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Executive Summary 
 
The proposed management plan for Smuggler Mountain is designed to improve and 
maintain forest health with associated benefits to wildlife, recreation value and safety, while 
reducing wildfire risk and providing educational opportunities. 
 
Recent mortality within the lodgepole pine forests on Smuggler Mountain and in Colorado, 
along with mortality in aspen forests with Sudden Aspen Decline (SAD), demonstrates the 
need for management. All three dominate species (lodgepole pine, aspen and Gambel oak) 
on Smuggler Mountain are relatively short lived species (approximately 100 years) relying 
on historical disturbance primarily through fire to regenerate. Lack of disturbance over the 
last 100 years has resulted in the development of older forest conditions leading to 
declining forest health. Although Smuggler Mountain enjoys good species diversity, age 
class diversity needs significant improvement. 
 
Goals for the 10 year Plan 
 

¶ Manage for diverse, healthy and sustainable forest characteristics 

¶ Manage for healthy wildlife habitat 

¶ Manage for a safe recreational setting 

¶ Implement a public educational program regarding management practices  

¶ Develop an effective monitoring program 
 
To implement these goals, active management is going to be required.  The dominate tree 
species are naturally regenerated by disturbance events, such as fire.  Due to the proximity 
of the Smuggler Mountain recreation area to developed properties and the city, allowing 
fire to burn in the forest is not acceptable. Therefore, other physical disturbance is 
necessary to achieve management goals.  
 
Proposed Activities 
 

¶ Lodgepole pine brood tree removal and verbenone treatment as needed. 

¶ Creation of small openings in lodgepole stands, focused on high risk areas to create 
regeneration and age class diversity. 

¶ Create small openings and initiate regeneration in Gamble oak stands for wildlife 
habitat improvement, fire protection and age class diversity. 

¶ Create small openings and initiate regeneration in aspen stands for wildlife habitat 
improvement and age class diversity. 

¶ Remove hazard trees to insure public safety. 

¶ Develop monitoring program to facilitate adaptive management and meeting goals. 
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Benefits of Proposed Activities 
 

¶ Improved wildlife habitat and diversity with improved tree species age class 
diversity, including better browse for deer and elk, mix of forage, and thermal and 
hiding cover for various birds and mammals, such as grouse, song birds, and 
snowshoe hare. 

¶ Increased age and size class diversity in all tree species along with species diversity 
will increase forest resilience in times of climate change. 

¶ Removal of hazard trees and thinning stands will open the understory, thus 
improving recreational opportunities and safety, while reducing fuel loads and risk of 
fire. 

¶ All management activities will provide educational opportunities about the dynamic 
nature of the forests. 

¶ Monitoring will provide data to verify and improve management actions in an 
adaptive and open manner. 

 
Smuggler Mountain is a valuable recreational and wildlife asset, so every attempt will be 
made to conserve its resources for the long term.   Forests and wildlife are dynamic entities, 
but the objective of the management plan is to maintain the ever-changing forest and its 
associated resources in a healthy, diverse and safe condition.  
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Preface 

 

OVERVIEW OF THE FOREST MANAGEMENT PLAN 

 

The recently acquired Smuggler Mountain Open Space property is an iconic feature of the 

Roaring Fork Valley landscape, much beloved and actively used recreationally by residents 

and visitors alike.   The need for the forest management plan described in this report was 

driven by the desire of the Open Space land managers to develop a comprehensive and 

integrated strategy to incrementally foster improvement in forest conditions based on 

analysis of reliable field data and ecologically sound management principles.    A 10-year 

interval of annual management recommendations was chosen as the first step toward a 

goal of long term, sustainable forest management, and this notion provides the framework 

for the plan presented here. 

 

The current forest conditions on the Smuggler Mountain property are the result of historical 

uses primarily for mining and timber.  In the intervening time, little has been done to 

actively manage the property in terms of improving forest health.    Lack of human caused 

disturbance and prevention of natural disturbance events such as fire has resulted over time 

in a forest that is generally over stocked and lacks age-class diversity.    This plan addresses 

these issues and, moreover, outlines a balanced approach to provide the disturbance 

needed to regenerate forest tree age class diversity while creating collateral improvements 

in wildlife habitat, reducing fire risk and conserving the unique natural features of Smuggler 

Mountain.  

 

The accompanying plan is organized around a series of integrated short-term and long-term 

management recommendations that stem from ecologically sound analysis of 

contemporarily acquired field data that is both robust and sufficiently comprehensive so as 

to properly inform the plan.   The methods employed to analyze current forest conditions on 

Smuggler Mountain are presented first, followed by specific recommendations that form a 

series of tiered options for the property managers to consider that will yield a range of 
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desired forest conditions over the operational life of the plan.   Descriptive maps and 

informative tables and figures augment the narrative of the plan.  An appendix organizes 

supporting documentation and provides ancillary detail to certain issues raised during stand 

data analysis.  

 

The over-arching goal of the plan is to restore age class diversity amongst the tree species 

present on Smuggler Mountain by mimicking natural disturbance events.   The intended 

outcome of implementation of these recommendations is to provide a resilient, sustainable 

forest that meets the needs of the local community.    The plan embodies silvicultural best 

practices and is an adaptable, forward thinking prescription for significant improvement in 

forest heath on Smuggler Mountain.   It provides a foundation on which future management 

plans can be built that are properly informed by experience as a result of a built-in 

monitoring component.   

