risk-maps.shtmtl

Colorado Department of Transportation. 2019. “Highways: Functional
Class”. Accessed from ArcGIS Online.

Radeloff, Volker C.; Helmers, David P.; Kramer, H. Anu; Mockrin, Miranda
H.; Alexandre, Patricia M.; Bar Massada, Avi; Butsic, Van; Hawbaker,
Todd J.; Martinuzzi, Sebastian; Syphard, Alexandra D.; Stewart, Susan
1.2017. “The 1990-2010 wildland-urban interface of the conterminous
United States - geospatial data”. 2nd Edition. Fort Collins, CO:

175



Forest Service Research Data Archive. https://doi.org/10.2737/
RDS-2015-0012-2.

Hodgson, Danielle. 2020. “Community and residential landscape
architecture projects within western Colorado”.

Figure 4.6. Hodgson, Danielle. 2020. “Map of mountain pine beetle projections with
residences and transportation in western Colorado”. 1:3,586,566. Map made
in ArcGIS and Adobe InDesign. Layer data:

USDA Forest Service. 2012. “The projected percentage loss to host tree
species basal area due to Mountain Pine Beetle, 2013-2027. Accessed
on February 1, 2020. https://www.fs.fed.us/foresthealth/applied-
sciences/mapping-reporting/national-risk-maps.shtml

USDA Forest Service. “National Insect and Disease Risk Map”. Accessed
on February 1, 2020. https://www.fs.fed.us/foresthealth/applied-
sciences/mapping-reporting/national-risk-maps.shtmtl

Colorado Department of Transportation. 2019. “Highways: Functional
Class”. Accessed from ArcGIS Online.

Radeloff, Volker C.; Helmers, David P.; Kramer, H. Anu; Mockrin, Miranda
H.; Alexandre, Patricia M.; Bar Massada, Avi; Butsic, Van; Hawbaker,
Todd J.; Martinuzzi, Sebastian; Syphard, Alexandra D.; Stewart, Susan
I.2017. “The 1990-2010 wildland-urban interface of the conterminous
United States - geospatial data” 2nd Edition.

Hodgson, Danielle. 2020. “Community and residential landscape
architecture projects within western Colorado”.

Figure 4.7. Hodgson, Danielle. 2020. “Map of spruce beetle projections with
residences and transportation in western Colorado”. 1:3,586,566. Map made
in ArcGIS and Adobe InDesign. Layer data:

176

USDA Forest Service. 2012. “The projected percentage loss to host

tree species basal area due to Spruce Beetle, 2013-2027”. Accessed on
February 1, 2020. https://www.fs.fed.us/foresthealth/applied-sciences/
mapping-reporting/national-risk-maps.shtml

USDA Forest Service. “National Insect and Disease Risk Map”.
Accessed on February 1, 2020. https://www.fs.fed.us/foresthealth/



applied-sciences/mapping-reporting/national-risk-maps.shtml

Colorado Department of Transportation. 2019. “Highways: Functional
Class”. Accessed from ArcGIS Online.

Radeloff, Volker C.; Helmers, David P.; Kramer, H. Anu; Mockrin, Miranda
H.: Alexandre, Patricia M.; Bar Massada, Avi; Butsic, Van; Hawbaker,
Todd J.; Martinuzzi, Sebastian; Syphard, Alexandra D.; Stewart, Susan
I.2017. “The 1990-2010 wildland-urban interface of the conterminous
United States - geospatial data” 2nd Edition.

Hodgson, Danielle. 2020. “Community and residential landscape
architecture projects within western Colorado”.

Figure 4.8. Hodgson, Danielle. 2020. “Map of public land and bark beetle projections”.
1:32,672,592. Map made in ArcGIS and Adobe InDesign. Layer data:

USDA Forest Service. 2012. “The projected percentage loss to host

tree species basal area due to Spruce Beetle, 2013-2027”. Accessed on
February 1, 2020. https://www.fs.fed.us/foresthealth/applied-sciences/
mapping-reporting/national-risk-maps.shtml

USDA Forest Service. 2012. “The projected percentage loss to host tree
species basal area due to Mountain Pine Beetle, 2013-2027. Accessed
on February 1, 2020. https://www.fs.fed.us/foresthealth/applied-
sciences/mapping-reporting/national-risk-maps.shtmtl

USDA Forest Service. “National Insect and Disease Risk Map”. Accessed
on February 1, 2020. https://www.fs.fed.us/foresthealth/applied-
sciences/mapping-reporting/national-risk-maps.shtml

USDA Forest Service. 2020. “Recreation Opportunities.” Accessed on
February 1, 2020. https://data.fs.usda.gov/geodata/edw/datasets.
php?xmlKeyword=recreation

USDA Forest Service. 2020. “National Forest System Trails”. Accessed
on February 1, 2020. https://data.fs.usda.gov/geodata/edw/datasets.
php?xmlKeyword=recreation

USDA Forest Service. 2020. “FS National Forests Dataset (US Forest
Service Proclaimed Forests)”. Accessed on February 1, 2020.
https://enterprisecontentnew-usfs.hub.arcgis.com/datasets/

177



fs-national-forests-dataset-us-forest-service-proclaimed-forests

U.S. National Parks Service. 2017. “National Park Service - Park Unit
Boundaries”. Accessed on February 1, 2020 from Arc GIS Online.

Hodgson, Danielle. 2020. “Recreation and ecological landscape
architecture projects within western Colorado”.

Figure 4.9. Hodgson, Danielle. 2020. “Map of mountain pine beetle projections and
public land in western Colorado”. 1:3,586,566. Map made in ArcGIS and
Adobe InDesign. Layer data:

.

USDA Forest Service. 2012. “The projected percentage loss to host tree
species basal area due to Mountain Pine Beetle, 2013-2027. Accessed
on February 1, 2020. https://www.fs.fed.us/foresthealth/applied-
sciences/mapping-reporting/national-risk-maps.shtmtl

USDA Forest Service. “National Insect and Disease Risk Map”. Accessed
on February 1, 2020. https://www.fs.fed.us/foresthealth/applied-
sciences/mapping-reporting/national-risk-maps.shtmtl

USDA Forest Service. 2020. “Recreation Opportunities.” Accessed on
February 1, 2020. https://data.fs.usda.gov/geodata/edw/datasets.
php?xmlKeyword=recreation

USDA Forest Service. 2020. “National Forest System Trails”. Accessed
on February 1, 2020. https://data.fs.usda.gov/geodata/edw/datasets.
php?xmlKeyword=recreation

USDA Forest Service. 2020. “FS National Forests Dataset (US Forest
Service Proclaimed Forests)”. Accessed on February 1, 2020.
https://enterprisecontentnew-usfs.hub.arcgis.com/datasets/
fs-national-forests-dataset-us-forest-service-proclaimed-forests

U.S. National Parks Service. 2017. “National Park Service - Park Unit
Boundaries”. Accessed on February 1, 2020 from Arc GIS Online.

Hodgson, Danielle. 2020. “Recreation and ecological landscape
architecture projects within western Colorado”.

Figure 4.10. Hodgson, Danielle. 2020. “ Map of spruce beetle projections and public
land in western Colorado.”. 1:3,586,566. Map made in ArcGIS and Adobe
InDesign. Layer data:

178



USDA Forest Service. 2012. “The projected percentage loss to host

tree species basal area due to Spruce Beetle, 2013-2027". Accessed on
February 1, 2020. https://www.fs.fed.us/foresthealth/applied-sciences/
mapping-reporting/national-risk-maps.shtml

USDA Forest Service. “National Insect and Disease Risk Map”. Accessed
on February 1, 2020. https://www.fs.fed.us/foresthealth/applied-
sciences/mapping-reporting/national-risk-maps.shtmtl

USDA Forest Service. 2020. “Recreation Opportunities.” Accessed on
February 1,2020. https://data.fs.usda.gov/geodata/edw/datasets.
php?xmlKeyword=recreation

USDA Forest Service. 2020. “National Forest System Trails”. Accessed
on February 1, 2020. https://data.fs.usda.gov/geodata/edw/datasets.
php?xmlKeyword=recreation

USDA Forest Service. 2020. “FS National Forests Dataset (US Forest
Service Proclaimed Forests)”. Accessed on February 1, 2020.
https://enterprisecontentnew-usfs.hub.arcgis.com/datasets/
fs-national-forests-dataset-us-forest-service-proclaimed-forests

U.S. National Park Service. 2017. “National Park Service - Park Unit
Boundaries”. Accessed on February 1, 2020 from Arc GIS Online.

