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Abstract 

Post-fire monitoring of ponderosa pine in Mesa Verde National Park following the 

Bircher Fire in 2000 found that 76% of the ponderosa pine trees in the park were destroyed. The 

greatest survivorship occurred where trees were protected by a lack of surface fuels, such as 

those trees located on open bedrock or trees located in areas of relatively low burn severity. 

Seedlings were found in only one location, reflecting the high burn severity and on going 

drought conditions present at MEVE during the years following the fIre. Sites with the greatest 

potential to undergo recruitment were identified. Ponderosa pine stands at risk for future fire 

activity were noted. 

Keywords: Mesa Verde National Park, Ponderosa Pine, Pinus ponderosa, Post-fIre Monitoring 

Cover photos: 

Center: Bobcat Canyon (50-2) 

Clockwise from top left: Morefield Homestead (50-4), East Rim (50-9), Prater Ridge (50-43), 

Prater Ridge (50-38). 
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Introduction 

Mesa Verde National Park (MEVE) has been of interest to botanists and ecologists 

because of its unique diversity, species composition, and vegetation structure. Of particular 

interest is the contribution of ponderosa pine (Pinus ponderosa P. & C. Lawson) to the overall 

vegetation composition of Mesa Verde National Park. In Mesa Verde, the ponderosa pine stands 

are restricted to certain substrates on the cuesta. Marilyn Colyer found that the stands were 

found only on the white beach layer of the Cliff House Sandstone, the Point Lookout Sandstone 

(including alluvium), and the paleosol layer of the Menefee Formation. In the adjacent 

ecosystem, the cuesta ponderosa pine occurs on the glacial gravels, the Greenhorn member of the 

Mancos Formation, and on Dakota Sandstone derived soils. The red loess soils common on the 

mesa tops do not support ponderosa pine. The ponderosa pine on the Mesa Verde cuesta are 

considered Pleistocene relicts (Marilyn Colyer, personal communication MEVE). Environmental 

conditions exist that would predict an ecotonal gradient from pinon-juniper woodlands to 

ponderosa pine, a gradient common to the Southwest. This gradient is for the most part absent in 

MEVE where Douglas-fIr dominated stands intermix with pinon-juniper. 

Ponderosa pine makes up less than 0.007% of the vegetation of MEVE. This 

approximation is based upon GIS vegetation mapping projects accomplished in 2003 and 1996 

(Floyd et al. 1996). Vegetation cover types constructed by ecologists in 1996 estimated 1.07 ha 

(2.65 acres) of ponderosa pine in the Park; this may be an underestimate as it is derived from a 

preliminary mapping project and does not include the Bobcat Canyon population (Floyd et al. 

1996). The GIS office at MEVE recently delineated 1.54 ha (3.8 acres) of ponderosa pine using 

infrared imagery (Gardiner and Loy 2003). This total is also an approximation, because the post

fire survivorship of Pinus ponderosa has yet to be determined. 

The climate at MEVE is typically dry with mild winters and warm summers. The MEVE 

50-year climate average is approximately 45.21 cm (17.8 in) of precipitation per year with an 

average maximum temperature of close to 32.22 °C (90 OF) and a low temperature average 

between -12 and -6.7 °C (10-20 OF) (WRCC 2005). Figure 1 is a graph illustrating the mean 

monthly precipitation and maximum and minimum temperatures from 1948-2004 (Figure 1). 

Drought information complied by the USDA Drought Monitor website reported severe to 

exceptional drought conditions in mid-July from the years 2000 to 2004. This classification is 

based upon regional climate data and actual drought conditions in MEVE may have been more 
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or less intense (USDA 2005). When the Bircher Fire of 2000 hit in July, the Park had received 

19.61 cm (7.72 in) of precipitation for the precipitation year (October 1, 1999 to July 31, 2000) 

or 57 percent of normal (Marilyn Colyer, personal communication). This was the first year of 

the five year drought. 

The MEVE Natural Resource Office invested several years (1984-1992) into 

documenting and monitoring the ponderosa pine populations in MEVE. They tagged and 

measured over 600 trees. According to the data provided to the investigator, there were 

approximately 945 trees located in 45 sites before the fires in 1996 and 2000 including early 

estimates of the Bobcat Canyon population. According to data provided by the MEVE Natural 

Resources Office, there are 45 ponderosa pine locations in the Park. Data gathered by MEVE 

biologists between 1984 and 1992 and compiled during this study resulted in an estimate of 

approximately 945 ponderosa pine trees in MEVE before the fires. Table 1 is a list of historic 

ponderosa pine sites including number of trees per site before the fire, number of trees per site 

after the fire, and total number of trees known in MEVE (Table 1) There are an additional 16 

ponderosa pine sites located on Ute Mountain Ute Tribe land and Bureau of Land Management 

land adjacent to MEVE. These sites were not included in the present study but are considered 

part of the greater historical ponderosa pine population on the cuesta. 

The purpose of the current monitoring study is to ascertain the survivorship of Pinus 

ponderosa following the recent series of large fires since 1989. Sites were investigated for living 

trees, saplings, or seedlings that may be present at the sample sites. The Bircher Fire of 2000 is 

responsible for the majority of damage to the ponderosa pine stands in the Park. Additionally, 

several sites were burned by the Chapin 5 Fire of 1996 after the vegetation coverage was 

constructed by Floyd and others (Floyd et al. 1996). 

The results of this survey will aid Mesa Verde National Park in managing ponderosa pine 

stands through answering several important questions; what is the survivorship following the 

Bircher Fire, what is the probability that the lost stands will reestablish themselves, and which 

sites are at the most risk for a stand replacing fire. 
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Mesa Verde National Park 1948-2004 Monthly Climate Averages 
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Figure 1. Monthly climate averages for Mesa Verde National Park, 1948-2004. (WRCC 2005). 

Methods 

The MEVE Natural Resource Office tagged and measured the majority of ponderosa pine 

trees between 1984 and 1992 (Colyer 2003). Data was gathered for all the large populations 

except for the Bobcat Canyon population. MEVE biologists measured several statistics for each 

tree including diameter at breast height (dbh), height, past cone crop, current cone crop, shape, 

growth (needle length), presence and type of scars, evidence offaunal activity or disease, slope, 

and aspect. The 2003-2004 ponderosa pine monitoring was accomplished by pedestrian surveys 

of known ponderosa sites as identified by the Natural Resources Office. The same data was 

recorded as given above. Height was visually estimated or, when terrain or vegetation cover 

allowed, was calculated by clineometer using percent slope at 100 feet. Diameter was measured 

using a dbh tape in centimeters at 1.37 m (4.5 ft) from the base or at halfheight in trees less than 

1.3 7 m (4.5 ft) tall. Units were converted from metric to standard for use in the tables of this 

report and to facilitate comparison between earlier data. Additionally, a number of trees 
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survived with tags previously placed by MEVE biologists allowing a comparison between the 

current and past data sets. Living trees were tagged, measured, assessed, photographed, and 

mapped using Trimble GPS. 