 

A summary of each year's planned activities, a time-table for implementation and an 

estimated budget for each year is provided in the appendix of the document.   The plan also 

addresses the socio-economic needs of the local community and provides some other 

intriguing options to consider in terms of educational opportunities and the potential for 

use of woody biomass as a collateral benefit of active management.    

 

Due attention has been paid to the need to balance the recommended silvicultural methods 

with soil and watershed protection, wildlife habitat improvements, insect pest resistance 

and protection of infrastructure with the long-term objective to improve the health of all 

tree species on Smuggler Mountain.  Lastly, the plan has been designed so as to facilitate 

cooperative interaction amongst other interested parties such as the local fire protection 

districts, adjacent private landowners and the U.S. Forest Service.  
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1. Introduction 

1.1. Background  

Smuggler Mountain Open Space is a 234 acre tract of forest land bordering the City of Aspen 
in Pitkin County, Colorado.  It was recently acquired by the City of Aspen and Pitkin County 
in an effort to conserve open space from further development.  The acquisition of Smuggler 
Mountain conserves wildlife habitat, protects the local watershed and conserves forest 
resources while also providing unique recreational and educational opportunities for the 
citizens of Aspen and Pitkin County.    
 
Several recent documents have assessed the various historical attributes and biological 
resources of the property.  The history of land use was summarized by Smith Environmental 
and Engineering (2007).  This assessment provided baseline data and management 
recommendations to ensure the preservation of cultural heritage sites on the property.   A 
comprehensive biological resources report was prepared by Colorado Wildlife Science and 
WP Natural Resource Consulting (2008) which documented baseline data for wildlife, 
vegetation and ecological communities on Smuggler Mountain.  Information and 
recommendations in these reports were the basis for the comprehensive Smuggler 
Mountain Open Space Management Plan (2008) which cited as major goals the need to 
manage Smuggler Mountain for natural resources, recreational use and educational 
opportunities. 
 
Among the recommendations for natural resource management were calls for a baseline 
forest resource inventory and a comprehensive forest management plan, the latter to 
include action plans for insect and fire/fuel management.  
 
This document describes a detailed 10-year forest management plan for Smuggler Mountain 
based on new inventory data and data from previous reports. In keeping with the overall 
goals of the 2008 plan, the proposed forest management plan will focus on how to maintain 
a diverse, healthy and sustainable forest while protecting and improving wildlife habitat, 
encouraging safe recreational use, minimizing fire potential and providing new educational 
opportunities for the public. 
 
It should be recognized that a lot has been done on Smuggler Mountain from a forestry 
perspective. Significant efforts have occurred in the last two years to control the mountain 
pine beetle (MPB) outbreak in the lodgepole pine. This has included the removal of 
lodgepole pine infested with MPB and application of verbenone to repel the beetles and 
monitoring. 
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1.2. Goals of the forest management plan 

  
A forest management plan, especially one that involves a forest/urban interface, must 
satisfy many stakeholders with varying priorities.  However, a good management plan must 
have as its highest priority the health and sustainability of the forest.  Without the 
attainment of that primary objective, all others goals are impossible to achieve or maintain 
on a long-term basis. The following are summaries of the key goals of the proposed 10-year 
forest management plan. 
 

Manage for diverse, healthy and sustainable forest characteristics 

Managing the forest for diversity and sustainability will require the presence of specific 
forest attributes.  A diversity of tree species of many different ages and sizes, including 
sufficient regeneration of tree species within forest stands, will provide healthy sustainable 
forest characteristics. The current epidemic of mountain pine beetle (MPB) (Dendroctonus 
ponderosae) throughout the lodgepole pine (Pinus contorta) forests of  the Rocky 
Mountains, exemplifies the need for species and age class diversity.  Stands that have a high 
density of old, large lodgepole pines with a low diversity of tree species, age classes and size 
classes tend to be the most susceptible to serious MPB infestations.  Stand conditions that 
have a high diversity of tree species, age classes and size classes can still be susceptible to 
infestations but are at a much lower risk of catastrophic tree mortality.  A diverse and 
sustainable forest will ultimately be resistant to serious MPB infestations.   
 
Sudden aspen decline (SAD) is also a threat at Smuggler Mountain.  SAD is considered the 
abnormal dieback of aspen caused by a combination of accelerated abnormal insect and 
disease problems with predisposing factors being drought and low elevation south and west 
aspects. The rapidity of dieback, landscape scale and lack of regeneration are of grave 
concern.  Healthy aspen (Populus tremuloides) stands have evolved by being dependent on 
disturbances such as fire, wind throw, avalanches, etc. Old aspen forests in Colorado that 
have not experienced such disturbances are at risk for SAD.  Aspen stands managed for a 
diversity of characteristics will be more resistant to disease.  The age class diversity of 
Gambel oak (Quercus gambelii), another major component on Smuggler Mountain, has also 
decreased due to fire suppression and is in need of management to return this species to a 
more natural state. 
 