Hodgson, Danielle. 2020. “Recreation and ecological landscape
architecture projects within western Colorado”.

Figure 4.11. Hodgson, Danielle. 2020. “Prominent ski resorts and bark beetle
projections”. 1:32,672,592. Map made in ArcGIS and Adobe InDesign. Layer
data:

.

USDA Forest Service. 2012. “The projected percentage loss to host

tree species basal area due to Spruce Beetle, 2013-2027". Accessed on
February 1, 2020. https://www.fs.fed.us/foresthealth/applied-sciences/
mapping-reporting/national-risk-maps.shtml

USDA Forest Service. 2012. “The projected percentage loss to host

tree species basal area due to Mountain Pine, 2013-2027. Accessed on
February 1, 2020. https://www.fs.fed.us/foresthealth/applied-sciences/
mapping-reporting/national-risk-maps.shtml

179



«  USDA Forest Service. “National Insect and Disease Risk Map”. Accessed
on February 1, 2020. https://www.fs.fed.us/foresthealth/applied-
sciences/mapping-reporting/national-risk-maps.shtmtl

. Evoss5_GlSandData. 2017. “CO_Ski_Area_Boundaries”. Accessed from
ArcGIS Online.

. Hodgson, Danielle. 2020. “Tourism-based landscape architecture
projects within western Colorado”.

Figure 4.12. Hodgson, Danielle. 2020. “Map of projected mountain pine beetle
mortality and ski resorts in western Colorado”. 1:3,586,566. Map made in
ArcGIS and Adobe InDesign. Layer data:

+  USDA Forest Service. 2012. “The projected percentage loss to host
tree species basal area due to Spruce Beetle, 2013-2027". Accessed on
February 1, 2020. https://www.fs.fed.us/foresthealth/applied-sciences/
mapping-reporting/national-risk-maps.shtml

+  USDA Forest Service. 2012. “The projected percentage loss to host tree
species basal area due to Mountain Pine Beetle, 2013-2027. Accessed
on February 1, 2020. https://www.fs.fed.us/foresthealth/applied-
sciences/mapping-reporting/national-risk-maps.shtmtl

«  USDA Forest Service. “National Insect and Disease Risk Map”. Accessed
on February 1, 2020. https://www.fs.fed.us/foresthealth/applied-
sciences/mapping-reporting/national-risk-maps.shtmtl

. Evoss5_GISandData. 2017. “CO_Ski_Area_Boundaries”. Accessed from
ArcGIS Online.

«  Hodgson, Danielle. 2020. “Tourism-based landscape architecture
projects within western Colorado”.

Figure 4.13. Hodgson, Danielle. 2020. “ Map of projected spruce beetle mortality
and ski resorts in western Colorado”. 1:3,586,566. Map made in ArcGIS and
Adobe InDesign. Layer data:

+ « USDA Forest Service. 2012. “The projected percentage loss to host
tree species basal area due to Spruce Beetle, 2013-2027”. Accessed on
February 1, 2020. https://www.fs.fed.us/foresthealth/applied-sciences/
mapping-reporting/national-risk-maps.shtml

180



« USDA Forest Service. “National Insect and Disease Risk Map”. Accessed
on February 1, 2020. https://www.fs.fed.us/foresthealth/applied-
sciences/mapping-reporting/national-risk-maps.shtmtl

. Evoss5_GlSandData. 2017. “CO_Ski_Area_Boundaries”. Accessed from
ArcGIS Online.

. Hodgson, Danielle. 2020. “Tourism-based landscape architecture
projects within western Colorado”.

Figure 4.14. Hodgson, Danielle. 2020. “Diagram showing how bark beetles impact the
landscape architecture profession”. Graphic created in Adobe Illustrator.
Image sources:

Figure 4.15. Dewey, Jerald E. 1995. “Pheromone bait”. USDA Forest Service, Bugwood.
org. Accessed on February 4, 2020. https://www.forestryimages.org/browse/
detail.cfm?imgnum=2252070.

Figure 4.16. USDA Forest Service - Region 2. 1990. “Thinned stand before slash
cleanup; Black Hills National Forest in August 1973”. Accessed on
January 28, 2020. https://www.forestryimages.org/browse/detail.
cfm?imgnum=1441014.

Figure 4.17. USDA Forest Service Region 2. 1990. “Prescribed fire burning beetle
infested trees”. Bugwood.org. Accessed on January 28, 2020. https://www.
forestryimages.org/browse/detail.cfm?imgnum=1441021.

Figure 4.18. Hodgson, Danielle. 2020. “Public perceptions of forest treatment
methods”. Graphic created in Adobe InDesign. Information obtained from:

. Arnberger, Arne, Martin Ebenberger, Ingrid E Schneider, Stuart Cottrell,
Alexander C Schlueter, Eick von Ruschkowski, Robert C Venette,
Stephanie A Snyder, and Paul H Gobster. 2018. “Visitor Preferences for
Visual Changes in Bark Beetle-Impacted Forest Recreation Settings in
the United States and Germany.” Environmental Management 61 (2):
209-23. https://doi.org/10.1007/s00267-017-0975-4.

«  USDA Forest Service .2011. “Using Insecticides to Protect Individual
Conifers from Bark Beetle Attack in the West.” https://www.fs.usda.gov/
Internet/FSE_DOCUMENTS/stelprd3839478.pdf.

. Morrissey, Christy A., Patti L. Dods, and John E. Elliott. 2008. “Pesticide

181



Treatments Affect Mountain Pin Beetle Abundance and Woodpecker
Foraging Behavior.” Ecological Applications 18 (1): 172-84. https://doi.
org/10.1890/07-0015.1.

3

«  Panagopoulos, T. 2009. “Linking Forestry, Sustainability and Aesthetics.’
Ecological Economics 68 (10): 2485-89. https://doi.org/10.1016/].
ecolecon.2009.05.006.

+  Ryan, Robert L. 2005. “Social Science to Improve Fuels Management: A
Synthesis of Research on Aesthetics and Fuels Management.” NC-GTR-
261. St. Paul, MN: U.S. Department of Agriculture, Forest Service, North
Central Research Station. https://doi.org/10.2737/NC-GTR-261.

Figure 4.19. Hodgson, Danielle. 2020. “Diagram of positive forest preferences”. Graphic
created in Adobe Illustrator. Image source:

« Joni. “Pine”. The Noun Project. Accessed on February 15, 2020. https://
thenounproject.com/icon/1439043/

Figure 4.20. Hodgson, Danielle. 2020. “Focus area and forest characteristics
highlighted by the visual resource guides.” Graphic created in Adobe
Illustrator.

«  Joni. “Pine”. The Noun Project. Accessed on February 15, 2020. https://
thenounproject.com/icon/1439043/

«  Vignesh, P. Thanga. “Cabin”. The Noun Project. Accessed on February
16, 2020. https://thenounproject.com/icon/1448577/

« Alderfer, Ben. “Hiking Trail”. The Noun Project. Accessed on February
15, 2020. https://thenounproject.com/icon/2891662/

+ Mushmellow. “People”. The Noun Project. Accessed on February 15,
2020. https://thenounproject.com/icon/2077204/

Figure 4.21 Hollen, Debbie. 2017. “Aerial view of spruce beetle damage. Kenai
Peninsula, Alaska.” USDA Forest Service, Region 6. Accessed on February
3, 2020. https://commons.wikimedia.org/wiki/File:2017._Aerial_view_of
spruce_beetle_damage._Kenai_Peninsula,_Alaska._(36672623700).jpg.