Age was estimated for each tree based upon visual characteristics as proposed by 

Huckaby et al. (2003a, 2003b). Huckaby's methods were developed for trees located on the 

front range of the Colorado Rocky Mountains, therefore, some error maybe present for 

determining the age of the western slope trees in MEVE. The general criteria she developed for 

estimating ponderosa pine age likely holds true for trees in any location, although the actual age 

categories in years may differ from place to place. Huckaby and others identified three life 

stages, young canopy trees <150 years, transitional 150-250 years, and older trees >200 years. 

An additional age class was created for the purpose of the MEVE monitoring «50 years). It is 

applied to saplings, seedlings, and trees of known age. Huckaby and others constructed a table 

identifying characteristics of the life stages of ponderosa pine; it is reproduced here to show how 

the trees were aged in this study (Table 2). For more detailed information about estimating age 

of ponderosa pine, see the original work by Huckaby and others (2003a, 2003b). The term 

"extirpated" is used to indicate a population as totally destroyed, i.e. no signs of survivorship. 

Trees of unknown age are from sites not visited, but located in areas where no fires occurred and 

it is presumed these trees are extant. 

The reproductive effort ofMEVE ponderosa pine trees was assessed in several ways. 

Past reproductive effort was determined through open, woody cones on the tree or on the ground 

surrounding the tree, indicating that a cone crop had occurred at least two years ago. This past 

reproductive effort was recorded as none or as a percent of the crown of each tree. Closed cones, 

those that will open in the fall of the current year, and flowers (assumed to produce a cone crop 

next year) were recorded as a percent of the crown of each tree. Flowers were identified in the 

field notes when possible .. Percent cover of flowers is difficult to record on large trees due to 

problem of seeing the flowers within the needles at the tops of the trees. The ground within a 

100-foot radius under trees with past or current cones was searched for any indication of 

seedlings. 

Each tree was assessed for general health and any indication of faunal damage or disease. 

All live trees surveyed in this study were tagged using flexible aluminum tags nailed into the 

bark at breast height. Tags were labeled with the site number and a tree number. Trees with 

historical tags were left unchanged and noted in the records with the original tree number. New 
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tags were numbered beginning with WF (Windom Floristics) to indicate the investigator and 

specific survey. Additionally, each tree was mapped using Trimble GPS and differentially 

corrected to determine an accurate position of each tree within the site. The mapping was done 

to aid future investigators in locating individual trees. The mapping was augmented with 

detailed location notes made for each tree. The majority of tags that were placed by MEVE 

biologists in 1984-1992 were lost during the Bircher Fire. An attempt was made here to provide 

a means to relocate trees regardless if the tags survive or not. 

Results 

During this post-fIre monitoring study 35 of the 45 known sites were visited. Map 1, 

attached to the report, shows the location of all 45 ponderosa pine sites in MEVE. Yellow 

symbols show survey sites with live trees, purple symbols show survey sites with no living trees, 

and green symbols show sites that were not surveyed. The results of the post fire monitoring 

collected data on 219 live trees. Additionally, there are five live trees located in unburned areas 

that were documented in the past by MEVE biologists and are associated with eight of the un

surveyed sites. These include one tree from site 50-44 (West Chapin Spur), two trees from 50-17 

(East Escarpment below the Vulture cliffs), and two trees from 50-22 (Long Mesa). This brings 

the total number of live ponderosa pine trees in MEVE to approximately 224. Survivorship is 

estimated to be 24% of the original popUlation. The complete data set for all trees surveyed in 

2003-2004 is located in a separate data base and hardcopy accompanying this report. 

The remaining fIve un-surveyed sites are presumed to have no living trees. Site 50-66 

(Whites Canyon) is the location where a ponderosa pine limb was discovered before the fITe by 

the Natural Resource Office. Two of the un-surveyed sites are located on Prater Ridge (50-36 

and 50-37). The 50-36 site was overlooked, it is located near the Prater Ridge Trail where the 

investigator traveled past on several occasions. The investigator was unaware of the presence of 

a site in that location and never observed a living tree or snag in passing. The location is in an 

area where the Bircher Fire burned rather intensively and it is assumed that the tree was 

destroyed. The 50-37 site was originally documented as one dead tree. Site 50-58 is located in 

the School Section Canyon and was likely burned by the Bircher Fire. Site 50-34 (Chickaree 

Canyon) reports the location of one dead tree above the aspen site. For a summary of all sites 

showing both historical and 2003-2004 visit status, general location, number of trees per site and 

geologic substrate (Table 3). 
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There was some confusion concerning the location and labeling of two ponderosa sites. 

F or the purpose of this report and to aid future survey work, two of the stands were renamed and 

one of the site numbers retired. The stands in question are located on west Prater Ridge. One 

site is located at the head of the check dam side canyon and includes two clusters of trees 

situated in the northwest and northeast forks of the canyon. This site will be numbered 50-43; it 

includes both clusters of trees and the tags on site are labeled 50-43. The stand that is located on 

the bedrock slightly northeast of the Montezuma Valley Overlook and situated directly above 

and to the west of cultural site #3844 is labeled site 50-70. The trees at this site are labeled 50-

UN (un-numbered) due to confusion during the field season. The site number 50-33 is retired, as 

it could not be reconciled with the current mapping and available data. 

The majority of ponderosa pine populations in MEVE occur on the Point Lookout 

Sandstone (25 sites, see Table 4) and the Menefee Formation (11 sites). The Morefield 

Homestead population (50-4) is mapped on Quaternary colluvium, however this substrate is 

derived from parent materials primarily consisting of Point Lookout Sandstone and Menefee 

Formation. The Wetherill Mesa sites (50-2, 50-24, and 50-25) are growing on the white beach 

deposits of the Cliff House Sandstone as well as those populations located along the southern 

section of the Park and on Long Mesa (50-22, 50-26, 50-50, 50-56, and 50-44). 

More than half of the trees are < 9.14 m (30 ft) tall (70%,152 trees), with 32% (69 trees) 

< 3 m (10 ft) tall and 38% (83 trees) between 3.35 and 9.14 m tall (11 and 30 ft).The majority of 

trees alive in the Park (38%) are between 3.35 and 9.14 m tall (11 and 30 ft). Table 5 

summarizes the height and diameter for all trees surveyed in the Park. The table shows height 

class (ft), diameter class (in) within each height class, and the number of trees in each class. 

These size classes were chosen because the data showed natural breaks and because identifying 

trees over 9.14 m (30ft) tall is important for predicting seedling recruitment (Bonnet et al. 2004). 

Most of the smaller trees « 3 m or (10 ft) had diameters 12.7 cm « 5 in), a few of these 

had larger diameters and were generally trees located on exposed bedrock. Some of the trees 

between 9.14 m tall (11 and 30 ft) had small diameters «12.7 cm or 5 in), but the majority of 

trees in this size class had diameters between 15.24 and 38.1 cm (6 and 15 in). Trees between 

9.45 and 18.29 m (31 and 60 ft) tall had an almost equal number of diameters 15.24 to 38.1 cm 

(6 to 15 in) and 40.64 to 63.5 cm (16 to 25 in) with a few trees having larger diameters of 66.04 

to 88.9 cm (26 to 35 in). Trees over 18.29 m (60 ft) tall generally had diameters over 66.04 cm 
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(26 in), with half of the trees in this size class recording a diameter of> 91.44 cm (> 36 in) 

(Table 5). 

