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Abstract

The Tenmile South watershed, southwest of Helena, Montana, is the subject of a
controversial fuel reduction project initiated by the surrounding community. Historic
mining activities have resulted in the accumulation of heavy metal contaminated
sediments in the upper watershed. These toxic sediments could be mobilized following a
catastrophic fire and pose a risk to Helena’s water supply. Dead trees from beetle
infestations in 2006-2009 now pose a significant fire hazard across the watershed. A
proactive fuels reduction project has been proposed by the United States Forest Service
(USFS) to reduce the risk of fire and potential impact on the water supply. Our study is a
reconstruction of fire history and will be part of an environmental impact statement being
prepared by the USFS. Cross-section ‘cookies’ were obtained from fire scarred trees
located across the watershed from five biophysical settings identified by the USFS. Old
growth ponderosa pine (Pinus ponderosa) and Douglas-fir (Pseudotsuga menziesii) with
multiple fire scars were the primary targets for analysis, but a dominance of fire scarred
beetle-killed lodgepole pine (Pinus contorta) comprise a large portion of the data set.
Assessment of fire scars suggests a fire return interval of 70 to 80 years from a record
extending back to the early 1700s. Initial analysis of ring width measurements indicate
that trees are not highly responsive and that growth rates in the sampled trees is more

highly correlative with precipitation than temperature.



Introduction

This study investigates the forest fire history and tree ring growth patterns in the
forests of the Tenmile South watershed, near Helena, Montana. This study is part of a
larger United States Forest Service (USFS) study aimed to improve forest management
and address water resource concerns. The Tenmile watershed lies in the eastern foothills
of the Rocky Mountains southeast of Helena, Montana, covering approximately 55,500
acres of predominantly USFS land with intermittent in-holdings of private property. Most
of this private property is located within or surrounding the small community of Rimini,
population 35, and forms a socio-ecological boundary known as a wildland urban
interface (WUI).

Nine months out of the year, the Tenmile South watershed is the sole provider of
water to the Helena Area (Helena, 2008). More than 53,000 people in the Helena area are
dependent on the Tenmile as a source for their water supply (Ellingson, 2007). Helena
and Rimini were both settled during the mining boom in the early 1860s. This early and
intensive resource extraction period resulted in widespread deforestation and mining
activities and has left the watershed’s sediments highly contaminated with heavy metals.
Presently, the risk of wildfire in the watershed is extremely high due to a Mountain Pine
Beetle (Dendroctonus ponderosae) (MPB) outbreak that began in 2006 and has created
abnormal amounts of dead fuels. Slope degradation, as a result of a wildfire, could
mobilize contaminated sediments and pollute Tenmile Creek. In conjunction with
destroying or severely damaging the water system, a wooden flume, rendering it useless

as well as other water system infrastructure (City of Helena, 2008).



Concern about the risk to the residents of Rimini and the water supply for Helena
led to the creation of a collaborative committee of invested parties in 2008. The
committee’s goals are to find ways to mitigate the risk and one of the proposed options is
a fuels reduction project. As a partner of the committee, the USFS is investigating
appropriate actions to take towards fuels management in the watershed. Other parties
involved are the Montana Department of Fish Wildlife and Parks, Department of Natural
Resources and Conservation, and city and county agencies. This investigation includes a
NEPA environmental impact statement (EIS) that encompasses, among other things, the
ecology, forest health, fuel loading and the values at risk due to fire.

This study is one component of the USFS’s EIS report. The two main objectives of
this project were to:
1. Determine if it is possible to reconstruct a fire history in a heavily human
impacted watershed, and;

2. To investigate potential links between climate and forest health.



Background

MONTANA .«

Figure 1: (Top Left) Tenmile Watershed is located to the southwest of Helena, MT (Parrett, C., Kendy, E.,
Hettinger, P., 2001)

Figure 2: (Middle) Study area relative to Helena Valley (Google Earth, 2013)

Figure 3: (Bottom) Three dimensional perspective diagram of the Tenmile Creek Watershed based on U.S.
Geological Survey digital data (scale 1:24,000), vertical exaggeration 2.5 (Parrett et al., 2001)



Study Area

Sitting in the eastern foothills of the Rocky Mountains in the Lewis and Clark
County, the Tenmile South watershed is located south of Hwy 12, and about seven miles
west of Helena. It is predominantly USFS owned but as of 2007 included 3,890 acres of
intermittent private property. Red Mountain is the most prominent feature in the
watershed and forms the highest point with an elevation of 8,150 feet above sea level.
The lowest point sits at 4,427 feet near the water treatment plant on Hwy 12. Tenmile
creek (originating on the eastern side of the continental divide) and its major tributaries
are the providers of the municipal-water supply (Parrett et al., 2001).

Tenmile Creek is approximately 12 miles long, with four tributaries draining
about 200 square miles of mostly forested hillslopes (Parrett et al, 2001). At the USGS
Tenmile Creek gauge station, the Tenmile Creek has an annual average discharge of 42.2
cfs with seasonal flow as high as 3,770 cfs and an average peak discharge of 398.44 cfs
in the spring months of May and June (USGS, 2015). Helena owns the first and second
water rights on Tenmile Creek, which equates to approximately 8.9 million gallons of
water per day that can be provided to residents of the city following treatment at the
Tenmile Water Treatment Plant (URS Group, Inc., 2008). The Tenmile Flume runs 4.8
miles from the west side of Red Mountain to Chessman Reservoir. The conveyance is
comprised of 13,000 feet open unlined ditch, 11,800 feet of sheet metal flume, and 500
feet of pipeline with wood trestles in nine sections supporting 20% of the length of the
structure (URS Group, Inc., 2008). A second reservoir, Scott, also sits in the upper stretch

of the watershed to store excess water when stream flow is high.



U.S Climate Data reports average annual temperatures in the Helena valley are
7.45 °C (annual high of 14.5°C and an annual low of 0.4°C) with an average annual
precipitation of 283mm (2015). Temperature and precipitation vary considerably between
summer and winter months. During the summer months of May through August the
average annual high is 25.7 °C with a low of 9.43°C with precipitation averaging
39.75mm; during winter months of November to February, temperatures reach an
average high of 2.6°C, low of —8.95°C and receive 9.75mm of precipitation (U.S.
Climate, 2015). Helena is a local steppe climate type, classified as BSk (semi-arid

climate) under the Koppen-Geiger climate classification scale (Climate, n.d.).