Figure 4.22. Hodgson, Danielle. 2020. “Timeline of spruce beetle outbreaks in the
Kenai Peninsula”. Graphic created in Adobe Illustrator. Information obtained
from:

182



Berg, Edward E., J. David Henry, Christopher L. Fastie, Andrew D. De
Volder, and Steven M. Matsuoka. 2006. “Spruce Beetle Outbreaks on
the Kenai Peninsula, Alaska, and Kluane National Park and Reserve,
Yukon Territory: Relationship to Summer Temperatures and Regional
Differences in Disturbance Regimes.” Forest Ecology and Management
227 (3): 219-32. https://doi.org/10.1016/j.foreco.2006.02.038.

USDA Forest Service. 2018. “Alaska Impacted by Most
Recent Spruce Beetle Outbreak.” October 5, 2018. https://
www.fs.usda.gov/inside-fs/delivering-mission/sustain/
alaska-impacted-most-recent-spruce-beetle-outbreak.

Werner, Richard A., Edward H. Holsten, Steven M. Matsuoka, and
Roger E. Burnside. 2006. “Spruce Beetles and Forest Ecosystems

in South-Central Alaska: A Review of 30 Years of Research.” Forest
Ecology and Management 227 (3): 195-206. https://doi.org/10.1016/].
foreco.2006.02.050.

Figure 4.23. Skolving, Mats. 2014. “Kootenay National Park, Kanada. Den doda skogen
ar ett resultat av Contortabastborren (Mountain pine beetle).” Accessed on
February 3, 2020. https://www.flickr.com/photos/matsen/15556138511.

Figure 4.24. Hodgson, Danielle. 2020. “Timeline of mountain pine beetle outbreaks in
Kootenay National Park”. Graphic created in Adobe Illustrator. Information
obtained from:

Cerezke, H.F. 1993. “Historical Perspective of Mountain Pine Beetle in
Kootenay National Park.” T6H 3S5. Candian Forestry Service.

Hopping, Geo. R., and W. G. Mathers. 1945. “Observations on Outbreaks
and Control of the Mountain Pine Beetle in The Lodgepole Pine Stands
of Western Canada.” The Forestry Chronicle 21 (2): 98-108. https://doi.

org/10.5558/tfc21098-2.

Shrimpton, D.M. 1994. “Forest Succession Following the Mountain Pine
Beetle Outbreak in Kootenay Park Which Occurred During the 1930’s.”
Forest Health, B.C. Ministry of Forests.

Figure 4.25. USDA Forest Service. 2011. “Beetle-killed forest in South Dakota”.
Accessed on February 3, 2020. https://www.fs.usda.gov/rmrs/science-
spotlights/115-year-bark-beetle-saga-black-hills. CC-0

183



Figure 4.26. Hodgson, Danielle. 2020. “Timeline of mountain pine beetle outbreaks in
Kootenay National Park”. Graphic created in Adobe Illustrator. Information
obtained from:

. Graham, Russell T., Lance A. Asherin, Michael A. Battaglia, Theresa B.
Jain, and Stephen A. Mata. 2016. “Mountain Pine Beetles: A Century of
Knowledge, Control Attempts, and Impacts Central to the Black Hills.”
RMRS-GTR-353. General Technical Report. USDA Forest Service.

. Sartwell, Charles; Stevens, Robert E. 1975. “Mountain pine beetle in
ponderosa pine—Prospects for silvicultural control in second-growth
stands”. Journal of Forestry. 73(3):136-140.

Figure 4.27. Hodgson, Danielle. 2020. “Precedent study summary diagram”. Graphic
created in Adobe Illustrator.

Figure 5.1. Huber, Dezene. 2007. “In this picture taken by Dezene Huber, an SFU
doctoral biology graduate and a University of Northern British Columbia
researcher, the devastation wreaked by the mountain pine beetle cuts a
wide swath through B.C. forests.”. Simon Fraser University. Accessed on
January 28, 2020. https://bit.ly/2RS00be.

Figure 5.2. Hodgson, Danielle. 2020. “Diagram of chapter elements that form
management guidelines”. Graphic created in Adobe Illustrator.

Figure 5.3. Hodgson, Danielle. 2020. “Visual sensitivity rating”. Graphic created in
Adobe Illustrator. Image sources:

«  Joni. “Pine”. The Noun Project. Accessed on February 15, 2020. https://
thenounproject.com/icon/1439043/

« Mushmellow. “People”. The Noun Project. Accessed on February 15,
2020. https://thenounproject.com/icon/2077204/

Figure 5.4. Hodgson, Danielle. 2020. “Stages of bark beetle infestation”. Graphic
created in Adobe Illustrator. Image sources:

«  Joni. “Pine”. The Noun Project. Accessed on February 15, 2020. https://
thenounproject.com/icon/1439043/

«  Parkjisun. “Cedar”. The Noun Project. Accessed on February 15, 2020.
https://thenounproject.com/icon/607316/

184



Figure 5.5. Hodgson, Danielle. 2020. “Diagram showing determination of impact to
scenic value.” Graphic created in Adobe Illustrator.

Figure 5.6. Hodgson, Danielle. 2020. “Processes influencing management guidelines”.
Graphic created in Adobe Illustrator.

Figures 5.7-5.16. Hodgson, Danielle. 2020. “Depictions of management guidelines.”
Graphics created in Adobe Illustrator. Image sources:

Joni. “Pine”The Noun Project. Accessed on February 15, 2020. https://
thenounproject.com/icon/1439043/

Parkjisun. “Cedar”. The Noun Project. Accessed on February 15, 2020.
https://thenounproject.com/icon/607316/

Prado, Luis. “Surveying”The Noun Project. Accessed on February 15,
2020. https://thenounproject.com/icon/16833/

Beasley, Adam. “team”The Noun Project. Accessed on February 15,
2020. https://thenounproject.com/icon/398602/

Coquet, Adrian. “Communication”The Noun Project. Accessed on
February 15, 2020. https://thenounproject.com/icon/2383266/

Vignesh, P. Thanga. “Cabin”The Noun Project. Accessed on February 16,
2020. https://thenounproject.com/icon/1448577/

»

Mushmellow. “People”The Noun Project. Accessed on February 15,
2020. https://thenounproject.com/icon/2077204/

Meiertoberens, Lars.”Signpost”. The Noun Project. Accessed on
February 15, 2020. https://thenounproject.com/icon/2582869/

Mugayi, Tinashe. “cancel”The Noun Project. Accessed on February 15,
2020. https://thenounproject.com/icon/744429/

Asmuh. “checkmark”The Noun Project. Accessed on February 15, 2020.
https://thenounproject.com/icon/2193620/

Smalllike. “evaluation”The Noun Project. Accessed on February 15,
2020. https://thenounproject.com/icon/2146803/

Figure 5.17. Hodgson, Danielle. 2020. “Visualization of a recreation scenario before
treatment.”. Created using Adobe Photoshop. Image sources:

185



«  Ciesla, William. 2008. “Tree mortality”. Forest Health Management
International. Bugwood.org. Accessed on February 25, 2020. https://
www.forestryimages.org/browse/detail.cfm?imgnum=5382438.

. Coconino National Forest. 2017. “Slate Mountain Trail”.
Accessed on February 25, 2020. https://www.flickr.com/photos/
coconinonationalforest/36532282650.

Figure 5.18. Hodgson, Danielle. 2020. Trail with management interventions. Created
using Adobe Photoshop. Images retrieved from

« Ajay, Guduru. “Man in purple t-shirt with blue backpack sitting on gray
boulder”. Retrieved on February 25, 2020. https://www.pexels.com/
photo/man-in-purple-t-shirt-with-blue-backpack-sitting-on-gray-
boulder-939725/

«  EskoRa.2005. “Hautaroykkiokentdn reunaa, Stone heap fields outline”.
Accessed on February 25, 2020. https://commons.wikimedia.org/wiki/
File:Hautar%C3%B6ykki%C3%B6kent%C3%A4n_reunaa,_Stone_heap_
fields_outline.jpg.

« U.S. National Parks Service. “Consider joining a ranger-led hike!”.
Accessed on February 25, 2020. https://www.nps.gov/glac/
planyourvisit/hikingthetrails.htm.

. Coconino National Forest. 2017. “Slate Mountain Trail”.
Accessed on February 25, 2020. https://www.flickr.com/photos/
coconinonationalforest/36532282650.