The largest tree in MEVE is approximately 36.58 m (120 ft) tall with a diameter of 107 

cm (42.1 in) and is located at site 50-4 (Morefield Homestead). This tree was estimated to be 

>200 years old. This tree is one of those that was able to be identified as a tagged tree through 

its distinctive broken limbs. Measurements taken 20 years ago in 1984 recorded the tree to be 

22.86 m (75 ft) tall showing 13.72 m (45 ft) of growth. This growth rate may not be accurate 

due to differences of methodology in estimating height. This tree had a diameter of 121.92 cm 

(48 in) in 1984 and 107 cm (42.1 in) in 2004. The net loss of diameter is likely due to the loss of 

bark following the Bircher Fire. This tree was blackened and appeared to be shedding bark at 

1.37 m (4.5 ft) from the base. The smallest tree in the Park is approximately 20.32 cm (8 in) tall 

with a diameter at half height of approximately 1.52 cm (0.6 in), growing in the bedrock above 

North Valley on Prater Ridge (50-38). The smallest diameter (1.02 cm or 0.4 in) measured in the 

Park was for a sapling located in Bobcat Canyon (50-2). A summary of tree height, diameter, 

and needle length per site for the 2003-2004 survey can be found in (Table 6). Data presented in 

the tables are given in English measurement. The mean length of needles on ponderosa pine 

trees in MEVE is 13.72 cm (5.4 in), ranging from less than 1.2 cm (0.5 in) to 20 cm (8 in). 

Estimates of ponderosa pine tree age found individuals in all age classes. The majority of 

trees were estimated to be <150 years old (72%, 158 trees), with 10% of the trees <50 years old 

(22 trees), 12% between 150 to 250 years old (26 trees), and 6% >200 years old (13 trees). The 

Bobcat Canyon (50-2) population consisted of trees of all ages with the majority of trees in the 

<150 year class. The Morefield Homestead (50-4) population also consisted of trees of all age 

classes, with the majority of trees likewise found in the <150 year old age class. The Morefield 

Homestead population was damaged in the Bircher Fire where as the Bobcat Canyon population 

has not burned in recent history. For a summary of estimated age class per site, number of trees 

per age class and average height (ft) and diameter (in) per age class see Table 7. 

Several trees were identified from past monitoring tags. A comparison showing net 

change in height and diameter is given in Table 8. The table summarizes 2004 height and 

diameter, the year the data was previously recorded, past height and diameter and the change in 

height and diameter. Negative numbers in diameter reflect either a loss of bark from the Bircher 

Fire, an error in measurement, or error in the identification of site or tree. A loss in height is 
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either due to the top breaking off, an error in measurement, or error in the identification of site or 

tree. 

Reproductive ability of ponderosa pine in MEVE was noted in two ways. First, evidence 

of past reproduction through presence of open woody cones in the crown (percent of crown) or 

on the ground underneath the tree (recorded as default of 1-10%) was recorded. Secondly, 

evidence of current reproductive activity through percent crown of closed cones (current year 

seed crop) or female flowers for next years seed crop was noted. Two tables were constructed to 

consolidate information about past and current reproductive activity. Table 9 summarizes past 

reproductive activity including site number, number of trees per site, summary of cone classes 

per site (percent crown), number of trees per cone class, and the average height and diameter of 

trees within each cone class. Table 10 reports the same information as Table 9 but focuses on 

current reproductive activity. Results showed that 37% (80 trees) of the 219 trees show evidence 

of past reproductive output and 39% (86 trees) show evidence of current reproductive output. 

There are nine trees (4%) that showed indication of past reproduction but no evidence of current 

reproductive activity and fifteen trees (6%) showing no evidence of past reproduction but were 

noted to have closed cones or flowers showing current reproductive activity. Trees that show 

both past and current reproductive ability make up 32% (71 trees) of the 219 surveyed trees. 

The survey for seedlings within a 100 foot radius of trees showing reproductive ability 

(past or current cone activity) resulted in a single occurrence of 10 seedlings located underneath 

one tree in the Morefield Homestead site (50-4). 
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Discussion 

The results section presents a great deal of information concerning the ponderosa pine 

stands in MEVE. The most useful information to MEVE focuses on the answers to the following 

questions; what is the survivorship of ponderosa pine following the Bircher Fire, what is the 

probability that the lost stands will reestablish, and which sites are at the most risk for a stand 

replacing fire. 

Survivorship of Ponderosa Pine in MEVE 

There are approximately 224 ponderosa pine trees alive in MEVE at this time. Most of 

the larger trees between 9.45 and 18.29 m (31 to 60 ft) in the Park are located along the base of 

the cliff forming sandstone where moisture is greater and the soils can be deep yet well drained. 

A few of the larger trees have become established in depressions in the bedrock on top of the 

rims, mostly in places where soils have developed and access to moisture through cracks is 

available to the trees. The largest trees in the Park (> 18.29 m, 60 ft) are located in the bottom of 

the canyons where sandy alluvial soils are deeper and the moisture content is greater. Several of 

the trees at site 50-4 were planted following the construction of the tunnel in 1957. These trees 

are a different genotype then the native stands located elsewhere in the Park (Marilyn Colyer, 

personal communication). These trees are approximately 50 years old and one individual 

doubled its height and tripled its diameter since 1984 (50-4, tree 15, Table 8). 

A small portion of the surviving trees are decumbent (23 trees). These gnarled little trees 

primarily occur in the drier sandy soils formed in the cracks of the bedrock along the rim of the 

canyons (see Figure 2). These little trees were found on Prater Ridge (50-3, 50-43 and 50-70, 

and 50-38), Chickaree Canyon (50-1), and Bobcat Canyon (50-2). On Prater Ridge several of 

these trees are relatively large with thick diameter trunks. One of these trees was observed 

producing flowers (Figure 3). Two of the larger historical populations were survived by only 

one or two decumbent individuals. The Chickaree Canyon stand (50-1) consisted of 

approximately 150 trees before the fire. At the time of the current survey two trees were 

reported alive, one of which is a damaged small tree and the other is a decumbent tree that grew 

approximately six inches since 1987. The 50-3 (East Prater Ridge) population numbered over 70 

trees in 1984 and is solely survived by one decumbent tree. It is speculated that these trees can 

be quite old, but there is no way of knowing without examining tree ring data. 
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Figure 2. Typical gnarled decumbent tree growing in bedrock. Site 50-38 WF-15. 

The general health of the remaining trees in MEVE is good. There are some trees that 

have dying tops likely due to damage from the fire. There was no indication of beetle activity. 

Woodpecker holes were common on the larger trees throughout the Park. Some of the saplings 

had a cottony scale in the rudls of the branch tips and also appeared to have the bark stripped off 

some of the branches and bole. This is likely due to browse by deer, elk, or horse (at site 50-4). 

The fact that the fire scorched trees have lived four years following the frre is a good indication 

that these trees will likely continue to survive. Some trees had yellowing needles and/or needles 

with spots, likely due to drought conditions. 
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Figure 3. Decumbent, tree with cones at site 50-43 WF-6. 