The study area is predominantly forested mountains that slope northward from the
continental divide down to the valley floor. The dominant tree species are Douglas-fir
(Pseudotsuga menziesii), Engelmann spruce (Picea engelmannii) and lodgepole pine
(Pinus contorta) (URS Group, Inc., 2008). Five ‘biophysical settings’ (spatial map units
that integrate forest species with topographic and climatic factors) have been identified
by the USFS (Figure 4) and are mapped across the watershed (Figure 5). Full biophysical
descriptions can be found in Appendix X. Old growth forest is rare in the watershed, but

found in isolated patches in the lower reaches of the watershed.
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Figure 4: Photos of Biophysical settings. Douglas-fir Interior Northern and
Central Rocky Mountains-Warm and Cool (A & B), ponderosa pine/Douglas-
fir (Inland Northwest) (C), Mountain Grassland with Shrubs (D), Interior West

Lower Subalpine Forest (E) (FRAMES, n.d.).
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Land Use History

In 1864, gold and silver were discovered in abundance in the southern side of the

valley and the town of Helena was settled and began to grow rapidly as many boom

towns did in the time. Besides mining, the watershed was heavily logged to provide fuel

and building materials to the growing city of Helena and mining camps of Rimini. Helena

became the territorial capital of Montana in 1875 and the State capital in 1894.




The rural community of Rimini (N46°29°17”, W112°14°48”), approximately 7
miles southwest of Helena is located in the upper portion of the Tenmile Creek watershed
and currently has a population of 35. Rimini is one of the oldest mining districts in
Montana, and at its peak supported more than 100 mines and 300 residents in the 1890s.
By the early 1930s, however, low silver prices forced mines to close and many of the
residents of Rimini to leave. Acid mine drainage and large accumulations of mining
waste and sediment have resulted in serious contamination of the mining district.
Contaminates including arsenic, cadmium, copper, lead and zinc pose a serious hazard to
water supply and as a result, in October of 1999 the EPA added the Upper Tenmile Creek
Mining Area to the Superfund National Priority List (EPA, 2014). Itis still an active

Superfund site with clean-up underway.

Forest Health and Fire Hazards

The area is chiefly forested with mature lodgepole pine and younger stands of
lodgepole regeneration. Intermixed are Douglas-fir, Engelmann spruce, ponderosa pine,
and a few stands of Aspen. Extensive mountain pine beetle (MPB) outbreak began in
2006 and spread easily and quickly through the densely forested lodgepole stands across
the watershed. Lyon’s (1977) investigation of a similar forest type on the Bitterroot
National Forest southwest of Helena, found beetle infected trees begin to fall 2 years after
infestation and most will have fallen within 15 years. This creates surface fuels known as
‘ladder fuels’ because they allow fire to travel upward into a forest canopy. The
opportunity for fire to reach into a forest canopy through ladder fuels creates heightened

risk of a fire becoming catastrophic.
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Figure 6: (left) looking up drainage - initial stages of the mountain pine beetle infestation that can be
seen in the trees as the ‘red’ stage where the needles have died, but are still attached (Benson, n.d.)

Figure 7: (right) MPB surrounding the Chessman Reservoir can be seen as a darker grey with green live
trees interspersed (Benson, n.d.).

With the beetle infestation establishing itself over the last decade across the
Helena National Forest’s lodgepole population, abnormally high ladder fuel levels have
developed while dead trees are in the height of the falling phase post infestation.
Addressed by Lotan, Brown, and Neunschwander (1983), it is only a matter of time
before fuel conditions become hazardous, weather becomes extremely dry, lightening or
other incidents ignite fuels and the stand burns. When the stand does burn, although
hazardous to human life, it fulfills a necessary role in lodgepole forest stand type.

Lodgepole are fire adapted; fire is essential in stand establishment and
development. Having serotinous cones, when a fire occurs, heat allows the tree’s cones
to open so that they may release seeds. Through fire seeds are also given perfect ground
conditions for establishment since duff is burned and mineral soil becomes exposed
(Lotan, 1985). Fire in lodgepole stands is predominantly an “all or nothing” engagement

that depends on the levels of ladder fuels (Lotan et al., 1983). Typically due to a lack of



11

ladder fuels fires fall into the “nothing” category and are comprised of low intensity
smoldering or creeping fires (ground fires). In the “all” state, fire becomes established in
the forest canopy and crowning occurs. The likelihood of crowning depends on the heat
from surface fuels, and particularly the distance above the ground to the crowns (Lotan et
al., 1983). Elevated levels of ladder fuels allow fire to bridge this gap and reach into the
canopy of the stand. Combined with high winds and slopes, the Tenmile watershed is at
risk for and intense, stand replacing ‘all’ fire.

Climate change is an important factor in overall forest health as well as fire
susceptibility. The MPB outbreak itself is very likely linked to warming climate, but
changing temperature, precipitation and seasonality will also impact the fire regime of a
forest. These climate conditions can be seen in growth patterns among tree rings.
Depending on preferences and tolerances of different species, different climate conditions
can induce “positive” or “negative” growth in tree rings. That is, a tree may be stressed
(producing narrow rings representing negative response) or conditions may enhance
growth (producing wide rings representing positive response). As part of this study we
wanted to see if trends in tree ring width, or tree growth, are present to see if trees are

responding to major climate factors (temperature or precipitation) within the watershed.

Management and Mitigation

Besides the municipal water supply, safety for the community of Rimini is a
major concern. With the expansion of more residential areas into forested ‘wildlands’,
WUI communities are becoming more common and pose a serious concern for the safety

of residents as well as firefighters. Communities at the WUI are difficult to protect due to
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their location but are set as priorities when they are involved in fire situations. Due to the
scattered location of residential structures, minimal road access, and the heavy amounts
of fuel in the area, Rimini would be very difficult to protect.

This elevated risk to life and property, and the threat to the municipal water
supply, led to the formation of the Tenmile Watershed Collaborative Committee (TWCC)
in 2008. The committee, appointed by the Helena City Commission, was tasked with
developing recommendations for mitigating the risks to the watershed and resources. The
goals of the TWCC are twofold: 1) to maintain a consistent quantity and quality of water
within the municipal watershed and 2) provide improved conditions for public and
firefighter safety in the event of a fire (USDA, 2014). The USFS is working to help meet
these goals through a fuels reduction project in the watershed.

In 2008, FEMA evaluated two alternatives for addressing the concern of wildfire
within the watershed and recommended that a fuels reduction project be initiated over an
alternative plan to ‘take no action’. In order to initiate a fuels reduction project, the USFS

must complete a NEPA Environmental Impact Statement (EIS).

