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In 2007, a mountain pine beetle, Dendroctonus ponderosae, epidemic determination in lodgepole pine, Pinus contorta, was issued for the five-county (Eagle, Grand, Jackson, Routt, and Summit) Colorado Bark Beetle Cooperative (CBBC) core project area and adjacent Albany and Carbon Counties in Wyoming (Witcosky 2007).  Mountain pine beetle conditions in lodgepole pine forests along the northern Front Range of Colorado reached high levels of tree mortality in 2007 and warrant a similar analysis of beetle impacts for national forest and private lands in Boulder, Clear Creek, Gilpin, and Larimer Counties. 
The following report was prepared to assess the status of mountain pine beetle populations in lodgepole, limber (P. flexilis), Rocky Mountain bristlecone (P. aristata), and ponderosa (P. ponderosa) pine stands on national forest lands within the four-county (Boulder, Clear Creek, Gilpin, and Larimer) area of the northern Front Range of Colorado.  The analysis presented in this report provides the technical basis for determining whether mountain pine beetle populations are at epidemic levels in lodgepole, limber and Rocky Mountain bristlecone (hereafter, referred to collectively as the five-needle pines), and ponderosa pine forests east of the Continental Divide from just south of the I-70 corridor north to the Wyoming state line on the Arapaho and Roosevelt National Forests and Pawnee National Grassland, as defined under Section 102(a)(4) of the Healthy Forest Restoration Act.

The current mountain pine beetle infestations and their impact on lodgepole pine forests in northern Colorado and southern Wyoming have very likely been influenced by a number of factors:  (1)  an abundance of older, dense, large diameter lodgepole pine stands; (2)  prolonged drought, where the onset of increasing mountain pine beetle infestation overlaps the onset of an extended and severe drought from 1998 – 2003; (3)  earlier melting of the shallow, drought-influenced snowpacks, resulting in extended and more severe drought conditions that reduced the tree’s defenses during the summer when bark beetle flight and attack of hosts occurs; (4)  higher temperatures, allowing for an expansion of the one-year mountain pine beetle lifecycle into areas of lodgepole pine forests at higher elevations (>9,500 feet elevation) where, traditionally, the two-year life cycle was the norm (Tishmack et al. 2005); and (5)  greater survival of mountain pine beetle brood in these high elevation lodgepole pine forests due to their completion of development within a single year rather than the two-year life cycle typical at these elevations.  Over the past twelve years (1996 – 2007) mountain pine beetle populations have increased to levels in northern Colorado and southern Wyoming that have not been witnessed in our recorded history of the area.  Both the intensity of tree mortality and the extent of high levels of tree mortality are significant.

The analysis of mountain pine beetle impacts on lodgepole, five-needle, and ponderosa pine stands presented in this report relies on two source of data:  (1) Forest Health Management aerial survey data gathered over a twelve-year period from 1996 through 2007; and (2) a Service Trip Report prepared in 2007 by Forest Health Management containing ground survey data of mountain pine beetle populations and impacts at one location on the Arapaho and Roosevelt National Forests within the northern Front Range of Colorado.

Aerial Survey Results and Discussion

 (1)  Lodgepole Pine and Mountain Pine Beetle Impacts
Aerial surveys of Boulder, Clear Creek, Gilpin, and Larimer Counties in Colorado conducted annually over the past twelve years were utilized to examine the increase in acres of lodgepole pine forests that contain trees killed by the mountain pine beetle.  Not all county acreage was completely surveyed in every year.  In particular, there are gaps in the aerial survey data coverage of western portions of these four Counties from 1998 through 2003; however, there is relatively complete coverage of all areas from 2004 through 2007.  The aerial survey data are summarized in Appendix A – County and National Forest Mountain Pine Beetle Impacts, 1996 – 2007, Tables 1-7.