The Bircher Fire burned from July 20, 2000 to August 3, 2000 burning over 8903 ha 

(22,000 acres). The greatest loss of ponderosa pine trees occurred on July 22-23, 2000 when the 

Bircher Fire consumed over 5662 ha (14,000 acres), destroying 760/0 of the ponderosa pine trees 

(BAER 2000). The greatest survivorship occurred where trees were protected by a lack of 

surface fuels, such as those trees located on open bedrock, grasslands, or trees located in areas of 

relatively low burn severity, such as the Morefield Homestead population (50-4). There is no 

doubt that the Bircher Fire significantly affected the ponderosa pine population in MEVE. Only 

24% of the original 942 trees are present in MEVE at the current time and 21 ponderosa stands 

were extirpated as a result of the Bircher Fire. This high mortality rate is a result of high burn 

severity in combination with the fact that ponderosa pine was not a common vegetation type in 

the Park to begin with. 

Ponderosa pine is considered a fire-enhanced species with an average fITe-turnover time 

of ca. 5 to 30 years (Howard 2003). It is well adapted to low severity surface fITes through its 

thick bark and greater distance from the ground to the lower limbs of the crown. Seed 

germination is enhanced by fire through reduction of litter, post-fire nutrients, and reduced 

competition (Howard 2003). In MEVE, the lack of natural fires over the last 75 years has 

increased ladder fuels adjacent to the existing stands and eliminated favorable post fITe 
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conditions. In the case of the Bircher Fire, the increased ladder fuels combined with the low fuel 

moisture due to the drought, contributed to the high mortality of ponderosa pine in MEVE. 

Since the ponderosa stands are restricted to well drained soils types and the distance between 

sites is 0.8 to 3.22 km (0.5 to 2 miles) some of the extirpated sites may never recover. 

The frre history of MEVE has been a focus of research by Floyd-Hanna and others 

(Floyd-Hanna et ale 2000). They were able to establish a turnover time of ca. 100 years for the 

mountain shrub community. Their efforts resulted in developing spatial data of the frre history 

of MEVE. When the spatial data from this survey is placed over the fire history coverage by 

Floyd-Hanna and others, the approximate time that these ponderosa pine stands last burned can 

be estimated. Figure 4 shows the ponderosa sites of MEVE overlaid on the fire history map. 

Most of the stands previously burned in 1870, some in 1825, 1860, and one each in 1840 and 

1825. None of these past fires could rival the extent of the Bircher Fire. Based on these past 

dates and the 100-year average turnover time, these stands were due to burn at any time. It is 

possible that the 100-year average turnover time may contribute to the relative rarity of 

ponderosa pine in MEVE, due to the increased fire severity with a longer interval in which 

ladder fuels can accumulate. 

The Floyd-Hanna and others (2000) believed that low-severity surface fires were never 

extensive. They found little evidence of frre-scarred wood in the pinon-juniper woodland zone 

of the Park. However, low-severity surface fires have occurred in the ponderosa pine as 

evidenced by the larger trees in upper Bobcat Canyon. Several of the larger trees located near 

the head of Bobcat Canyon, including the tree pictured on the cover page of this report had frre 

scars. 
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Figure 5 is a burn severity map showing location of ponderosa pine sites in the Bircher 

Fire burn area (Loy 2005). Note that some of the survey sites (yellow squares) are located within 

the high-severity areas. The trees that survived in these locations were situated on the western 

edge of Prater Ridge and the East Rim and were protected by the bedrock through a lack of 

surface fuels. This map does not show the small patches of unburned vegetation but it generally 

matches what was observed in the field. 

Reestablishment of Burned Ponderosa Pine Stands in MEVE 

It is very unfortunate that survivorship following the fire is so low (24%). What is more 

significant is the fact that only one small cluster of ponderosa seedlings was discovered over the 

course of this survey. There was a study done by United States Forest Service biologists in the 

Black Hills investigating the spatial distribution of ponderosa pine seedlings within burned areas 

(Bonnet et al. 2004). The Jasper Fire of 2000 burned over 32,000 ha (81,000 acres) in the Black 

Hills National Forest. The Jasper Fire was very patchy, creating a mosaic of unburned 

ponderosa pine stands surrounding and adjacent to burned patches of ponderosa pine. The 

Bircher Fire showed some patchy patterns with occasional small patches of Douglas-fir and 

pinon-juniper scattered throughout the burn area. Unfortunately 76% of the ponderosa pine trees 

were completely destroyed, limiting the number and size of unburned areas of ponderosa pine 

important for recruitment. 

The Black Hills biologists found that the greatest seedling densities occurred within 0 to 

24 m (0 to ca. 75 ft) from unburned patches showing a form of edge affect. They also found 

correlations of higher seedling densities where there was a greater abundance of trees larger than 

10m (30+ ft). Other correlated environmental gradients found to be significant were the 

presence of scorched litter (such as needles) on top of burned ground, low vegetation cover, and 

low floristic richness. Ponderosa pine seedlings prefer a mineral seed bed with loose, un

compacted soils that tend to hold moisture and lessen obstructions for emergence. Soil beds 

following a fire generally have these characteristics, except where the intensity of the fIre was 

great. In this case the fire may completely consume the litter and the soil bed may develop a 

fire-induced water impermeability. The other factor that affects seedling establishment is 

available moisture during the fIrst two months following germination. Competition can greatly 

affect soil nutrient and water availability. During a 1987 study to document these affects on 

ponderosa pine seedlings it was found that the spring and summer drought conditions were 
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responsible for 90% of seedling mortality during the first growing season following a fIfe, before 

any grasses or forbs were established (Elliott and White 1987). The single seedling site 

discovered in MEVE was found within an area of low burn severity. It was located close to large 

trees that are producing cones, on a substrate comprised of needle covered burned ground, and 

low competition in the immediate area. Below are two photographs showing the seedling site 

and the microenvironment in which they were observed growing in (Figure 6 and Figure 7). 

Figure 6. Seedling site at the 50-4 ponderosa stand, showing proximity to cone producing tree. 

2002 was the driest year in the 74 years of Park weather records. Even if seedlings had 

germinated in the fall of 2000 following the Bircher Fire or in the spring of 2001, they may have 

perished in 2002 when soil moisture was nearly nonexistent and the Park had received only 32% 

of normal precipitation by the end of May in 2002 (Marilyn Colyer soil moisture station data, 

personal communication). Additionally, in the late summer of2003, rodent populations 

increased and reached a peak in 2004 (Marilyn Colyer, personal communication). If ponderosa 

seed numbers were high, these rodents may have cached the seeds or if numbers were low 

immediately consumed the seeds further reducing the germination rate following the Bircher 

Fire. 
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Figure 7. Seedlings at site 50-4 illustrating litter on top of burned ground. 

The southwest has been ravaged by drought conditions before and since the Bircher Fire. 