Methods

Fire History Reconstruction

The sampling strategy used in this study does not follow the USFS protocol for
fire history reconstruction (as prescribed in Arno and Sneck 1977). The sampling effort
was initiated by non-research personnel on a short timeline and limited by the availability

of manpower at the time of project initiation. By necessity, the study utilized available
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firefighters re-assigned to collect fuels and fire history data in the Tenmile. In the interest
of time, simplicity, and to facilitate non-scientist field crews, an initial sample strategy
was laid out in a grid system with no relationship to biophysical settings, known fire
history, or the protocol set out by Arno and Sneck (1977). Field data collection was
initiated in the summer of 2013 and continued into the summer of 2014 whenever field

crews were available.

Figure 8: Image of watershed with approximation of sampling grid.

Field crews were sent to each individual ‘grid block’, directed to identify 6 to 8
trees with fire scars (using presence of ‘cat face’) and to collect cross-sectional ‘cookie’
samples from them. Large amounts of beetle killed downed wood and difficult steep,
rocky terrain made access difficult and led sampling to be spatially biased toward areas

most accessible to field crews. As a result, most of the trees used in this study were
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located along ridgelines and other routes that were most passable and allowed for the

physical retrieval of sometimes very large and heavy cross sections.

NOTE: This study was inherited by K. Schut in 2014, after most of the sampling was

completed. | had concerns that a robust watershed-scale fire reconstruction might be

difficult to complete because much of the forested areas had been logged or burnt since

1860°s with very few, small, and isolated old growth stands remaining in very

inaccessible areas. It was decided to assess the data collected by the USFS fire crews,

and determine if it was adequate, or if further study [using the protocol set forth by Arno

and Sneck (1977)]was likely to provide useful data.

Using the spatial sampling method described above, field crews located trees that

had fire scars and at each sampled:

Date, plot ID (example: A-1 or H-5), and location (latitude/longitude)

e Elevation, slope aspect and percent grade of topography

e Tree species and whether it was ‘Live or Dead’

e Approximate tree height

e Diameter at breast height (DBH)
e Height sample was collected

e Other notes (such as descriptive

location)

In this study, all samples were taken in the
form of cross-sectional cookies to best
utilize abilities of field crews performing

sampling. Cookies were cut from the trees

CUTS MADE IN CROSS SECTION OF TREE.

Figure 9: From Arno & Sneck (1977), Cuts
made in cross-section of tree when collecting
samples from fire scared trees. Before making
the cuts with a chain saw careful planning needs
to be done to make sure the full sequence of
scars is collected as well as the pith and
cambium.
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at heights that were determined to provide the best fire scar sequence. Cookies, (some as
big as 50 cm in diameter and weighing up to 9.07 kg) were labeled and then transported

via human pack train to the road.

Cookies were prepared at the USFS in Helena. Drying times were one to three
days. They were then sanded using an orbital sander using progressively finer grit of 150,
220, and 400 until rings became visible for counting and measuring. Final polishing was

done by hand using 600 grit in the lab as needed.

Tree rings were counted and measured in the Carroll College Environmental
Sciences Lab. The lab has a Velmex Unislide 24”incremental (0.001um) measuring
bench with data recorder and a Mircon 40X boom stand microscope. Initial fire history
data was collected by identifying fire scars and germination dates in the cross-sectional
cookies and determining the ages of scars by counting back rings from the outermost
(youngest) ring. In trees that were dead prior to collection, an assumed kill date of 2008
(the middle of the peak MPB infestation time span) was established. Later measurements
and statistical analysis of tree ring widths allowed for cross-dating scars, correlation of

rings, and correction of ‘death date’ for some of these trees.

Following the reporting format of a similar USFS study in the Elk Horn
mountains (Cabin Gulch Fire History (Hollingsworth, 2005)) to the east of Helena, the
fire history of each grid area’s results were stratified by Fire Regime Condition Class
(FRCC) biophysical settings and fuel models. Once organized into biophysical settings

and fuel models each sample was assessed on:

e Plot ID and tree species
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e Slope aspect and elevation (ft)
e Master Fire Chronology (yrs)

e Number of fires

e Interval range (yrs)

e Mean fire interval (MFI) (yrs)
e Last fire (yrs)

e Fire exclusion factor

Master fire chronology (years) is the time span from the oldest recorded scar on the

sample to the most recent dated scar. If the cookie only has one fire scar then this is
recorded for the chronology. Interval range, MFI, and the Fire Exclusion factor can only
be calculated from chronologies with more than one fire scar. To determine the interval
range on a tree with two scars, the difference is taken between the two dated fire years.
On a sample with more than two scars, this will be a range from the smallest difference
between two consecutive chronological scars to the greatest difference between two
consecutive chronological scars. MFI is attained by taking the mean of the interval range.

Fire exclusion factor is time since the last fire divided by MFI. Summary statistics (mean

values) were calculated for interval range, MFI, last fire, and fire exclusion factor across

biophysical settings.

Assessing Climate Drivers
Tree rings were recounted for accuracy and ring widths measured to 0.001 mm under a

microscope using Velmex® incremental sliding bench. Ring width per year was

measured and recorded to data file using J2x software.
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For assessing the quality of cross dating and measurement accuracy of tree-ring
series, we used the statistical program COFECHA, created by Richard L. Holmes (1982).
COFECHA identifies potential counting errors, missed rings, and confirms cross dating.
It also identifies ring width patterns and cross-dates them across trees and stands. From
COFECHA, twelve trees with the strongest correlation to each other were selected for
study of tree growth response to. Out of the sample population, these twelve samples had
counting errors of zero or plus/minus one year. COFECHA was also used to produce a
ring width index (RWI), or variance from the mean, using the 12 most highly correlated
samples. These RWI curves were then used for the comparison of weather records and

tree growth response.

Weather records for temperature and precipitation were collected from the
National Oceanic and Atmospheric Administration (NOAA) weather station (N46.60445°
W111.9892°) located near the Helena Regional Airport. Archived records date back to
1880. These records provided monthly means and sums by year as well as annual means.
To compare these with RWI, standard normal values were calculated for mean annual
temperature and total yearly precipitation. This was done by subtracting the sample mean
from each annual mean temperature and total yearly precipitation and then dividing by

the sample standard deviation.

In addition to climate records, major fire pulses determined from the fire
chronology were included for analysis. Major fire pulses were defined as five or more
fires occurring within a five year time span. First, total dated fire scars across all samples
were divided into five year bins. The middle year of the bins was selected to represent the

bins that had five or more fires. A five year time span for bins was chosen to account for



18

margin of error accepted in the assumed death date of MPB killed trees. Major fire
pulses, standardized temperature and precipitation values, and RWI we graphed together

for visual assessment and statistically analyzed for correlations.

Results

Fire History Reconstruction

A total of 66 cross-section ‘cookies’ were collected across the Tenmile watershed
between the summers of 2013 and 2014. Of these, 5 were unusable due to extensive rot
obscuring rings and preventing full chronologies. Samples were obtained from lodgepole
pine, Douglas-fir, ponderosa pine, subalpine fir, and one sample from an unidentifiable
species.