Manage for healthy wildlife habitat 

Healthy wildlife habitat on Smuggler Mountain can be improved by active forest 
management.  To achieve a wide range of wildlife habitats, the forest must be managed to 
include a full range of diverse forest structures such as species diversity, a wide distribution 
of tree sizes and ages and un-fragmented corridors of forest stands.  Furthermore, the 
forest must be managed in a way that maintains standing dead trees (snags) and downed 
dead trees (coarse woody debris).  The abundance of snags and coarse woody debris 
contribute to excellent habitat for wildlife by providing nesting, roosting and hiding cover. 
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Manage for a safe recreational setting 

Smuggler Mountain receives heavy recreational use including hiking, jogging, mountain 
biking, snow shoeing, and cross country skiing.  A safe recreational setting will consist of 
easily accessible areas that the public can enjoy without the threat of dead trees or limbs 
falling onto trails or roadways.  The best way to manage for a safe recreational setting is to 
remove any defective live trees and dead trees in such areas and to continue monitoring for 
future safety.  Since hazard trees are defined as dead trees and defective live trees near 
areas that people frequent, their removal will be minimal and most likely will have an 
insignificant impact on wildlife habitat. Keeping roads maintained, well marked and free 
from fuel build up along their edges will allow for quicker evacuation of recreational users in 
case of fire.   
  

Implement a public educational program regarding forestry practices at Smuggler 
Mountain 

In order to achieve the overall management objectives for Smuggler Mountain, active forest 
management is needed.  Several forest management tools have been developed that are 
backed by sound forest science.  An educational program needs to be implemented that 
informs the public of how this forest management plan is working toward achieving the 
overall goals of Smuggler Mountain.  Components of an educational program may include 
informative kiosks near project sites and public presentations (both on and off site) from 
forest managers and scientists.  Smuggler Mountain could also be available, with permission 
and guidance from City/County agencies, as a research or observation field site for high 
school and college biology courses.  This could even include student and public participation 
in ongoing monitoring projects as outlined below. 
 

Develop an effective monitoring program 

Lastly, a monitoring program needs to be implemented in order to ascertain the efficacy of 
forest management recommendations.  The dynamics of forest structures and wildlife 
habitat are typically obtained through field measurements.  A design of measurement plots 
systematically placed on Smuggler Mountain should be implemented in order to repeat 
measurements over longer periods of time, typically decades.  The installation of such plots 
would act as a very effective tool for forest managers to understand the forest growth 
dynamics at Smuggler Mountain and to ensure that the management goals are being 
properly met. And, of course, there would be a need to monitor MPB infestation on a 
regular basis. 
 

1.3. Project area description 

 
Smuggler Mountain Open Space is located in the heart of the Rocky Mountains just north of 
the City of Aspen in Pitkin County, Colorado (Fig. 1).  It is embedded in a landscape at 8,129-
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9,698 feet above sea level that transitions from an urban environment to a rural national 
forest.  The southern and eastern portions of the property border the White River National 
Forest which is administered by the USDA Forest Service.  The lands to the north and west 
border private properties.  Smuggler Mountain is a combination of multiple properties 
acquired by the City of Aspen and Pitkin County.  The purpose of the acquisitions was to 
conserve and protect open space, wildlife habitat, natural views and to provide outdoor 
recreational opportunities.  

Figure 1. Vicinity map of Smuggler Mountain Open Space. 
  
Climatic conditions at Smuggler Mountain can be highly variable and subject to sudden 
change.  Generally, the climate is characterized as semi-arid with strong seasonal variations 
in temperatures, abundant sunshine and relatively low precipitation.  Average daily 
ƳŀȄƛƳǳƳ ǘŜƳǇŜǊŀǘǳǊŜǎ ǊŀƴƎŜ ŦǊƻƳ ǘƘŜ ƳƛŘ слΩǎ ǘƻ ƭƻǿ тлΩǎ όCŀƘǊŜƴƘŜƛǘύ ŦǊƻƳ !ǇǊƛƭ ǘƻ 
September.  July and August temperatures can reach up to 90 degrees.  However, nights 
ǊŜƳŀƛƴ Ŏƻƻƭ ǿƛǘƘ ŀǾŜǊŀƎŜ ǎǳƳƳŜǊ ƳƻƴǘƘǎ ǊŜŀŎƘƛƴƎ ǘƘŜ ƭƻǿ плΩǎΦ  ²ƛƴǘŜǊǎ ŀǊŜ ƎŜƴŜǊŀƭƭȅ ŎƻƭŘ 
but are subject to sudden changes in temperature with daytime temperatures in the олΩǎ 
ŀƴŘ плΩǎ ƴƻǘ ǳƴǳǎǳŀƭΦ  !ǾŜǊŀƎŜ WŀƴǳŀǊȅ ƭƻǿǎ ŀǊŜ ƴŜŀǊ т ŘŜƎǊŜŜǎ ǿƛǘƘ ŘŀȅǘƛƳŜ ŀǾŜǊŀƎŜǎ ƛƴ 
ǘƘŜ нлΩǎΦ  {ƴƻǿŦŀƭƭ ŦǊƻƳ hŎǘƻōŜǊ ǘƻ !ǇǊƛƭ ǊŀƴƎŜǎ ŦǊƻƳ мрл-200 inches.  Average annual 
precipitation in the City of Aspen is 23 inches.  
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The topography of Smuggler Mountain ranges from relatively flat to extremely steep and 
rugged terrain. Dominant aspects are northerly and westerly in the upper forested areas 
with much of the lower, south-facing slopes covered in shrub.  The lower part of the 
property is generally too steep and densely vegetated for recreational use.  The varied 
topography of the Rocky Mountain region has been formed by numerous geologic events 
including ancient seas, glaciation and volcanic activity. The lower elevations of Smuggler 
Mountain contain relatively recent Pleistocene glacial deposits, but the higher elevations 
are built on Precambrian rock (0.5-4.6 billion years old). Erosion and primary succession 
have created a rich loamy topsoil covering layers of gravelly to cobbly sandy loam which 
allows vegetation to root up to 80 inches or more into the soil. 
 