The cumulative acreage impacts of mountain pine beetle-caused lodgepole pine mortality by county over the twelve-year time interval for all ownerships are presented in Table 1a; the cumulative acreage impacts for private forest lands and National Forest lands are presented in Table 1b.  For private landowners in Boulder, Clear Creek, Gilpin, and Larimer Counties, Colorado, approximately 11%, 5%, 18%, and 6%, respectively, of the lodgepole pine forest cover type acreage has some measure of mountain pine beetle-caused mortality present; on the Arapaho and Roosevelt National Forests, approximately 24%, 18%, 31%, and 24%, respectively, of the lodgepole pine cover type acreage has various levels of tree mortality caused by mountain pine beetle.
These percentage figures of lodgepole pine acreage impacted by mountain pine beetle are significant and readily visible across the high elevation forests of the northern Front Range on the Arapaho and Roosevelt National Forests (Tables 1a and 1b).  Close proximity of mountain pine beetle populations increases the risk for future tree mortality in susceptible lodgepole pine stands (Shore and Safranyik 1992).  Increasing mountain pine beetle populations will likely spread to susceptible lodgepole pine stands within this broad geographic area over the next three to five years, further increasing the percentages of lodgepole pine forest cover type affected by mountain pine beetle. The data for annual aerial survey acres containing trees killed by mountain pine beetle for the northern Front Range are presented in Table 2 (Appendix A).  For example, in 2007 alone, 26,200 acres in Boulder County (5% of all County acreage) contain lodgepole pine trees killed by mountain pine beetle; the figures for Clear Creek, Gilpin, and Larimer Counties were 29,500, 16,300, and 121,000 acres, respectively, (12%, 17%, and 7% of all County lands, respectively).
Summary figures concerning acres containing lodgepole pine trees killed by mountain pine beetle on all or portions of the Arapaho and Roosevelt National Forests, within the northern Front Range, are presented in Table 3 (Appendix A).  For example, in 2007 mountain pine beetle killed lodgepole pine trees on 155,000 acres on the Arapaho and Roosevelt National Forests (Boulder, Clear Creek, Gilpin, and Larimer Counties only).
Appendix B contains county maps of the aerial survey data for lodgepole pine mortality caused by the mountain pine beetle from 2000 – 2007.  These figures reveal the rapid expansion of acres infested by mountain pine beetle in each County over the eight-year time interval.  Mountain pine beetle infestations across the northern Front Range are impacting a large portion of lodgepole pine forests in the area .
(2)  Limber and Rocky Mountain Bristlecone Pine and Mountain Pine Beetle Impacts
 The five-needle (white) pines, limber pine and Rocky Mountain bristlecone pine are acceptable and suitable hosts for mountain pine beetle.  Losses of these two species to mountain pine beetle have been increasing, impacting 3,510 acres in Boulder, Clear Creek, Gilpin, and Larimer Counties, and 2,400 acres of the Arapaho and Roosevelt National Forests in 2007 (Tables 4 and 5).  Mountain pine beetle-killed limber and Rocky Mountain bristlecone pine can be found in treeline stands of these two species, at elevations near 11,000 feet along the northern Front Range of Colorado.  Severe losses are occurring in these stands and long-term ecological impacts are expected to be pronounced across these high elevation forests, given the importance of these pine species in the ecological processes on these sites (Schoettle 2004).
(3)  Ponderosa Pine and Mountain Pine Beetle Impacts
At lower elevations, mountain pine beetle remains active and at elevated levels in ponderosa pine forests along the northern Front Range.  The cumulative acreage impacts of mountain pine beetle-caused ponderosa pine mortality by county over the twelve-year time interval for all ownerships are presented in Table 1c; the cumulative acreage impacts for private forest lands and National Forest lands are presented in Table 1d.  For private landowners in Boulder, Clear Creek, Gilpin, and Larimer Counties, Colorado, approximately 11%, 3%, 2%, and 6%, respectively, of the ponderosa pine forest cover type acreage has some measure of mountain pine beetle-caused mortality present; on the Arapaho and Roosevelt National Forests, approximately 9%, 2%, 1%, and 9%, respectively, of the ponderosa pine cover type acreage has various levels of tree mortality caused by mountain pine beetle.  Losses of ponderosa pine to mountain pine beetle appear static over the last several years with 1,320 acres impacted in Boulder, Clear Creek, Gilpin, and Larimer Counties and 650 acres impacted on the Arapaho and Roosevelt National Forests in 2007 (Tables 6 and 7).
Populations of mountain pine beetle are likely to deplete large diameter lodgepole, limber, and Rocky Mountain bristlecone pine stands over the next three to five years as the epidemic intensifies and spreads across the northern Front Range.  However, it remains to be seen whether mountain pine beetle populations will spread into lower elevation ponderosa pine forests as the high elevation lodgepole and five-needle pine stands are depleted and to what degree the extent and the intensity of losses may occur.  Since ponderosa pine is an acceptable and suitable host tree for mountain pine beetle, it is likely that the beetle will have significant impacts on ponderosa pine forests.
Ground Survey Results and Discussion

