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ABSTRACT

This Species Review covers two varieties of ponderosa pine, Pinus ponderosa var. benthamiana and P. p.
var. ponderosa. “Ponderosa pine” refers to both varieties.

Ponderosa pine adapted to dry environments but occupies a wide variety of sites. It dominates or
codominates low-elevation, dry forests and tends to form savannas in which there are few or no other
tree species on xeric sites. It grows with other overstory trees on more mesic sites and at midelevations.

Ponderosa pine regenerates most successfully after disturbances that open the canopy and expose bare
mineral soil. Fire is the primary agent creating these conditions. Seed production varies within and
among populations and between years. Wind and animals disperse the seeds. Few seeds actually
establish. For those that do, growth is most favorable on open sites with light shade, such as sites that
have been burned or thinned.

Ponderosa pine is shade intolerant. It is a successionally stable or climax species on low-elevation, dry
sites and seral on more mesic and midelevation sites. Under fire exclusion, many contemporary
ponderosa pine forests have denser stand structures than the forests had historically. Live and dead
fuels have increased as shade-tolerant species replace ponderosa pine successionally.

Ponderosa pine is adapted to low- and moderate-severity surface fires. Effects of fire generally vary with
tree age and fire severity. Low-severity surface fire usually kills ponderosa pine seedlings, while saplings
and pole-sized trees generally survive. Ponderosa pines over 10 to 12 feet (3-4 m) tall usually survive
moderate-severity surface fires. Fall fires generally cause more injury and mortality than spring fires.
Postfire mortality may be delayed for several years and may be exacerbated by drought and bark beetle
attacks.

Ponderosa pine establishes from wind- and wildlife-dispersed seed in open patches where fire killed
overstory trees. If open patches are too big, distance from off-site parent trees limits seed dispersal into
burn interiors. Regeneration can be poor on sites that experience stand-replacement fire, especially
when fires are large.

Historically, fire maintained ponderosa pine as a dominant throughout its range. Before European
settlement around the mid-1850s, low-elevation, dry ponderosa pine and dry ponderosa pine-Douglas-
fir forests had mostly frequent, low- and moderate-severity surface fires and mixed-severity fires.
Historical fire intervals in ponderosa pine forests were generally short—averaging about 10 years—but
ranged from 1 to 80 years across the ranges of Pinus ponderosa var. benthamiana and P. p. var.
ponderosa. Fires became infrequent when fire exclusion became effective in the 1930s.

Ponderosa pine ecosystems historically experienced both small and large fires, but large patches of
severe fire were uncommon. In recent decades, the proportion of area that has burned at high severity
has increased in ponderosa pine forests across ponderosa pine’s range. This has been attributed
primarily to successional advancement under fire exclusion and climate change. Frequent low- to
moderate-severity fires can reduce fuel loads and kill young conifers in the understory; reduce mortality
of mature ponderosa pines from subsequent fires; help restore reference-condition forest structure and
composition; promote regeneration of shade-intolerant conifers; and increase resilience of dry forest
ecosystems.
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INTRODUCTION

FEIS ABBREVIATIONS
PINPON

PINPONE

PINPONP

COMMON NAMES

For Pinus ponderosa, the species:
ponderosa pine

western yellow pine

For Pinus ponderosa var. benthamiana:
Pacific ponderosa pine

For Pinus ponderosa var. ponderosa:
Columbia ponderosa pine

Douglas’s ponderosa pine

North Plateau ponderosa pine

TAXONOMY
The scientific name of ponderosa pine is Pinus ponderosa Lawson & Lawson (Pinaceae) [53, 132, 133,
184, 307, 350, 550]. This review covers two varieties of ponderosa pine:

Pinus ponderosa var. benthamiana
Pinus ponderosa var. ponderosa

The taxonomy of ponderosa pine is in flux [207, 589], with the accepted number and nomenclature of
ponderosa pine infrataxa in dispute (see Synonyms). Varieties of ponderosa pine are distinguished by
genetics, morphology, and geographical location [123, 307, 550]. Generally accepted varieties include:

Pinus ponderosa var. benthamiana (Hartw.) Vasey, Pacific ponderosa pine

Pinus ponderosa var. brachyptera (Engelm.) Lemmon, southwestern ponderosa pine [550]

Pinus ponderosa var. ponderosa C. Lawson, Columbia ponderosa pine [53, 307, 550]

Pinus ponderosa var. scopulorum Engelm., Rocky Mountain ponderosa pine

Pinus ponderosa var. washoensis (H. Mason & Stockw.) J.R. Haller & Vivrette, Washoe pine [307, 550].

Callaham [105] recognizes a sixth entity, Pinus ponderosa subsp. readiana Callaham, called central high
plains ponderosa pine. Arizona pine (Pinus arizonica Engelm.) is sometimes classified as a variety of
ponderosa pine [184] but is usually classified as a separate species [307, 550, 589].

Most systematists did not distinguish between Pinus ponderosa var. benthamiana and P. p. var.
ponderosa until the early 2010s, and some still consider them synonyms [161]. Most literature does not
distinguish between the two varieties, so in this review, "ponderosa pine" refer to both varieties.
Common name usage is not consistent for the varieties: until the mid-2010s, Pinus ponderosa var.
ponderosa was usually referred to as “Pacific ponderosa pine”, not “Columbia ponderosa pine”. Because
common name usage has been inconsistent, the varieties of ponderosa pine discussed in this review are
referred to by their scientific names.

Hybrids
Varieties of ponderosa pine hybridize freely where their ranges overlap. Pinus ponderosa var.

benthamiana and P. p. var. ponderosa hybridize with Jeffrey pine and Coulter pine, although rarely [123,
132, 226, 422]. Different pollination times usually restrict hybridization between those pine taxa [422].
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See table Al for a complete list of common and scientific names of plant species discussed in this
synthesis and links to other FEIS Species Reviews.

SYNONYMS

For Pinus ponderosa var. benthamiana:

Pinus benthamiana Hartw. [589]

Pinus ponderosa var. pacifica J.R. Haller & Vivrette [53, 307]
Pinus ponderosa subsp. critchfieliana Callaham [105]

For Pinus ponderosa var. ponderosa:
Pinus ponderosa subsp. ponderosa [105]

LIFE FORM
Tree

DISTRIBUTION AND PLANT COMMUNITIES
GENERAL DISTRIBUTION

Manta

Mevada

Arizona

Pinus penderosa var. benthamiana

Figure 2—Distributions of Pinus ponderosa var. benthamiana and P. p. var. ponderosa in the United
States. Maps courtesy of USDA, NRCS. 2017. The PLANTS Database. National Plant Data Team,
Greensboro, NC. [2018, March 06] [550].

Ponderosa pine is native to western North America. Next to lodgepole pine, it is the most widely
distributed conifer in North America [132, 212]. Pinus ponderosa var. benthamiana occurs mainly in the
Pacific states. Its core distribution is from northwestern Oregon south to southern California [132, 550].
Isolated populations occur in Clallam County, Washington [550]. Pinus ponderosa var. ponderosa is
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widely distributed across the West. It occurs from western Montana and central Idaho [132, 550] west
to interior southern British Columbia [277] and south to west-central Nevada and southern California
[132, 550]. Distributions of P. p. var. benthamiana, P. p. var. ponderosa, and P. p. var. washoensis
overlap in the Pacific states, and distributions of P. p. var. ponderosa and P. p. var. scopulorum overlap in
central Idaho and western Montana [132, 497, 550]. Intermediate forms and hybrids occur where
distributions of the varieties overlap [497].

States and Provinces
Pinus ponderosa var. benthamiana:
United States: CA, NV, OR, WA [550]

Pinus ponderosa var. ponderosa:
United States: CA, ID, MT, NV, OR, WA [550]
Canada: BC [277, 550]

SITE CHARACTERISTICS AND PLANT COMMUNITIES

Site Characteristics

Ponderosa pine is widely adapted to a variety of environments [202, 422], from dry, desert-like mesas
and plateaus to wet bottomlands [292, 422]. It is one of the most drought-tolerant tree species in North
America [422] and is considered an indicator of dry forest environments [20, 417]. Common garden
studies using ponderosa pines from widely different climates suggest that ponderosa pine has broad
genetic tolerance to drought across populations [378, 450, 600]. It is also tolerant of frost, high
temperatures [417], and fire (see Fire Adaptations). However, its resistance to freezing is low relative to
conifers that grow at higher elevations [475].

Pinus ponderosa var. benthamiana grows in modified maritime [57] and mediterranean [349] climates.
Pinus p. var. ponderosa grows in continental [466], modified maritime [57], and mediterranean [349]
climates. An interior continental climate occurs east of the Cascade crest [466]; a modified maritime
climate in the Coast Ranges of Washington and northern Oregon and on the west slope of the Cascade
Range [57]; and a mediterranean climate in southwestern Oregon and throughout ponderosa pine’s
range in California [349]. In the Northern Rocky and Blue mountains, the interior continental climate is
somewhat moderated by ocean air masses; this effect fades as distance from the coast increases [141].
Genetic studies show P. p. var. ponderosa is strongly associated with wet winter climates (R* = 0.78),
while P. p. var. scopulorum is associated with wet summer climates (R? = 0.62) [497].

Ponderosa pine grows on moist to dry sites [209]. It has “fairly high” flood resistance; it grows on alluvial
sites that flood in spring [344] and is often a component of riparian vegetation [25, 34, 350]. Mean
annual precipitation in ponderosa pine communities ranges from 10 to 50 inches (250-1,270 mm). In
western Montana, mean annual precipitation in ponderosa pine communities ranges from 15 to 30
inches (380-760 mm)/year (review by [551]); in northern California, from 30 to 50 inches (760-1,270
mm)/year [378, 450, 600].

Ponderosa pine grows in many different soil types, in soils derived from igneous, metamorphic, and
sedimentary substrates [57, 82, 422, 551]. It grows in gabbro [14] and other ultramafic soils [291].
Although typically absent on serpentine soils [212], it has been reported on serpentine soils in El Dorado
County, California [593]. It grows in soils of many textural classes—from clays [87, 551] to sands [212,
551]—but grows best in coarse-textured loams and moderately sandy or gravelly soils (review by [551]).
Soil pH in ponderosa pine stands varies from very strongly acidic to very strongly alkaline (pH 4.9-9.1),
but usually ranging from slightly acidic to neutral (pH 6.0-7.0) in upper soil horizons [422].

Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/
http://www.fs.usda.gov/database/feis/format.html#STATES/PROVINCES_KEY
https://www.fs.usda.gov/database/feis/glossary2.html#UltramaficSoils
https://www.fs.usda.gov/database/feis/glossary2.html#SerpentineSoils

Ponderosa pine grows in foothill and low-elevation mountain zones [202]. Topography is highly variable;
ponderosa pine stands occupy level plateaus, gentle slopes, and steep canyon walls [202]. In mixed-
conifer forests, ponderosa pine often occupies dry, south- and west-facing slopes, while Douglas-fir and
other more mesophytic species occupy north- and east-facing slopes. In foothills surrounding the
Willamette Valley of Oregon, for example, ponderosa pine historically grew on south slopes, while
Douglas-fir grew on north slopes [119].

Ponderosa pine grows at progressively higher elevations and in narrower vegetation zones from north to
south [422]. In the Pacific Northwest, it is most common between 1,500 to 4,000 feet (450-1,200 m)
elevation [34], while in southern California it occurs above 7,000 feet (2,000 m) [226, 422, 551] (table 1).
It tends to grow at higher elevations on south- than on north-facing slopes. In western Montana, for
example, ponderosa pine reaches its highest elevation, 6,200 feet (1,900 m), on south-facing slopes [34].

