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ABSTRACT

Fire exclusion since the 1930s across western U.S. landscapes has greatly altered fire regimes
and fuel conditions. After a lightning-caused fire swept through the center of the Bob Marshall
Wilderness Area in 2003, researchers initiated a comprehensive study along the South Fork of
the Flathead River. This study assessed the post-fire survival of over 600 iconic, relict
ponderosa pine trees. These trees are of great interest as they are ancient (>400 years old), and
some have Native American bark-peeling scars and fire scars. This area had not seen fire since
1910, if not earlier, despite having frequent fire (20-30 year fire return interval) prior to
European settlement. Some of the trees sampled in 2003 experienced another fire in 2011
(Hammer Creek Fire). In 2017, these trees were remeasured for post-fire mortality by size class
for the fifth time since the 2003 Little Salmon Complex fires. We found that mortality rates were
quite low (<8%) for the larger trees (>20 inches diameter) despite the heavy pre-suppression
fuel buildup and recent insect outbreaks. Ponderosa pine mortality rates remained somewhat
low (<24%) throughout the sample period (2003-2017) with the larger trees having the least
mortality (<18%) and the smaller trees having approximately 24% mortality. These surviving
large relict ponderosa pine trees continue to thrive in the sampled areas despite a second
Hammer Creek wildfire in 2011 that burned in the high fuel loading conditions created by the
2003 Little Salmon Fire.

Keywords: Bob Marshall Wilderness, wilderness prescribed fire, bark-peeled trees, postfire mortality,
old growth, Pinus ponderosa
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Introduction

The valley bottom of the South Fork of the Flathead River within the Bob Marshall
Wilderness Area (BMWA) of Montana, USA includes a unique area of river terraces near the Big
Prairie Ranger Station (fig. 1). This flat area is approximately 8 miles by 14 miles and is some-
what drier that the surrounding landscape because it lies in the rain shadow of the Swan Range
to the west. The soils are well drained alluvial till. Prior to Euro-American settlement, the fire
return interval for these areas was 20-30 years (Arno et al. 1997). Other researchers found that
many of these historic fires may have been started by the Native American populations who oc-
cupied the area (Ostlund and others 2005). This historical fire regime created open ponderosa
pine (Pinus ponderosa Lawson & C. Lawson var. ponderosa C. Lawson) savannas composed
of widely spaced relic trees that are somewhat renowned in the BMWA. Ponderosa pine stands
make up only 2 percent of the BMWA and are only found along these river bottoms.

s e -t ¥

Figure 1. Ponderosa pine savanna at White River Park in the Bob Marshall Wilderness Area (BMWA) of Montana,
USA. Frequent fires kept these stands open and the trees widely spaced.
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Denser forest types of western larch (Larix occidentalis Nuttall), Douglas-fir (Pseudotsuga
menziesii var. glauca Beissn.), and lodgepole pine (Pinus contorta Douglas ex Loudon) are
found on the slopes above the savannas. These forests historically experienced mostly mixed-
severity or stand-replacement fire regimes at longer fire intervals (Arno et al. 2000). The
relatively high elevation (1,350-1,500 meters AMSL) and frequent cold air pooling in the valley
bottoms because of the surrounding sun-blocking mountain peaks often result in short, frost-
free growing seasons that hinder effective ponderosa pine regeneration and cone production
(Keane et al. 2006; Ryker and Losensky 1973). Without fire, this area would most likely revert to
Douglas-fir/lodgepole pine forests over time. This area is even more unusual due to the
presence of Native American bark-peeling scars on some older ponderosa pine boles (Arno et al.
2008; Ostlund et al. 2005) (fig. 2). Within the South Fork valley, there are bark-peeling scars on
many living ponderosas that date back as far as 1665 (Ostlund et al. 2005).

Figure 2. Conifer encroachment into former pine savanna. Douglas-fir and lodgepole pine are moving into the
open areas within the ponderosa pine savanna, creating higher surface and canopy fuel loads. The ponderosa
pine in the middle of the photograph is over 400 years old and has a Native American bark peeling scar—note the
buildup of bark peelings at the base of the tree. Photo was taken near Big Prairie Ranger Station, Bob Marshall
Wilderness Area, Montana, USA.