To further augment the analysis of aerial survey data presented above, data were summarized from one bark beetle ground survey conducted in 2007.  The bark beetle ground survey was reported in one Service Trip Report by the Lakewood Service Center of Forest Health Management (LSC-FHM).  The Service Trip Report was prepared at the request of resource staff on the Canyon Lakes Ranger District to provide up-to-date information concerning the status of mountain pine beetle populations and impacts in lodgepole pine stands in a timber sale area.

The Service Trip Report covers the Pescado Timber Sale Area on the Canyon Lakes Ranger District in Larimer County (Costello 2007).  The ground surveys were conducted to determine the level of mountain pine beetle infestation (infested trees per acre) and the rate of change of mountain pine beetle populations over a two year period (the number of currently infested trees per acre at the time of survey divided by the number of trees per acre infested the previous year – expressed as a ratio).  A value for this ratio greater than one indicates an infestation that is on the increase and a value less than one indicates an infestation that is on the decline.

Cole and Amman (1980) measured mountain pine beetle infestations in Regions 2 and 4 of the Forest Service and described the following pattern of an outbreak that is helpful for determining the current status of an infestation based upon ground survey data.  Infested trees numbered from 0.5 to 5.0 trees per acre in the early years of an outbreak, increased to as many as 26 to 31 trees per acre during the peak of an outbreak, and declined to 2 to 3.5 trees per acre following the peak of an outbreak.  Cole and Amman found that most of the large diameter trees were killed by the time an outbreak subsided.   They also reported that an epidemic averages six years to run its course in a given stand, but emphasized that once infestations build up, a large amount of migration may occur.  This migration leads to more rapid tree losses and shorter epidemic period in adjacent stands.

The Service Trip Report documents the epidemic mountain pine beetle conditions in lodgepole pine stands in the area surveyed.  In this case, mountain pine beetle populations exceeded endemic levels (< 0.5 infested tree per acre), and ranged from 10.7 to 96.0 newly infested trees per acre, with an average of 62.3 newly infested trees per acre.  Each of these infestations was increasing rapidly, with ratios of increase ranging from 1:1 to 66:1 (the ratio of increase is:  number of newly infested trees per acre : number of last year’s newly infested trees per acre), with an average for this report of 5.3 newly infested trees for every tree infested the previous year.  Based on Cole and Amman’s (1980) description of a mountain pine beetle outbreak, infestation data collected by the LSC-FHM personnel indicates clearly that a mountain pine beetle epidemic was underway in the thirteen units surveyed.

Amman et al. (1977) developed a risk rating system for classifying lodgepole stand susceptibility for mountain pine beetle epidemics based on average diameter at breast height (dbh), average age, and stand elevation and latitude.  Lodgepole pine stands that are highly susceptible to mountain pine beetle typically have the following characteristics:  average dbh > 8 inches; average age > 80 years; and occur in a suitable climate for beetle development as determined by elevation and latitude.  Characteristics of the stands indicated that they were generally of large diameter at breast height (≥ 8 inches DBH), older-aged stands (≥ 80 years of age), and occurred at elevations suitable for mountain pine beetle development.  In addition, stands had high stand basal areas (≥ 120 square feet of basal area per acre), which is associated with more severe losses of lodgepole pine during a mountain pine beetle epidemic (McGregor and others 1987).  These stand conditions favor population increase when mountain pine beetle populations are on the increase and above endemic levels.

Discussion

Due to the limited number of ground surveys on the northern Front Range, this mountain pine epidemic determination in lodgepole pine relies to a very great extent on analysis of the annual aerial survey data alone.  Although this approach is weaker than that prepared for a similar epidemic determination for northern Colorado, west of the Continental Divide, and southern Wyoming (Witcosky 2007), the results from that mountain pine beetle epidemic declaration supported strongly the correlation between severe losses of lodgepole pine trees as detected by aerial surveys and the presence of epidemic mountain pine beetle populations on the ground.  For this reason, there is good reason to believe that mountain pine beetle populations are at epidemic levels across the northern Front Range lodgepole pine forests in Boulder, Clear Creek, Gilpin, and Larimer Counties, CO, based solely on the aerial survey data.
Conditions in the limber pine and Rocky Mountain bristlecone pine stands are likely to be similar to those described for lodgepole pine.  For purposes of this analysis, stands containing these two species are considered to be experiencing epidemic levels of mountain pine beetle as well.