Table 1—Elevational ranges of ponderosa pine.

Area Range

British Columbia 1,000-4,000 feet (3,00-1,200 m) [277, 551]
Northern Rocky Mountains 1,000-6,000 feet (300-2,000 m) [417, 422, 466]
Montana 3,200-6,200 feet (1,000-1,900 m) [45, 439]
Washington 0-4,000 feet (0-1,220 m) [422]

Blue Mountains, Oregon 1,600-,5000 feet (500-1,520 m) [422, 551]
south-central Oregon pumice zone 4,800-6,600 feet (1,460-2,010 m) [422]

western Oregon 1,200-5,220 feet (370-1,590 m) [2, 45, 558]
northern California 500-6,000 feet (150-2,000 m) [226, 417, 422, 551]
southern California 5,000-7,300 feet (1,60-2,200 m) [226, 422, 551]

In California, Pinus ponderosa var. benthamiana grows as low as 500 feet (150 m) along drainages of the
Sacramento River [212]. Pinus p. var. ponderosa occurs from 1,000 to 2,000 (300-600 m) in the Klamath
Mountains, 1,500 to 3,500 feet (450-1065 m) and the northern Sierra Nevada, and from 5,300 to 7,300
feet (1,600-2200 m) in the southern Sierra Nevada [421].

Plant Communities

Background: Ponderosa pine is the largest forest cover type in the West [202]. Site characteristics—
including available soil water, topographic position, and aspect—greatly influence the degree of its
overstory dominance in dry and mixed-conifer forests [202, 300, 417]. In this review, “mixed conifer”
refers to mixed-conifer communities in which ponderosa pine is a dominant or important component of
the vegetation.

Ponderosa pine communities generally form a band between lower-elevation, dry grassland, shrubland,
or hardwood (often oak) communities and higher-elevation, mixed-conifer forests [4, 466]. Since it is
highly drought tolerant, ponderosa pine is often the first tree encountered above xeric steppe
vegetation [9, 34, 140].

e Plant Communities by Region

e Stand Structure
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Plant Communities by Region

In the Northern Rocky Mountains, ponderosa pine dominates low-elevation dry sites and is seral in
Douglas-fir and midelevation mixed-conifer communities. Rocky Mountain juniper sometimes
codominates at low elevations. Associates at midelevations (~4,000-5,000 feet (1,200-1,500 m)) include
grand fir, Rocky Mountain Douglas-fir, Rocky Mountain lodgepole pine, and western larch [234, 300,
439]. In western Montana, ponderosa pine-perennial bunchgrass savannas and woodlands tend to occur
on stony, coarse-textured, or shallow soils, while ponderosa pine/shrub forests tend to occur on deeper,
finer-textured soils. Bluebunch wheatgrass and Idaho fescue commonly dominate the grass component
of savannas and woodlands; antelope bitterbrush and mallow ninebark often dominate shrub
understories [128, 140, 348, 439].

Ponderosa pine dominates some riparian communities of the Northern Rocky Mountains. These
communities, usually imbedded in a drier ponderosa pine zone, have large overstory ponderosa pines,
with cottonwoods and willows growing alongside. Western larch may codominate at midelevations. The
understory is typically a diverse assemblage of shrubs, including Douglas hawthorn, Greene's mountain-
ash, and Saskatoon serviceberry. In late-seral stands, suppressed grand fir is often present in
understories and subcanopies. The ground layer a diverse assemblage of herbaceous species, some of
which are rare on uplands [25, 34, 235, 350].

In the Pacific Northwest, ponderosa pine dominates low-elevation savannas, woodlands, forests, and
some riparian communities. In savannas and woodlands, bluebunch wheatgrass, Idaho fescue, and
needle-and-thread grass frequently dominant the ground layer. Antelope bitterbrush, mallow ninebark,
and common snowberry are frequently dominant shrubs in forest communities. Some stands have both
a ground layer of bunchgrasses and/or sedges and understory shrubs ([141]; review by [4]). Ponderosa
pine codominates some Oregon white oak communities of Washington and Oregon. Shrub dominants in
these communities include buckbrush and sticky whiteleaf manzanita [130].

Ponderosa pine is a common associate in mixed-conifer forests of the Pacific Northwest. Coast Douglas-
fir typically dominates, with canyon live oak, California black oak, Pacific madrone, sugar pine, and
tanoak frequent overstory associates. Pacific poison-oak and dwarf rose typically dominate or are
common in the shrub layer [45].

In eastern Washington, ponderosa pine/common snowberry riparian associations occur on alluvial
deposits along seasonal or perennial streams. Stand structure is typically open-grown, mature
ponderosa pines with a shrub understory. Lewis’ mock orange and Saskatoon serviceberry are common
[131].

In the Blue Mountains, ponderosa pine dominates low-elevation dry woodlands and forests and
codominates with Rocky Mountain Douglas-fir in mixed-conifer forests. Historically, perennial
bunchgrasses dominated the ground layer of dry ponderosa pine communities and shrubs were
infrequent. Bluebunch wheatgrass, Idaho fescue, and Ross’ sedge are common groundlayer dominants
[294].

In California, ponderosa pine historically dominated low-elevation woodlands and forests and
cooccurred in mixed-conifer forests at midelevations. It codominates with grey pine in low-elevation
woodlands that border chaparral [87]. In ponderosa pine and Sierran mixed-conifer forests, it occurs
with coast Douglas-fir, incense-cedar, sugar pine, and white fir [417, 507, 561]. Sierra or western juniper
may codominate on dry sites [507]. Ponderosa pine associates with Jeffrey pine in some mixed-conifer
forests [82, 142], although Jeffrey pine tends to displace ponderosa pine on cold sites, serpentine and
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other ultramafic soils, and at mid- to upper elevations of the mixed-conifer zone [349]. In the Transverse
and Peninsular ranges, ponderosa pine associates with bigcone Douglas-fir and Coulter pine [82, 142].

Oaks and other hardwoods associate with ponderosa pine throughout ponderosa pine’s range in
California. At low elevations, ponderosa pine grows with interior live oak and canyon live oak. At
midelevations, it grows with California black oak and tanoak. Ponderosa pine grows with Oregon white
oak and Pacific madrone in northern California [87, 507].

In the southern Cascade Range, ponderosa pine occurs in mixed-conifer forests with Douglas-fir, sugar
pine, and white fir. Bigleaf maple, canyon live oak, and California black oak often codominate the
overstory. These forests may be mosaicked with montane chaparral, and chaparral species such as
greenleaf manzanita and ceanothus are common in the understory. Western juniper and curlleaf
mountain-mahogany cooccur with ponderosa pine on dry slopes in the East Cascades (review by [506]).

East of the Cascades in northeastern California, ponderosa pine grows in dry forests and woodlands. It
often cooccurs with western juniper. Greenleaf manzanita, antelope bitterbrush, Bloomer goldenbush,
and/or greenleaf manzanita are dominant shrubs. Idaho fescue and/or western needlegrass often
dominate the ground layer [156].

Mountain misery an important understory shrub of dry forests throughout much of the southern
Cascades and Sierra Nevada. Other important or dominant shrubs include buckbrush, greenleaf
manzanita, and sticky whiteleaf manzanita [561].

Stand Structure

Summary: Historically, ponderosa pine grew in mostly open stands of mature and old-growth trees,
with scattered patches of younger ponderosa pines. Successive fires often produced a mosaic of
different-aged stands across the landscape. Past logging, fire exclusion, and successional
advancement have resulted in increases in stand density and compositional shifts to shade-tolerant
conifers.

On xeric sites, ponderosa pine tends to form savannas in which there are few or no other tree species.
On more mesic sites, it forms woodlands and forests in a mix with other overstory trees [9]. Stands
subject to frequent fire typically have widely spaced trees (review by [5]). However, ponderosa pine
forests were historically structurally diverse, and many remain so today. A mix of fire severities creates
fine-grained spatial heterogeneity across dry forest landscapes [305, 359, 472]. Open patches were
historically common on sites that experienced mixed-severity fires [359].

Pioneer accounts, old photographs, and General Land Office and early timber survey data indicate that
ponderosa pine cover types historically had open, parklike stand structure [31, 221, 223], with small
patches of conifer seedlings and saplings [245, 248] (generally <50-foot (15-m) diameter patches) [249].
Arno [30] reports that historically, trees were typically spaced at least 25 feet (8 m) apart in ponderosa
pine stands across the West. An 1889 U.S. Geological Survey report of ponderosa pine stands in eastern
Washington stated that ponderosa pine “growth is never dense, and on the dry hillsides of this region it
is quite scattering, but constitutes about 85 per cent of the trees growing” [208].

Historically, ponderosa pine cover types dominated about 20% of forested landscapes. Accounts from
settlers in the Pacific Northwest describe open ponderosa pine stands. Upon encountering
presettlement forests (1853-1855) on the East Cascades in Washington, a settler wrote “There is so little
underbrush in these forests that a wagon may be drawn through them without difficulty...The level
terraces, covered everywhere with good grass and shaded by fine symmetrical trees of great size,
through whose open, light foliage the sun’s rays penetrate with agreeable mildness, give these forests
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an appearance of an ornamental park” (Cooper 1960, cited in [167]). An 1853 account of the Blue
Mountains described “beautiful groves of pine trees...The country is all burned over, so often there is
not the least underbrush, but the grass grows thick and beautiful” (Evans 1990, cited in [33]). Historical
data from unlogged portions of the Klamath Indian Reservation in south-central Oregon indicate that
from 1919 to 1922, large ponderosa pines (>21 inches (53 cm) DBH) dominated both dry forest and
mesic mixed-conifer habitat types [223].

On many sites, historical structure of ponderosa pine riparian communities might have been similar to
that of upland ponderosa pine communities. Studies reconstructing historical stand structure of riparian
ponderosa pine forest communities in eastern Washington [594], the southern Blue Mountains of
Oregon [423], and the southern Cascades of California [556] found that stand structure was not
substantially different between riparian and upland forests. This was attributed to similar fire regimes
for riparian and upland forests [556].

Flgure 3—A ponderosa plne/plnegrass woodland on Meeks Table Research Natural Area
Washington. The area has never been logged or grazed and retains its presettlement
stand structure. U.S. Forest Service photo.

Age class structure of ponderosa pine communities may be even- or uneven-aged, depending on
landscape scale, fire history, other site history, and site characteristics such aspect and soil moisture
[578]. Seedling establishment after fire often results in even-aged patches, so age class tends to be
similar within individual young patches. Successive fires and other disturbances (e.g., insect outbreaks
and windfall [186, 536]) result in a mosaic of different-aged patches across the landscape [9, 209].
Individual patches become increasingly uneven-aged over time [596] due to gap succession [9] and the
establishment of shade-tolerant trees between successive fires. Localized bark beetle attacks, for
example, create openings in mature ponderosa pine stands, allowing for gap succession [9, 25]. On the
Lolo National Forest of Montana, stand reconstruction of pre-1900 ponderosa pine-western larch stands
showed a predominately uneven-aged structure (n = 7 stands). One stand was even-aged; the authors
attributed this to cohort establishment after a stand-replacement fire in the early 1700s [42].