Ranging in age from 1788 to 1989, 82 fire scars were identified and cross-dated
across the sample set (Appendix X-X). There are two small peaks of scars in fire scar
frequency in the early 1800’s (approximately 1810 or 1825) but due to the lack of old
growth trees within the watershed, data prior to 1850 is sparse. A general increase in the
number of fires, with two more peaks centered around 1870 and 1890 may correspond to
the timing of early settlement in the area. A decline in fire appears to occur around 1900,
followed by a general increase until approximately 1950, with peaks centered on 1920
and 1940. After 1950, there is a distinct decline in fires, with a small peak in 1980.

The Tenmile watershed is dictated by stand replacing fires followed by
germination surges because it is a predominantly comprised of lodgepole pine. Analysis
of germination cohorts could indicate fire regimes as well as fire scars. The oldest tree

was determined to be 287 years old dating to 1728, while the youngest tree was 76 years
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old, germinating in 1939. Of the cross-section tree ‘cookies’, 58 of 66, or 87.88%, had a
datable pith for determining germination date. Eight were unable to be dated due to rot,
primarily caused by MPB. A large peak in germination occurred in 1800 followed by a
steep decline into the early 1800’s centered around 1810. This rebounds into another
large peak centered at approximately 1825. This drifts downward until 1875 and back up

to a strong germination period between 1900 and 1910.

Tenmile South Fire Years
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Figure 10: Tenmile South Fire Years shows the number of fires from 1780 to 2000. Two major fire
cohorts can be seen centered around 1870 and 1940.
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Figure 11: Tenmile South Germination Dates shows two germination cohorts centered around 1830 as
well as 1910.
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Taken together, cohorts of fire scars and germination dates provide stronger
evidence for fire return interval in the Tenmile watershed. Large fire peaks can be seen in
1810, 1925, as well as 1940. Germination peaks in 1800, 1820, and 1910 alternate with
these fire peaks can be seen in Figure 12. This pattern of alternating fire and germination

peaks suggest a fire return interval of 70-80 years.

Tenmile South Fire Years and Germination Dates

Germination

Fire Scars

Number of
Trees Germinating f Fire Scars
L955

Figure 12: Pattern in timing of fire scar years and germination dates suggests a
fire return interval of 70-80 years among all trees sampled. Most of the samples
were lodgepole pine (70%), which germinate often after stand replacing fires.

Because of bias in the data set (due to the dominant selection of single-scar trees),
| thought it prudent to look at fire scar distribution by species as well as number of scars
by species. Of all cookies in the data set, 43 or 65.15% were lodgepole pine and 48.49%
are single fire scarred lodgepole. For the rest of the lodgepole cookies, 7 had two scars, 2
had three and 2 were unable to be dated due to rot. The second most abundant tree

species sampled were Douglas-fir with 13 cookies or 19.7%. Five of the Douglas-fir had
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a single scar, three had 2 scars, two samples had 3 scars and three were unable to be dated
due to rot. The third most prevalent species was ponderosa pine with 8 or 12.12%
samples. Five ponderosa pine had a single fire scars, two had 2 scars, and one had 3
scars. There was one subalpine fir with a single scar that accounts for 1.51% of the data
set. Another 1.51% is accounted for by one sample of unidentifiable species.

When looking at distribution by scars in the sample set 66.67% had a single scar,
18.18% had 2 scars, 7.78% had 3 scars, and 7.78% were unable to be dated. This
distribution of scars by species as well as number of scars per sample can be seen in

Figure 13.
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Figure 13: Demographics of fire scar distributions by species from total
number of samples taken. Scars deemed ‘unusable’ were unable to be
accurately dated due to extensive rot.

PP= Ponderosa pine DF= Douglas-fir

LP= Lodgepole pine SA= Subalpine fire

Tree Growth Responses

An investigation comparing tree ring widths to climate records was done to assess

correlation of positive and negative tree growth responses in trees to temperature and
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precipitation within the watershed. Tree growth response as represented by a ring width
index (RWI) and was obtained from ring measurements processed through the statistics
program COFECHA. Annual temperature and precipitation were collected from the
NOAA station at the Helena Regional Airport and standard distribution for the population
was calculated. The annual mean temperature for the area is 6.59° Celsius and a standard
deviation of monthly annual mean is 1.77. Precipitation had an annual mean of 30.28 cm
and a standard deviation of 3.05. In addition to climate drivers, major fire pulses were
added. These occur at 1886, 1911, 1918, 1933, 1939, and 1949.

Initial statistical analysis was completed using regression. For RW1 in relationship
to precipitation, a p-value of 0.0005 shows there is a significant correlation between the
two (Figure 15). A low R? of 0.09, shows that the data does not fit the line of regression
well, but a coefficient of 0.21 indicates that as precipitation increases so does ring width.

In relationship to temperature, ring width showed less significant findings with a p-value

of 0.1355.
Ring Width Index and Climate
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Figure 14: Ring width index plotted against temperature and precipitation standard normal values.
Major fire pulses graphed on the lower axis and are defined as five or more fires landing within a five
year time span.
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Figure 15: Regression of RWI shows a strong correlation to precipitation,
with ring width increasing precipitation increases.

Temperature Vs. RWI Regression
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Figure 16: Regression line of RWI relative to temperature does not have a significant
relationship but the slope may suggest a slight negative relationship between
temperature increase and RWI decrease.
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Discussion

A potential 70-80 year fire return interval can be seen in Figure 12. Due to a lack
of historical data this is not a definitive fire return interval. Sparse historical data prior to
1850 can most likely be attributed to settlement in the area during the early 1860’s. With
the influx of settlers and mining in the area old growth trees that contained evidence of
historical fires were logged. A drop in germination in 1875 seen on Figure 11, could be

also associated with the same logging boom that came with settlement in the area.

Of the subsample that was analyzed for tree ring growth relationship to
temperature and precipitation no conclusive correlations were found. Using regression,
the data does suggest that there is a significant relationship between RWI (tree growth)
and precipitation with a positive correlation. RWI and temperature do not show a
significant relationship and a slightly negative relationship. Careful sampling by species
and biophysical settings would be needed the data to be robust enough to utilize more

rigorous statistical methods such as DendroClim.

The sampling methods utilized did not follow USFS published protocol by Arno
and Sneck (1977). For reconstructing fire history, Arno and Sneck (1977) recommend
collecting data from trees within representative biophysical settings of the larger vicinity.
This recommended collection method could, with further planning facilitate sampling by
the non-research trained crews that are available. Although biophysical settings were not

taken into account the 66 samples were organized into biophysical settings for analysis.