The annual aerial survey data suggests that mountain pine beetle populations in ponderosa pine in Boulder, Clear Creek, Gilpin, and Larimer Counties, CO, remain at elevated levels.  Nevertheless, tree losses are not currently at levels that warrant an epidemic declaration for mountain pine beetle in ponderosa pine in this area of the Arapaho and Roosevelt National Forests.  It is not clear at this time how severe the losses may be in ponderosa pine as the mountain pine beetle spreads from lodgepole pine to ponderosa pine, but losses may prove to be considerable.  These impacts may become apparent within three years and may extend for perhaps ten years, assuming the mountain pine beetle continues at epidemic levels and spreads into northern Front Range ponderosa pine forests.
Actions to manage mountain pine beetle populations in ponderosa pine stands should be considered, where appropriate, to reduce beetle populations, thin forest stands to make them less attractive to dispersing beetles (Negron and Popp 2004) and increase vigor of remaining trees, and to manage fuels in these forests.  Silviculturists may need to consider applying greater emphasis on providing conditions suitable for retaining and enhancing regeneration as a hedge against the increasing populations of mountain pine beetle that may spread into ponderosa pine forests from high elevation lodgepole and five-needle pine forests.  
Conclusions

The aerial survey data and available ground survey results indicate that the mountain pine beetle is at epidemic levels in lodgepole pine forests across the northern Front Range, including Boulder, Clear Creek, Gilpin, and Larimer Counties, Colorado, on the Arapaho and Roosevelt National Forests.  For purposes of this analysis, stands containing limber pine and Rocky Mountain bristlecone pine also are considered to be experiencing epidemic levels of mountain pine beetle.

The building mountain pine beetle epidemic on the Arapaho and Roosevelt National Forests and on other land ownerships in the Boulder, Clear Creek, Gilpin, and Larimer Counties is not likely to depart from the projected rapid increase in losses to lodgepole, limber, and Rocky Mountain bristlecone pine stands unless a period of prolonged and severe low temperatures (<-30º F) occurs during late fall-winter-early spring months.  An extremely severe cold weather event may result in the death of large numbers of the developing bark beetle brood under the bark and bring the epidemic to an end, as happened during the mountain pine beetle outbreak in Grand and Summit Counties, Colorado, during the winter of 1984 – 1985 (Lessard et al. 1987) and during the spruce beetle epidemic in the Flat Tops area on the White River National Forest during the winter of 1950 – 1951 (Schmid and Frye 1977).

Based on the above analysis there is adequate evidence to recommend to the Deputy Regional Forester that she declare that an epidemic of mountain pine beetle exists in lodgepole, limber, and Rocky Mountain bristlecone pine forests on the Arapaho and Roosevelt National Forests in Boulder, Clear Creek, Gilpin, and Larimer Counties, CO.  If the Forest Supervisor for the Arapaho and Roosevelt National Forests finds that there are threats to ecosystem components in analysis areas within these Counties, then the streamlined NEPA authorities offered by the Healthy Forest Restoration Act are available for use.
Because this mountain pine beetle epidemic determination relies strongly on aerial survey data, with little reliance on ground survey confirmation of epidemic conditions, National Forest project managers may wish to request that the Lakewood Service Center conduct a mountain pine beetle survey in proposed project areas during the course of their project analysis and preparation of NEPA documents.  These survey results would provide a more up-to-date picture of bark beetle conditions on the ground as the analysis and decision processes take place.
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 Appendix A – County and National Forest Mountain Pine Beetle Impacts, 1996 – 2007
Table 1a.  Cumulative (1996 through 2007) acres of lodgepole pine containing trees killed by the mountain pine beetle (MPB) by County in Boulder, Clear Creek, Gilpin and Larimer Counties, CO, in the lodgepole pine forest cover type and in other forest cover types.

Table 1b.  Cumulative (1996 through 2007) privately owned and National Forest acres of lodgepole pine containing trees killed by the mountain pine beetle (MPB) by County in Boulder, Clear Creek, Gilpin, and Larimer Counties, CO, in the lodgepole pine forest cover type and in other forest cover types.