These environmental conditions are likely responsible for the very low seedling presence in the 

Park. In addition, the lack of edge affect, low numbers of seed producing trees over 30 feet tall, 

and the lack of suitable substrate has prevented successful establishment of seedlings following 

the fire. Some of the stands are survived by small decumbent trees. It is possible that these little 

trees can eventually produce a cone crop, but it is not likely that they will produce enough seed 

to reestablish a population after a stand replacing fire. The stands that survived because of 

protection from a lack of surface fuels on the bedrock are generally less then 30 feet tall and the 

substrate surrounding the bedrock was typically burned with such intensity that no litter cover is 

available thus rendering the soils less than optimal for seedling establishment. It is possible that 

with several years of consistent spring and summer rain, several of these stands may still be able 

to establish seedlings. 

The stands with the greatest probability of recruitment, if climate conditions improve, 

include two on the west side of Prater Ridge (50-43 and 50-38), the East Rim stands (50-8 and 

50-9), and the Morefield Homestead population (50-4). These stands all have trees over 30 feet 

tall and have suitable substrate surrounding the bedrock and in the deeper depressions. The 

Morefield Homestead (50-4) population has the greatest chance of reestablishing itself. It is not 

known exactly how many trees were present at 50-4 before the Bircher Fire because the 
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historical survey was incomplete. This stand has the best conditions due to the low fire severity, 

relatively better substrate conditions, and the presence of healthy trees greater than 30 feet tall 

capable of producing seed. It must be noted that although the conditions seem optimal at this 

site, chances for seedling establishment in the future may be hindered by competition from 

grasses and forbs. 

Ponderosa Pine Stands at Risk from Future Fire Activity 

There is no hard and fast rule that says a stand will not burn again in the near future. Any 

of the stands that burned during the Bircher Fire could potentially be burned again in the 

immediate future. If drought conditions persist and climate factors favor increased lightening 

strikes it is conceivable that fire could burn the stands that survived the Bircher Fire. Vegetation 

cover from shrubs such as Quercus gambelii (Gambel oak) produce large amounts of litter that 

can be volatile if the conditions are very dry. Additionally, reseeded grasses and invasive 

species provide a fast burning fuel source that could ignite and cause further fire damage to the 

remaining ponderosa pine stands. Nonetheless, it is less likely that these stands will be burned 

again in the near future. 

One stand exists that is at great risk for a stand replacing fire, the Bobcat Canyon 

ponderosa pine site (50-2). This population is the largest unburned ponderosa pine stand in 

MEVE. The stand is primarily situated along the east side of the canyon along the base of the 

cliff forming sandstone. Individuals are also present in the cracks of the bed rock on top along 

the east rim, a few along the west rim, and several very large and old trees are situated at the 

head of the canyon just below the spring. It consists of ca. 69 trees from saplings to trees older 

than 200 years. Fire dating has not been accomplished on this stand, although the presence of 

fire scars and a burned snag indicate that the trees located in the upper canyon have survived a 

fire. No formal study has been done to determine if this population is a climax stand. It does 

have trees in all age classes and these trees appear to be grouped in clusters of like age 

throughout the canyon. Some of the trees show that fire has been a past factor (well-defined frre 

scars) and a few of the trees are quite large and old. The trees in this stand seem healthy for the 

most part, although a few of the larger and older trees were infested with ants and one tree 

appeared to have a rotten center. There was no indication of beetle activity but woodpecker 

holes were common on the larger trees. 
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The under story in Bobcat Canyon consists of extremely dense thickets of Quercus 

gambelii (Gambel oak). Under the thickets is a very thick layer of leaf litter along with dead 

branches forming a significant amount of coarse woody debris. Some of the larger ponderosa 

pine trees along the base of the Upper Cliff House Formation on the east side of the canyon have 

developed very thick piles of needle litter and duff, sometimes a foot or more thick. There are 

occasional gaps in the thickets, mostly located toward the southern end of the stand. Because of 

the dense oak thickets and the presence of coarse woody debris and thick needle litter, this site is 

at considerable risk of a stand replacing fire. 

Recommendations 

This survey focused upon ascertaining the survivorship and health of ponderosa pine 

trees in MEVE following the Bircher Fire. The results of the survey are useful in directing future 

work on ponderosa pine sites in MEVE. An opportunity is presented to contribute to the study of 

the fire history of MEVE through available tree ring data left by the numerous standing dead 

ponderosa pine. Additionally, there are a number of decumbent trees that did not survive the fire 

and these dead individuals provide an opportunity to determine an accurate age of these small 

trees. 

The Bobcat Canyon population could provide fire history data through tree ring data of 

the standing snag and aging the larger trees with frre scars through bole cores. If all trees in this 

stand were cored and aged it would be possible to determine if this stand is a climax stand. Due 

to the history of logging ponderosa pine in southwestern Colorado, this could be one of the few 

remaining climax stands in the Four Comers Region, warranting further protection. This stand 

should be considered for thinning or other management. A high-severity wildfrre would likely 

destroy this stand and reduce its chances for reestablishment due to the heavy surface fuels 

present in the canyon. Thinning of brush or other fuel reduction tool could provide a natural 

stimulus for recruitment and reduce the chances of losing the only large stand that occurs on the 

Cliff House Formation. The MEVE fire management team should consider this ponderosa pine 

stand when developing its frre management plan. The relatively few seedlings, saplings, and 

young trees warrant protection from fire including prescribed burning. The Bobcat Canyon stand 

provides habitat for the Mexican spotted owl, a federally listed threatened species (Coon and 

Wong 2000). 
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The lack of recruitment following the Bircher Fire is of concern. Drought conditions 

have contributed greatly to this problem. Sites that have conditions conducive to seedling 

establishment should continued to be monitored on an annual basis. When climate conditions 

improve, surveys of the remaining stands should be increased to determine if recruitment is 

occurring. Planting ponderosa pine seedlings in known stands that could easily be accessed such 

as the Prater Grade sites, may be considered. These plantings would require additional watering 

during the dry season in order to increase chances of survival. If plantings could be 

accomplished during a wet year the probability of survival would increase. 

The seedling site at 50-4 should be monitored and protected from trampling and grazing 

from the Park horses. More than half of the Morefield Homestead stand is located in the Park 

horse pasture south of the bam. 
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Table 1. Known ponderosa pine sites in MEVE showing historic number of trees per site and 
total number of trees in the Park. 

Sit~ 
Pre-fire Post-fire Sirt Pre-fire Post.fire 

Numb~r 
fi Trees fi Trees Numbn #Trtn # Trees 
PUSitf PUSitf PUSitf ptr Sit~ 

~I 155 2 5043 18 17 

~2 75 69 5044 

~3 73 5CJ...48 3 0 

SO-4 59 58 5049 0 

50-5 0 ~50 0 

SO-6 0 ~52 0 

50-7 99 0 50-55 

SO-8 41 11 SO-56 0 

50-9 29 6 50-58 0 

50-10 48 5 5()..66 0 

50-11 4 0 5()..68 4 0 

~12 0 50-70 17 

50-13 2 2 50-71 3 0 

~15 48 0 
Total Number of Trees 945 224 

~16 77 0 = = 
Total Number of SitH 45 

50-17 2 === 2 

50-22 2 2 

50-24 5 2 

50-25 

50-26 0 

SO-30 13 0 

50-31 3 0 

50-32 0 

50-33 30 0 

SO-34 0 

50-35 2 

50-36 0 

50-37 0 

50-38 100 26 

50-39 5 0 

50-10 27 0 

S042 0 
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Table 2. Identifying characteristics of ponderosa pine trees at different life stages. Taken from 
Huckaby and others (2003) . 