11
Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/
https://www.fs.usda.gov/database/feis/glossary2.html#HabitatType

Studies of mature and old-growth ponderosa pine stands in Oregon and California found both even- and
uneven-aged structure. In eastside old-growth ponderosa pine stands at Metolius Research Natural
Area, central Oregon, ponderosa pines grew in even-aged patches. However, old-growth ponderosa
pines farther south at Pringle Butte Research Natural Area grew in uneven-aged patches [596]. A fire
history study in Ishi Wilderness on the Lassen National Forest, California, found that prior to 1905,
individual ponderosa pine patches were even-aged, but patches were of different ages across the
landscape due to fine-scale differences in fire history [536]. On Blacks Mountain Experimental Forest on
the Lassen National Forest, 1933-1934 inventories documented uneven-aged stand structure. The
stands were about 89% ponderosa pine, with more ponderosa pines on valley bottoms than on upland
slopes [456]. See table A2 for detailed information on stand structure of ponderosa pine stands in
Oregon and California.

Snags are an important component of ponderosa pine communities; they may remain upright for more
than a century [9]. Snag management is discussed in Fire Management Considerations (Snags section)
and Old Growth and Snags for Wildlife.

Stand structure has changed greatly in most ponderosa pine forests since historical times, with dense,
young stands of shade-tolerant conifers replacing widely spaced old growth due to logging of large trees
and long periods of fire exclusion [42, 223]. Across the West, over 90% of ponderosa pine forests have
been heavily logged at least once, and most iconic, old-growth trees were harvested. Fiedler [168]
reports that “second-growth stands typify the modern forest, and on perhaps half of the land originally
dominated by large, old ponderosas, firs are replacing the younger pines”.

Surveys of unlogged portions of the Klamath Indian Reservation revealed dramatic changes in stand
structure of conifer forests over 87 years (table A3). Stand densities in a 1997-2006 survey were three
times those of a 1919-1922 survey. Although mean basal area increased by nearly 20%, basal area of
large conifers declined by 50%, and the proportion of large trees was more than 5 times less than in the
early survey [223].

Equations are available to help predict these structural components of ponderosa pine stands:

e crown width and weight of foliage, developed from stands in northern Idaho and western
Montana [406]; and

e height based on DBH. Basal area and site index can be incorporated in to the equations as
independent variables; developed from mixed-conifer stands in southwestern Oregon [358].

Identifying old growth can help guide management planning and vegetation inventories. Proposed
standards for classifying a ponderosa pine stand as old growth include:

e the stand is dominated by ponderosa pines >16 inches (40 cm) DBH and >200 years old;

e it has high between-patch structural diversity; patches are typically 0.2 to 4.9 acres (0.08-2.0 ha);

e it contains conifer snags 220 inches (50 cm) DBH and >15 feet (4.6 m) tall at a density of >3
snags/acre (7/ha); and

e it contains moderate to extensive woody debris, with logs at a density of 210 tons/acre (22 t/ha)
including at least 2 logs/acre (5/ha) that are 224 inches (61 cm) diameter and >50 feet (15 m) long
[190, 309]. Woody debris load is variable, however, depending on fire frequency [5].

Fiedler et al. [171] recommend using both structural and functional (e.g., vigor and diversity indices)
attributes to help identify and monitor old-growth ponderosa pine stands.
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Harrod et al. [247] provide a model for estimating historical snag density in dry forests of the East
Cascades. See the Snags and Old Growth and Snags for Wildlife sections of this review for detailed
information on snag management.

BOTANICAL AND ECOLOGICAL CHARACTERISTICS
GENERAL BOTANICAL CHARACTERISTICS

Botanical Description

This description covers characteristics that may be relevant to fire ecology and is not meant for
identification. Identification keys are available for distinguishing Pinus ponderosa var. benthamiana from
P. p. var. ponderosa where their distributions overlap ([53, 105]); however, positive identification is
challenging because these varieties hybridize and characteristics used to distinguish the two varieties
overlap.

Ponderosa pine is a large tree with long needles and thick bark [133]. Form is straight, with a slightly
tapering bole [53, 82]. Heights of 90 to 130 feet 928-40 m) and DBH of 30 to 50 inches (80-130 cm) are
common [34, 88]. On favorable sites, trees in Idaho and western Montana have attained diameters of 4
feet (1 m) and in California, of 6 feet (2 m) [209]. The champion tree, a Pinus ponderosa var. ponderosa
in Oregon, is 167 feet (51 m) tall, 29 feet (9 m) in circumference, 9.2 feet (2.8 m) in diameter, and 68
feet (21 m) in crown spread [17].

The bark of mature ponderosa pines is platy, rough, and scaly [2, 357]. It has low density and exfoliates
readily [480]. Thickness may equal or exceed 3.0 inches (7.6 cm) [357]. In 1921, Jepson [292] reported
ponderosa pines with 5-inch (12.7-cm) thick bark in the Sierra Nevada.

Ponderosa pine branches are thick, spreading [11, 168], and tufted at the ends [9]. Branches are few and
open on boles in open stands, but branches on boles in closed stands may be crowded [2]. Fire prunes
lower branches in stands subject to frequent fires [34]. Ponderosa pine tends to self-prune [2], although
some open-grown trees on unburned sites may have branches nearly reaching the ground [16].

Needles of Pinus ponderosa var. benthamiana and P. p. var. ponderosa are in bundles of three, and 5 to
10 inches (13-25 cm) long [350, 422]. They are clustered in tufts at branch tips [9]. Pinus ponderosa var.
benthamiana tends to have longer, thinner, more flexible needles than P. p. var. ponderosa [123].

Female (seed) cones are oval and 3 to 6 inches (8-15 cm) long [350, 422]—about the size of a fist—and
armed with prickles [167]. Seeds are winged [53].

The taproot and large roots of ponderosa pine are deep on favorable sites, making trees windfirm [350].
In sand or other porous soils, large roots may extend 6 feet (2 m) deep or more, but are rarely more
than 3 feet (1 m) deep in heavy clay soil (review by [422]).

Fine roots are typically shallow and short-lived. A study in Washington found that 74% of fine ponderosa
pine roots infected with ectomycorrhizae were in mineral soil at depths of <2 inches (5 cm) [253]. In the
Boise Basin on the Boise National Forest, Idaho, most fine roots were concentrated below the humus
layer, in mineral soil [152]. An Oregon study found fine roots of ponderosa pine lived about 1 year.
Young trees had the largest proportion of fine roots at shallow soil depths (0-7.8 inches (0-20 cm)),
although the difference in fine root depth among young (<50 years), intermediate (50-60 years), and old
(>250 years) trees was not significant. Maximum depths recorded for fine roots were 16 to 20 inches
(40-50 cm) [19].
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Ponderosa pine is long-lived [350]; trees often reach ages of 300 to 600 years [34, 422]. On the Swauk
Late-successional Reserve on the Wenatchee National Forest, Washington, age distribution of
ponderosa pines ranged from 13 to 597 years, with a mean age of 110 years. Logging from the 1860s to
the mid-1960s selectively removed large ponderosa pines, so old ponderosa pines are underrepresented
in most stands compared to their occurrence in presettlement (before the mid-1800s) stands [106]; this
is true throughout the West [168]. For the varieties covered in this review, the oldest documented
ponderosa pine was 879 years old as of 2018; it grows in Newberry National Volcanic Monument,
Oregon [94, 115].

Raunkiaer Life Form
Phanerophyte [448]

SEASONAL DEVELOPMENT

Ponderosa pine seed cones take 2 years to mature. First-year seed cones open for pollination soon after
freezing weather stops, and pollen cones disperse pollen in spring or early summer, depending on
location [422]. Seed disperses after second-year cones open in fall [523]. Seed dispersal coincides with
the fire season, so seeds may disperse onto new burns soon after fire [211, 270, 530] (see Plant
Response to Fire). Seeds germinate in spring. Individual needles are retained for 3 to 4 years [575], then
shed in fall.

On Newman Ridge on the Lolo National Forest, Montana, seeds dispersed from early September
through mid-October [494]. Table 2 shows phenological data collected over 10 years (1928-1937) in the
Northern Rocky Mountains.

Table 2—Phenology of ponderosa pine in northern Idaho and
western Montana, by mean date of event [484].

Event Date

Shoot growth starts 3 May

Buds burst 11 May
Pollen dispersal starts 20 June
Pollen dispersal ends 30 June
Shoot growth stops 20 July
Winter buds form 20 July
Cones fully elongated 17 August
Cones open 5 September

In California, pollination occurs from April to June, depending on location. Cones ripen and seeds
disperse in August and September [347].

Little was known of ponderosa pine’s fine root phenology as of 2018. In the Central Cascades of Oregon,
fine root production occurred from late May to early June, with fine root biomass peaking from late July
to August [19].
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REGENERATION PROCESSES

Summary: Ponderosa pine regenerates most successfully after disturbances that open the canopy and
expose mineral soil. Fire is the primary agent creating these conditions. Ponderosa pine does not
regenerate well in shade. Seed production varies within and among populations and between years,
with dry years resulting in low seed production. Wind and wildlife disperse the seeds. Few seeds
actually establish. For those that do, growth is most favorable on open sites with light shade. Low- to
moderate-severity fire and/or thinning promote ponderosa pine growth.

e Pollination and Breeding System e Seedling Establishment
e Seed Production e Plant Growth

e Seed Banking e Vegetative Regeneration
e Seed Dispersal e Mortality

e Germination

Pollination and Breeding System
Ponderosa pine is primarily wind pollinated [354, 422], although some selfing occurs [514]. It is
monoecious [422].

Figure 4—Second-year seed cone (left) and pollen cones (right).
Terminal bud, with protective scales surrounding the tip, is in the
middle. Photo used with permission of Gerald and Buff Corsi ©
California Academy of Sciences.

Seed Production

Ponderosa pine first produces seeds at 10 to 20 years old [347, 356]; sometimes, as early as 7 years old
[422]. Seed production generally increases as trees age [356], although it may slow in very old trees
[422]. Seed production varies within and among populations and across years. Generally, fewer seeds
are produced in drought than in normal years. Seed predation can result in few seeds surviving to
germinate and can be especially high on new burns.
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Ponderosa pine tends toward masting [187, 346, 357, 389]. Within stands, large seed crops are
produced every 2 to 5 years [288, 346, 347], with large, mature trees producing the most seeds [187].
Daubenmire [138] reported that in Washington, masting was positively correlated with above-average
summer temperatures during the first year of seed cone development.

A review reported highly variable cone and seed production within and among ponderosa pine
populations across ponderosa pine’s range. Large bole diameter was the most reliable factor for
predicting large cone crops, although genetics, abundant soil moisture in spring followed by soil drying
in summer, nutrient-rich soils, and low rates of insect infestation and disease were also associated with
high cone production. Open sites promoted fastest growth rates; in turn, this promoted highest cone
production. Higher-than-average temperatures during seed cone initiation increased seed cone
production, while freezing temperatures lowered production of second-year seed cones [345].

Studies in the Northern Rocky Mountains and California show variable seed production across years. On
12 sites across Idaho and eastern Washington, cone production ranged from zero to 384 cones/tree
over 24 years (1958-1981) (review by [345]). On the Stanislaus National Forest, cone and seed
production varied by about a factor of 2 in two different collection years [187] (table 3).

Table 3—Cone and seed production, averaged from several ponderosa pines on the Stanislaus
National Forest [187].

Collection year Cones/tree Seeds/cone Estimated seeds/tree
1934 100 69 1,690
1940 204 73 2,294

Seed production across 4 years on the Challenge Experimental Forest in northern California was rated
“light” for 1 year, “medium” for 2 years, and “bumper” for 1 year. Across 4 years of study (1964-1967),
estimated seedfall from 90- to 120-year-old ponderosa pines onto 2-acre (0.8 ha) nearby clearcuts
ranged from 0 to 40,690 sound seeds/acre (0-100,545/ha). On 10-acre (4 ha) clearcuts, estimated
seedfall ranged from 0 sound seeds/acre to 15,345 sound seeds/acre (0-37,915/ha) [389].