«  Famartin. 2015. “Ponderosa pine sapling along the Trail Canyon Trail
in the Mount Charleston Wilderness” Accessed on February 25, 2020.
https://commons.wikimedia.org/wiki/File:2015-04-30_16_00_10_
Ponderosa_Pine_sapling_along_the_Trail_Canyon_Trail_in_the_
Mount_Charleston_Wilderness, Nevada_about_1.8_miles_north_of_
the_trailhead.jpg.

Figure 5.19. Hodgson, Danielle. 2020. Visualization of residential scenario before
treatment. Created using Adobe Photoshop. Images retrieved from:

«  IHAHoliday Ads. “House in Columbia Falls - Advert 56372”.
Accessed on March 4, 2020. https://s.iha.com/5637200005326/

186



Short-term-rentals-Columbia-falls-Glacier-Tamarack-Tranquility_5.jpeg

Ciesla, William M. 2010. “Spruce beetle mortality.” Forest Health
Management International, Bugwood.org. Accessed on March 4, 2020.
https://www.forestryimages.org/browse/detail.cfm?imgnum=1587050.

Munson, A. Steven. 2006. “Untitled photograph of spruce beetle
infestation.” USDA Forest Service, Bugwood.org. Accessed on
March 4, 2020. https://www.forestryimages.org/browse/detail.
cfm?imgnum=1470043&.

Munson, A. Steven. 2004. “Untitled photograph of spruce mortality”.
USDA Forest Service, Bugwood.org. Accessed on March 4, 2020. https://
www.forestryimages.org/browse/detail.cfm?imgnum=2141057.

Ciesla, William M. 2015. “Location Ramoulette Park near Lake City,
CO”. Forest Health Management International, Bugwood.org. Accessed
on January 28, 2020. https://www.forestryimages.org/browse/detail.
cfm?imgnum=5540374.

Figure 5.20. Hodgson, Danielle. 2020. Visualization of residential scenario after
treatment . Created using Adobe Photoshop. Images retrieved from:

IHA Holiday Ads. “House in Columbia Falls - Advert 56372”. Accessed on
March 4, 2020. https://s.iha.com/5637200005326/Short-term-rentals-
Columbia-falls-Glacier-Tamarack-Tranquility_5.jpeg

Ciesla, William M. 2010. “Spruce beetle mortality.” Forest Health
Management International, Bugwood.org. Accessed on March 4, 2020.
https://www.forestryimages.org/browse/detail.cfm?imgnum=1587050.

Munson, A. Steven. 2006. “Untitled photograph of spruce beetle
infestation”. USDA Forest Service, Bugwood.org. Accessed on March 4,
2020.

Bilder, Kommerzielle. “Feuerstelle einsam entspannung’”.
Accessed on March 4, 2020. https://pixabay.com/de/photos/
feuerstelle-einsam-entspannung-1401480/

Konieczny, Mateusz. 2018. “Trail in Tatra mountain
paved with local rocks, route to Giewont.” Accessed on
March 5, 2020. https://commons.wikimedia.org/wiki/

187



File:Trail_in_Tatra_mountains_paved_with_local_rocks.jpg.
Hodgson, Danielle. 2019. “Untitled photograph of Jenny Lake”.

U.S. National Park Service. “Untitled photograph of a tour group
in Independence National Historical Park.” Accessed on March 5,
2020. https://www.nps.gov/inde/planyourvisit/specialprograms.
htm?date_start=07/04/2017&date_end=07/05/2017&keyword=

Miller, Kent. “A beautiful spot in Denali National Park and Preserve to
enjoy the sounds of nature”. U.S. National Park Service. https://www.
nps.gov/articles/keeping-the-peace-and-quiet.htm

Figure 5.21. Hodgson, Danielle. 2020. Visualization of ecological scenario before
treatment . Created using Adobe Photoshop. Images retrieved from:

Powell, Dave. 2002. “Pine stand killed by beetle, La Grande Ranger
District”. USDA Forest Service (retired), Bugwood.org. Accessed

on March 6, 2020. https://www.forestryimages.org/browse/detail.
cfm?imgnum=1207055.

“Untitled photograph of a creek in a pine forest.” Accessed on
March 6, 2020. https://www.needpix.com/photo/download/563642/
nature-creek-river-pine-trees-sky-fishing-wild-free-pictures

Famartin. 2015. “Informational signs at the Trail Canyon Trailhead at
the edge of the Boundary Peak Wilderness”. Accessed on March 6, 2020.
https://commons.wikimedia.org/wiki/File:2015-05-03_06_16_52_
Informational_signs_at_the_Trail_Canyon_Trailhead_at_the_edge_of_
the_Boundary_Peak_Wilderness_in_Esmeralda_County, Nevada.jpg

Figure 5.22. Hodgson, Danielle. 2020. Visualization of ecological scenario after
treatment . Created using Adobe Photoshop. Images retrieved from:

188

Powell, Dave. 2002. “Pine stand killed by beetle, La Grande Ranger
District”. USDA Forest Service (retired), Bugwood.org. Accessed

on March 6, 2020. https://www.forestryimages.org/browse/detail.
cfm?imgnum=1207055.

“Untitled photograph of a creek in a pine forest.” Accessed on
March 6, 2020. https://www.needpix.com/photo/download/563642/



nature-creek-river-pine-trees-sky-fishing-wild-free-pictures

«  Famartin. 2015. “Informational signs at the Trail Canyon Trailhead at
the edge of the Boundary Peak Wilderness”. Accessed on March 6, 2020.
https://commons.wikimedia.org/wiki/File:2015-05-03_06_16_52_
Informational_signs_at_the_Trail_Canyon_Trailhead_at_the_edge_of_
the_Boundary_Peak_Wilderness_in_Esmeralda_County, Nevada.jpg

+  Yuen. Eric. “Wooden Bridge and Small Cascade Waterfall”. Accessed on

March 6, 2020. https://freerangestock.com/photos/113597/wooden-
bridge-and-small-cascade-waterfall.html

. Geo, Rebaz. “Man standing on cliff edge”. Accessed on March 6, 2020.
https://www.pexels.com/photo/man-standing-on-cliff-edge-3488485/

. Peaco, Jim. 2008. “Hikers on Bunsen Peak Trail”. U.S. National Park
Service. Accessed on March 6, 2020. https://www.flickr.com/photos/
yellowstonenps/14353943122
Figure 6.1. Ciesla, William M. 2015 “Old mortality, La Garita Range, CO”. Forest Health

Management International, Bugwood.org. Accessed on January 28, 2020.
https://www.forestryimages.org/browse/detail.cfm?imgnum=5540365.

Note: all images used are within the public domain or
within appropriate Creative Commons usage

189



APPENDIX C: REFERENCES

Alaska Department of Natural Resources. n.d. “What’s Bugging Alaska’s Forests?
Spruce Beetle Facts and Figures.” Page. 2017-DNR-Forestry-Subnav-Page.
Accessed February 4, 2020. http://forestry.alaska.gov/insects/sprucebeetle.

Amman, G.D., and B.H. Baker. 1972. “Mountain Pine Bettle Influence on Lodgepole
Pine Stand Structure.” Journal of Forestry 70 (4): 6.

Arnberger, Arne, Martin Ebenberger, Ingrid E. Schneider, Stuart Cottrell, Alexander
C. Schlueter, Eick von Ruschkowski, Robert C. Venette, Stephanie A.
Snyder, and Paul H. Gobster. 2018. “Visitor Preferences for Visual Changes
in Bark Beetle-Impacted Forest Recreation Settings in the United States
and Germany.” Environmental Management 61 (2): 209-23. https://doi.
org/10.1007/s00267-017-0975-4.

Barker, Jason. 2003. “The Western Pine Beetle and Forest Health: Historical
Approaches and Contemporary Consequences.” American Entomologist 49
(3): 142-48. https://doi.org/10.1093/ae/49.3.142.

Bartos, Dale L., and Richard F. Schmitz. 1998. “Characteristics of Endemic-Level
Mountain Pine Beetle Populations in South-Central Wyoming.” RMRS-RP-
13. Ft. Collins, CO: U.S. Department of Agriculture, Forest Service, Rocky
Mountain Research Station. https://doi.org/10.2737/RMRS-RP-13.