Sampling by biophysical settings would capture the fire history of the broad area

since it might be influenced by topography and plant community type. Representative
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biophysical setting transects should be determined from reconnaissance transects laid out
on a topographic map of the study area. This network would span representative amounts
of terrain on all aspects and elevations to better represent the biophysical settings. Once it
is time for collection, Arno and Sneck (1977) recommend that two to three trees be

sampled per each half mile of given habitat-type segment on each transect. Trees with the
greatest number of visible fire scars would be set as priorities and trees with rot should be

avoided due to obstruction of ring-count sequences.

Due to lodgepole pine’s interaction with fire and abundance in the watershed,
germination dates proved to be useful. Future work could either eliminate or target
lodgepole pine trees. Elimination of lodgepole pine means a focus on ponderosa pine and
Douglas-fir. For these tree types, old growth with multiple fire scars would need to be the
primary targets. This could be difficult due to the minimal old growth present in the
watershed. It could also prove difficult because most old growth is in remote areas. Due
to logging, old growth that is in the watershed tends to be found in poorly accessible

locations where loggers could not harvest.

An alternative, targeting lodgepole pine, would focus not on collection of fire
scars but of germination dates. Systematic sampling of lodgepole pine from across
representative stands within the watershed would be the priority. Collection of lodgepole
pine could strengthen the germination cohorts already present within the data set. A third
action, collection of lake sediment cores would aid in providing historical data that might
not be present in the watershed due to human impacts. Potential lakes within the
watershed have been identified that meet the necessary requirements to supply data

through ash.
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Conclusion

This preliminary study serves well as a reconnaissance investigation into the fire
history of the Tenmile South watershed. The results suggest a fire return interval of 70 to
80 years in lodgepole dominated stands. Initial sampling strategy, a long history of heavy
human impact in the watershed, and limited old growth trees have limited the statistical
strength of the study to some degree. The overall limitations of human impact in the
watershed may not yield much better results in further sampling. Initial examination of
tree growth responses show a significant positive relationship with precipitation, but a
much less significant relationship with temperature. Expanded sampling and analysis of
tree ring growth patterns could reveal more about the relationship with temperature and

precipitation.
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Field Data
5 “ = = = .g X X )
@ - 2 o @ = 3 O n @ S = o S = S|l<c e
s = g E ;g]_ E’ é 2 § L% E % é g; Lat Long § E’g § 8 Field Notes
A-1
A-2 Ponderosa Dead
9/5/2013 A-4 Ponderosa| 30 | 7 | Dead | MGRA3-6 | NW | 4900 | 17 | N4633.176 | W112 02.599 8in cookie
9/5/2013 A-5 Ponderosa| 70 [ 21 | live PPDF1-2 NW | 4849 [ 46 | N4633.094 | W11202.758 1ft cookie
9/5/2013 A-6  |Ponderosa| 60 | 14 | live | MGRA3-6 N 5150 | 41 | N4633.492 | W11203.566 1t cookie old fire
6/24/2014 A-7 Doug Fir | 60 | 13 | live PPDF1-2 S 5160 [ 5 | N4632.607 | W11207.430 21t cookie
9/26/2013 B-1 Doug Fir | 46 | 11 | Live | DFIR2-4(c) | NW [ 5915 [ 37 | N4630.968 | W11205.880 2ft cookie | Live tree cut down
9/26/2013 B-2 Ponderosa| 60 | 28 | dead | PPDF1-2 S 5944 | 15| N4629.902 | W11205.880 25ft | cookie| Beetle kill 3-5years
9/23/2014 B-3 lodgepole | 60 | 11.8 | dead | DFIR2-3(w) | NE [ 6025 [ 30 | N4631.329 | W11207.356 2 cookie
9/23/2014 B-4 lodgepole | 55 | 85 | dead | DFIR2-4(c) N 6155 | 15| N4631.031 | W11205.336 2 cookie
9/23/2014 B-5 lodgepole | 60 | 10 | dead | DFIR2-4(c) | NW [ 6084 | 15| N4630.920 | W11205.250 2 cookie
9/23/2014 B-7 Ponderosa| 55 [ 14 | live PPDF1-2 S 5820 | 30 | N4631.213 | W11207.343 4 cookie
9/26/2013 C1 Doug Fir | 70 | 26 | Live PPDF1-2 SE | 5475 [ 25| N4631.091 | W11207.581 15ft | cookie
9/26/2013 C-2 Doug Fir | 45| 10 | Dead | PPDF1-2 SE | 5417 [ 25| N4631.089 | W11207.573 2ft cookie Dead 4-5 years
6/12/2014 C-3  |Lodgepole| 40 | 55 | Live | DFIR2-3(w) [ SE | 6088 [ O | N4629.344 | W11210.361 1ft | Cookie| Live tree cut down
6/12/2014 C4 Lodgepole| 65 [ 17 | Dead | DFIR2-3(w) | SE [ 6117 | 0 [ N4629.398 | W11210.385 15ft |Cookie| Beetle kill 3-5years
6/12/2014 C5 Lodgepole| 54 | 17.5 | Dead | DFIR2-3(w) | SE | 6103 | O [ N4629.366 | W11210.463 25ft | Cookie| Beetle kill 3-5 years
6/12/2014 C-6 Lodgepole| 58 | 12.2 | Dead | DFIR2-3(w) | SE | 6185 | 15 [ N4629.364 | W11210.525 3ft Cookie| Beetle kill 3-5 years
6/23/2014 D-1 Lodgepole| 39 [ 5 Live PPDF1-2 SW [ 5000 | 12 | N4632.156 | W 11214.414 1 Cookie
6/23/2014 D-2  [Lodgepole| 50 | 19 | Dead | DFIR2-3(w) [ NW | 6668 | 5 | N4630.879 | W 11212.637 2 Cookie
6/23/2014 D-3 Lodgepole| 110 10 | Dead | PPDF1-2 W 5040 | 12 | N4632.101 | W 11214.331 1 Cookie
6/23/2014 D-4  |Lodgepole| 40 [ 12 | Live | DFIR2-3(w) | W | 6655 | 5 [ N4630.882 | W 11212.646 2 Cookie
6/23/2014 D-5 Lodgepole| 125 18 | Dead [ PPDF1-2 SW [ 5129 | 0 | N4632.062 | W 112 14.258 2 Cookie
6/23/2014 D-6 Lodgepole| 45 10 | Live | DFIR2-3(w) | SW | 6658 | 5 [ N4630.907 [ W 112 12.666 3 Cookie
9/14/2013| E-1  |Lodgepole| 45| 5 | Live | SPFI1-5 N | 6221 ]| 0 | N4633.197 | wi11218.164 1ft  |Cookie| Live tree cut down
9/14/2013 E-2 Subalpine | 88 | 22 | Live SPFI1-5 N 6090 | O | N4632.721 | W11217.876 1ft | cookie
9/15/2013 E-3 Doug Fir [ 60 [ 16 | Live | DFIR2-4(c) W 5526 | 15 [ N4633.082 | W11215.827 cookie
9/15/2013 E-4 Doug Fir | 50 [ 17 | Live | DFIR2-4(c) N 5662 [ 20 [ N4632.879 | W112 15.450 cookie
9/24/2013 E-5 Lodgepole| 62 [ 8 | Dead [ DFIR2-3(w) E 5753 | 30 [ N4634.472 | W11217.110 15ft | cookie| Beetle Kill 3-5 years
9/24/2013 E-6 Lodgepole| 60 [ 10 | Dead | DFIR2-3(w) | E | 5730 | 35 [ N4634.468 | W11217.076 15ft [ cookie | Beetle Kill 3-5 years
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Field Data
P 5 g o x g
% 5 é § § % % § g § g’- E z\'i Lat Long g E % g Field Notes
a = 3 F& |®]|0 %) 2F g g |2 g % g2