Table 1c.  Cumulative (1996 through 2007) acres of ponderosa pine containing trees killed by the mountain pine beetle (MPB) by County in Boulder, Clear Creek, Gilpin and Larimer Counties, CO, in the ponderosa pine forest cover type and in other forest cover types.

Table 1d.  Cumulative (1996 through 2007) privately owned and National Forest acres of ponderosa pine containing trees killed by the mountain pine beetle (MPB) by County in Boulder, Clear Creek, Gilpin, and Larimer Counties, CO, in the ponderosa pine forest cover type and in other forest cover types.

Table 2.    Annual aerial survey estimates of forested acreage containing lodgepole pine trees that died each given year as a result of mountain pine beetle infestation in the northern Front Range Counties of Boulder, Clear Creek, Gilpin, and Larimer, CO, from 1996 through 2007.
Table 3.    Annual aerial survey estimates of forested acreage containing lodgepole pine trees that died each given year as a result of mountain pine beetle infestation on portions of the Arapaho and Roosevelt National Forests within Boulder, Clear Creek, Gilpin, and Larimer Counties, CO, from 1996 through 2007.

Table 4.    Annual aerial survey estimates of forested acreage containing limber and Rocky Mountain bristlecone pine trees that died each given year as a result of mountain pine beetle infestation in the northern Front Range Counties of Boulder, Clear Creek, Gilpin, and Larimer, CO, from 1996 through 2007.
Table 5.    Annual aerial survey estimates of forested acreage containing limber and Rocky Mountain bristlecone pine trees that died each given year as a result of mountain pine beetle infestation on portions of the Arapaho and Roosevelt National Forests within Boulder, Clear Creek, Gilpin, and Larimer Counties, CO, from 1996 through 2007.

Table 6.    Annual aerial survey estimates of forested acreage containing ponderosa pine trees that died each given year as a result of mountain pine beetle infestation in the northern Front Range Counties of Boulder, Clear Creek, Gilpin, and Larimer, CO, from 1996 through 2007.
Table 7.    Annual aerial survey estimates of forested acreage containing ponderosa pine trees that died each given year as a result of mountain pine beetle infestation on portions of the Arapaho and Roosevelt National Forests within Boulder, Clear Creek, Gilpin, and Larimer Counties, CO, from 1996 through 2007.

Table 1a.  Cumulative (1996 through 2007) acres of lodgepole pine containing trees killed by the mountain pine beetle (MPB) by County in Boulder, Clear Creek, Gilpin and Larimer Counties, CO, in the lodgepole pine forest cover type1 and in other forest cover types2.

	All Forest Ownerships

	County, State
	Acreage in Lodgepole Pine Cover Type1
	Acreage in Lodgepole Pine Cover Type Impacted by MPB
	Percent of Lodgepole Pine Cover Type Impacted by MPB
	Acreage in Other Forest Cover Types2 Impacted by MPB
	Acreage of Lodgepole Pine Impacted by MPB in all Forest Cover Types

	Boulder, CO
	44,100
	9,000
	20%
	18,200
	27,200

	Clear Creek, CO
	69,300
	8,700
	13%
	25,500
	34,200

	Gilpin, CO
	48,600
	10,600
	22%
	6,600
	17,200

	Larimer, CO
	365,000
	78,400
	21%
	45,600
	124,000


1   Lodgepole pine forest cover type characterized in the Colorado Gap Analysis Project, United States Geological Survey, 2000.

2  Other forest cover types where lodgepole pine makes up a variable but small portion of the overstory trees.  These forest cover types may be classified as aspen, Rocky Mountain bristlecone and limber pines, Douglas-fir, ponderosa pine, or spruce-fir.
Table 1b.  Cumulative (1996 through 2007) privately owned and National Forest acres of lodgepole pine containing trees killed by the mountain pine beetle (MPB) by County in Boulder, Clear Creek, Gilpin, and Larimer Counties, CO, in the lodgepole pine forest cover type1 and in other forest cover types2.