The primary vegetation types on Smuggler Mountain consist of mountain shrub, aspen and 
mixed conifer communities.  Mountain shrub communities are mainly on the lower slopes of 
Smuggler Mountain and are dominated by Gambel oak (Quercus gambelii), Saskatoon 
serviceberry (Amalanchier alnifolica) and big sagebrush (Artemisia tridentata).  Aspen 
communities contain aspen (Populus tremuloides), subalpine fir (Abies lasiocarpa) and 
Engelmann spruce (Picea engelmannii).  Mixed conifer communities consist of lodgepole 
pine (Pinus contorta), subalpine fir, Douglas-fir (Pseudotsuga menziesii), Engelmann spruce 
and a few ponderosa pines (Pinus ponderosa).  The vegetation on Smuggler Mountain has 
historically evolved with numerous forms of disturbance.  Historic fire regimes were 
prevalent throughout the landscape, creating diverse age classes of tree species and healthy 
stands of regenerating lodgepole, aspen and Gambel oak.  In the past century fire 
suppression has been employed at Smuggler Mountain resulting in new vegetation 
dynamics.  Past mining and logging have also changed the landscape from its original form 
(Fig. 2.)   
 

 
 

Figure 2. Historical comparison of Red Mountain and Smuggler Mountain. 
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Wildlife is abundant at Smuggler Mountain. There are approximately 88 avian and 45 
mammalian species using the habitat that Smuggler Mountain provides (Colorado Wildlife 
Science and WP Natural Resource Consulting, 2008).  Small mammals, such as the American 
marten (Martes americana), weasels (Mustela spp.) and striped skunk (Mephitis mephitis), 
may spend their entire lives on the property while larger mammals will use the property 
occasionally for browsing, hunting, reproduction and/or migration.  Common large 
mammals at Smuggler Mountain include Rocky Mountain elk (Cervus elaphus nelsoni), mule 
deer (Odocoileus hemionus), bobcat (Felis rufus), mountain lion (Felis concolor) , black bear 
(Ursus americanus), coyote (Canis latrans) and red fox (Vulpes vulpes).  The federally 
threatened Canada lynx (Felis lynx) may be present as well. Some key bird species include 
the Virginia's warbler (Virginia virginiae), green-tailed towhee (Pipilo chlorurus), red-naped 
sapsucker (Sphyrapicus nuchalis), cordilleran flycatcher (Empidonax oberholseri), American 
three-toed woodpecker (Picoides dorsalis), olive sided flycatcher (Contopus cooperi) and 
northern goshawk (Accipiter gentilis). 
 

2. Methods of Forest Analysis 

 

2.1. Forest inventory procedure 

  
In 2008 the Aspen-based non-profit organization For the Forest, in conjunction with the U.S. 
Forest Service, conducted "common stand exams" (CSE) throughout Smuggler Mountain.  A 
CSE is performed by delineating a series of polygon-shaped areas (stands) within a forest 
from which data are collected.  In this study, stands were delineated from aerial 
photography and ground observations.   
  
With the CSE method several measurement plots were systematically placed in each stand.  
Within each plot detailed measurements were recorded.  Species, diameter at breast height 
(DBH), total height, crown measurements, tree age and past ten-year growth increment, 
snag measurements and seedling quantities are typical kinds of data collected.  With these 
data, detailed summary statistics are produced that assist forest managers in decision-
making processes.    

2.2. Analysis of forest inventory data 

  
The inventory data were organized to be read by the Forest Vegetation Simulator (FVS) 
software (USFS, 2010).  FVS produces summary statistics of forest stands that include 
descriptions of species composition, size class distribution, age class distribution, quantities 
of snags, quantities of seedlings and saplings, and stand densities.  FVS relies on general 
models based on forest data from the Colorado Rocky Mountains that quantify coarse 
woody debris from standing tree data.  This additional data analysis is necessary in order to 
make informed management decisions on insect and fire/fuel issues.          
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2.3. Temporal modeling of forest growth 

 
FVS is a very powerful forest modelling tool.  The program is designed to use forest 
inventory data in conjunction with a pool of numerous scientific studies that deal with forest 
growth dynamics.  For this management plan the Colorado Rocky Mountain variant of FVS 
was used to project forest growth.  From these projections, forest managers can obtain 
detailed descriptions of changes that will likely occur in a given stand over time.   
 
Various management scenarios can be simulated with FVS.  Such simulations are very useful 
in determining the best course of action to be taken to meet given objectives.  For this 
management plan a no-action scenario was simulated over time along with other active 
management scenarios in order to determine the suggested actions needed in order to 
meet the forest management plan objectives. 

3. Current forest conditions 

3.1. Stand inventory and conditions 

The CSE inventory was used to summarize current forest conditions.  There were four stand 
types detected on Smuggler Mountain. A total of 17 stands were delineated within the 
boundaries of Smuggler Mountain, which were aspen, aspen/lodgepole pine, lodgepole pine 
and Gambel oak with lodgepole dominating the eastern part of the property, aspen the 
central region and Gambel oak the western section (Fig. 3).   
 