9/15/2013 F-1 Doug Fir | 45| 13 | Live PPDF1-2 SE [ 5018 | 35| N4631.717 | W11215.355 1ft Cookie| Live tree cut down
9/15/2013 F-2 Ponderosa| 90 [ 31 | Dead [ PPDF1-2 SE | 5289 | 32 | N4631.833 | W11215.520 2ft Cookie| Beetle Kill 08 ish
9/15/2013 F-3 Doug Fir | 65| 20 | Live PPDF1-2 SE [ 5392 | 0 | N4631.859 | W11215.527 1ft Cookie

9/23/2013 F-4 Lodgepole| 50 [ 18 | Dead SPFI1-5 NE | 7149 [ 5 | N4628.158 | W11218.238 2ft Cookie | Beetle Kill 3-5 years
9/23/2013 F-5 Lodgepole| 50 | 11 | Live SPFI1-5 NE | 7149 [ 5 | N4628.136 | W11218.238 2ft | Cookie| Live tree cut down
9/23/2013 F-6 Lodgepole| 60 [ 12 | Dead SPFI1-5 E 6993 | 15| N4628.703 | W11217.996 2ft Cookie | Beetle Kill 3-5 years
6/12/2014 G1 Lodgepole| 81 [ 10 [ Dead [ DFIR2-4(c) | NE | 6386 | 20 | N4629.765 | W11211.934 41t Cookie | Beetle Kill 3-5 years
6/12/2014 G2 Lodgepole| 90 [ 175 | Dead | DFIR2-4(c) S 6536 | 25 | N4629.687 | W11212.088 2ft Cookie | Beetle Kill 3-5 years
6/12/2014 G3 Lodgepole| 35 9 [ Dead [ DFIR2-4(c) | NE | 6566 | <5| N4629.771 | W11212.059 1ft | Cookie | Beetle Kill 3-5years
6/12/2014 G4 Lodgepole| 20 [ 7 [ Dead [ DFIR2-4(c) | NE | 6566 | <5| N4629.759 | W11212.055 3ft |Cookie| Beetle Kill 3-5years
6/12/2014 G5 Lodgepole| 70 | 18.3 | Dead SPFI1-5 SE | 6536 | 30 | N4629.673 | W11212.117 2ft Cookie | Beetle Kill 3-5 years
9/24/2013 H-1 Lodgepole| 65 | 9.5 | Dead SPFI1-5 Flat | 7024 [ 0 [ N4627.001 | W11218.115 15ft |[Cookie| Beetle Kill 3-5years
9/24/2013 H-2 Lodgepole| 75 | 13 | Dead SPFI1-5 Flat | 6999 | 0 [ N4627.013 | W11218.164 15ft |[Cookie| Beetle Kill 3-5years
9/24/2013 H-3 Lodgepole| 50 [ 9 | Dead SPFI1-5 Flat | 7026 | 0 | N4627.109 | W11218.115 15ft |[Cookie| Beetle Kill 3-5years
9/24/2013 H-4 Lodgepole| 40 [ 9 | Live [ DFIR2-4(c) | NW | 5262 | 10 | N4630.325 [ W11215.941 15ft |[Cookie| Live tree cut down
9/24/2013 H-5 |Lodgepole| 55 | 10 [ Dead [ PPDF1-2 NE | 5183 N46 30.343 | W11215.746 15ft [ Cookie| Beetle Kill 3-5 years
9/24/2013 H-6 Doug Fir | 69 | 155 | Live | DFIR2-4(c) | NE | 5306 | 20 [ N4630.257 | W11215.797 Aft Cookie

9/24/2013 H-7 Doug Fir | 50 | 14.4 | Live | DFIR2-4(c) | NE | 5311 | 25 [ N4630.256 | W11215.835 4ft Cookie

9/25/2013 I-1 Lodgepole| 45 [ 7.2 | Live SPFI1-5 E | 7320 | 10 [ N4626.305 | W11215.937 2ft [ Cookie

9/25/2013 1-2 Lodgepole| 48 | 7.7 | Dead | SPFI1-5 E 7320 | 10 | N4626.305 | W11215.939 15ft | Cookie| Beetle Kill 3-5 years
9/25/2013 I-3 Lodgepole| 60 | 9.5 | Dead | SPFI1-5 SE | 7286 |flat| N4626.174 | W11215.833 2ft | Cookie| Beetle Kill 3-5 years
9/25/2013 I-4 Lodgepole| 50 | 14 [ Dead | MGRA3-6 W | 7069 | 35| N4626.383 | W11214.166 2ft | Cookie| Beetle Kill 3-5 years
9/25/2013 I-5 Lodgepole| 53 | 15 [ Dead | MGRA3-6 W | 7059 [ 35| N4626.379 | W11214.176 25ft | Cookie | Beetle Kill 3-5 years
9/25/2013 1-6 Lodgepole| 53 [ 12 [ Dead [ DFIR2-4(c) | SW | 5903 | 5 | N4628.968 | W11213576 | 25ft |Cookie| Beetle Kill 3-5years
9/25/2013 I-7 Lodgepole| 30 [ 7 | Live SPFI1-5 NE | 6331 |flat| N4628.601 | W11213.152 1ft | Cookie

6/23/2014 J-1 Doug Fir [ 55 | 13 | Live | DFIR2-3(w) N 5870 | 25 | N4628.277 | W11207.972 25 Cookie