Although seed production in populations generally increases with soil moisture and decreases with
stand density [345], there are exceptions. On the Deschutes National Forest near Bend, Oregon, a xeric
site yielded 6 times more ponderosa pine seeds than a mesic site (P < 0.001). On both sites, dense
stands yielded more seeds than more open stands (table 4). Cone production was positively correlated
to DBH and tree height (P = 0.05) [328].

Table 4—Ponderosa pine stand structure and seed production over 9 months
on 2 sites on the Deschutes National Forest [328].

Variable Relatively dense, xeric site  Open, mesic site
Maximum density 80 trees/ha 18 trees/ha

Mean basal area 18 m?/ha 4.2 m?/ha

Mean seed production 1.7 million seeds/ha 300,000 seeds/ha

Low- to moderate-intensity fire may not affect cone production. A year after a moderate-intensity fall
prescribed fire on the Coeur d‘ Alene Reservation, Idaho, there was no difference between ponderosa
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pine cone production on burned and unburned plots, and there was no difference in losses of cones to
ponderosa pine cone beetles (Conopthorus ponderosae) on burned and unburned plots (P < 0.05) [293].

Many mammals, birds, and insects eat ponderosa pine seeds (see Importance to Wildlife and Livestock),
and seed predation can substantially reduce ponderosa pine’s crown and forest floor seed banks [279,

422, 485]. Although mineral soil favors ponderosa pine seedling establishment, seeds on mineral soil are
more vulnerable to predation than seeds buried in litter or duff [279]. Several authors [398, 422] provide
reviews of the impacts of seed predation on ponderosa pine reproduction.

In southern British Columbia, seed predators—mostly deer mice—removed ponderosa pine seeds from
uncut and clearcut sites at high rates. A seed predation experiment revealed that after 1 week, 4% percent
of hand-scattered ponderosa pine seeds remained on unprotected uncut stands, 0.4% remained on

unprotected clearcuts, and 100% remained in rodent and insect exclosures [279].

A 4-year study on four sites in western Montana found few developing seeds survived to germination
stage. Most cones were lost early in development. Of cones that survived to maturity, red squirrels
harvested 66%. Yellow-pine chipmunks, deer mice, and birds harvested an additional 30% of seeds after

seeds dispersed [485]. Seed loss is shown in figure 5.

based on data collected in western Montana [485].

Figure 5—Factors affecting seed loss of ponderosa pine in the 1st and 2nd years of seed development,

Squirrels 2%
Bud failures 5% Insects 1% Miscellaneous 1%

1st-year development

Insects 8%

Miscellaneous 1%

2nd-year development

Some rodent species prefer foraging for seeds on new burns. On the Lolo National Forest, Montana,
deer mice were about twice as abundant in a 1-year-old burn compared to an adjacent, unburned
ponderosa pine-Douglas-fir forest. Predation was about 8% higher for ponderosa pine seeds than for the
smaller Douglas-fir seeds. For both species, seedling recruitment was significantly less in cages that
allowed deer mouse egress than in cages that did not allow egress (P < 0.05 for all variables) [603]. On
two sites on the Lolo National Forest, Halvorson [229] found populations of ponderosa pine seed
predators—mostly deer mice and red-tailed chipmunks—increased after clearcutting and prescribed
burning, likely due to easy access of ponderosa pine and other conifer seeds on the forest floor. For
details, see the “Small mammals” section of FEIS’s Research Project Summary of the study.

Seed Banking

Ponderosa pine has a short-term crown-stored seed bank [31, 510] and a short-term seed bank on the
forest floor. Wind-dispersed seed overwinters in or on top of litter [465, 474, 493, 495]. Wildlife-cached

Fire Effects Information System (FEIS)

17



https://www.feis-crs.org/feis/
https://www.fs.usda.gov/database/feis/research_project_summaries/Shearer98/all.html#SmallMammals
https://www.fs.usda.gov/database/feis/research_project_summaries/Shearer98/all.html
https://www.fs.usda.gov/database/feis/glossary2.html#CrownResidualColonizer

seed may be stored in shallow soil seed banks (see Seed Dispersal). Ponderosa pine seed does not
remain viable for longer than about 6 months in the field [494].

Seed Dispersal

Summary: Wind, wildlife, and people disperse ponderosa pine seed. Wildlife-dispersed seed is more
likely to establish than wind-dispersed seed, although wind dispersal is more common. The winged
seeds are buoyant and carry for short distances, usually no more than 150 feet (50 m) from the
parent tree.

Mosaic fires that create abundant small openings help ensure that most of the burned landscape is
within wind-dispersal distance of live ponderosa pines. Seed dispersal is limited to lacking on burns
where large swaths of stand-replacement fire killed potential parent trees [32, 151, 323, 528].
Regeneration in the centers of large burns or clearcuts is generally poor because the seed does not
travel into interior portions of the burn or clearcut [32, 389]. In Oregon, ponderosa pine seed fall 120
feet (37 m) inside a clearing was only 22% of seed fall at the edge of the clearing [56].

Birds and mammals disperse ponderosa pine seeds, and dispersal distances are often greater than those
achieved by wind [110]. Compared to a long-range dispersal distance of 150 feet (50 m) for wind [32],
rodents may cache pine seeds over 250 feet (75 m) from parent trees [564], and Clark’s nutcrackers may
disperse pine seeds 1.2 to 18 miles (1.9-29 km) from parent trees [280, 546, 563]. Small mammals
disperse seeds on either the soil surface or in shallow caches [110, 579]. Clark’s nutcrackers disperse and
bury ponderosa pine seeds in shallow caches that contain a few seeds each [355, 356, 547].

Seeds buried by rodents [329] or Clark’s nutcrackers [357] have a greater chance of establishing than
seeds dispersed onto the forest floor by wind. On the Deschutes National Forest, most ponderosa pine
seedlings (63%-85%) that established grew in clusters attributed to natural rodent caching [330].
Ponderosa pine emergence rates on plots where seeds were buried to simulate rodent caching were
more than 7 times higher than on plots where seeds were sown on top of litter or mineral soil [329].

One study suggests that seeds in small caches are more likely to establish than seeds in large caches. On
the Deschutes National Forest, yellow-pine chipmunks and golden-mantled ground squirrels made small
and large caches of ponderosa pine seeds, respectively. The autumn after caches were made, ponderosa
pines emerged at an average rate of 17 seedlings/cache. Seventy-two seedlings emerged from the
largest cache. Mortality rate of 1-year-old seedlings averaged 40%, with highest mortality in the largest
caches [474].

Recaching was common in a study tracking rodent dispersal of radioactive pine seed (ponderosa pine,
Jeffrey pine, and sugar pine). On the Carson Range in western Nevada, yellow-pine chipmunks practiced
secondary caching or recaching as many as 3 times/cache in mast years. The level of secondary caching
approximately tripled in nonmast years, with some seeds recached 5 or 6 times. Primary caches were
made 3 to 266 feet (1-82 m) from parent trees; seeds were carried farther away from their parent trees
in nonmast (14.9 feet (5.9 m) farther) than in mast years (15.1 feet (4.6 m) farther, P < 0.001). The
authors concluded that masting increases dispersal efficiency and helps satiate seed predators [564].

Because it is a culturally valuable tree (see Other Uses), American Indians likely assisted ponderosa pine
migration. Ponderosa pines on the Fort Leis Prairie, Washington [167], and in the Willamette Valley,
Oregon [119], may have descended from plantings by American Indians.
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Germination

Seeds are dormant upon dispersal, requiring stratification [50], exposure to light [243, 366], or
scarification to break dormancy. A laboratory study found that breaking the seed coat (scarification)
broke dormancy immediately; so did 1 to 2 months of late fall-winter stratification in a northern rough
fescue grassland [50]. Viable seeds stratify naturally over winter and germinate the spring following
dispersal [366, 494]. Light is not required for germination of overwintered seeds [366]. Germination is
epigeal [422].

Highest germination rates occur on bare mineral soil or an ash seedbed [424, 595]. Surface fire burns
away litter and prepares a mineral seedbed [1, 9, 385]. In the greenhouse, ponderosa pine seeds
collected from Priest River, Idaho, showed highest mean germination (71.6%) in an ash seedbed.
Germination averaged 67.2% in bare mineral soil and was least (56.7%) in duff collected beneath a
mature western white pine stand [179].

Seedling Establishment

Seedlings require open areas, mineral soil, and quick access to lower soil layers for best establishment
and growth [466]; thick litter and duff layers inhibit establishment [1, 5, 209, 487]. Openings larger than
about 0.7 acre (0.3 ha) [306]—or overstory basal area of less than about 50 feet?/acre (11.5 m?/ha)
[166]—are needed for substantial ponderosa pine seedling establishment. The first growing season after
a fall prescribed fire in northern Idaho, mean height and basal diameter of ponderosa pine seedlings
were greater on a mineral seedbed than on burned duff (P = 0.05) [424]. A pot study found height
growth of ponderosa pine seedlings was about 50% greater in soil collected from a prescribed burn site
than in soil collected from a nearby unburned site [565].

Light shade may increase ponderosa pine seedling establishment on open sites [127, 205, 327]. In
central Idaho, light shade and soil scarification increased establishment in three habitat types that were
either logged or burned under prescription. Moderate shrub canopy cover resulted in highest
establishment of ponderosa pine seedlings in each habitat type [205] (table 5).

Table 5—Percent cover of ponderosa pine seedlings under different levels of shrub cover. Data
were taken 5 or more years after thinning or prescribed fire in central Idaho [205].

Habitat type Shrub canopy cover

Light (0-33%) Moderate (33-66%) Heavy (66-100%)

Douglas-fir/white spirea 17 42 41
Grand fir/Rocky Mountain maple 27 49 24
Grand fir/thinleaf huckleberry 28 45 27

On the Metolius Research Natural Area, density of ponderosa pine germinants and seedlings was
positively associated with shrub cover, which was mostly antelope bitterbrush (P = 0.01). By the sapling
stage, however, density of young ponderosa pines was negatively associated with antelope bitterbrush
(P =0.0003). At that stage, antelope bitterbrush was apparently no longer facilitating ponderosa pine
growth; instead, it was becoming competitive [327].

Adequate moisture is critical for ponderosa pine seedlings, especially in their first year [5, 188, 422]. At
low-elevation woodland ecotones, ponderosa pine establishment is limited by low soil moisture content
in summer; at high elevations, by cold, short growing seasons [9, 422, 521]. Establishment is generally
poor in dry years [510], although ponderosa pine seedlings are more drought-tolerant and hence, more
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likely to establish on dry sites than associated conifer species [381]. Regeneration pulses are associated
with one or more consecutive wet years (review by [436]). In central Idaho, no ponderosa pine seedlings
grew on clearcut plots in 1959, when summer weather was hot and dry and there was no precipitation
in June. In contrast, there was “exceptional” regeneration of ponderosa pine on clearcut plots in 1963
(3,500 seedlings/acre (8,648/ha)), when summer weather was relatively cool and moist and total June
precipitation was nearly 3 inches (76 mm) above normal [185].

Coarse soils can limit seedling establishment because they drain quickly. Two years after the 2002
Biscuit Fire in southwestern Oregon, overall conifer seedling establishment was greater on fine-grained
soils (295-604 seedlings/acre (729-1,492/ha)) than on skeletal, coarse-grained soils (54 seedlings/acre
(133/ha)) [151].