Bentz, Barbara J. 2009. “Bark Beetle Outbreaks in Western North America: Causes
and Consequences.” Snowbird, Utah: Bark Beetle Symposium. https://www.
fs.fed.us/rm/pubs_other/rmrs_2009_bentz_b001.pdf.

Bentz, Barbara J., Jacob P. Duncan, and James A. Powell. 2016. “Elevational Shifts
in Thermal Suitability for Mountain Pine Beetle Population Growth in a
Changing Climate.” Forestry 89 (3): 271-83. https://doi.org/10.1093/forestry/
cpv054.

Bentz, Barbara J., Anna Maria Jonsson, Martin Schroeder, Aaron Weed, Renate Anna
Irma Wilcke, and Karin Larsson. 2019. “Ips Typographus and Dendroctonus
Ponderosae Models Project Thermal Suitability for Intra- and Inter-
Continental Establishment in a Changing Climate.” Frontiers in Forests and
Global Change 2: 1. https://doi.org/10.3389/ffgc.2019.00001.

190



Bentz, Barbara J., Jacques Régniere, Christopher J Fettig, E. Matthew Hansen, Jane
L. Hayes, Jeffrey A. Hicke, Rick G. Kelsey, Jose F. Negrén, and Steven J.
Seybold. 2010. “Climate Change and Bark Beetles of the Western United
States and Canada: Direct and Indirect Effects.” BioScience 60 (8): 602-13.
https://doi.org/10.1525/bi0.2010.60.8.6.

Berg, Edward E., J. David Henry, Christopher L. Fastie, Andrew D. De Volder, and
Steven M. Matsuoka. 2006. “Spruce Beetle Outbreaks on the Kenai
Peninsula, Alaska, and Kluane National Park and Reserve, Yukon Territory:
Relationship to Summer Temperatures and Regional Differences in
Disturbance Regimes.” Forest Ecology and Management 227 (3): 219-32.
https://doi.org/10.1016/j.foreco.2006.02.038.

Brown, Thomas, and Terry Daniel. 1984. “Modeling Forest Scenic Beauty: Concepts

and Application to Ponderosa Pine /.” Research Paper RM-256. USDA Forest
Service.

Bureau of Land Management. 1986. “Visual Resource Contrast Rating.” Manual 8431.
http://blmwyomingvisual.anl.gov/docs/BLM_VCR_8431.pdf.

———.n.d. “Bureau of Land Management Visual Contrast Rating.” Accessed February
9, 2020. http://blmwyomingvisual.anl.gov/assess-simulate/blm/.

Byron, Eve. 5AD. “Beetle Infestation at Epidemic Levels on Forest Land.” Independent
Record. March 17, 5AD. https://helenair.com/news/state-and-regional/
beetle-infestation-at-epidemic-levels-on-forest-land/article_2f797366-fad8-
5fe4-8722-7f1c3f8679c7.html.

Cerezke, H.F. 1993. “Historical Perspective of Mountain Pine Beetle in Kootenay
National Park.” T6H 3S5. Candian Forestry Service.

Colorado State Forest Service. 2014. “Spruce Beetle.” FM 2014-1. Quick Guide Series.
Colorado State University.

———.2018.“2018 Report on The Health of Colorado’s Forests.”

———.2019a. “Mountain Pine Beetle.” Forest Health and Management. 2019. https://
csfs.colostate.edu/forest-management/common-forest-insects-diseases/
mountain-pine-beetle/.

———.2019b. “Spruce Beetle.” Colorado State Forest Service (blog). 2019. https://
csfs.colostate.edu/forest-management/common-forest-insects-diseases/

191



spruce-bark-beetle/.

Covington, W. Wallace, and Leonard F. DeBano. 1994. “Sustainable Ecological
Systems: Implementing an Ecological Approach to Land Management, July
12-15, 1993, Flagstaff, Arizona.” General Technical Report RM-247. Flagstaff,
Arizona: USDA Forest Service, Rocky Mountain Forest and Range Experiment
Station.

Dell, Isaac Hans, and Thomas Seth Davis. 2019. “Effects of Site Thermal Variation and
Physiography on Flight Synchrony and Phenology of the North American
Spruce Beetle (Coleoptera: Curculionidae, Scolytinae) and Associated
Species in Colorado.” Enivornmental Entomology 48 (4): 998-1011.

Donaldson, Susan, and Steven J. Seybold. 1998. “Thinning and Sanitation: Tools for
the Management of Bark Beetles in the Lake Tahoe Basin.” University of
Nevada Reno.

Dresser, Matthew A., Victoria A. Saab, and Quresh S. Latif. n.d. “Implications of a
Recent Mountain Pine Beetle Epidemic for Habitat and Populations of Birds:
Elkhorn Mountains, Helena National Forest.” Annual Progress Report.

Elledge, Jim, and Becky Barlow. 2010. “Basal Area: A Measure Made for Management.”
ANR-1371. Alabama Cooperative Extension System. https://www.
envirothonpa.org/wp-content/uploads/2019/10/Basal-Area-_-A-Measure-
Made-for-Management.pdf.

Fettig, Christopher J., Robert Borys, and Christopher Dabney. 2010. “Effects of Fire
and Fire Surrogate Treatments on Bark Beetle-Caused Tree Mortality in the
Southern Cascades, California.” Forest Science 56 (1): 14.

Fettig, Christopher J., Kenneth E. Gibson, A. Steven Munson, and José F. Negrén.
2014. “Cultural Practices for Prevention and Mitigation of Mountain Pine
Beetle Infestations.” Forest Science 60 (3): 450-63. https://doi.org/10.5849/
forsci.13-032.

Flint, Courtney G. 2006. “Community Perspectives on Spruce Beetle Impacts on the
Kenai Peninsula, Alaska.” Forest Ecology and Management 227 (3): 207-18.
https://doi.org/10.1016/j.foreco.2006.02.036.

Flint, Courtney G., and Richard Haynes. 2006. “Managing Forest Disturbances and
Community Responses: Lessons from the Kenai Peninsula, Alaska.” Journal

192



of Forestry, 7.

Frost, Herbert. 2009. Mountain Pine Beetle. U.S. Department of the Interior. https://
www.doi.gov/ocl/hearings/111/MountainPineBeetle_061609.

Funk, Jason, Stephen Saunders, Todd Sanford, Tom Easley, and Adam Markham.
2014. “Rocky Mountain Forests at Risk: Confronting Climate-Driven Impacts
from Insects, Wildfires, Heat, and Drought.”

Gan, Jianbang, Stephen H. Kolison, and James H. Miller. 2000. “Public Preferences for
Nontimber Benefits of Eoblolly Pine (1%zus Taeda) Stands Regenerated by
Different Site Preparation Methods.” Southern Journal of Applied Forestry
24 (3): 145-49.

Gobster, Paul H. 1999. “An Ecological Aesthetic for Forest Landscape Management.”
Landscape Journal 18 (1): 54-64.

Graham, Russell T., Lance A. Asherin, Michael A. Battaglia, Theresa B. Jain, and
Stephen A. Mata. 2016. “Mountain Pine Beetles: A Century of Knowledge,
Control Attempts, and Impacts Central to the Black Hills.” RMRS-GTR-353.
General Technical Report. USDA Forest Service.

Hand, M. S., J. A. Thacher, D. W. McCollum, and R. P. Berrens. 2008. “Intra-Regional
Amenities, Wages, and Home Prices: The Role of Forests in the Southwest.”
Land Economics 84 (4): 635-51. https://doi.org/10.3368/le.84.4.635.

Hayes, J.L., and J.E. Lundquist. 2009. “The Western Bark Beetle Research Group:
A Unique Collaboration with Forest Health Protection-Proceedings of a
Symposium at the 2007 Society of American Foresters Conference.” PNW-
GTR-784. Portland, OR: U.S. Department of Agriculture, Forest Service,
Pacific Northwest Research Station. https://doi.org/10.2737/PNW-GTR-784.

Holsten, E.H., RW. Thier, A.S. Munson, and K.E. Gibson. 1999. “The Spruce Beetle.”
127. Forest Insect and Disease Leaflet. USDA Forest Service.