 
 
 

Figure 3.  Common Stand Exam (CSE) stand types at Smuggler Mountain. 
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In terms of landscape cover, aspen is the most abundant species at Smuggler Mountain at 
41% (Fig. 4).  Most of the remaining cover is nearly equally divided between lodgepole pine 
and Gambel oak with each comprising slightly more than a quarter of the cover.  Douglas-fir 
(1%) is a minor cover component while Engelmann spruce, ponderosa pine and subalpine fir 
(not shown in Fig. 4) are even less abundant. Disturbed areas and roads together comprise 
4% of Smuggler Mountain cover. 
       

  
 

Figure 4. Abundance of combined vegetation types in 234 acres at Smuggler 
Mountain.  This figure displays the acreage in each vegetation type and associated 
percentage of  cover. 

 

Tree species composition data is provided in Fig. 5.  The most abundant species are aspen 
and lodgepole pine.  Other minor species found are Douglas-fir, subalpine fir, ponderosa 
pine and Engelmann spruce.  Blue spruce (Picea pungens) was rarely observed and not 
included in the analysis.  It is important to point out that this analysis excludes the shrub-like 
Gambel oak found on a significant portion of the property.  Although Gambel oak is the 
dominant cover in the western third of Smuggler Mountain, it is not included in this tree 
composition analysis due to its shrub-like characteristics.  It does, however, provide further 
diversification of the Smuggler Mountain ecosystem.  Tree and shrub species diversity is 
critical for maintaining healthy wildlife habitat and a sustainable forest as well as providing a 
wide variety of recreational settings.   
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Analysis of tree species age class revealed a shortcoming of certain characteristics needed 
to meet the objectives for this forest management plan.  The average age of the dominant 
tree species per stand ranges from roughly 90 to 120 years old.  The current age distribution 
and ideal age distribution for lodgepole stands at Smuggler Mountain are shown in Fig. 6.  
The current distribution of lodgepole pine and aspen consists of old stands that are very 
susceptible to MPB infestation and SAD, respectively.  The ideal age distribution for 
lodgepole would include trees from the ages of 0-150 years (trees older than 150 years are 
rare).  For aspen a reasonable range is 0-100, for Gambel oak shrub 0-80 and Gambel oak 
tree 0-200. A forest with stands of wide age ranges will be more resilient to MPB infestation 
and SAD.  Furthermore, increased age class diversity will provide better wildlife habitat.    
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Figure 5.  Tree species composition at Smuggler Mountain. 

Figure  6.  The box plot on the left represents the current age distribution of all 
stands at Smuggler Mountain.  The box plot on the right represents an 
ideal age distribution for lodgepole. 
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One of the most important characteristics needed to understand growth dynamics of a 
forest stand is stand density.  Stand density index (SDI) is a forest management tool created 
by Reineke (1933).  SDI values are calculated from average trees per acre (TPA) and average 
DBH of a given stand.  Each tree species has a unique biological maximum SDI.  The 
maximum SDI for a given species is defined as the maximum number of trees of a given size 
that can occupy a site.  Relative SDI is defined as "the number of trees actually in a stand 
divided by maximum number of trees of that average size that could exist" (Drew and 
Flewelling, 1977, 1979), i.e., how close the species in that stand is to its maximum density.  
Relative SDI can tell a forest manager many important characteristics of stand growth 
dynamics.  For example, when the relative SDI reaches 15% the stand begins crown closure.  
When the relative SDI reaches 40%, trees begin to die, and at 55% extensive mortality is 
expected.  At Smuggler Mountain, the ideal relative SDI for all stands should be below 40% 
(Peterson and Hibbs, 1989).  Anything higher than this would be at high risk for tree 
mortality, MPB infestation (lodgepoles), SAD (aspens), and severe fire conditions.   
 
Fig. 7 illustrates the current relative SDI for representative lodgepole and lodgepole/aspen 
stands at Smuggler Mountain.  Most of the current stands are above or near the 40% 
relative SDI (assuming a maximum SDI = 650 for lodgepole pine), making them susceptible 
to poor forest health conditions.  Fig. 7 also illustrates the projection of relative SDI after 50 
years of growth.  Note that the relative SDI for these stands would all be above the critical 
mortality initiation threshold of 55% by 2060. 
 

 
 
 
 
  
The biological characteristics of aspen are different from lodgepole pine in regard to stand 
densities.  Lodgepole pine has a maximum SDI of 650 whereas aspen has a maximum SDI of 
725.  This means that more aspen trees of a given size can occupy a site.  However, the 40% 
relative SDI rule is still true for aspen. The relative SDI for representative aspen stands on 
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Figure  7.  The relative SDI for representative lodgepole and lodgepole/aspen 
stands at Smuggler Mountain.  The brown bars represent current relative 
SDI.  The red bars represent relative SDI after 50 years of growth using FVS 
with a no-action management scenario. 
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Smuggler Mountain is shown in Fig.  8.  Currently, most stands are at or near the high risk 
relative SDI of 40%.  Stand 401 is above the 40% high risk and stand 5 is currently above the 
55% critical threshold.  The FVS simulation after 50 years of growth, given a no-action 
scenario, shows that the relative SDI for each stand is far above the critical threshold of 
55%.   The aspen stands are at high risk to insect infestation and disease under this scenario.   
However, sufficient regeneration of aspen is present in every stand.  This is a positive 
characteristic, suggesting that the aspen stands may be currently resistant to SAD. But high 
density stands like these will likely result in less regeneration in the future due to an 
increase in tree competition and subsequent mortality. 
 