Mortality is high for germinants and seedlings [330]. Primary causes of seedling mortality include fire
(see Fire Effects), drought, browsing insects and wildlife, fungi, heat, and frost [150, 186, 188, 495].
Seedlings may tolerate sustained cold winter temperatures but succumb to sudden changes in
temperature, including summer frosts [167]. On Deschutes National Forest in the East Cascades, only
about 3% of viable seed matured to 2-year-old seedlings. Most seedlings died soon after emergence.
After 2 years, only seedlings that established beneath live cover were still alive [330].

Seedling establishment may lessen under climate change. Kemp [323] cautions that as climate continues
to warm, temperature—rather than seed source—may limit ponderosa pine establishment, and
“temperature may outweigh the influence of seed source availability on seedling regeneration and the
post-fire environment may no longer be favorable for regeneration in much (80%) of the existing dry
mixed-conifer zone”. With increasing global warming, some models predict higher regeneration of
ponderosa pine in the mid-2000s (2020-2059) relative to 1910 to 2014, but reduced regeneration from
2060 to 2099 as temperatures increase and soil moisture decreases [438].

Plant Growth

Summary: Ponderosa pine attains fastest growth on moist, open sites. Growth is generally slow on
droughty sites such as steep, south- or west-facing slopes. Growth tends to slow in dense stands and
as trees age. Prescribed fire and/or thinning promote growth.

Seedlings grow a long taproot to access lower soil layers before attaining much top growth [1, 216, 422].
One-year-old seedlings, only 2 inches (5 cm) tall, may have taproots 3 feet (1 m) long [29, 34], and 4-
year-old saplings may have roots 5 feet (1.5 m) long [29]. As ponderosa pines age, they switch biomass
allocation from root to shoot growth. In Lassen Volcanic National Park, California, seedlings had highest
relative biomass allocation to roots and lowest biomass allocation to needle and branch growth.
Saplings had highest biomass allocation to needles, and pole-sized trees had highest biomass allocation
to woody tissues. Water-use efficiency increased with tree age [216].

Relatively warm winters and cool growing-season temperatures favor ponderosa pine growth, while
previous-year drought impedes growth. On the Lassen National Forest, California, ponderosa pine had
fastest growth rates with warmer-than-normal temperatures in January and cooler-than-normal
temperatures the previous May. Higher-than-normal temperatures from September to November—
and/or the previous May—slowed ponderosa pine growth rates [295]. Growing season in the
mediterranean climate of southwestern Oregon and California is long and mostly limited by water
availability [421].

Ponderosa pine growth is suppressed in dense stands [24, 69, 118]. In a 1947 survey on the Colville

Indian Reservation in Washington, Weaver [570] compared growth and stand density in a wildfire-
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burned and an adjacent unburned stand. Both stands were composed of second-growth, 40-year-old
ponderosa pines. By postfire year 26, trees averaged 32.2 feet (9.8 m) tall and 7.4 inches (18.8 cm) in
diameter on the burned stand. They averaged 12.3 feet (3.7 m) tall and 1.7 inches (4.3 cm) in diameter
on the unburned stand. Density was more than 10 times less on the burned stand (1,100 trees/acre
(2,717/ha)) than on the unburned stand (14,800 trees/acre (26,556/ha)). Weaver [570] reported that “in
many places the [unburned] stand is so dense as to be almost impenetrable to man or beast”.

On opens sites, height growth is generally rapid in pole and early mature (early sawtimber) stages
(review by [422]). Growth typically slows as mature trees age. The bole becomes wider and the crown
broader, and the proportion of dead wood increases. Needle production slows with age, and tufts at the
ends of branches become progressively smaller each year [9].

Low- and moderate-severity fires release ponderosa pines, encouraging postfire growth [9, 478] (see
Plant Response to Fire).

Ponderosa pines of all age classes also respond well to release by thinning [55, 58, 150, 367, 411, 476].
On the Sequoia National Forest, ponderosa pines <50 years old responded to thinning with increased
diameter in their lower boles. Mature trees in the subcanopy increased diameter mostly their middle
boles, while ponderosa pines dominating the canopy increased diameter in mostly their upper boles ( P
= 0.05 for all variables) [26]. A 50-year study on the Blacks Mountain Experimental Forest, northeastern
California, showed diameter growth of old, large ponderosa pines (>31.5 inches (80.0 cm) DBH) was
greatest with 75% removal of overstory trees. Thinning ranged from 0% (control) to 95% removal. Fifty
years after thinning, net volume yield of ponderosa pine stands averaged 5,350 feet3/acre (373 m3/ha)
on 75% cut plots compared to 3,880 feet®/acre (271 m3/ha) on uncut plots and 5,050 feet3/acre
(353m3/ha) on 95% cut plots. No further thinning was done in the 50 years after the initial cuts [150].

Equations to predict these components of ponderosa pine growth are available:

e diameter and cubic volume growth at various stocking levels; developed from stands in the
Northern Rocky Mountains and the Southwest [155];

e height-DBH growth; curves based on site productivity and density of even-aged, 70-year old
stands in western Montana [383];

e growth at three overstory densities, based on stand age; developed from stands in western
Montana, Idaho, and eastern Washington [162];

e diameter growth; developed in southwestern Oregon [232]; and

e tree height based on DBH, developed for the Willamette Valley [568] and southwestern Oregon
[539].

Mortality

Fire (see Fire Effects on trees) and bark beetle attacks during drought [217] are primary causes of
ponderosa pine mortality. Wildfire results in high mortality of ponderosa pine across the West [422].
Windthrow usually causes localized tree death. A study across western Montana found that of 10,600
old-growth ponderosa pines, 406 died over 17 years (1948-1965). For ponderosa pines that died, 57%
died from windstorms, 27% from pine beetles (Dendroctonus spp.), 7% from unknown causes, 6% from
insects other than Dendroctonus, and 3% from lightning strikes. No fire-caused mortality was noted
during this period of effective fire suppression [299].
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Hann and Larsen [232] provide equations to predict estimates of stand mortality for ponderosa pine and
associated tree species; the models were developed in southwestern Oregon. See the Fire Effects
Models section for help predicting postfire mortality of ponderosa pine.

Vegetative Regeneration
Ponderosa pine does not naturally reproduce vegetatively [422].

SUCCESSIONAL STATUS

Summary: Ponderosa pine is shade intolerant. It is a successionally stable or climax species on low-
elevation, dry sites and seral on more mesic and midelevation sites. At midelevations, ponderosa pine
is generally seral to Douglas-fir and other more mesophytic, shade-tolerant species. It is a minor late-
successional species in some poor-site (pumice) lodgepole pine stands of south-central Oregon. In
southern Oregon and California, it is a late-successional species that displaces shrubs in montane
chaparral. Ponderosa pine encroaches into some perennial grasslands and mountain meadows.

It establishes in canopy gaps or larger openings resulting from fire, bark beetle outbreaks, or other
disturbances. Low- to moderate-severity fire maintains ponderosa pine dominance. After stand-
replacing fire, succession in dry forest cover types generally follows a trajectory leading from
dominance by annual herbs to dominance by conifers. Ponderosa pine is replaced successionally by
shade-tolerant species with long fire-free periods, and is in decline as a forest cover type on fire-
excluded sites.

Overview

Frequent, low- and moderate-severity fires favor ponderosa pine and other shade-intolerant species.
Understory vegetation is top-killed or killed without much mortality of the overstory, although patches
of severe fire kill the overstory and create openings that favor ponderosa pine establishment [112, 265,
504]. If fire-free intervals are long, shade-tolerant, understory Douglas-fir, grand fir, incense-cedar,
and/or white fir increase in number and size, shading out ponderosa pine [24, 63, 145, 170, 182, 357].
Historically, long fire-free intervals on some sites, particularly north-facing slopes, allowed more fire-
sensitive species such as Douglas-fir to develop thicker bark before the next fire, so some shade-tolerant
trees survived successive fires [9].

After stand-replacement fire and/or heavy logging, succession to ponderosa pine or mixed-conifer
communities generally proceeds in stages: from annuals, to perennial herbs, to shrubs, and finally to
conifer dominance of the overstory [98, 529]. For example, herbs and shrubs established soon after a
wildfire (1959) and salvage logging (1960) on the Eldorado National Forest, California. Prior to these
disturbances, the site was a ponderosa pine-sugar pine-Douglas-fir/deer brush-manzanita/mountain
misery forest. In the first 3 postfire years, annual sixweeks grasses and miner’s-lettuce dominated, and
pine seedlings were emerging. Blue wildrye, Lemmon’s needlegrass, and California needlegrass
dominated the perennial herb stage from about postfire years 4 to 8, with sprouting shrubs gaining
frequency. By postfire year 8, deer brush and manzanita were more frequent than herbaceous species,
but pine seedlings were overtopping the shrubs [98].

Succession generally progresses fastest on moist sites. In California, Minnich et al. [404] found density of
ponderosa pine and mixed-conifer stands was positively associated with mean annual precipitation (P =
0.05). In the San Bernardino Mountains, succession from ponderosa pine to incense-cedar and white fir
was more rapid on mesic than xeric sites. Across mountain ranges, successional advancement was more
rapid in the Sierra Nevada than in the drier, more southerly San Bernardino Mountains. Stand densities
and composition were compared from surveys conducted from 1929-1935 and in 1992 [404].
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Without fire or other disturbances, riparian ponderosa pine communities are especially prone to rapid
successional advancement [556]. Hardy et al. [238] report that in the interior Northwest, most riparian
areas that were formerly dominated by large, open-grown ponderosa pines are now dominated by
dense thickets of shade-tolerant trees, particularly grand fir.

Other than small stand-replacement and mixed-severity fires, disturbances that cause gap succession in
ponderosa pine forests include western dwarf mistletoe [174], bark beetles, and various root- and stem-
decay fungi [174, 496]. Western dwarf mistletoe infection on ponderosa pine tends to increase as
succession advances and stand density increases [31, 57, 365, 481]. Drought can exacerbate effects of
bark beetle attacks and fungal infection, accelerating succession to shade-tolerant species [496]. When
shade-tolerant species are present in the understory, severe mountain pine and western pine beetle
attacks may accelerate succession to shade-tolerant species rapidly. Climate change is predicted to
increase attacks of pine beetles on ponderosa pine [74, 75].

Figure 6— An adult mountain pme beetle treadmg pitch while excavatlng a IarvaI
gallery in Pinus ponderosa var. ponderosa. Image by Whitney Cranshaw, Colorado
State University, Bugwood.org.

Contemporary Changes in Succession

In many fire-excluded areas, ponderosa pine and other early-seral, shade-intolerant tree species have
been replaced successionally by late-seral, shade-tolerant species [233, 252, 259, 364, 373, 486, 585].
Stand structure has changed from a mostly single canopy layer to multiple canopy layers [42, 268, 317,
318, 388, 404]. For example, on the western front of the Bitterroot Mountains in Montana, proportional
basal area of ponderosa pine at elevations of 4,500 to 5,800 feet (1,400-1,800 m) decreased from 52% in
1900 to 26% in 1995, while that of Douglas-fir increased from 19% to 55% [252]. In the Whiskeytown
National Recreation Area in the Klamath Mountains, California, relict ponderosa pines and sugar pines
maintained a nearly constant annual basal growth rate of 3.7 to 4.2 inches? (24-27 cm?)/tree for 50 years
(1955-2005). Meanwhile, annual basal growth rate of shade-tolerant understory trees increased from
0.5 inch? (3 cm?)/tree in 1955 to 2.5 inches? (16 cm?)/tree in 2005. Understory species replacing
ponderosa pine successionally were primarily Douglas-fir, tanoak, and white fir [364].
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A study on the Stanislaus National Forest showed a trend of increasing structural homogeneity in mixed-
conifer forests where fire is excluded. Comparing 1929 and 2007-2008 surveys of a mixed-conifer forest,
total area in gaps decreased from 28% to 0%, while percentage of widely-spaced trees decreased from
6% to 2%. Percentage of small to medium tree patches (2-9 trees) decreased from 28% to 9%, while
large tree patches (210 trees) increased from 66% to 89% and canopy cover increased from 45% to 62%.
Percentage of shade-intolerant trees, which included ponderosa pine, sugar pine, and California black
oak, decreased from 18.7% to 7.0% [373].