USDA Forest Service RMRS-RN-85. 2020




Ponderosa Pine Mortality in the Bob Marshall Wilderness After Successive Fires Over 14 Years

The effective fire exclusion policy in place until the 1980s may have resulted in long-lasting
ecosystem changes in the BMWA, especially in these iconic ponderosa pine stands (Arno et
al. 2000; Fischer 1984; Keane et al. 2002a; Keane et al. 2002b). The absence of frequent fire
in these dry, valley bottom parklike stands has resulted in increased amounts of surface fuels
(litter, duff, and woody material) and the encroachment and densification of competing species
such as Douglas-fir and lodgepole pine that have invaded these open pine savannas. The higher
fuel loadings and abundance of canopy fuels could foster higher intensity fires that may kill
these iconic ponderosa pines (Arno et al. 2008; Keane et al. 2006) (fig. 2).

In the summer of 2003, the Little Salmon Complex fire burned through many stands within
the BMWA that had not seen fire in nearly a century, including the savanna river terraces
(Leirfallom and Keane 2011). Within the BMWA, fires are sometimes allowed to burn to protect,
maintain, and enhance resources and, as practically as possible, be allowed to function in its
natural ecological role (Glickman and Babbitt 1995). The Little Salmon Complex fire, which was
allowed to burn in the pine savannas during the summer, presented an opportunity to assess the
effects of fire on a rare and unique wilderness ecosystem that hadn’t experienced fire in some
time.

While the Little Salmon Complex fire was burning, wilderness managers raised concerns
that the heavy fuel buildup during the lengthy fire exclusion period could result in high
mortality in these relict ponderosa pine stands and perhaps destroy bark-peeling scars. In 2004,
we initiated a monitoring study to document fire-caused ponderosa pine mortality in the BMWA
savanna (Keane et al. 2006). A second fire in 2011 (Hammer Creek fire) allowed us to examine
the impacts of multiple fires on the old, previously burned trees. Here, we report on tree
evaluation and mortality data collected during five sampling trips from 2004 to 2017 and
summarize the results from the 2017 field measurements.
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Methods

The study site is defined by the 8-mile long area that runs from Brownstone Creek through
Big Prairie and north up to the White River (fig. 3). As this study site is within wilderness
boundaries, we could not establish monumented permanent plots. Instead, previous efforts
measured diameter at breast height (d.b.h.) on all large (>20 in d.b.h.) ponderosa pine trees
within broadly defined transects (Keane et al. 2006). These transects, with some over 200 m
wide, were located in order to sample most (>90%) of the large ponderosa pine within the study
area. Maps of transect locations were created and used in all subsequent measurements. All
trees sampled by Keane et al. (2006) were georeferenced during the first measurement; these
coordinates were used as much as possible to find sampled pines for later remeasurement.
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The geographic coarseness of the georeferenced locations and the long length of the
transects meant that not all of the same trees were recorded each time. As a result, there is some
variation in sample sizes across the 13 years of remeasurements and, more importantly, because
of wilderness protocols and funding constraints, we could not follow the health of individual
trees through time. Because of this, all analyses were performed at the population level using
proportions rather than at the individual tree level.

Beginning with the first sampling effort in 2004, the d.b.h. of all large diameter ponderosa
pine (>20 inch d.b.h.=diameter at breast height or 4.5 ft above groundline) were measured. Also
recorded were visual assessments of health status (live, unhealthy, sick, dead) and the presence
of fire or Native American bark-peeling scars. For this study, a tree was considered healthy if it
had little or no sign of fire damage or beetle attack and unhealthy if it had minor injury with full
expectation for recovery, and sick if it was expected to die from a combination of high crown
scorch (>40%) and mountain pine beetle attack (Lutes et al. 2006). Starting in 2009, data on
smaller ponderosa pines (>12 inches d.b.h. and < 20 inches d.b.h.) were also recorded. We
attempted to relocate the specific trees used as bearing trees based on GPS coordinates, but the
spacing and similarity of the size of the trees often made this impossible. Our target sample size
was 500 trees.
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Results

In 2017, we sampled 1,367 trees in the study area; 603 of these trees were greater than 20
inches d.b.h. The majority of both dead and live trees ranged from 14 to 24 inches d.b.h. (56%)
(fig. 4). Of the total sample, 21 percent of the trees were dead, and 8 percent of the total trees
were both greater than 20 inches in d.b.h. and dead (fig. 5). Of all recorded trees, 7 percent had
a fire or Native American bark-peel scars, and of these scarred trees, we found that
approximately 9 percent were killed by the fire. We also found that the larger, relict pines (>20
in d.b.h.) had significantly less mortality (18%) than the smaller sampled pine trees (24%,

a=0.05, p=.019) (fig. 5).
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Figure 4. The diameter (d.b.h., diameter at breast height) distribution of live and dead ponderosa pine trees by

one inch d.b.h. classes as sampled in 2017. Note the high frequency of trees between 16 inches and 24 inches d.b.h.
All dead trees died since the 2003 Little Salmon fire.
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Figure 5. Percent mortality and survival (%) for all 1,367 trees broken down by the two diameter classes (less than