	Private Forest Ownership
	National Forest Ownership

	County, State
	Acreage in Lodgepole Pine Cover Type1
	Acreage in Lodgepole Pine Cover Type Impacted by MPB
	Percent of Lodgepole Pine Cover Type Impacted by MPB
	Acreage in Other Forest Cover Types2 Impacted by MPB
	Acreage in Lodgepole Pine Cover Type1
	Acreage in Lodgepole Pine Cover Type Impacted by MPB
	Percent of Lodgepole Pine Cover Type Impacted by MPB
	Acreage in Other Forest Cover Types2 Impacted by MPB

	Boulder, CO
	17,511
	1,900
	11%
	4,700
	23,508
	5,700
	24%
	15,700

	Clear Creek, CO
	27,311
	1,500
	5%
	6,500
	36,222
	6,600
	18%
	23,900

	Gilpin, CO
	26,763
	4,800
	18%
	8,300
	18,233
	5,700
	31%
	8,800

	Larimer, CO
	39,132
	2,500
	6%
	7,500
	310,384
	73,500
	24%
	93,500


1   Lodgepole pine forest cover type characterized in the Colorado Gap Analysis Project, United States Geological Survey, 2000.

2  Other forest cover types where lodgepole pine makes up a variable but small portion of the overstory trees.  These forest cover types may be classified as aspen, Rocky Mountain bristlecone and limber pines, Douglas-fir, ponderosa pine, or spruce-fir.
Table 1c.  Cumulative (1996 through 2007) acres of ponderosa pine containing trees killed by the mountain pine beetle (MPB) by County in Boulder, Clear Creek, Gilpin and Larimer Counties, CO, in the ponderosa pine forest cover type1 and in other forest cover types2.

	All Forest Ownerships

	County, State
	Acreage in Ponderosa Pine Cover Type1
	Acreage in Ponderosa Pine Cover Type Impacted by MPB
	Percent of Ponderosa Pine Cover Type Impacted by MPB
	Acreage in Other Forest Cover Types2 Impacted by MPB
	Acreage of Ponderosa Pine Impacted by MPB in all Forest Cover Types

	Boulder, CO
	146,956
	15,600
	11%
	3,300
	18,900

	Clear Creek, CO
	23,464
	770
	3%
	3,200
	3,970

	Gilpin, CO
	7,257
	310
	4%
	2,000
	2,310

	Larimer, CO
	384,752
	28,600
	7%
	20,200
	48,800


1   Ponderosa pine forest cover type characterized in the Colorado Gap Analysis Project, United States Geological Survey, 2000.

2  Other forest cover types where ponderosa pine makes up a variable but small portion of the overstory trees.  These forest cover types may be classified as aspen, Rocky Mountain bristlecone and limber pines, Douglas-fir, lodgepole pine, or spruce-fir.
Table 1d.  Cumulative (1996 through 2007) privately owned and National Forest acres of ponderosa pine containing trees killed by the mountain pine beetle (MPB) by County in Boulder, Clear Creek, Gilpin, and Larimer Counties, CO, in the ponderosa pine forest cover type1 and in other forest cover types2.

	Private Forest Ownership
	National Forest Ownership

	County, State
	Acreage in Ponderosa Pine Cover Type1
	Acreage in Ponderosa Pine Cover Type Impacted by MPB
	Percent of Ponderosa Pine Cover Type Impacted by MPB
	Acreage in Other Forest Cover Types2 Impacted by MPB
	Acreage in Ponderosa Pine Cover Type1
	Acreage in Ponderosa Pine Cover Type Impacted by MPB
	Percent of Ponderosa Pine Cover Type Impacted by MPB
	Acreage in Other Forest Cover Types2 Impacted by MPB

	Boulder, CO
	80,434
	9,000
	11%
	1,500
	59,781
	5,600
	9%
	1,800

	Clear Creek, CO
	17,345
	490
	3%
	1,610
	2,876
	50
	2%
	1,050

	Gilpin, CO
	3,733
	80
	2%
	1,620
	751
	1
	1%
	69

	Larimer, CO
	191,866
	11,600
	6%
	2,000
	159,673
	14,400
	9%
	16,600


1   Ponderosa pine forest cover type characterized in the Colorado Gap Analysis Project, United States Geological Survey, 2000.