A study in Yosemite National Park found contemporary mixed-conifer forests are denser and have a
larger proportion of late-successional, shade-tolerant conifers than historical mixed-conifer forests. On
average, contemporary forests had about 3 times more trees, twice the basal area, and trees were 20%
smaller in DBH than forests in the late 1890s. Historical and contemporary stand structure of the forests
are compared in appendix A2 [486].

At broader scales, comparisons of aerial photos taken in the Northern Rocky Mountain, Northern
Cascade, and Upper Klamath regions from 1932-1966 to those taken from 1981-1993 showed
ponderosa pine forest cover types had declined across all those regions, and Douglas-fir and/or grand fir
cover types had increased. However, ponderosa pine forest cover types had increased in the southern
Cascades, which the authors attributed to tractor logging prior to 1932 (P < 0.2 for all variables) [259].
Hann et al. [233] reported that dry forests of the Northern Rocky Mountains have changed from
dominance by shade-intolerant ponderosa pine to dominance by shade-tolerant Douglas-fir, grand fir,
and white fir (table 6).

Table 6—Historical (1850-1900) and 1991 percent distributions of successional
stages for dry forests of the Northern Rocky Mountains [233].

Successional stage Historical (%) 1991 (%) Change (%)
Grass/forb/shrub 18 1 -17
Early-seral (shade) intolerants 15 14 -1
Early-seral tolerant 3 3 0

Midseral intolerant 21 35 +14
Midseral tolerant 8 22 +14
Late-seral, intolerant single story 21 5 -16
Late-seral, tolerant single story 2 3 +1
Late-seral, intolerant multistory 9 8 -1
Late-seral, tolerant multistory 3 9 +6

In the Northern Rocky Mountains of Idaho and Montana, the extent of ponderosa pine and other single-
storied woodlands and forests decreased by over 4 million acres (1.6 million ha) from 1900 to the late
1990s, and the extent of forests dominated by mid- to late-seral trees such as Douglas-fir increased by
almost 8 million acres (3 million ha) [233]. A study in central Idaho revealed that forest density changed
from 6 to 60 trees/acre (15-150/ha) in the 1850s to 250 to 600 trees/acre (620-1,500/ha) in 1993.
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Mature and old-growth ponderosa pines dominated the forest in the 1850s; mature Douglas-fir
dominated in 1993 [508].

Ponderosa pine may enter mountain meadows with fire exclusion, livestock grazing, or a combination.
On the Lassen National Forest, it was the primary tree establishing in 10 of 11 mountain meadows
sampled. Based on fire scars on trees at meadow edges, the median composite fire interval ranged from
9 to 18 years between 1750 and 1849. Fire was rare to absent on meadow edges after 1849. Ponderosa
pine encroachment peaked during the late 19th century: in years when springs were cool, annual
precipitation was normal, but summer precipitation was below normal. This summer-drought period
coincided with unregulated, heavy domestic sheep and cattle grazing in mountain meadows, so
herbaceous fuels were greatly reduced. The authors concluded that historically, wildfires controlled
establishment of ponderosa pine and other conifers onto mountain meadows. Fire exclusion and
intense grazing led to successional changes, with densities of ponderosa pines now high enough that
type conversions from meadows to forests were occurring [416].

Gruell et al. [213, 215] provide photo-point comparisons of succession in ponderosa pine-Douglas-fir
stands in Montana during the settlement period (1870s) and in 1982; these photos document increasing
density in ponderosa pine stands over time. Photo points include the mouth of the Thompson River,
Knowles Creek near Perman [213], the Bitterroot National Forest [215] , and a stand near Philipsburg
[213]. A similar publication is available for the Boise National Forest [552]. Photo sequences from the
1950s to the 1980s document ponderosa pine entering meadows and a mountain big sagebrush
community in Adams County, Idaho [548].

Gruell [214] also provides photo-point comparisons of succession in ponderosa pine-Douglas-fir stands
in the Sierra Nevada during the settlement period (1849-late 1920s) and from 1992-1995; these photos
document increasing stand density over time.

FIRE EFFECTS AND MANAGEMENT

In this review, low-severity fire is defined as fire that replaces <25% of the dominant overstory (i.e.,
ponderosa pine and any codominants); moderate-severity fire replaces 25% to 75% of the dominant
overstory; and high-severity fire replaces >75% of the dominant overstory [59].

FIRE EFFECTS

Immediate (First-order) Fire Effects
e On Seeds
e OnTrees
e Fire Effects Models

Fire Effects on Seeds
Crown fire or scorching kills seeds stored in ponderosa pine crowns [211]. Seeds stored in the cones of
overstory ponderosa pines generally survive low- and moderate-severity surface fires [510, 529, 530,
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576]. Surface fire likely kills many ponderosa pine seeds on the forest floor, although research on this

was lacking as of 2018.

Figure 7—Different types of crown injury
to ponderosa pine. The uppermost, green
portion of the crown was unaffected by
the fire. Needles in the middle crown
were scorched and killed, but buds
survived. Both needles and buds were
killed in the lower portion [271]. U.S.
Forest Service image by Sharon Hood.

Fire Effects Information System (FEIS)

Fire Effects on Trees
Summary: Crown fires kill ponderosa pines of all
ages. Low-severity fire usually kills seedlings but not
saplings. Mature ponderosa pines survive low- and
usually moderate-severity fire. Fall fires generally
cause more injury and mortality than spring fires.
Old-growth (and younger) stands that have missed
several fire cycles are vulnerable to fire damage or
kill. Because they damage or kills roots, ground fires
that burn thick duff and coarse woody debris may
result in higher ponderosa pine mortality than
would be expected based on aboveground injuries.

Small ponderosa pines are susceptible to fire kill [5, 178,
592]. Low-severity fire often kills seedlings, although saplings
generally survive [31]. Seedlings and saplings in dense stands
are more susceptible to fire injury or death than young trees
in open stands [5]. Although young ponderosa pines develop
thick bark relatively quickly, they are still more susceptible to
fire damage or mortality than older ponderosa pines with
thicker bark. In a field experiment in western Montana, 16- to
32-year-old Pinus ponderosa var. ponderosa saplings survived
flames applied directly to stems when stem girdling was
<90% of the stem circumference. Defoliation after needle
scorch had little effect on sapling mortality until >80% of
needles were killed. Half of the ponderosa pines with <84%
basal stem girdling were still alive in postfiring year 2. The
first year of this experiment (1988) was an extreme drought
year. The authors noted that partially girdled ponderosa
pines that died tended to have poorer water relations (lower
transpiration and stomatal conductance, and higher predawn
xylem water potential) than partially girdled ponderosa pines
that lived [454].

Saplings and pole-sized ponderosa pines generally survive
low-severity fires unless they are growing in dense stands,
which can torch [31, 178, 435, 592], and ponderosa pines
over 10 to 12 feet (3-4 m) tall generally survive moderate-
severity surface fires [592]. On a ponderosa pine plantation
planted after a 1970 wildfire near Entiat, Washington, spring
prescribed fires were conducted to reduce stocking density.
Ponderosa pines were 25 to 34 years old when burning was
initiated. Mortality rate was <10% for open-grown ponderosa
pines and Douglas-firs that were >2 inches (5 cm) DBH. The
fires mostly killed small trees (<2 inches DBH) and larger trees

26


https://www.feis-crs.org/feis/

growing in dense patches. Within patches, ponderosa pine was more likely to survive fire than Douglas-
fir [435].

Mature ponderosa pines survive low- [2, 103] and usually moderate-severity [2] fire of moderate
intensity [273]. Mature ponderosa pines sometimes survive 100% crown scorch if the scale-protected
buds are not killed [236, 419, 560]. Scorch damage depends on height to needles and buds from the
forest floor, stand density, season of fire, and fire intensity. It is greater in dense than in open stands

and generally, from summer and fall fires than from winter or spring fires [463, 540]. A scorch mortality
curve is shown in figure 8.
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Figure 8—Mortality curve from crown scorch for mature ponderosa pines.
Developed from postfire data collected on the Lolo National Forest. U.S.
Forest Service image by Ryan [463].

On the Colville Indian Reservation, wildfire damage to 30- to 40-year old ponderosa pines varied from
nearly 0% to 100% crown scorch. More small than large ponderosa pines died, but all ponderosa pines
sustaining >95% crown scorch died. For 2-inch (5-cm) DBH ponderosa pines, 50% of those with 50%
crown scorch died in postfire year 1; for 3-inch (8-cm) DBH ponderosa pines, only trees with >70% crown

scorch died. For trees >4 inches (10 cm) DBH, only those with >80% crown scorch died. Mortality in
postfire year 2 is shown in table 7 [375].
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Table 7—Mean percent mortality of 30- to 40-year-old ponderosa pines (all
size classes) in postfire year 2 by percent crown scorch. Based on data
collected after a wildfire on the Colville Indian Reservation, Washington

[375].

Crown scorch (%) Mortality (%)
0-14 14

25-49 6

50-59 20

60-69 24

70-79 20

80-89 63

90-94 100

95-100 100

Postfire survivorship of ponderosa pine typically increases with increasing DBH (e.g., [375, 419, 486,
585]). For example, after two severe wildfires in the Sierra Nevada, ponderosa pine survivorship
increased with DBH (P < 0.01, n = 90 trees). Ponderosa pines were monitored following the McNally and
Manter fires on the Sequoia National Forest and the Storrie Fire on the Plumas National Forest. Fifty-one
percent of trees 10 to 20 inches (25-50 cm) DBH survived, and 69% of larger trees survived [419].

However, some studies suggest that very large ponderosa pines may be more vulnerable to fire kill than
midsized mature trees, especially when the larger trees sustain substantial kill in their upper crowns
[273, 390, 430]. Another study on the McNally burn found that postfire mortality of mature ponderosa
pines increased with increasing DBH, crown injury, and bark beetle attacks (P < 0.0001). A survey in
postfire year 5 showed ponderosa pines >32 inches (80 cm) DBH experienced higher rates of mortality
than ponderosa pines with smaller DBH. Although large ponderosa pines have thick bark and generally,
high crown base heights that lessen fire damage to cambium and buds, they may also have less “vigor”
and deep duff accumulations that promote ground fires [273]. Poor health can lower capacity of old
ponderosa pines to recover from fire injuries [390].

Fall fires generally cause more injury and mortality than spring fires because it is usually hotter and fuels
are drierin fall (e.g., [254, 463, 540, 542, 591]). For example, in four old-growth ponderosa pine stands
in eastern Oregon and one in northwestern Oregon, mortality of ponderosa pines >20 inches (50 cm)
DBH averaged 6.5% (6 of 92 trees) on spring-burned sites in postfire years 1 or 2, while mortality
averaged 11.8% (16 of 135 trees) on fall-burned sites [591]. However, fire effects vary with ponderosa
pine phenology and moisture content. Spring fire that occurs during or just after bud break can cause
substantial damage to rapidly growing ponderosa pine tissues. Three years after prescribed fires on the
southern Blue Mountains of southeastern Oregon, mortality of ponderosa pines >10 inches (25 cm) DBH
averaged 89% on spring-burned plots, 32% on fall-burned plots, and 1% on unburned plots [540]. At
Crater Lake National Park, Swezy and Agee [535] found mortality of mature (>8.7 inches (22 cm) DBH)
ponderosa pines was greater after June prescribed fires (37.6%) than after September prescribed fires
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(12.0%). Mortality was assessed on plots that were periodically burned from 1976 to 1986, with most
mortality occurring in postfire year 1. The authors suggested that higher mortality from early-season
burning may be due to differences in bud phenology and higher moisture content of ponderosa pine
tissues in June compared to September [535].