Hopping, Geo. R., and W. G. Mathers. 1945. “Observations on Outbreaks and Control
of the Mountain Pine Beetle in The Lodgepole Pine Stands of Western
Canada.” The Forestry Chronicle 21 (2): 98-108. https://doi.org/10.5558/
tfc21098-2.

lvan, Jacob S., Amy E. Seglund, Richard L. Truex, and Eric S. Newkirk. 2018.

193



“Mammalian Responses to Changed Forest Conditions Resulting from

Bark Beetle Outbreaks in the Southern Rocky Mountains.” Ecosphere 9 (8):
e02369. https://doi.org/10.1002/ecs2.2369.

Jakus, Paul, and Kerry Smith. 1991. “Measuring Use and Nonuse Values for Landscape
Amenities: A Contingent Behavior Analysis of Gypsy Moth Control.”

Resources for the Future.
Jenkins, Michael J., Elizabeth Hebertson, Wesley Page, and C. Arik Jorgensen. 2008.

“Bark Beetles, Fuels, Fires and Implications for Forest Management in the
Intermountain West.” Forest Ecology and Management, 19.

Jenkins, Michael J., Wesley G. Page, Elizabeth G. Hebertson, and Martin E. Alexander.

2012. “Fuels and Fire Behavior Dynamics in Bark Beetle-Attacked Forests
in Western North America and Implications for Fire Management.”

Forest Ecology and Management 275: 23-34. https://doi.org/10.1016/].
foreco.2012.02.036.

Kapoor, Maya L. 2017. “Why the Endangered Species Act Can’t Save
Whitebark Pines.” June 2, 2017. https://www.hcn.org/articles/
why-the-endangered-species-act-cant-save-the-vanishing-whitebark-pine.
Kim, Yeon-Su, and Aaron Wells. 2005. “The Impact of Forest Density on Property
Values.” Journal of Forestry, 6.
Kulakowski, Dominik, and Daniel Jarvis. 2011. “The Influence of Mountain Pine Beetle

Outbreaks and Drought on Severe Wildfires in Northwestern Colorado
and Southern Wyoming: A Look at the Past Century.” Forest Ecology and
Management 262 (9): 1686-96. https://doi.org/10.1016/j.foreco.2011.07.016.
Kurz, W. A, C. C. Dymond, G. Stinson, G. J. Rampley, E. T. Neilson, A. L. Carroll, T.
Ebata, and L. Safranyik. 2008. “Mountain Pine Beetle and Forest Carbon
Feedback to Climate Change.” Nature 452 (7190): 987-90. https://doi.
org/10.1038/nature06777.

Larsen, Leia. 2014. “Timber Industry’s Role Uncertain, Even with Western Bark Beetle

Epidemics.” Standard-Examiner. October 8, 2014. https://www.standard.net/
news/environment/timber-industry-s-role-uncertain-even-with-western-
bark-beetle/article_99143162-5221-5392-9fd4-c7a331266989.html.

194



Lill, Avery. 2019. “The Earth Is Warming And That Means Spruce Beetles Are Getting
Bigger (But It’'s Not All Bad News).” Colorado Public Radio. August 21, 2019.
https://www.cpr.org/2019/08/21/the-earth-is-warming-and-that-means-
spruce-beetles-are-getting-bigger-but-its-not-all-bad-news/.

Loomis, John. 2004. “Do Nearby Forest Fires Cause a Reduction in Residential
Property Values?” Journal of Forest Economics 10 (3): 149-57. https://doi.
0rg/10.1016/j.jfe.2004.08.001.

Lundquist, J.E. 2016. “Forest Health Treatment Area.” Progress Report. USDA Forest
Service.

Lundquist, John E., and Robin M. Reich. 2014. “Landscape Dynamics of Mountain
Pine Beetles.” Forest Science 60 (3): 464-75. https://doi.org/10.5849/
forsci.13-064.

Miller, J.M., and F.P Keen. 1960. Biology and Control of the Western Pine Beetle:
A Summary of the First Fifty Years of Research. Washington D.C.: U.S.
Department of Agriculture, Forest Service.

Mitton, Jeffery B., and Scott M. Ferrenberg. 2012. “Mountain Pine Beetle Develops an
Unprecedented Summer Generation in Response to Climate Warming.” The
American Naturalist 179 (5): E163-71. https://doi.org/10.1086/665007.

Montana DNRC. n.d. “Bark Beetle Pheromones.” Accessed February 10, 2020. http://
dnrc.mt.gov/divisions/forestry/forestry-assistance/pest-management/
bark-beetle-pheromones.

Morris, Jesse L., Stuart Cottrell, Christopher J. Fettig, Winslow D. Hansen, Rosemary L.
Sherriff, Vachel A. Carter, Jennifer L. Clear, et al. 2017. “Managing Bark Beetle
Impacts on Ecosystems and Society: Priority Questions to Motivate Future
Research.” Edited by Lorenzo Marini. Journal of Applied Ecology 54 (3):
750-60. https://doi.org/10.1111/1365-2664.12782.

Morrissey, Christy A., Patti L. Dods, and John E. Elliott. 2008. “Pesticide Treatments
Affect Mountain Pin Beetle Abundance and Woodpecker Foraging Behavior.”
Ecological Applications 18 (1): 172-84. https://doi.org/10.1890/07-0015.1.

Nassauer, Joan Iverson. 1995. “Messy Ecosystems, Orderly Frames.” Landscape
Journal 14 (2): 161-70. https://doi.org/10.3368/1j.14.2.161.

Nielsen, Anders Busse, Erik Heyman, and Gustav Richnau. 2012. “Liked, Disliked

195



and Unseen Forest Attributes: Relation to Modes of Viewing and Cognitive
Constructs.” Journal of Environmental Management 113 (December):
456-66. https://doi.org/10.1016/j.jenvman.2012.10.014.

Oatman, Maddie. 2015. “Bark Beetles Are Decimating Our Forests. That Might Actually
Be a Good Thing.” Mother Jones (blog). May 2015. https://www.motherjones.
com/environment/2015/03/bark-pine-beetles-climate-change-diana-six/.

Panagopoulos, T. 2009. “Linking Forestry, Sustainability and Aesthetics.” Ecological
Economics 68 (10): 2485-89. https://doi.org/10.1016/j.ecolecon.2009.05.006.

Parks Canada. 2018. “Mountain Pine Beetle - Waterton Lakes National Park.”
August 22, 2018. https://www.pc.gc.ca/en/pn-np/ab/waterton/nature/
faune-wildlife/ponderosa-beetle.

———.2019. “Nature and Science - Kootenay National Park.” https://www.pc.gc.ca/
en/pn-np/bc/kootenay/nature.

Prestemon, Jeffrey P., Karen L. Abt, Kevin M. Potter, and Frank H. Koch. 2013. “An
Economic Assessment of Mountain Pine Beetle Timber Salvage in the West.”
Western Journal of Applied Forestry 28 (4): 143-53. https://doi.org/10.5849/
wjaf.12-032.

Price, James I, Daniel W. McCollum, and Robert P. Berrens. 2010. “Insect Infestation
and Residential Property Values: A Hedonic Analysis of the Mountain Pine
Beetle Epidemic.” Forest Policy and Economics 12 (6): 415-22. https://doi.
org/10.1016/j.forpol.2010.05.004.

Puikkonen, Karina. 2019. “Spruce Beetle Outbreak Research: New Research Shows
Importance of Climate on Spruce Beetle Flight.” Warner College of Natural
Resources (blog). June 19, 2019. https://warnercnr.source.colostate.edu/
new-research-shows-importance-of-climate-on-spruce-beetle-flight/.

Romeo, Jonathan. 2019a. “As Beetle Kill Spreads, Will the Drive from Durango to
Silverton Resemble Wolf Creek Pass?” Durango Herald. January 17, 2019.
https://durangoherald.com/articles/259112.

———.2019b. “In Beetle-Kill Forests, There Are Winners and Losers.” The Journal. May
18, 2019. https://the-journal.com/articles/139062.

Romme, W.H., J. Clement, J. Hicke, D. Kulakowski, L.H. MacDonald, T.L. Schoennagel,

196



and T.T. Veblen. 2009. “Recent Forest Insect Outbreaks and Fire Risk in
Colorado Forests: A Brief Synthesis of Relevant Research,” 26.