Live CI1MI1 TIUlk 
Cruwn shape ratio S.alChes shape 

Old trees IaIened, '1xlnsal' smaI; often few bt.41arge ooUmar smooIh, smaI fire scars, dead 
(>200 years) shape, sp;ne aw:I fie.pruned flakes, pale tJps, broken 

open, may be orange or 'FIf bralches, 
q,sided IigItrWlg scars, 

rot. burls, 
exposedrms 

Transitional 
trees 
(150-250 
y8iIIS) 

0Y0ii, fIaIIening 
on the mp, rul 
and rounded 

modeI*; fne branches begilIlilg aange or ~ relatively few; 
perhaps hal "the irErior b lose flakes wih daIk possi)Iy healed 
the 1n.I1k, clthe aown taper edges, shabv or mostly 
begilIling to dying, blger fissures, healed fie 
seJprune branches bec:mil1g scars, IghInilg 

ttidelirlg ~ scars, misIIeIDe 

YCUIg canopy poinBf top, large many fine tapered large, coarse 
flakes, deep 
fissures. dak 
'FIi or bleD 
wilhdark 
orange 

..... '1Bardrq)- or 
«150 years) "Chrisbnas tree

shape, dense 
ilIiage 
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Table 3. Historical and 2003-2004 survey results of ponderosa pine sites in MEVE showing site 
number, number of live trees, visit status (yes/no), general location, and geologic formation. 

Sitr Number of Site Gneral 
Numbrr Un Tlfts Visit (Y~) "oratioa Sub,tratt 

50-1 1 Y Cbitkaree Cao}'oa Point Lookout Sandstone 

50-1 69 Y Bobeat Cao)'oa Cliff House Sandstone 

50-3 y Prater Ridae Point Lookout Sandstone 

50-4 58 Y Morfleld Homestead Colluvial Point Lookout 

50-5 0 Y Morefield Cao)'oa Point Lookout Sandstone 

SO-6 0 Y Morefield Canyoa Point Lookout Sandstone 

50-7 0 Y Prater Ridae Point Lookout Sandstone 

SO-8 11 Y East Rim Point Lookout Sandstone 

50-9 6 Y Ealt Rim Point Lookout Sandstone 

50-10 5 Y Prater (;rade Ridee Point Lookout Sandstone 

50-11 0 Y HC'ad or Stbool Semoa C anyoa Menefee Sandstone 

5O-U 0 Y West l.ittle Soda Canyoa Menefee Paleosol layer 

50-13 1 Y llead or Nanja Caayon Menefee Paleosolla~'er 

50-15 0 Y Prater C;rade Rid.e Point Lookout Sandstone 

50-16 0 Y Wbites Canyoa Menefee Paleosolla),er 

50-17 1 N Ealt Escarpment. Belo,,' Vulturt Cliffs Colluvial Point Lookout 

50-11 1 N LoaaMe,a Cliff House Sandstone 

50-14 1 Y Wetherill Mesa Cliff House Sandstone 

50-15 y Wetherill Mesa Cliff House Sandstone 

50-16 0 Y Savajo Watth Tower. Loaal\IHa CUff House Sandstone 

50-30 0 Y Prater Cau)'oa Menefee Paleosolla),er 

50-31 0 Y Prattr Caa}'oa Point Lookout Sandstone 

50-31 0 Y Prater Caa)'oa Point Lookout Sandstone 

* Indicates questionable site number and/or location; 
? Indicates unconfirmed substrate 
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Table 3. comtinued historical and 2003-2004 survey results of ponderosa pine sites in MEVE 
showing site number, number of live trees, visit status (yes/no), general location, and geologic 
formation. 

Sit. Sumbtrof Sil. 
Numbtr UnTrHl VHiI (l'l~' 

!Wl-34 0 N 

50-3~ y 

50-36? 0 N 

!Wl-37? 4) N 

5&-38 26 Y 

50-39 0 Y 

50-40 0 Y 

50-42 0 Y 

~J 17 Y 

50-44 N 

so-48 0 Y 

50-49 0 Y 

5O-~0 0 Y 

!w)'~2 0 Y 

5&-~~ y 

5&-~6 0 Y 

5&-~8? 0 N 

50-66 0 N 

50-68 4) Y 

50-70 17 Y 

5&-71 0 N 

Total Trees 224 

Total Number of Sites 44 = 

* Ind'~ates questionable sit~ number andlor location; 
? Indl~atH unconfirmed substrlte 
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(' ... «al 
Lotatioa Subslra.t 

CIIitkarH C aD)"Oa· Point Lookout Sandston~ 

NUlbumtul Colluvial Point Lookout 

Prater Rid" Poln t Lookout Sandston~ 

Pral,r Ridl' Poln t Lookout Sandston~ 

Praler Ridl' Poln t Lookout Sandston~ 

Praltr Riq, Poln t Lookout Sandston~ 

Monfleld Ridlf M~ndee PalfOSOlla~'er 

ClaitkarH Rid" M~ndH Palrosolla~'~r 

Prater Ridl' Point Lookout Sandston~ 

Wesl Cbpi. Sp.r Cliff Houlf Sandstone 

Walen CaRlO. M~n~fee Palrosolla~'er 

Morefield Can}'o. Point Lookout Sandston~ 

Bill: 'lei. Minette dike lnfluenc~? 

Mor,field C .n}'o. Colluvial Point Looko.t 

Pra.er C •• loa Colluvial Point Lookout 

Moctasin Mesa linkno~'n Innu~nce 

Stlle.1 Se('tio. CaD)"Oa· M~neree Palrosolla~'er 

Wllil" CaD}'o. M~n~ree Paleosolla~'er 

ClIirkarH CaDloa Point Lookout Sandston~ 

Praler Rid,,* Point Lookout Sandston~ 

W. Nanje c •• yon M~ndee Paleosolla~'er 
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Table 4. Summary of geologic substrates by site, showing number of trees per formation and 
number of sites per formation. Constructed from field observations and data provided by 
Marilyn Colyer. 

Specifir Substrate 

Cliff House Sandstone Beacb 
Deposit 

Sitl' 
Number 

50-22 

50-24 

50-2~ 

50-26 

Total Number ofTrres per Formation 

Total Number of Sitn per Formation 

Colluvial Point Lookout Sandstone 
InRuence 

50-17 

50-3~ 

SO·~2 

Total Number of Tren per Formation 

Total Number ofSitn per Formation 

Menefee Paleosolla)'er 
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50-12 

50-13 

50-16 

50-30 

SO-42 

50-48 

SO-58? 

SO-66 

Numbrrof 
Tren per 

Sitl' 

69 

2 

2 

o 

58 

2 

o 

o 

2 

o 

o 

o 

o 

o 

o 

50-71 

Total Number ofTren per Formado. 