 
 

 
 

 
 
 
FVS has the option to produce visual images of stands that have been entered into the 
program using the Stand Visualization Simulator (SVS).  SVS is unique because it has the 
ability to present a spatial effect within the images of the stands.  This is a useful tool to 
represent the patchy nature of many stands at Smuggler Mountain.  SVS analyses of current 
stands of lodgepole and aspen are shown in Figs. 9 and 10. The progression of images shows 
the current conditions and the conditions after 50 years of growth given a no-action 
scenario.   
 
 
Fig. 9 illustrates several undesirable lodgepole forest conditions.  Dense stands such as 
shown in Stand 111 do not allow for sufficient regeneration of lodgepole pine.  Without 
regeneration, there is not a diversity of age classes within the stand.  Again, a lack of age 
class diversity within lodgepole pine stands provides poor wildlife habitat and characteristics 
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Figure 8.  Relative SDI for aspens stands at Smuggler Mountain.  The blue bars 
represent current conditions.  The red bars represent relative SDI after 50 
years of growth using FVS with a no action management scenario. 
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that are very susceptible to MPB infestation.  Furthermore, the amount of fuel loading after 
50 years of growth creates stands with extremely high fire risks.  Under this scenario, a safe 
recreational setting also becomes increasingly difficult to obtain.  Dense stands such as 
these produce many snags resulting in numerous hazard trees that would need to be 
removed in high use recreational areas to protect public safety.   
 

       
 
    
 
 
 
 
 
 
 
 
 
The aspen stands currently seem to be in decent condition.  A typical aspen stand on 
Smuggler Mountain is shown in Fig. 10.  There is a considerable amount of regeneration of 
aspen.  This is a positive attribute that indicates the aspen stands are not currently 
experiencing SAD.  However, the image of the aspen stand after 50 years of growth reveals 
conditions susceptible to SAD.  Aspen require regular disturbance which keeps root 
structures vigorous and healthy by initiating regeneration through sprouting.  Under a 
scenario without any active management such as prescribed fire, manual thinning, or root 
ripping, the aspen stands may be at severe risk to SAD. 
 
 
 

Lodgepole stand 111 
Current conditions                                                           50 years of growth 

 

Figure 9.  Stand Visualization Simulator (SVS) images of a representative lodgepole stand 
at Smuggler Mountain.  The images on the left represent current conditions and 
the images on the right represent 50 years of growth projected by FVS.  All 
images were produced with a spatial effect that illustrates the patchy nature of 
stands at Smuggler Mountain. 
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The above SVS images give a good representation of the unstable nature of many stands on 
Smuggler Mountain.  Without any active management, many stands will remain in (or grow 
into) poor health conditions.  
 
According to the Smuggler Mountain biological resources report (Colorado Wildlife Science 
and WP Natural Resource Consulting, 2008), the Gambel oak stands are in good to excellent 
condition.  However, the report also states that Gambel oak communities are dependent on 
recurring fires to eliminate competing vegetation and initiate regeneration.  Initial analysis 
from the CSE data reveals that the Gambel oak stands are very mature and are near the end 
of their life cycles (60-80 years).  Without proper disturbance factors that mimic natural fire 
regimes, the condition of these stands will begin to degrade.  A strategic management plan 
is needed to improve the condition of Gambel oak communities at Smuggler Mountain 
which, in turn, will improve wildlife habitat and overall forest sustainability. 

3.2. Fuels condition 

 
As one travels up the Roaring Fork Valley, the historical fire frequency gets longer because 
of lower temperatures and greater moisture levels at higher elevations.  Fire frequency 
varies by fuel type (i.e., vegetation type), elevation and aspect. Historical fire frequencies for 
major vegetation types on Smuggler Mountain are 5-15 years for Gambel oak, 7-50 years for 
aspen, and about 100 years for lodgepole pine.  
 

                                                         Aspen stand 4 
        Current conditions                                                           50 years of growth 
 

Figure 10.  Stand Visualization Simulator (SVS) images of a representative aspen 
stand at Smuggler Mountain.  The images on the left represent current 
conditions and the images on the right represent 50 years of growth 
projected by FVS. All images were produced with a spatial effect that 
illustrates the patchy nature of stands at Smuggler Mountain. 
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Mountain Pine Beetle Management 

 

The first step is to remove lodgepole pines infested with MPB i.e., brood trees.  In addition 
to reducing the risk of further MPB infestation and reducing fuel load, brood tree removal 
(BTR) can create openings within forest stands which will facilitate regeneration of 
lodgepole and other trees.  The value of BTR is discussed in Gillette et al., (2010 and 2011). 
The 2011 final report from the 2010 Smuggler Mountain study is included as  Appendix B to 
this report.  Risk of attack by MPB is 40 times higher near brood trees (Gillette, et al. 2010).  
 