Romme, W.H., J.B. Yavitt, D.H. Knight, and J. Fedders. 1983. “Mountain Pine Beetle
Infestation: Cycling and Succession in Lodgepole Pine Forest.” University of
Wyoming National Park Service Research Center Annual Report 7 (23): 6.

Rosenberger, Randall S., Lauren A. Bell, Patricia A. Champ, and Eric M. White. 2013.
“Estimating the Economic Value of Recreation Losses in Rocky Mountain
National Park Due to a Mountain Pine Beetle Outbreak.” In, 12:9.

Rosenberger, Randall S., and Eric L. Smith. 1997. “Nonmarket Economic Impacts of
Forest Insect Pests: A Literature Review.” PSW-GTR-164. Albany, CA: U.S.
Department of Agriculture, Forest Service, Pacific Southwest Research
Station. https://doi.org/10.2737/PSW-GTR-164.

Ross, Darrell W., Gary E. Daterman, Jerry L. Boughton, and Thomas M. Quigley. 2001.
“Forest Health Restoration in South-Central Alaska: A Problem Analysis.”
PNW-GTR-523. Portland, OR: U.S. Department of Agriculture, Forest Service,
Pacific Northwest Research Station. https://doi.org/10.2737/PNW-GTR-523.

Ryan, Robert L. 2005. “Social Science to Improve Fuels Management: A Synthesis
of Research on Aesthetics and Fuels Management.” NC-GTR-261. St. Paul,
MN: U.S. Department of Agriculture, Forest Service, North Central Research
Station. https://doi.org/10.2737/NC-GTR-261.

Samman, Safiya, and Jesse Logan. 2000. “Assessment and Response to Bark Beetle
Outbreaks in the Rocky Mountain Area.” RMRS-GTR-62. Ft. Collins, CO:
U.S. Department of Agriculture, Forest Service, Rocky Mountain Research
Station. https://doi.org/10.2737/RMRS-GTR-62.

Sartwell, Charles; Stevens, Robert E. 1975. “Mountain pine beetle in ponderosa pine—
Prospects for silvicultural control in second-growth stands.” Journal of
Forestry. 73(3):136-140.

Schulz, Bethany. 2003. “Changes in Downed and Dead Woody Material Following
a Spruce Beetle Outbreak on the Kenai Peninsula, Alaska.” PNW-RP-
559. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific

197



Northwest Research Station. https://doi.org/10.2737/PNW-RP-559.

Seybold, S.J., T.D. Paine, and S.H. Dreistadt. 2008. “Bark Beetles: Integrated Pest
Management for Home Gardeners and Landscape Professionals.” 7421. Pest
Notes. University of California Agriculture and Natural Resources. http://
ipm.ucanr.edu/PDF/PESTNOTES/pnbarkbeetles.pdf.

Shrimpton, D.M. 1994. “Forest Succession Following the Mountain Pine Beetle
Outbreak in Kootenay Park Which Occurred During the 1930’s.” Forest
Health, B.C. Ministry of Forests.

Simard, Martin, Erinn N. Powell, Kenneth F. Raffa, and Monica G. Turner. 2012. “What
Explains Landscape Patterns of Tree Mortality Caused by Bark Beetle
Outbreaks in Greater Yellowstone?” Global Ecology and Biogeography 21 (5):
556-67. https://doi.org/10.1111/j.1466-8238.2011.00710.x.

Snyder, Michael. 2019. “What Is a Forest Stand (and Why Do Foresters Seem so Stuck
on Them)?” Center for Northern Woodlands Education. July 2, 2019. https://
northernwoodlands.org/articles/article/forest-stand.

Stark, Ronald W. 1987. “Impacts of Forest Insects and Diseases: Significance
and Measurement.” Critical Review in Plant Sciences 5 (2). https://doi.
org/10.1080/07352688709382238.

Stephens, S. 2010. “Product Use to Prevent Mountain Pine Beetle.” 2010-1. Quick
Guide Series. Colorado State Forest Service.

Tabacaru, Crisia Alexandra, Jane Park, and Nadir Erbilgin. 2016. “Prescribed Fire
Does Not Promote Outbreaks of a Primary Bark Beetle at Low-Density
Populations.” Edited by lan Kaplan. Journal of Applied Ecology 53 (1):
222-32. https://doi.org/10.1111/1365-2664.12546.

Tan, Tiffany. 2016. “Forest Slowly Winning War against Mountain Pine Beetle.” Rapid
City Journal. February 5, 2016. https://rapidcityjournal.com/news/local/
forest-slowly-winning-war-against-mountain-pine-beetle/article_0aa6579e-
2d6¢-52d5-962f-c149bca2e309.html.

Teich, Michaela, Martin Schneebeli, Peter Bebi, Andrew D. Giunta, Curtis A. Gray,
and Michael J. Jenkins. 2016. “Effects of Bark Beetle Attacks on Snowpack
and Snow Avalanche Hazard.” International Snow Science Workshop, 9.
Breckenridge, Colorado.

198



Temperli, Christian, Sarah J. Hart, Thomas T. Veblen, Dominik Kulakowski, Julia J.
Hicks, and Robert Andrus. 2014. “Are Density Reduction Treatments Effective
at Managing for Resistance or Resilience to Spruce Beetle Disturbance in
the Southern Rocky Mountains?” Forest Ecology and Management 334
(December): 53-63. https://doi.org/10.1016/j.foreco.2014.08.028.

University of California IPM. 5/18. “Bark Beetles.” Statewide Integrated Pest
Management Program. 5/18. http://ipm.ucanr.edu/QT/barkbeetlescard.
html.

U.S. Department of Transportation. 2015. “Guidelines for the Visual Impact
Assessment of Highway Projects.” FHWA-HEP-15-029. http://
blmwyomingvisual.anl.gov/docs/VIA_Guidelines_for_Highway_Projects.pdf.

U.S. National Park Service. 2005. “Bark Beetle Management Plan - Environmental
Assessment.” Rocky Mountain National Park. https://www.nps.gov/romo/
learn/management/upload/pine_beetle_ea_07-05.pdf.

———.2016. “Visual Resources Program Inventory Factsheet.” U.S. Department of the
Interior.

———.2018. “Mountain Pine Beetle.” Rocky Mountain National Park. May 29, 2018.
https://www.nps.gov/romo/learn/nature/mtn_pine_beetle_background.
htm.

———.2019. “Record Visitation At Rocky Mountain National Park In 2018.” February
13,2019. https://www.nps.gov/romo/learn/news/record-visitation-at-rocky-
mountain-national-park-in-2018.htm.

U.S. Department of Agriculture, Forest Service. 1995. “Landscape Aesthetics - A
Handbook for Scenery Management.”

———.2011. “Using Insecticides to Protect Individual Conifers from Bark Beetle
Attack in the West.” https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/
stelprd3839478.pdf.

———.2017. “Major Forest Insect and Disease Conditions in the United States: 2015.”
FS-1093.

———.2018. “Alaska Impacted by Most Recent Spruce Beetle Outbreak.” October
5, 2018. https://www.fs.usda.gov/inside-fs/delivering-mission/sustain/
alaska-impacted-most-recent-spruce-beetle-outbreak.

199



———.2019. “Bark Beetles.” July 2019. https://www.fs. fed.us/research/
invasive-species/insects/bark-beetle/.

———.n.d. “About the Epidemic.” Rocky Mtn. Bark Beetle. Accessed February 4, 2020.
https://www.fs.usda.gov/main/barkbeetle/aboutepidemic.

———.n.d. “Using Verbenone to Protect Trees from Mountain Pine Beetle.”

VanderSchaaf, Curtis L. 2019. “Reineke’s Stand Density Index: A Quantitative and Non-
Unitless Measure of Stand Density,” 4.

Walters, Brian F., Christopher W. Woodall, Ronald J. Piva, Mark A. Hatfield, Grant M.
Domke, and David E. Haugen. 2013. “Forests of the Black Hills National
Forest 2011.” Resource Bulletin NRS-83. USDA Forest Service.

Walthall, C.L, G. Hatfield, P. Backlund, R. Hauser, L. Lengnick, E. Marshall, and M.
Walsh. 2013. “Climate Change and U.S. Agriculture: An Assessment of Effects
and Adaptation Responses.” USDA.