Total Numbu ofSitrs per Formation 

Menefee Paleosolla)'er InRuence or 
stricti)' Point Lookout Sandstone 

50-40 

Total Numbrr ofTnts per Formadon 

Total Number ofSitf$ per Formation 

Menefee Sandstone layer? or 
paleosolla)'er 

50-11 

Total Number of Trets per Formation 

Total Number of Sitn per Formation 

Minette dike InOuence? or unknown 

Total Number of Trets per Formation 

Total Number of Sites per Formation 

o 

o 

o = 

o 

o 
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Table 4. continued summary of geologic substrates by site, showing number of trees per 
formation and number of sites per formation. Constructed from field observations and data 
provided by Marilyn Colyer . 

Point Lookout S.ndston~ 

Silt 
Nllmbtr 

Nambtr of 
Tren IWr 

Silt 

~I 2 

~7 0 

~ II 

~9 6 

~3J 0 

~32 0 

50-34 0 

~J6? 0 

~37? 0 

50-38 26 

~39 0 

~3 17 

~9 0 

50-68 .0 

50-70 17 

Total ~umbt'f ofTnH per I'.nnalit). 8~ 

Total Numbcor of Sit~' per F urnalion 20 

l :nkno'ft'n Innuence 

Tetal Numbcor ofTrrn per Fe ..... lio. 

T .tal Numbcor of SitH per f ennlllien 
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Table 5. Summary of all trees surveyed in 2003-2004 showing height class, number of trees per 
height class (feet), diameter class (inches) within each height class, and number of trees per 
diameter. 

N'umb~r of N'umb~r of 
Heilh. 

Class (ft) 
Trees per Diameter Trees per 

Ilmh. Class aass (inch) dbb Class 

S 10 69 

55 64 

6-15 S 

11-30 83 
16-25 5 

5S 17 

6-15 61 

31-60 53 
16-25 26 

26-35 6 

6-15 21 

~61 14 

16-25 2 

26-35 5 

~6 7 

Windom Floristics 2005 30 



Table 6. Summary statistics of tree height (ft), dbh (in), and needle growth (in) by site and park 
wide. Includes average, maximum, minimum, and standard deviation. 

Numbtrof Slaodard 
Silf Number tfftl Mean MuUn." Millimum Dr"iatieD 

50-1 2 Hrlgbt (ft) 2~~ 4.0 1.0 ~ 
dbb (In) 2.2 3~~ 0.8 1.4 

Ntedl~ Lrngtb 4.9 ~.9 3.9 .L! 

50-2 69 Hright tft) 29.8 8~.0 !&. 21.3 
dbh (In) 13.0 40~ 0.4 10.4 

Nredlr LrDgth ~.7 7.9 0.4 .L.! 

50-3 Hrlgbt tft) !&. 1.0 !&. 0.0 
dbh (In) !J!. .L!! !&. 0.0 

Nredl~ LrDgth M II hl. 0.0 

504 ~ Hright tft) 27.8 120.0 II 2~.6 

dbh (in) II.~ 42.1 1.0 9.9 

Nredl~ Lrngth ~.7 ~.9 3.9 0.4 

II Hrlgbt(ft) 27.7 50.0 8.0 I~.I 

dbh (in) 12.6 24.0 2.6 6.8 

Needlt" Lrngth ~.2 ~.9 0.4 L~ 

6 Hrlghttft) 28.8 40.0 18.0 8.3 
dbh (in) 12.4 18.1 ~.7 4.4 

Nredl~ Length 5.8 5.9 ~~5 0.2 

SG-IO ~ Hrigbt tn) 19.0 3~.0 2.0 13.8 
dbb (in) 9.4 17.1 !d. 6.~ 

Needlt" l .. rDgth 5.4 5.9 3.9 0.8 

~13 2 Helgbt tn) 55.0 7~.0 35.0 20.0 
dbh (in) 22.6 34.6 10.6 12.0 

Needlt" Length 5.9 5.9 5.9 0.0 

51-24 2 Hrigbt tn) 12.0 18.0 6.0 6.0 
dbh (in) 13.7 25.6 1& 11.9 

Needk Lrngth 5.7 5.9 ~.5 0.2 
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Table 6. continued, summary statistics of tree height (ft), dbh (in), and needle growth (in) by site 
and park wide. Includes average, maximum, minimum, and standard deviation. 

Sumb ... r of Sbndard 
Sitt' Number Mean Maximum MiDimum DeviatioD 

5O-2S Helgbt (ft) 75.0 75.0 75.0 0.0 
dbb (In) 17.7 17.7 17.7 0.0 

Needle Lengtb 5.9 5.9 5.9 0.0 

54)..3S Helgbt (ft) 55.0 55.0 55.0 0.0 
dbb (In) 20.5 20.5 20.S 0.0 

Needle Lengtb 5.9 5.9 5.9 0.0 

50-38 26 Height (tt) 15.6 40.0 0.7 14.2 
dbb (In) 1J. 15.9 0.6 5.5 

Needle Lengtb 4.8 S.9 2.0 .Ll 

50-43 17 Helgbt (tt) 17.8 SO.O 2.0 14.1 
dbh (In) 1l.0 32.7 3.5 8.2 

Needle Lengtb 4.9 6.3 M .L! 

5()"SS Helgbt (ft) 12.0 12.0 12.0 0.0 
dbh (In) 4.7 4.7 4.7 0.0 

Needle Lengtb 5.S 5.S 5.5 0.0 

50-70 17 Helgbt (ft) 8.2 25.0 2.0 5.9 
dbb (In) 5.8 15.6 2.4 3.7 

Needle Lengtb 4.6 5.9 2.0 .Ll 

All Trees. Park "'Ide 
Helgbt (ft) 24.5 120.0 0.7 21.5 

dbh (In) 11.0 42.1 0.4 9.2 
Total Number of Trees 119 Needle Lengtb 5.4 7.9 0.4 l.1 
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Table 8. Comparison of trees with identifiable past tags showing 2004 height (ft) and diameter 
(in), the year the data was previously recorded, past height (ft) and diameter (in) and the net 
change in height (ft) and diameter (in). 

Sitr 
Numbrr 

SO-I 

SO-4 

~0-4 

~ 

50-4 

SO-4 

~0-4 

50-4 

SO-4 

~ 

~0-4 

50-4 

SO-4 

50-4 

50-4 

50-4 

50-4 

50-4 

50-4 

SO-4 

SO-4 

50-8 

5().8 

5().8 

~O-IO 

50-10 

50-24 

50 .. 24 

50-35 

Trer 
Numbrr 

107 

3 

II 

12 

15 

21 

22 

23 

25 

29 

38 

4 

43 

46 

49 

50 

51 

52 

53 

54 

59 

II 

13 

14 

34 

44 

3 
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1004 
Hriaht (ft) 

1.0 

15.0 

23.0 

25.0 

30.0 

27.0 

30.0 

50.0 

25.0 

80.0 

55.0 

18.0 

15.0 

120.0 

35.0 

15.0 

15.0 

30.0 

25.0 

25.0 

56.0 

50.0 

15.0 

12.0 

30.0 

25.0 

18.0 

6.0 

55.0 

1004 
dbb (ia) 

0.8 

4.1 

6.9 

8.5 

11.8 

7.9 

8.1 

20.5 

7.9 

36.6 

29.9 

5.7 

6.1 

42.1 

15.6 

6.7 

6.3 

9.1 

9.8 

9.1 

19.3 

51.0 

8.3 

8.7 

17.1 

9.1 

25.6 

1.8 

20.5 

,rear 

1987 

1984 

1984 

1984 

1984 

1984 

1984 

1984 

1984 

1984 

1984 

1984 

1984 

1984 

1984 

1984 

1984 

1984 

1984 

1984 

1984 

1986 

1986 

1986 

1984 

1984 

1987 

1989 

1986 

Past Past Net Net 
Hrilht (ft) dbb (ia) HriPt (ia) dbb (ia) 

.42 .25 0.6 0.5 

3 3 12.0 L.! 