2  Other forest cover types where ponderosa pine makes up a variable but small portion of the overstory trees.  These forest cover types may be classified as aspen, Rocky Mountain bristlecone and limber pines, Douglas-fir, lodgepole pine, or spruce-fir.
Table 2.  Annual aerial survey estimates of forested acreage containing lodgepole pine trees that died each given year1 as a result of mountain pine beetle infestation in the northern Front Range Counties of Boulder, Clear Creek, Gilpin, and Larimer, CO, from 1996 through 2007.
	Northern Front Range Counties1

	Year
	Boulder
	Clear Creek
	Gilpin
	Larimer

	2007
	26,200
	29,500
	16,300
	121,000

	2006
	1,600
	7,900
	1,900
	3,200

	2005
	500
	6,200
	540
	810

	2004
	120
	1,400
	270
	5

	2003
	110
	8
	20
	390

	2002
	4
	0
	4
	230

	2001
	0
	0
	0
	460

	2000
	5
	9
	20
	20

	1999
	90
	50
	0
	2

	1998
	0
	0
	0
	0

	1997
	20
	0
	0
	180

	1996
	1
	1
	6
	60


1  These acreage figures represent the number of acres mapped by aerial surveyors for each individual year that contain red-crowned trees that died during the year of survey only; these numbers do not reflect the cumulative impact of mountain pine beetle infestation over the course of the epidemic in the surveyed area because they do not tally beetle-killed defoliated trees or currently infested green trees.  As a result, an individual acre may be mapped multiple years as the mountain pine beetle epidemic developed over this twelve-year time span.  These figures cannot be summed over the time interval for each County to determine the cumulative impact of mountain pine beetle on lodgepole pine stands within these Counties.
Table 3.  Annual aerial survey estimates of forested acreage containing lodgepole pine trees that died each given year1 as a result of mountain pine beetle infestation on portions of the Arapaho and Roosevelt National Forests within Boulder, Clear Creek, Gilpin, and Larimer Counties, CO, from 1996 through 2007.

	Year
	Arapaho and Roosevelt National Forests1,2

	2007
	155,000

	2006
	9,800

	2005
	7,700

	2004
	1,400

	2003
	410

	2002
	170

	2001
	460

	2000
	10

	1999
	50

	1998
	0

	1997
	140

	1996
	60


1  These acreage figures represent the number of acres mapped by aerial surveyors for each individual year that contain red-crowned trees that died during the year of survey only; these numbers do not reflect the cumulative impact of mountain pine beetle infestation over the course of the epidemic in the surveyed area because they do not tally beetle-killed, defoliated trees or currently infested green trees.  As a result, an individual acre may be mapped multiple years as the mountain pine beetle epidemic developed over this twelve-year time span.  These figures cannot be summed over the time interval for each County to determine the cumulative impact of mountain pine beetle on lodgepole pine stands within these Counties.  See Table 1 for these figures. 

2  Arapaho National Forest acreage includes Clear Creek County only; the entire Roosevelt National Forest is included.

Table 4.  Annual aerial survey estimates of forested acreage containing limber and Rocky Mountain bristlecone pine trees that died each given year1 as a result of mountain pine beetle infestation in the northern Front Range Counties of Boulder, Clear Creek, Gilpin, and Larimer, CO, from 1996 through 2007.
	Northern Front Range Counties1

	Year
	Boulder
	Clear Creek
	Gilpin
	Larimer

	2007
	550
	160
	1,400
	1,400

	2006
	530
	60
	2,000
	260

	2005
	340
	260
	910
	130

	2004
	140
	20
	470
	490

	2003
	60
	0
	0
	1

	2002
	0
	0
	0
	0

	2001
	0
	0
	0
	0

	2000
	0
	0
	0
	0

	1999
	0
	0
	0
	0

	1998
	0
	0
	0
	0

	1997
	0
	0
	0
	0

	1996
	0
	0
	0
	0


1  These acreage figures represent the number of acres mapped by aerial surveyors for each individual year that contain red-crowned trees that died during the year of survey only; these numbers do not reflect the cumulative impact of mountain pine beetle infestation over the course of the epidemic in the surveyed area because they do not tally beetle-killed defoliated trees or currently infested green trees.  As a result, an individual acre may be mapped multiple years as the mountain pine beetle epidemic developed over this twelve-year time span.  These figures cannot be summed over the time interval for each County to determine the cumulative impact of mountain pine beetle on ponderosa pine stands within these Counties.
Table 5.  Annual aerial survey estimates of forested acreage containing limber and Rocky Mountain bristlecone pine trees that died each given year1 as a result of mountain pine beetle infestation on portions of the Arapaho and Roosevelt National Forests within Boulder, Clear Creek, Gilpin, and Larimer Counties, CO, from 1996 through 2007.