The topography of Smuggler Mountain was analyzed in order to determine the appropriate 
logging methods needed to remove brood trees.  Typically, on slopes less than 35%, ground-
based logging operations are feasible.  Slopes greater than 35% require more costly 
operations such as helicopter logging.  The topography at Smuggler Mountain reveals that 
there are areas where both ground-based and helicopter logging are needed in order to 
remove known brood trees (Fig. 11).  Brood trees in the "ground-based dependent" 
category could be logged by skidders downhill and transported off site via access from the 
adjacent landowner.  If permission to access the adjacent property is denied, then 
helicopter logging is the only other feasible alternative.   
 

 
           
 

 Figure 11.  Potential logging methods and known brood tree locations at Smuggler 
Mountain 
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The second important step to facilitate control of MPB is the application of verbenone.  
Gillette et al. (2010), in their final report from the 2009 Smuggler Mountain study, reported 
that plots treated with brood tree removal and verbenone flakes applications had a 71% 
greater reduction in attack rates from the previous year, and the plots treated with 
verbenone pouches had a 59% greater reduction.  This difference between the flakes and 
pouch treatments was not statistically significant. The results from this study suggest that 
both verbenone treatment methods in conjunction with brood tree removal provide 
significant protection from MPB attack, in the range of 60-80% over untreated stands.   
     
Verbenone treatments should be applied along with brood tree removal in order to reduce 
lodgepole pine mortality when MPB populations are elevated (about 1% and increasing).  
The studies by Gillette et al., (2010 and 2011) recommend that verbenone pouches be 
installed evenly throughout the site in a grid-like fashion at a rate of 300 grams/acre.  Use of 
bio-degradable verbenone flakes is another option. Due to the relatively low MPB 
infestation rate on Smuggler Mountain, and based on conversations with several 
entomologists, the recommended application rate is 210 grams/acre.  Each pouch contains 
7 grams, meaning that 30 pouches of verbenone need to be applied evenly to each acre at 
Smuggler Mountain.  When MPB populations are very low and wet seasonal weather (above 
"normal" precipitation) conditions prevail increasing tree resistance to MPB attack, 
application may be eliminated or reduced. To minimize costs, lower rates of verbenone (to 
140 grams per acre) and/or reduce acres treated to the immediate vicinity of host species. 
Applications of verbŜƴƻƴŜ ƛƴ нллф ŀƴŘ нлмл ƛƴŎƭǳŘŜŘ ŀ ǎƳŀƭƭ άōǳŦŦŜǊ ȊƻƴŜέ ŀǘ ǘƘŜ ǇŜǊƛǇƘŜǊȅ 
of the verbenone treatment areas where the pheromone was also applied.   Where 
possible, buffer zones are recommended as they increase the efficacy of the airborne 
pheromone by mimicking natural dispersal patterns.  On Smuggler Mountain, many of these 
buffers were in aspen stands.  Additionally, based on treatment experience in the area, it is 
possible that the buffer zone area could be reduced such that only about 80 acres would 
require verbenone (as compared to about 121 acres currently being treated).  Rates of 
application could also reduced depending on MPB populations. Given fluctuations in the 
availability of economic resources on a yearly basis, these strategies could significantly 
reduce verbenone treatment costs.  
 
The timing of the application of verbenone is critical.  Pouches or flakes should be installed 
on the site as early as the third week of June, but should be in place no later than the 
second week of July, before the peak of MPB emergence.  A map of verbenone application 
for 2010 (121 acres) is shown in Fig. 12. 
 
The need for brood tree removal and verbenone application will be an annual decision 
based on yearly monitoring of beetle attacks each fall, along with antecedent winter 
weather in conjunction with landowner objectives and available economic resources. When 
the beetle pressure within and outside the Smuggler Mountain area falls to endemic levels 
then treatment may cease. Epidemic levels are considered when MPB caused mortality 
approaches 1% or more of host trees (Weatherby and Thier, 1993). With the age and 
density of trees on Smuggler Mountain, annual monitoring is recommended to catch any 
increases in activity due to drought or other stress and treat it before an infestation can get 
out of control.  It is suggested by verbenone vendors that using verbenone with populations 
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over 15% will provide poor results, unless all infested trees are removed prior to application 
(Kegley & Gibson, 2009). 

 
Figure  12.  2010 verbenone application area. 

 

Initiat ion of lodgepole regeneration 

The initiation of conifer regeneration is the next step in the short-term management plan.  
As discussed earlier, the age class distribution at Smuggler Mountain is poor (see Sec. 3.1, 
Fig. 6).  The purpose of regeneration is to create new stands of conifers that will eventually 
replace old dying stands.  Variable retention silviculture is recommended to facilitate 
regeneration and retain important structural elements for wildlife. With this method small 
openings are created to provide adequate sunlight for shade intolerant species (lodgepole, 
aspen and Douglas-fir) to grow properly while leaving snags and large woody debris for 
wildlife habitat. Increased age class diversity will increase wildlife diversity as a result of 
increased habitat diversity. 
 
 
 
Lodgepole pine stands at Smuggler Mountain have been analyzed in conjunction with data 
from Gillette et al. (2010) using the USFS Westside Pine Beetle Model (Randall and 
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Tensmeyer, 2000) (Appendix C)  to determine areas that are at the highest risk of MPB 
infestation (Fig. 13). 
 
 

 
Figure  13.  Risk assessment of MPB infestation based on 2010 data (Gillette et al., 2011). 