Old-growth stands that have missed several fire cycles are vulnerable to fire damage or kill. An old-
growth ponderosa pine-mixed-conifer stand in Glacier National Park experienced substantial mortality
following the 1988 Red Bench Fire. Fire exclusion was implemented in the park in 1910, and the stand
had not burned for at least 62 years. During that time, woody surface fuels built up, and Douglas-firs and
western white pines established in the understory [585]. Before fire exclusion was implemented, the
Blackfoot people underburned the area frequently in order to maintain the ponderosa pines, which are
at the edge of their range in Glacier National Park [220, 222, 585]. Of 87 mature ponderosa pines on
sixteen 0.1-acre (0.04-ha) plots, the Red Bench Fire killed 62%; 51 died immediately and 3 more died by
postfire year 4. Of 33 surviving, mature ponderosa pines, 27 survived on plots where estimated flames
lengths (based on scorch heights) were <2 feet (0.7 m). Nine survived and 26 died when estimated flame
lengths were between 2 and 8 feet (0.6-2 m). All died in plots where estimated flame lengths were >8
feet (2 m) [585].

Ground fires that burn thick duff and coarse woody debris may result in higher ponderosa pine mortality
than would be expected based on aboveground injuries [11]. Fine roots of pine trees tend to grow into
duff, and smoldering fires kill fine roots [380]. Deep roots generally do not experience lethal heating
[480], although old trees with large amounts of duff and litter accumulation may experience large root
and/or root crown kill [271, 468]. On sites where fire has been excluded for several fire cycles (>75
years), thick, smoldering duff layers can result in long smoldering times, producing severe heating that
kills roots and basal cambium [242, 314, 341, 469, 535]. Agee [11] notes that woody debris may smolder
long after the flaming front has passed, resulting in death of even large ponderosa pines.

Ponderosa pines experience some die-off of fine roots during even low- to moderate-severity fires
(review by [2]). This effect may not be important with low- and moderate-severity fires, because many
fine roots die annually, with or without fire ([19], review by [2]). However, postfire recovery may be slow
when ground fire burns into and kills a substantial number of ectomycorrhizal roots, which are often in
shallow soil horizons [253]. Young and “low vigor” old-growth ponderosa pines are most likely to
experience severe damage or death from fine root kill, and spring fires are more likely to damage or Kkill
fine roots than fall fires (review by [2]).

Koonce and Roth [343] speculate that western dwarf mistletoe may alter patterns of heat transfer in
infected trees, making infected ponderosa pines more susceptible to fire injury [343].

Fire Effects Models
These models help predict ponderosa pine mortality from fire:

e based on crown volume or crown length scorch, amount of dead cambium in the bole, and/or
bark beetle attacks; adapted for use across the West in FOFEM 6.0 [274];

e after fall prescribed fire using scorch height and DBH; developed for use in northern Idaho [479];

e using crown scorch and bole scorch proportions; developed for use in the East Cascades of
Washington, Oregon, and California [541];

e based on percent crown volume consumed, amount of dead cambium in the bole, and presence
of bark beetles; developed in northeastern Washington and southwestern Oregon [201]; and

e based on DBH and height of stem-bark char; developed in the central Sierra Nevada [449].
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Based on data from 5 wildfires in California, Hood et al. [273] found crown scorch volume and crown
length injury predicted postfire ponderosa pine mortality equally well. Most mortality from the wildfires
(65%) occurred by postfire year 2, and ponderosa pine mortality rate had stabilized by postfire year 3
[273]. A review of methods to predict postfire ponderosa pine mortality concluded that crown scorch
volume was the most effective and easiest method of predicting delayed postfire mortality of ponderosa
pine [189].

Delayed (Second-order) Fire Effects
Summary: Ponderosa pine mortality may be delayed for several postfire years and may be
exacerbated by drought and bark beetle attacks. Frequent, low-severity fire may increase ponderosa
pine’s resistance to postfire mortality from beetle attacks. Monitoring in postfire years 3 and 5 is
recommended to determine delayed postfire mortality of ponderosa pine.

Postfire Bark Beetle Attacks

Scorched, live ponderosa pines are vulnerable to insect attacks, particularly from mountain pine beetles,
western pine beetles, pine engraver beetles, and red turpentine beetles (review by [5]). Chances of
postfire insect attacks increase with increasing fire damage (reviews by [271, 463]) and drought [189].
Attacks by mountain and western pine beetles frequently result in delayed mortality of scorched
ponderosa pines [165, 271, 298]. Fifty percent or more crown scorch is associated with postfire attacks
and mortality from western pine beetles (review by [5]). One year after a predominantly crown fire on
the Payette National Forest, Idaho, 16.6% of ponderosa pines were still alive. In postfire year 2, only
9.5% were classified as living, and most mortality between postfire years 1 and 2 was attributed to bark
beetles [124]. Perrakis and Agee [11, 430] noted that after prescribed fire in Crater Lake National Park,
small (€4 inches (10 cm DBH) and/or young (<80 years) ponderosa pines generally died in postfire year
1, while 35% of large (>20 inches (50 cm) DBH) ponderosa pines died in postfire years 3 to 7. Pine
beetles (Dendroctonus spp.) and postfire drought were implicated in delayed deaths of the large
ponderosa pines [11, 544]. Mortality from bark beetles had ceased by postfire year 4 [11].
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Figure 9—A burned ponderosa pine stand in Yosemite National Park. Trees in the red and gray
stages of beetle mortality survived the 2013 Rim Fire but succumbed to pine beetles by postfire
years 4 or 5, which were drought years. U.S. Forest Service photo by Janet Fryer.

Delayed postfire mortality from bark beetles is not clearly related to season of burning. In Crater Lake
National Park, mortality from postfire bark beetle attacks was higher after fall than after spring fires;
13% of ponderosa pines in fall-burn units died from western pine beetles compared to 6% in spring-
burned units and 2% in unburned units ([535], review by [271]). Three years after prescribed fires on the
Tahoe National Forest, mountain and western pine beetles killed more large ponderosa and Jeffrey
pines (>20.0 inches (50.7 cm) DBH) on May-burned plots than on October-burned plots (P > 0.055).
Across plots, western pine beetles killed 67 ponderosa pines (18.9% of total bark beetle mortality for all
conifer species), and mountain pine beetles killed 56 ponderosa pines (15.8% of total) [165].

High resin flows and formation of new resin ducts increase resistance to beetle attacks in Pinus spp.
[276, 369, 477, 566]. Studies across Utah, Montana, Idaho, and Oregon found frequent, low-severity fire
induces resin duct formation in ponderosa pine, and resin duct formation declines as fires become less
frequent. Ponderosa pines killed by Dendroctonus and Ips bark beetles had fewer resin ducts than
ponderosa pines that survived beetle attacks (P = 0.004) [276].

Agee [5] reports that there is little evidence that fire injury encourages infection by pathogenic fungi.
Fire scars in ponderosa pine often show little decay [5]. Typically, ponderosa pines seal catfaces off with
pitch, preventing entry by fungi or insects. Four-hundred-year-old trees, scarred by multiple fires, can
still remain healthy [34]. While fire-damaged roots may be susceptible to root rot fungi, there were no
studies documenting this [5] as of 2018.
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Postfire Regeneration Strategy

Crown residual colonizer (on site, initial community)
Initial off-site colonizer (off site, initial community)
Secondary colonizer (on- or off-site seed sources) [530]

FIRE ADAPTATIONS AND PLANT RESPONSE TO FIRE

e Fire Adaptations
e Plant Response to Fire

Fire Adaptations

Ponderosa pine is adapted to low- and moderate-severity surface fires [9]. Adaptations to fire include
thick bark; a high, open crown; self- and fire-pruned branches; large, scale-protected terminal buds; high
foliar moisture content; deep roots; and rapid root growth of seedlings [31, 177, 183, 463, 480]. During a
fire, species with rough bark, such as ponderosa pine, likely experience lower temperatures at the bark
surface than species with smooth bark (review by [2]). The thick, platy, and fissured bark of mature
ponderosa pines protects the cambium from low- and many moderate-severity fires [31]. Surface fires
prune lower branches, reducing chances of subsequent crown fire [29]. Buds at branch tips are
protected by bud scales [31, 464] (figure 4). Trees with large buds, such as ponderosa pine, are more
resistant to fire damage than trees with small buds, such as Douglas-fir [463].

Ponderosa pines of all age classes have some resistance to fire damage. Martin and Dell [386] report
that even in the seedling stage, ponderosa pines in the Inland West are more fire-resistant than
seedlings of associated conifer species. Ponderosa pines begin to develop insulating bark when they
reach about 2 inches (5 cm) in diameter [510]; this provides enough protection to survive most low-
severity surface fires [209, 510]. In the Blue Mountains, 2-inch diameter ponderosa pine saplings had
0.13- to 0.25-inch (0.33- to 0.64-cm) outer bark that protected the cambium, while the bark of white firs
was thin and green at twice the diameter [224].

Figure 10—A tree “cookie” showing damage (inner fire scar, yellow arrow) sustained by a
ponderosa pine when it was about 2 inches (5 cm) in diameter. U.S. Forest Service photo
by llana Abrahamson.
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Ponderosa pine is rated the second most fire-resistant species in the West, after western larch [34, 183,
308, 515, 520]. Ponderosa pine’s fire resistance generally increases with size. A 2003 wildfire on the
Deschutes National Forest killed most lodgepole pines, subalpine firs, and grand fir x white fir hybrids on
a 500-acre (200-ha), mixed-conifer site. Large ponderosa pines had the lowest fire mortality rates among
all conifers in the study area. In postfire year 1, ponderosa pines averaged 21% crown scorch and 24%
bole char compared to 83% crown scorch and 65% bole char for the fir hybrids. Ponderosa pines with
<60% bole scorch or maximum needle scorch heights below 55 feet (17 m) generally survived. Among
size classes, 13 of 16 ponderosa pines from 7 to 15 inches (18-38 cm) DBH were still alive in postfire year
2, and 81 of 100 trees =21 inches (53 cm) DBH were alive. The 19 dead in the >21-inch DBH class were
scorched high up the boles [175].

Plant Response to Fire
e Postfire Seedling Establishment and Growth

e [Mature Trees
e Applicable FEIS Fire Studies

Postfire Seedling Establishment and Growth
Summary: Moderate and mixed-severity fire favors ponderosa pine establishment on new burns.
Wind and wildlife disperse seeds onto burned sites. Barriers to postfire establishment include large
patches of severe fire, postfire drought, interference from other conifer seedlings and shrubs, and
some types of salvage logging.

Ponderosa pine establishes from wind- and wildlife-dispersed seed after fire [32, 270, 354, 530]. Much
of the seed comes from on-site or nearby sources: seed that disperses from crown-stored cones soon
after the fire has passed [530]. Wind-dispersed seeds typically fall within 150 feet (50 m) of the parent
tree [32]. Seed dispersed by Clark’s nutcrackers and small mammals can be a secondary source of
postfire seedling establishment [354], and animals often disperse seed farther than wind. The
Regeneration Processes section of this review provides details on ponderosa pine seed production,
dispersal, and seedling establishment.