3.~ 2.~ 19.5 4.4 

7 2.5 18.0 6.0 

15 4.5 15.0 7.3 

17 5 10.0 2.9 

10 2.~ 20.0 5.6 

32 15 18.0 5.5 

6 2 19.0 5.9 

77 42 3.0 -5.4 

55 32 0.0 -2.1 

2.5 4 15.5 .Ll 

6 1.5 9.0 4.6 

75 48 45.0 -5.9 

27 10 8.0 5.6 

15 5 0.0 .Ll 

6 1.5 9.0 4.8 

17 5.5 13.0 3.6 

14 10 11.0 -0.2 

14 4 11.0 M 

39 13 17.0 6.3 

40 19 10.0 32.0 

10 5.5 5.0 2.8 

II 7 .L!! .Ll 

22 II 8.0 M 

8 ~ 17.0 il 

38 

3.5 

50 

25.5 

36 
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Table 9. Summary of past reproductive activity, showing site number, number of trees per site, 
percent crown of woody cones greater then two years old (cone class), number of trees per cone 
class, and average height (ft) and diameter (in) per cone class. 

No.berer Peftenl t ofY,,"1 Aver. H.iPt (ft) Aver. dbll (i., 
S.Nu .. ber Tn" per lite Cre"n pn Coae Clall per Coae Clall per Coae Clall 

51-1 2 

0 2 2.5 2.2 

51-2 69 

0 47 19.4 7.8 

I-IO~/-;' 8 49.4 22.3 

IO-l~~':' 10 47.~ 23.1 

2S-~·1. 4 68.8 3L6 

50-3 

0 1.0 1.0 

50-4 

0 40 17.6 7.2 

I-IO'~'~ 9 26.3 B.2 

10-2~~'~ 3 63.3 2LI 

2S-~·/:' ~ 12.2 31.9 

~0-7~~/. 70 ... 2~.6 

II 

0 4 lUI 6.3 

1-IO~lu 3 27.7 11.8 

10-2~~·-;' 3 41.7 16.9 

2S-~·1. ~O.O 24.0 

~ 50-9 6 

: 0 J 21.0 1.3 

1-10%. 40.0 16.9 

~ 10-2~·1. _l~.O 18.1 

2S-~~·'. 3~.O 14.4 e 50-10 5 

e 0 2 2.5 2~1 

e I-IO~/~. I 2~.O 9.1 

e 10-2~~/. 2 32.S 16.8 

e 50-13 1 

e IO-l~~":' 35.0 10.6 

2S-~·1;;' 75 ••• 34.6 

e 50-24 .2 

• 0 6.0 1.8 

e 1-10'% 18.0 1~.6 

• 50-25 

e 1-IO~l;' 75.0 17.7 
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Table 9. continued, summary of past reproductive activity, showing site number, number of trees 
per site, percent crown of woody cones greater then two years old (cone class), number of trees 
per cone class, and average height (ft) and diameter (in) per cone class. 

Number of Percent 1# of Trees Annae Heiabt (ft) Avenae dbb (iD) 
Site Number Trees per dte Crown per CODe ClISS per CODe Cllss per CODe ClISS 

50-3~ 

25-50-/. 55.0 20.~ 

50-38 26 

0 18 9.9 4.9 

1-10% 7 26.9 11.9 

10-25-/_ "0.0 15.0 

50-43 17 

0 9 7.7 5.1 

>75-/. 2 "5.0 28.4 

1-10% 12.0 9.8 

10-25% 22.0 11.4 

25-~% -' -'2.-' 17.8 

50-75-;' I 12.0 10.2 

SO-55 

0 12.0 ".7 

50-70 17 

0 II 6.2 ".1 
1-10% 5 10.6 7.7 

10-25-;' 18.0 14.2 
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Table 10. Swnmary of current reproductive activity, showing site number, number of trees per 
site, percent crown of current cone crop or flowers (cone class), number of trees per cone class, 
and average height (ft) and diameter (in) per cone class. 

No.ber.r Per~ent II ofTl'H1 An ... "."'1 (ft) An ... d"(ia) 
Sitf Nu.1m" Trees pu lite Cr.wn pfr Coat aa •• pfr Coaf aa •• ptr Coat Cia .. 

50-1 2 

0 2 2.! 2.1 

50-2 69 

0 4 .. 17 .• \ 7 •• 

1-10'% B 4S.1 11.1 

10-1~·/. 8 ~1.!i 13.1 

2S-SO·/. 2 80.0 3!." 
~0-7~-1;' 2 60.0 26.7 

50-3 

0 I.a 1.0 

~ 

0 39 18.0 7.4 

1-IO'!li. 9 18." 11.7 

10-1~~/;' ~ !Ii .... \ 26.7 

25-S0~/. 4 87.' 31.0 

50-75-/. I 30.0 11.8 

!10-8 II 

0 4 1 .... \ 6.9 

1-10% .1 2".3 11.9 

10-1~~/. 2 47.!Ii 19.!i 

2S-SO·, .. 2 40.0 17.9 

50-9 

0 J 26.0 )0.9 

1-10% 2 30.0 B.6 

IO-l~·/' 3S.0 I ..... 

50-10 ~ 

0 2 2.S 2.3 

1-10% I 3S.0 16.!Ii 

10-1!li"/. 2 27.!i B.I 

50-13 2 

1-10% 3S.0 10.6 

2S-SO·/. 7S.0 3".6 

!to-24 2 

0 1 12.0 B.7 

~2~ 

1-10% 'S.O 17.7 

!to-3~ 

!li0-7~·/~ ~S.O 20.!Ii 
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Table 10. continued, summary of current reproductive activity, showing site number, number of 
trees per site, percent crown of current cone crop or flowers (cone class), number of trees per 
cone class, and average height (ft) and diameter (in) per cone class. 

Num~rof Penenl ## ofTl'ft1 Anraae Heiabt (ft) A veraae dbb (ia) 
Sit, Number Trees per site Crown ptr COD' Clall p,r COD' Clall ptr COD' Clall 

50-38 26 

0 19 9.0 ..... 
1-IO·/u 7 33.6 14.7 

5043 17 

0 7 7.1 5.3 

>75-;. 22.0 11.4 

1-10% 1l.0 9.R 

10-25-/_ 6 25.2 14.8 

2So50-/. 2 33.5 20.2 

50-55 

0 12.0 4.7 

50-70 17 

0 " 6.7 4_' 

1-10''10 7 8.7 6." 
10-25~. 18.0 14.2 
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