6/23/2014 J-2 Doug Fir | 45 | 155 | Live | MGRA3-6 N 5870 | 25 | N4628.270 | W11207.956 1 Cookie

6/23/2014 J-3 Lodgepole| 50 [ 13 | Dead | DFIR2-3(w) | N 5839 | 25 | N4628.298 | W11208.383 2 Cookie | Beetle Kill 5 years
6/23/2014 J-4 Lodgepole| 60 [ 10 [ Dead SPFI1-5 |[FLAT| 6232 [ 0 [ N4628514 | W11211.271 2 Cookie

6/23/2014 J-5 Lodgepole| 40 [ 9 [ Dead [ DFIR2-3(w) S 6352 | 3 | N4628.618 | W11211.235 2 Cookie

6/23/2014 J-6 Lodgepole| 50 [ 9.5 | Dead | DFIR2-3(w) | N 6307 | 10 | N4628.632 | W11211.234 2 Cookie

6/23/2014 J-7 Lodgepole| 70 [ 155 | Dead [ DFIR2-4(c) N 6021 | 25 | N4628.239 | W11208.725 2 Cookie [ Beetle Kill 5 years
10/?/2014 | LZM 105 | Doug Fir Live PPDF1-2 N46 32.163 |W11213.029 Cookie

10/?/2014 | LZM 101 [ pondo Dead PPDF1-2 N46 32.750 |W112 13.946 Cookie

10/?/2014 | LZM 102 |Lodgepole Dead PPDF1-2 N46 32.152 |W112 13.946 Cookie

11/?/2014| RR 109 [Lodgepole Dead PPDF1-2 N46 30.624 |W112 15.660 Cookie
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Ring Count Data

— n — = n| s =
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B 3 = = | |y o] ==
o = - |0 [=|FE|T|®
A-1 2013 | 1886 | 1 | 1986
A-2 Ponderosa | Dead 2008 | 1803 | 1 | 1844 Germination Date Assumed
9/5/2013 A-4 Ponderosa | Dead 2012 1893 | 1 | 1957
9/5/2013 A-5 Ponderosa| live 2012 1877 | 1 | 1944
9/5/2013 A-6 Ponderosa| live old fire 2012 1887 | 1 | 1939
6/24/2014|  A-7 Doug Fir | live 2013 | 1897 | 1 | 1930
9/26/2013 B-1 Doug Fir | Live | Live tree cutdown | 2012 | 1799 | 2 | 1934 [1918| ? /1 1990-89 also // 1873-72 cant read 3rd scar
9/26/2013 B-2 Pondo | dead | Beetle kill 3-5years [ 2008 [ 1845 | 3 | 1896 | 1863|1858 // 1985-86 and 1890-91
9/23/2014 B-3 lodgepole | dead 2008 | 1762 | 3 | 1896 | 1851 (1818
9/23/2014 B-4 lodgepole | dead 2008 NC 1 [ 1865
9/23/2014 B-5 lodgepole | dead 2008 | 1819 | 1 | 1865
9/23/2014 B-7 pondo live 2013 | 1877 | 1 | 1887 // 1990-91
9/26/2013 C1 Doug Fir | Live No Center can't distinguish scars
9/26/2013 C-2 Doug Fir | Dead Dead 4-5 years 2012 1829 | 1 | 1882 Assumed dead at 2012 // 1990-91// 1951-52
6/12/2014 C3 Lodgepole| Live | Live tree cutdown | 2013 | 1816 | 1 | 1855
6/12/2014 C4 Lodgepole | Dead | Beetle kill 3-5years | 2008 | 1900 | 1 | 1947
6/12/2014 C5 Lodgepole [ Dead | Beetle kill 3-5years | 2008 | 1888 | 1 | 1956 Unsure of scars/possible something besides fire
6/12/2014 C-6 Lodgepole | Dead | Beetle kill 3-5years | 2008 | 1820 | 1 | 1872
6/23/2014 D-1 Lodgepole| Live 2013 | 1906 | 1 [ 1943
6/23/2014 D-2 Lodgepole | Dead Beetle kill 2008 | 1828 Unsure of scars possible something besides fire
6/23/2014 D-3 Lodgepole | Dead Beetle kill 2008 | 1885 | 1 | 1940
6/23/2014 D-4 Lodgepole| Live 2013 | 1886 | 1 [ 1978
6/23/2014 D-5 Lodgepole | Dead Beetle kill 2008 | 1875 [ 1 | 1919 No center
6/23/2014 D-6 Lodgepole| Live 2013 | 1893 | 1 [ 1945
14-Sep E-1 Lodgepole| Live | Live tree cutdown | 2012 | 1910 | 1 | 1987
9/14/2013 E-2 Subalpine | Live 2012 1911 | 1 | 1950 1957 full ring ?
9/15/2013 E-3 Doug Fir | Live 2012 rotten center unsure count
9/15/2013 E-4 Doug Fir | Live 2012 1 Unsure on count
9/24/2013 E-5 Lodgepole | Dead | Beetle Kill 3-5years [ 2008 | 1904 | 2 | 1948 | 1914
9/24/2013 E-6 Lodgepole [ Dead | Beetle Kill 3-5years| 2008 | 1903 | 1 | 1933
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Ring Count Data
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9/15/2013 F-1 Doug Fir | Live | Live tree cutdown | 2012 | 1832 | 3 | 1951 | 1925|1885
9/15/2013 F-2 Pondo | Dead | Beetle Kill08ish |2008| 1862 | 2 | 1908 | 1905 Partial ring at 1876ish each counted
9/15/2013 F-3 Doug Fir | Live 2012 1854 | 2 | 1886 | 1966
9/23/2013 F-4 Lodgepole | Dead | Beetle Kill 3-5years | 2008 | 1859 | 3 | 1919 | 1912|1885 //1930-29 //1931-32
9/23/2013 F-5 Lodgepole| Live | Live tree cutdown | 2012| NC 1 [ 1949 Rotten center
9/23/2013 F-6 Lodgepole | Dead | Beetle Kill 3-5years | 2008 | 1845 | 1 | 1926
6/12/2014 G1 Lodgepole | Dead | Beetle Kill 3-5years | 2008 | 1800 | 1 | 1939
6/12/2014 G2 Lodgepole | Dead | Beetle Kill 3-5 years | 2008 | 1800 | 1 | 1922
6/12/2014 G3 Lodgepole | Dead | Beetle Kill 3-5years | 2008 | 1913 | 2 | 1976 1928
6/12/2014 G4 Lodgepole | Dead | Beetle Kill 3-5 years | 2008 Extremely rotten not sure what to do
6/12/2014 G5 Lodgepole | Dead | Beetle Kill 3-5years | 2008 | 1903 | 1 | 1935
9/24/2013 H-1 Lodgepole | Dead | Beetle Kill 3-5years | 2008 | 1823 | 2 | 1989 | 1933 1933 possible fire
9/24/2013 H-2 Lodgepole | Dead | Beetle Kill 3-5years | 2008 | 1821 | 1 | 1958
9/24/2013 H-3 Lodgepole | Dead | Beetle Kill 3-5years | 2008 | 1855 | 1 | 1981
9/24/2013 H-4 Lodgepole| Live | Live tree cutdown | 2012| 1895 | 1 | 1937
9/24/2013 H-5 Lodgepole | Dead | Beetle Kill 3-5 years | 2008 1] 1940
9/24/2013 H-6 Doug Fir | Live
9/24/2013 H-7 Doug Fir | Live 2012 1738 | 3 | 1917 | 1887|1808 1887 and 1917 ?
9/25/2013 I-1 Lodgepole| Live 2012 1798 | 1 [ 1979
9/25/2013 1-2 Lodgepole | Dead | Beetle Kill 3-5years | 2008 | 1939 | 2 | 1980 | 1939
9/25/2013 1-3 Lodgepole | Dead | Beetle Kill 3-5years | 2008 | 1800 | 1 | 1920
9/25/2013 1-4 Lodgepole | Dead | Beetle Kill 3-5years | 2008 | 1815 | 1 | 1911
9/25/2013 1-5 Lodgepole | Dead | Beetle Kill 3-5years | 2008 | 1921 | 1 | 1949
9/25/2013 1-6 Lodgepole | Dead | Beetle Kill 3-5years | 2008 | 1786 | 1 | 1917
9/25/2013 -7 Lodgepole| Live 2012 1816 | 1 [ 1866
6/23/2014 J-1 Doug Fir | Live 2013 | 1840 | 1 [ 1869
6/23/2014 J-2 Doug Fir | Live 2013 | 1787 | 1 [ 1823
6/23/2014 J-3 Lodgepole | Dead | Beetle Kill5years | 2008 | 1825 | 1 | 1871
6/23/2014 J-4 Lodgepole | Dead | Beetle Kill5years | 2008 | 1825 | 1 | 1868
6/23/2014 J-5 Lodgepole | Dead | Beetle Kill5years | 2008 | 1845 | 1 | 1908
6/23/2014 J-6 Lodgepole | Dead | Beetle Kill5years | 2008 | 1838 | 1 | 1868
6/23/2014 J-7 Lodgepole | Dead | Beetle Kill 5years | 2008 | 1773 | 2 | 1854 | 1810
10/?/2014{LZM 105| Doug Fir | Live 2014| 1765 | 2 | 1877 [1827 1830-40, 4-5yrs w/ interesting rings
10/2/2014|LZM 101| Pondo |Dead 2008| 1728 | 2 | 1808 |1788 17557 Partial line not counted, possible 3rd scar after death
10/2/2014{LZM 102 | Lodgepole | Dead 2008| 1840 | 2 | 1879 |1862 2nd bole- took scars off of middle one
11/2/2014| RR 109 [Lodgepole |Dead 2008| 1758 | 2 | 1967 [1912 2 spotty rings @ 1760 & 62
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Fire Regime Condition Class (FRCC)
Biophysical Setting Descriptions