Wells, Alex. 2005. “The Bug That Ate Ski Country.” Ski Mag. November 17, 2005.
https://www.skimag.com/ski-resort-life/the-bug-that-ate-ski-country.

Werner, Richard A., Edward H. Holsten, Steven M. Matsuoka, and Roger E. Burnside.
2006. “Spruce Beetles and Forest Ecosystems in South-Central Alaska: A
Review of 30 Years of Research.” Forest Ecology and Management 227 (3):
195-206. https://doi.org/10.1016/].foreco.2006.02.050.

200






APPENDIX D: LANDSCAPE ARCHITECTURE WORK*

FIRM: STUDIOINSITE
OFFICE: DENVER, CO

*based on projects available on every firm’s
website as of February 20, 2020

Project: Staunton State Park
Location: Pine

Project Type: Recreation (State/
Federal Park/Public Land)

Project: Aspen Galena Plaza
Location: Aspen
Project Type: Community/Urban

Project: Viceroy at Snowmass
Location: Aspen
Project Type: Ski Resort

Project: Edgemont
Location: Steamboat Springs
Project Type: Ski Resort/Residential

Project: 6th Street Park,
Location: Glenwood Springs
Project Type: Urban/Public Space

Project: Ever Vail
Location: Vail
Project Type: Ski Resort/Urban

Project: Snowmass Village
Location: Aspen
Project Type: Ski Resort

Project: Village at Wolf Creek

Location: Pagosa Springs
Project Type: Ski Resort
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Project: The Cirque at Copper
Mountain

Location: Summit County
Project Type: Residential

Project: Idaho Spring East End
Master Plan

Location: Idaho Springs
Project Type: Community

Project: Eagle River Corridor Master
Plan

Location: Eagle

Project Type: Community

Total Projects: 11
Ski Resorts: 5
Residential: 1
Community: 4
Recreation: 1
Ecological: 0



FIRM: DESIGN WORKSHOP

OFFICE(S): DENVER, ASPEN (+ SIX OTHER OFFICES)

Project: Cascade Garden
Location: Aspen
Project Type: Residential

Project: Riverside Ranch
Location: Pitkin County
Project Type: Residential

Project: Captiol Valley Ranch
Location: Pitkin County
Project Type: Residential

Project: Hotel Jerome
Location: Aspen
Project Type: Resort/Tourism

Project: DBX Ranch
Location: Aspen
Project Type: Residential

Project: Charlie Mountain Ranch

Location: Old Snowmass
Project Type: Residential

Project: Woody Creek Garden

Location: Elk Mountains
Project Type: Residential

Project: West End Garden
Location: Aspen
Project Type: Residential

Project: Paradise Mesa Ranch
Location: Aspen
Project Type: Residential

Project: Gorsuch Haus
Location: Aspen
Project Type: Ski Resort

Project: High Terrace Garden
Location: Unknown (Colorado)
Project Type: Residential

Total Projects: 11
Ski Resorts: 2
Residential: 9
Community: 0
Recreation: 0
Ecological: 0
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FIRM: DHM DESIGN

OFFICE(S): CARBONDALE, DENVER, DURANGO (+ BOZEMAN)

Project: Carbondale Recreation
Center

Location: Carbondale

Project Type: Civic/Community

Project: Carbondale Library
Location: Carbondale
Project Type: Civic/Community

Project: Three Springs
Location: Durango
Project Type: Community

Project: Durango Library
Location: Durango
Project Type: Civic

Project: Ridgway Streetscape
Location: Ridgway
Project Type: Urban/Community

Project: Aspen Hillside Residence
Location: Aspen
Project Type: Residential

Project: Missouri Heights Residence
Location: Eagle County
Project Type: Residential

Project: Aspen Residence

Location: Aspen
Project Type: Residential
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Project: Sunset Ridge Residence
Location: Telluride
Project Type: Residential

Project: Riverside Residence
Location: Unknown (Colorado)
Project Type: Residential

Project: Miners Trail Residence
Location: Aspen
Project Type: Residential

Project: Wheeler Residence
Location: Aspen
Project Type: Residential

Project: Pikes Peak Summit Complex
Location: Pike and San Isabel
National Forest

Project Type: Recreation (State/
Federal land/Public Land)

Project: Breckenridge Summer Use
Location: Breckenridge Colorado
Project Type: Recreation/Ecological

Project: Glenwood Hot Springs
Location: Glenwood
Project Type: Recreation



Project: Frisco Peninsula Recreation
Area

Location: Frisco

Project Type: Recreation

Project: Blue River Trail
Location: Silverthorne
Project Type: Recreation

Project: Brian’s Park Ice Rink
Location: Victor
Project Type: Recreation

Project: Lyons Flood Recovery
Location: Lyons

Project Type: Recreation/
Community

Project: Ouray Hot Springs
Location: Ouray
Project Type: Recreation

Project: The Arrabelle at Vail Square
Location: Vail
Project Type: Urban/Community

Project: Winter Park Resort
Location: Winter Park
Project Type: Ski Resort

Project: True Nature Healing Arts
Location: Carbondale

Project Type: Public space/
community

Project: Lift One Neighborhood
Cowop

Location: Aspen

Project Type: Ski Resort

Project: Rocky Mountain Institute
Location: Basalt
Project Type: Ecological/Commercial

Project: Three Springs Stormwater
Wetlands

Location: Durango

Project Type: Public Space/
Ecological

Project: Roaring Fork River
Restoration

Location: Basalt

Project Type: Ecological

Project: Clear W. Ranch Wetlands
Location: Pitkin County
Project Type: Ecological

Project: Double L Ranch
Location: Durango
Project Type: Residential

Project: Fishers Ranch

Location: Western Colorado
Project Type: Residential
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Project: Wolcott Planned Total Projects: 36

Community Ski Resorts: 2
Location: Wolcott Residential: 9
Project Type: Community Community: 14

Recreation: 7
Project: Burlingame Affordable Ecological: 4
Housing

Location: Aspen
Project Type: Community/
Residential

Project: Camino Del Rio Character
District

Location: Durango

Project Type: Community

Project: Haymeadow
Location: Eagle
Project Type: Community

Project: Town of Basalt
Location: Basalt
Project Type: Community

Project: City of Victor

Location: Victor
Project Type: Community
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FIRM: SE GROUP

OFFICES: FRISCO (+ 2 OTHER LOCATIONS)

Project: Estes Valley Trails Master
Plan

Location: Estes Valley

Project Type: Recreation

Project: Town of Snowmass Village
Parks, Open Space, Trails and
Recreation Plan

Location: Snowmass Village
Project Type: Recreation/
Community

Project: Breckenridge Ski Resort
Peak 6 Environmental Impact
Statement

Location: White River National
Forest

Project Type: Ecological

Project: Arkansas River Corridor
Master Plan

Location: Canon City

Project Type: Community planning

Project: Town of Frisco Trails Master
Plan

Location: Frisco

Project Type: Recreation/
Community

Project: “Blueprint Silverthorne”
Comprehensive Plan

Location: Silverthorne

Project Type: Community planning

Project: Town of Silverthorne Parks,
Open Space, and Trails Master Plan
Update

Location: Silverthorne

Project Type: Recreation planning

Project: Town of Ridgway Land Use
Plan

Location: Ridgway

Project Type: Community

Project: Ritz Carlton Residences
Location: Vail
Project Type: Resort

Project: Arapahoe Basin 2006
Improvement Plan Environmental
Impact Statement

Location: Arapahoe Basin, White
River National Forest

Project Type: Ski Resort

Project: Hunter Creek-Smuggler
Mountain Cooperative Plan
Location: Aspen, White River
National Forest

Project Type: Ecological
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Project: Emerald Mountain Park
Master Plan

Location: Steamboat Springs
Project Type: Recreation

Project: Town of Nederland
Comprehensive Plan Update
Location: Nederland

Project Type: Community

Total Projects: 13
Ski Resorts: 2
Residential: 0
Community: 4
Recreation: 5
Ecological: 2
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Project Totals: 71
Ski Resorts: 11
Residential: 19
Community: 22
Recreation: 13
Ecological: 6
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