	Year
	Arapaho and Roosevelt National Forests1,2

	2007
	      2,400

	2006
	1,600

	2005
	940

	2004
	510

	2003
	0

	2002
	0

	2001
	0

	2000
	0

	1999
	0

	1998
	0

	1997
	0

	1996
	0


1  These acreage figures represent the number of acres mapped by aerial surveyors for each individual year that contain red-crowned trees that died during the year of survey only; these numbers do not reflect the cumulative impact of mountain pine beetle infestation over the course of the epidemic in the surveyed area because they do not tally beetle-killed, defoliated trees or currently infested green trees.  As a result, an individual acre may be mapped multiple years as the mountain pine beetle epidemic developed over this twelve-year time span.  These figures cannot be summed over the time interval for each County to determine the cumulative impact of mountain pine beetle on ponderosa pine stands within these Counties.  See Table 1 for these figures. 

2  Arapaho National Forest acreage includes Clear Creek County only; the entire Roosevelt National Forest is included.

Table 6.  Annual aerial survey estimates of forested acreage containing ponderosa pine trees that died each given year1 as a result of mountain pine beetle infestation in the northern Front Range Counties of Boulder, Clear Creek, Gilpin, and Larimer, CO, from 1996 through 2007.
	Northern Front Range Counties1

	Year
	Boulder
	Clear Creek
	Gilpin
	Larimer

	2007
	380
	20
	30
	890

	2006
	190
	20
	40
	1,200

	2005
	380
	110
	30
	1,900

	2004
	120
	90
	50
	540

	2003
	720
	40
	10
	4,700

	2002
	2,200
	760
	470
	5,900

	2001
	4,200
	20
	290
	10,500

	2000
	1,900
	1,700
	320
	7,800

	1999
	5,200
	1,200
	510
	8,500

	1998
	5,000
	70
	1,100
	14,100

	1997
	850
	90
	430
	2,700

	1996
	9
	80
	30
	900


1  These acreage figures represent the number of acres mapped by aerial surveyors for each individual year that contain red-crowned trees that died during the year of survey only; these numbers do not reflect the cumulative impact of mountain pine beetle infestation over the course of the epidemic in the surveyed area because they do not tally beetle-killed defoliated trees or currently infested green trees.  As a result, an individual acre may be mapped multiple years as the mountain pine beetle epidemic developed over this twelve-year time span.  These figures cannot be summed over the time interval for each County to determine the cumulative impact of mountain pine beetle on ponderosa pine stands within these Counties.
Table 7.  Annual aerial survey estimates of forested acreage containing ponderosa pine trees that died each given year1 as a result of mountain pine beetle infestation on portions of the Arapaho and Roosevelt National Forests within Boulder, Clear Creek, Gilpin, and Larimer Counties, CO, from 1996 through 2007.

	Year
	Arapaho and Roosevelt National Forests1,2

	2007
	650

	2006
	960

	2005
	1,300

	2004
	320

	2003
	4,000

	2002
	4,600

	2001
	10,400

	2000
	6,100

	1999
	8,400

	1998
	9,900

	1997
	1,800

	1996
	750


1  These acreage figures represent the number of acres mapped by aerial surveyors for each individual year that contain red-crowned trees that died during the year of survey only; these numbers do not reflect the cumulative impact of mountain pine beetle infestation over the course of the epidemic in the surveyed area because they do not tally beetle-killed, defoliated trees or currently infested green trees.  As a result, an individual acre may be mapped multiple years as the mountain pine beetle epidemic developed over this twelve-year time span.  These figures cannot be summed over the time interval for each County to determine the cumulative impact of mountain pine beetle on ponderosa pine stands within these Counties.  See Table 1 for these figures. 

2  Arapaho National Forest acreage includes Clear Creek County only; the entire Roosevelt National Forest is included.

Appendix B – County Aerial Survey Maps, Mountain Pine Beetle Impacts, 2000 – 2007
Figure 1.  Boulder County, Colorado
Figure 2.  Clear Creek County, Colorado
Figure 3.  Gilpin County, Colorado
Figure 4.  Larimer County, Colorado
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Figure 1.  Boulder County, Colorado.
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Figure 2.  Clear Creek County, Colorado.
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Figure 3.  Gilpin County, Colorado.
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Figure 4.  Larimer County, Colorado.
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