Downloaded from the website, www.frames.gov/frcc

DFIR2w - Douglas-fir Interior Northern and Central Rocky Mountains—Warm

The DFIR2 setting was split into two types. The
first is a warm dry type that occurs on south, west,
southeast, and southwest aspects. It ranges in
elevation from 5,500-6,200 feet. Douglas-fir is the
dominant conifer. These areas are dominated by
snowberry, trending to grass understories.
Common juniper can be a major component in
these communities. Ponderosa pine and lodgepole
pine can occur occasionally. The habitat types are
all Douglas-fir climax types, and sites are more
moist and productive than PPDF1. Ponderosa pine
may be present as a seral component. These sites
typically border ponderosa pine climax sites or
grasslands (Pfister et al. 1977). These drier

— ~ Douglas-fir forests are often found on harsh aspects
(south or west), and timber productivity is low (Pfister et al. 1977).

DFIR2c - Douglas-fir Interior Northern and Central Rocky Mountains—Cool

up The second type of DFIR2 is cooler, found on all
aspects at elevations from 6,100 to 6,600 feet. This
setting is dominated by a mix of Douglas-fir and
lodgepole pine. This split was made to identify
differences in vegetation communities, particularly
the higher occurrence of lodgepole pine as well as
the understory, due to the change in aspect. The
understory is generally dominated by pinegrass
(Calamagrostis rubescens). The habitat types in this
setting are Douglas-fir or spruce climax forests.
These areas are more moist and productive
(generally moderate) than the warm DFIR2 setting
and are more likely to be found on north and east
aspects, and at slightly higher elevations. Lodgepole
pine is a common seral component or dominant
species.
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PPDFI-2 - Ponderosa Pine/Douglas-fir (Inland Northwest) (PPDF1)

This setting occurs at elevations below 5,500 feet,
on southerly aspects. Typical sites are mountain
slopes, ridges, and foothills. This type is most
commonly a mix of Douglas-fir and ponderosa pine
although other conifers such as Rocky Mountain
juniper and limber pine occur on calcareous
substrates as well. The habitat types range from
abundant dry Douglas-fir climax to a minor amount
of ponderosa pine climax. Ponderosa pine forest
typically separates grassland from Douglas-fir but
in some areas where the climate is too cold
ponderosa pine does not occur and the grasslands
give way directly to Douglas-fir (Pfister et al.
1977).

MGRAZ3-6 - Mountain Grassland with Shrubs

The vegetation is grassland dominated by fescues,
bluebunch wheatgrass, sedges, tufted hairgrass,
and oatgrass with intermingled broad-leaved
forbs and scattered shrubs. This type can occur at
all elevations and all aspects. It is made up of
non-forested habitat types.
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SPFI1-5 - Interior West Lower Subalpine Forest

This setting occurs in the lower subalpine zone—
6600 to 7000 feet in this area—on gentle to
moderately steep terrain. Lodgepole pine is
generally the most common conifer, with
Douglas-fir, subalpine fir and Engelmann spruce
occurring as well. Whitebark pine occurs in this
setting at the upper elevations. More moist sties
can be dominated by subalpine fir and spruce.
Many habitat types are included in this setting,
primarily subalpine fir climax types but a few
spruce and lodgepole pine habitat types as well.
The subalpine fir series typically border the spruce or Douglas-fir climax forests on their
lower bounds in eastern Montana (Pfister et al. 1977). Timber productivity ranges from
low to high (Pfister et al. 1977).
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