20 inches d.b.h. and trees greater than 20 inches d.b.h.). Note that only 8 percent of all the sampled trees were both
large and dead when we sampled them in 2017 (fourteen years after the first fire), while 12 percent of the trees were
less than 20 inches in d.b.h. and dead.

When comparing the 2017 fire-caused mortality rates with the rates from previous
measurements, we computed mortality rate as a percent within each of the two diameter classes
to be consistent with previous measurements. We found only slight fluctuations in mortality
percentages over the 13 years in this monitoring period (fig. 6). The difference between the 2004
and 2017 mortality proportions for trees greater than 20 inch in d.b.h. is not statistically
significant (a=0.05, p= 0.17). The difference between the 2009 measurements, when trees
smaller than 20 inches d.b.h. began to be measured, and the 2017 measurements, is also not
statistically significant (a=0.05, p= 0.21), even after the 2011 Hammer Creek Fire.
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Figure 6. Mortality percentages over time since the 2003 Little Salmon Complex fires, comparing large diameter
(>20 inches d.b.h.) ponderosa pine mortality to smaller diameter (<20 inches d.b.h.) ponderosa pine. To be
consistent with the previous measurements, we computed the percent mortality using only trees in each of the two
size classes. Percentages were calculated within diameter groupings of greater than or less than 20 inches d.b.h.,
rather than as a single pool. Measurements for trees under 20 inches d.b.h. did not begin until 2009 (Keane et al.
2006; Leirfallom and Keane 2011).

Management Implications

Despite concerns raised by managers about losing an iconic ecosystem by allowing wildfire
to burn in a wilderness landscape that had not experienced fire for decades longer than the
historical fire-return interval, our results show that these unique, relict ponderosa pine stands
are remarkably resilient, experiencing less than 24 percent post-fire mortality. Most of that
mortality occurred in the smaller, younger age classes (<20 inches d.b.h.). The surviving relict
pines continued to thrive and experienced no significant increase in mortality (<18%) despite
the occurrence of a severe mountain pine beetle outbreak and another wildfire (2011
Hammer Creek) over the 13-year sample period. We expect that larger diameter ponderosa pine
will persist on the BMWA landscape as the smaller diameter trees are either thinned by
successive fires or become large and survive the fires. This study also suggests that wildfire can
limit encroachment by Douglas-fir and lodgepole pine and the build-up of surface fuels without
causing significant mortality to the relict ponderosa pines in the BMWA.

USDA Forest Service RMRS-RN-85. 2020




Ponderosa Pine Mortality in the Bob Marshall Wilderness After Successive Fires Over 14 Years

References

Arno, S.F.; Smith, H.Y.; Krebs, M.A. 1997. Old growth ponderosa pine and western larch
stand structures: Influences of pre-1900 fires and fire exclusion. Research Paper INT-RP-495.
Ogden, UT: U.S. Department of Agriculture, Forest Service, Intermountain Research Station. 20

p-

Arno, S.F.; Ostlund. L,; Keane, R.E. 2008. Living artifacts: The ancient ponderosa pines of
the west. Montana the Magazine of Western History. 58:55-62.

Arno, S.F.; Parsons, D.J.; Keane, R.E. 2000. Mixed-severity fire regimes in the northern
Rocky Mountains: Consequences of fire exclusion and options for the future. In: Cole, David N.;
McCool, Stephen F.; Borrie, William T.; O’Loughlin, Jennifer, comps. 2000. Wilderness science
in a time of change conference-Volume 5: Wilderness ecosystems, threats, and management;
1999 May 23—27; Missoula, MT. Proceedings RMRS-P-15-VOL-5. Ogden, UT: U.S. Department
of Agriculture, Forest Service, Rocky Mountain Research Station. p. 225-232

Fischer, W.C. 1984. Wilderness fire management planning guide. Gen.Tech. Rep.
GTR-INT-171. Ogden, UT: U.S. Department of Agriculture, Forest Service, Intermountain
Forest and Range Experiment Station. 56 p.