 
Units have also been analyzed in regard to recent MPB activity, which has resulted in many 
dead lodgepole pines throughout Smuggler Mountain and adjacent properties.  The 
combination of areas with high risk MPB infestation and recent MPB activity were the basis 
for prioritizing sites for regeneration efforts (Fig. 14).  
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First, the regeneration efforts need to be aimed at the most recent areas of mortality.  After 
regeneration efforts have been completed on sites with recent mortality, other sites need to 
be systematically regenerated over time. This can be accomplished either as mortality 
occurs or by scheduled harvest of green trees in high risk areas in order to consistently 
produce stands with a wide variety of age classes.   
  
Ideally, each prioritized group should be regenerated with conifers each decade depending 
on site specific conditions.  Specific prescriptions for each site should be made to take into 
consideration existing regeneration and brush competition while adhering to adaptive 
management principles.  Depending on MPB activity, other units may need to be 
regenerated immediately following tree mortality from MPB.  However, the combination of 
brood tree removal and the timely application of verbenone when MPB populations are 
elevated has reduced the threat of MPB infestation.  In this case, the suggested prioritized 
regeneration units in Fig. 14 may be the best plan for regeneration, otherwise prioritization 
can be modified as mortality occurs. Appendix D contains a map and detailed list of 
suggested lodgepole pine units to be regenerated each decade. 
 

Figure  14.  Suggested plan for conifer regeneration.  Blue dots are brood 
trees removed in 2008.  Red and yellow dots represent MPB attacks 
in 2009. 
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Prior to regeneration of conifers in each unit, sufficient site-preparation activities need to 
occur to provide bare mineral soil. Traditional methods involve some form of mechanical, 
fire or chemical treatment. For the first year of planting, a variety of site-preparation tactics 
should be tested to determine the best strategy for successful regeneration.  The following 
is a sample of ideas for prescriptions for conifer regeneration at Smuggler Mountain. 

1. Experiment with site scarification using a combination of methods. Potentially 
burning hand piles, under burning, grubbing only, mechanical scarification on flatter 
slopes, perhaps spraying only, and spraying and grubbing to determine the most 
effective methods.  Knowing that spraying can be a highly controversial topic, it is 
suggested as experimentation to develop alternatives in the spirit of adaptive 
management. Burning may be controversial also due to concerns with liability and 
air quality. Grubbing should be done at least two months after spraying (spraying 
should ideally be done the year prior to fall planting). Bottom line is to have 
successful regeneration scarification (disturbance). Scarification needs to be done in 
time for seed fall by the end of August and planting in September.  

2. Prepare (scarify) 200 planting spots per acre with 15' by 15' centers utilizing 4-foot 
radius circles. 

3. Plant 2 to 4 species per planting area to increase species diversity.  Lodgepole pine 
and Douglas-fir should be the primary species planted.  Engelmann spruce and 
subalpine fir are prolific seeders and should regenerate naturally. 

4. Conduct stocking surveys in August of the following year in order to examine which 
scarification method works best and which species survived the first year. 

5. Conduct a pre-commercial thin between years 10 ς 15 (tree heights 5 ς 15 feet) 
leaving only one tree per planting area.  There should be a total of 200 TPA following 
pre-commercial thin. Retained species depends on landowner goals, in this case to 
maximize diversity. 

It must be recognized that the removal of brood trees may not create the proper conditions 
to initiate regeneration of young conifer stands. Additional trees may need to be removed 
to provide the biological conditions needed for proper conifer growth.  A sample 
prescription of variable retention silviculture at Smuggler Mountain is presented below. 

1. Remove a sufficient number of trees around pockets of recent mortality to create a 
minimum opening of 0.75 acre in size (York, et. al., 2007). Ideally for pine the units 
should be as large as possible. For group selection this usually is up to 2.5 acres. For variable 

retention the units can be as large as goals will allow. This will allow sufficient sunlight for 
natural regeneration or newly planted seedlings. 

2. Retain snags and coarse woody debris for wildlife habitat where appropriate. 
3. Retain a sufficient number of tree species in order to improve species diversity. 

An FVS analysis was run on two representative lodgepole stands with a potential MPB attack 
scenario to determine vegetation responses in the absence of management (Fig. 15).  The 
analysis predicts that the two stands will experience mortality from MPB within the next ten 
years.  The resulting vegetation response over the next 50 years provides poor wildlife 
habitat, unsustainable forest conditions, increased wildfire risks and numerous hazard trees 
which may impair recreational activities. It is clear that a no-action scenario with a MPB 
attack does not meet the management objectives. 
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Figure  15.  A MPB attack of two representative lodgepole stands at Smuggler Mountain 
are simulated over 50 years under a no-action management scenario.  Note that 
each stand displays undesirable forest conditions after 50 years of growth.  
Remaining live trees are still in excessively dense stands and the fuel loading 
remains high, increasing the wildfire risk. 
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FVS simulations with active management described earlier show more desirable future 
forest conditions that will improve wildlife habitat, reduce MPB threats, remove excess fuel 
loading and replace older conifers with young vigorous conifers (Fig. 16).  Active 
management will also reduce the formation of  hazard trees, providing a safer recreational 
setting. 
 
 

 
 
                    
                    
 
 
 
 
                    
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 

Figure  16.  Two representative lodgepole stands with active management are simulated 
over 50 years.  With this scenario, the objectives of creating a diverse age class of 
forest, improving wildlife habitat, reducing fuel loading and providing for a safer 
recreation area are met. 
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