Glickman, D.; Babbitt. B. 1995. Federal Wildland Fire Management Policy and Program
Review. Final Report. Washington, DC: U.S. Department of the Interior and U.S. Department of
Agriculture. 45 p.

Keane, R.E.; Arno, S.; Dickinson, L.J. 2006. The complexity of managing fire-dependent
ecosystems in wilderness: Relict ponderosa pine in the Bob Marshall Wilderness Ecological
Restoration. 24:71-78.

Keane, R.E.; Ryan, K.C.; Veblen, T.T.; Allen, C.D.; Logan, J.A.; Hawkes, B.; Barron, J.
2002a. Cascading effects of fire exclusion in Rocky Mountain ecosystems: A literature review.
Gen. Tech. Rep. RMRS-GTR-91. Fort Collins, CO: U.S. Department of Agriculture, Forest
Service, Rocky Mountain Research Station. 24 p.

Keane, R.E.; Ryan, K.C.; Veblen, T.T.; Allen, C.D.; Logan, J.A.; Hawkes, B.; Barron, J.
2002b. The cascading effects of fire exclusion in the Rocky Mountains. In: Baron, J.S. (ed.)
Rocky Mountain futures: An ecological perspective. Washington, DC: Island Press. p 133-153.

Leirfallom, S.B.; Keane, R.E. 2011. Six-year post-fire mortality and health of relict ponderosa

pines in the Bob Marshall Wilderness Area, Montana. Res. Note RMRS-RN-42. Fort Collins,
CO: U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station. 5 p.

USDA Forest Service RMRS-RN-85. 2020 11



Ponderosa Pine Mortality in the Bob Marshall Wilderness After Successive Fires Over 14 Years

Lutes, D.C.; Keane, R.E.; Caratti, J.F.; Key, C.H.; Benson, N.C.; Sutherland, S.; Gangi, L.J.
2006. FIREMON: Fire effects monitoring and inventory system. Gen. Tech. Rep.
RMRS-GTR-164. Fort Collins, CO: U.S. Department of Agriculture, Forest Service, Rocky
Mountain Research Station. 1 CD.

Ostlund, L.; Keane, R.E.; Arno, S.F. Andersson, R. 2005. Culturally scarred trees in the Bob
Marshall Wilderness, Montana, USA—Interpreting Native American historical land use in a
wilderness area. Natural Areas Journal. 25:315-325.

Ryker, R.A.; Losensky, J. 1973. Ponderosa pine and Rocky Mountain Douglas-fir. In:
Division of Timber Management Research, Forest Service (preparer). Agriculture Handbook
No. 445. Silvicultural systems for the major forest types of the United States. Washington, DC:
U.S. Department of Agriculture, Forest Service. p. 35-36.

12 USDA Forest Service RMRS-RN-85. 2020



In accordance with Federal civil rights law and U.S. Department of Agriculture (USDA) civil
rights regulations and policies, the USDA, its Agencies, offices, and employees, and institutions
participating in or administering USDA programs are prohibited from discriminating based on
race, color, national origin, religion, sex, gender identity (including gender expression), sexual
orientation, disability, age, marital status, family/parental status, income derived from a public
assistance program, political beliefs, or reprisal or retaliation for prior civil rights activity, in any
program or activity conducted or funded by USDA (not all bases apply to all programs). Remedies

and complaint filing deadlines vary by program or incident.

Persons with disabilities who require alternative means of communication for program
information (e.g., Braille, large print, audiotape, American Sign Language, etc.) should contact
the responsible Agency or USDA’s TARGET Center at (202) 720-2600 (voice and TTY) or contact
USDA through the Federal Relay Service at (800) 877-8339. Additionally, program information

may be made available in languages other than English.

To file a program discrimination complaint, complete the USDA Program Discrimination
Complaint Form, AD-3027, found online at http://www.ascr.usda.gov/complaint_filing_cust.
html and at any USDA office or write a letter addressed to USDA and provide in the letter all of
the information requested in the form. To request a copy of the complaint form, call (866) 632-
9992. Submit your completed form or letter to USDA by: (1) mail: U.S. Department of Agriculture,
Office of the Assistant Secretary for Civil Rights, 1400 Independence Avenue, SW, Washington,
D.C. 20250-9410; (2) fax: (202) 690-7442; or (3) email: program.intake@usda.gov.

To learn more about RMRS publications or search our online titles:

RMRS web site at: https://www.fs.fed.us/rmrs/rmrs-publishing-services




	Introduction
	Methods
	Results
	Management Implications
	References