Seeds disperse during the fire season, so crown-stored seeds often disperse onto new burns [31, 510].
Most seeds that dispersed onto the forest floor prior to fire—or are still in cones that get scorched or
burned during crown fire—are likely killed. After the mostly stand-replacement Marble Cone wildfire in
August 1977 in southern California, seeds dispersed from dead ponderosa pines in early September. The
crowning wildfire apparently killed most cone-stored seeds: seeds that dispersed from the dead trees
did not germinate. In postfire year 1, most viable seeds dispersed from live, unburned ponderosa pine
parents 70 to 330 feet (20-100 m) away from study plots. A “large number” of ponderosa pines
established in postfire year 1, but only 40% survived their first year. Seedling density slowly increased in
early postfire years [211].

Establishment may be highest after moderate- or mixed-severity fires. California studies suggest that
moderate-severity fire promotes postfire establishment of ponderosa pine. Four years after the 1999
Pendola Fire on the Plumas and Tahoe national forests, seedling density of ponderosa pine was highest
on plots that burned at moderate severity (318 seedlings/acre (786/ha)). Seedling density was
intermediate on high-severity plots (221 seedlings/acre (546/ha)) and lowest on low-severity plots (108
seedlings/acre (445/ha)). There were no ponderosa pine seedlings on unburned control plots [576]. Ten
years after the Storrie Fire on the Plumas National Forest, ponderosa pine in the mixed-conifer zone had
highest mean establishment on plots where fire severity was moderate (126 seedlings/acre (312/ha)).
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Ponderosa pine establishment was intermediate on low-severity plots (80 seedlings/acre (198/ha)) and
lowest on high-severity plots (36 seedlings/acre (88/ha)) [134].

Mixed-severity burns where fire killed the overstory provide open patches in which ponderosa pine can
establish [111, 122, 145, 331]. On the Lolo National Forest of Montana, a new cohort of ponderosa pines
and western larches established after a mixed-severity, mosaic fire in 1663. The fire killed all ponderosa
pines on study plots, although a few western larches survived. Some stumps of remnant ponderosa
pines that survived the 1663 fire—but not logging in 1919—were noted outside study plots and might
have been seed sources for the 1664 cohort [42].

Establishment can be poor after large, stand-replacement fire. If open patches are too big, distance from
off-site parent trees limits seed dispersal into burn interiors [32, 84, 151]. Two years after the 2002
mixed-severity Biscuit Fire in southwestern Oregon, approximately 58% of conifer seedlings in stand-
replacement patches were <650 feet (200 m) from live conifers on the burn edge, and approximately
81% were <1,300 feet (400 m) away. For all conifer species present, which included ponderosa pine,
mean seedling density in stand-replacement patches was >405 stems/acre (1,000/ha) within 1,300 feet
of the burn edge. Seedling density dropped greatly farther from the burn edge [151]. Across the
landscapes of five mixed-conifer burns in the northern Sierra Nevada, ponderosa pine and sugar pine
had no seedling establishment in 72% of severely burned patches. At the plot level, 87% of severely
burned plots had no pine regeneration; most regeneration was shrubs and sprouting hardwoods. Size of
severely burned patches ranged from about 32 acres (13 ha) on the 1999 Lookout burn to 551 acres
(223 ha) on the 2000 Storrie burn. Twelve and 33% of total area burned was stand replacement on the
Lookout and Storrie burns, respectively [122].

Under favorable conditions (see Seedling Establishment), ponderosa pine seedlings establish in large
numbers in early postfire years but thin over time. After spring, summer, or fall prescribed fires on
clearcuts on Newman Ridge on the Lolo National Forest, density of ponderosa pine seedlings averaged
206/acre (509/ha) in postfire year 5 and 235/acre (581/ha) in postfire year 10. By postfire year 15,
seedling density had decreased to 21/acre (52/ha) because some seedlings had died [494]. See the
Research Project Summary of this study for further information.

Ponderosa pine’s initial allocation of growth to the taproot, rather than to stems and needles, is an
important trait that aids postfire regeneration. Long taproots allow seedlings to access soil moisture in
lower soil profiles even on blackened and hot, burned-over soils [354].

Even so, low soil moisture is a leading cause of postfire mortality for ponderosa pine seedlings [139, 148,
444]. Following the 2002 Eyerly Fire in north-central Oregon, drought and competition with grasses for
soil moisture were implicated for poor ponderosa pine establishment at low elevations. In postfire year
10, density of established (215 inches (38 cm) tall)) ponderosa pine seedlings increased with elevation (P
< 0.001). No ponderosa pine seedlings had established at elevations <3,380 feet (1,030 m); greatest
density of ponderosa pine seedlings was around 4,590 feet (1,400 m) Fifty-five percent of the 23,134-
acre (9,362-ha)) wildfire was stand-replacing. Prior to the wildfire at low elevations, ponderosa pine was
either the sole dominant or codominant with western juniper. At midelevations, ponderosa pine
codominated with Douglas-fir, western larch, and other conifers. [148].

Douglas-fir, firs, and other shade-tolerant species may overwhelm the ponderosa pine seed bank if they
disperse large numbers of seeds onto burned sites. Two to four years after the 1999 Pendola Fire on the
Plumas and Tahoe national forests, Douglas-fir, incense-cedar, and white fir seedlings had higher
seedling densities than ponderosa pine and other shade-intolerant conifers on burned sites of all fire
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severities. Shade-tolerant conifers dominated adjacent unburned stands both before and after fire.
Therefore, shade-tolerant conifers dispersed “much higher” numbers of seeds onto adjacent burned
sites compared to ponderosa pine and other shade-intolerant conifers [576].

Sprouting shrubs can interfere with postfire seedling establishment and growth of ponderosa pine [421,
451, 567]. Rejmanek et al. [451] present a growth model for ponderosa pine seedlings based on level of
water competition from greenleaf manzanita. Data for the model were collected on the Blodgett Forest
Research Station, California [451].

Postfire logging may slow or reduce ponderosa pine’s postfire establishment. Two years after the 1992
Lone Pine Fire in south-central Oregon, ponderosa pine seedling establishment was 17% lower on sites
that were salvage logged than on unlogged sites. For ponderosa pine seedlings planted on the burn,
height growth was 16% less on salvage logged than unlogged sites [492]. Mclver et al. [391] provide an
annotated bibliography of the effects of salvage logging on ponderosa pine and other postfire conifer
communities. See the Salvage logging section of this review for further information.

Mature Trees

Ponderosa pine growth tends to increase after low- and moderate-severity fires that cause little scorch
damage ([353, 560, 571], review by [9]). For example, 6 years after fall prescribed fire in an open
ponderosa pine/pinegrass stand on the Colville Indian Reservation, ponderosa pine diameter and height
growth were greater on burned than unburned control sites (P < 0.05). Growth increases were
attributed to the thinning effect of the fire, which reduced stand density from 825 to 136 stems/acre
(2,038 to 336/ha) [412].

However, some stands—particularly after decades of fire exclusion—may show reduced growth after
prescribed fire [499, 590] or wildfire [353] compared to prefire or unburned stands. After a September
prescribed fire in another section of the Colville Indian Reservation, ponderosa pines on burned plots
showed reduced height growth in postfire year 6 compared to plots in an adjacent unburned stand. This
mature stand had a dense understory of shrubs and conifer saplings [590].

Effects of crown scorch: Early postfire recovery and growth rates of surviving ponderosa pines decrease
with increasing crown scorch [412, 429, 533], although growth rates of scorched trees increase as
needles grow completely back, which takes about 3 years [575]. Chances of recovery lessen if fire also
damaged the bole and/or roots. Badly scorched trees may die within 1 or 2 postfire years, especially
when fire is followed by drought and/or bark beetle attacks [465] (see Delayed Fire Effects).

When scorch damage is <30%, healthy, mature ponderosa pines usually recover without much slowing
of prefire growth rate. Lynch [375] suggested that ponderosa pine’s postfire diameter growth is reduced
in the short term by 30% to 50% if crown scorch is >50%. Eight years after a wildfire on the Colville
Indian Reservation, 6- to 9-inch (15-23 cm) DBH ponderosa pines with >50% crown scorch showed
reduced incremental diameter growth compared to same-sized ponderosa pines with <50% crown
scorch. The wildfire reached fireline intensities that far exceed those attained during prescribed burning
(from 900 kW/m at night to 5,500 kW/m in the afternoon) [375].

Ponderosa pine mortality may initially be overestimated because live ponderosa pines with 100% crown
scorch appear dead [480]. After the 2002 McNally Fire in Sequoia National Forest, 4-year survivorship of
ponderosa pines with 100% crown scorch (n = 354) averaged 22% for trees 10 to 19 inches (25-49 cm)
DBH, 47% for trees 20 to 30 inches (50-75 cm) DBH, and 58% for trees >30 inches DBH. DBH predicted
survival rates well, with the largest trees surviving at the highest rates (P < 0.001). The authors
cautioned that if postfire flushing of ponderosa pine buds is not taken into account, salvage logging
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could remove live ponderosa pines that appear dead [236]. A study in southern Oregon showed high
concentrations of sapwood ethanol (0.3 pmol/g fresh mass) were the best predictor of 2nd-year
mortality in ponderosa pines with 275% crown scorch [322].

Figure 11—A ponderosa pine with 100% crown scorch, just after the 2016 Roaring Lion Wildfire on the
Bitterroot National Forest (left) and flushed out in postfire year 1 (right). U.S. Forest Service photos by
Sharon Hood.

Fire season: Fires that occur early in the growing season may slow ponderosa pine growth if they
damage tissues while carbohydrate reserves are still low [239, 535, 542]. After spring and fall fires in
Colorado, Harrington [239] observed more damage to spring-burned than fall-burned ponderosa pines
because the spring burns scorched new needles during bud break. However, low-severity spring fires
that do not damage buds may favor ponderosa pine growth. Five years after prescribed fires in the Blue
Mountains of eastern Oregon, increases in ponderosa pine basal area were slightly more on spring- than
on fall-burned plots (P = 0.10), which the authors attributed to more soil moisture and less shrub cover
on spring-burned vs. fall-burned plots [254].

In the southern Blue Mountains, growth rates of ponderosa pines were similar after thin-only, thin-and-
fall-burn, or thin-and-spring-burn treatments. Researchers found that after accounting for proportion of
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loss from crown scorch, there were no significant differences between treatments in ponderosa pine
diameter and height growth [543] (table 8).

Table 8 —Changes in ponderosa pine diameter and height after thin-only, thin-and-fall (1997)
burn, and thin-and-spring (1998) burn treatments in the southern Blue Mountains. Data are
means (range). Differences between treatments are not significant (P = 0.05) [543].

Thin only Thin-and-fall burn ~ Thin-and-spring burn
(n =305) (n =243) (n =304)

Variable

Diameter change 1998-2007 (cm) 2.95 (2.60-3.30)  2.97 (2.61-3.32)  2.76(2.31-3.02)
Height change 1998-2007 (cm) 1.82(1.50-2.14)  1.66(1.34-1.98) 1.85(1.53-2.17)

Postfire Resilience

Resilience in ponderosa pine ecosystems

Resilience has multiple definitions, depending on context [1]. In the context of fire disturbance, Hood
et al. [272] define it thusly :

“A resilient forest ecosystem in a landscape with a historical fire regime of frequent, low-severity fire
is one that can withstand disturbance and persist in a forested state dominated by shade intolerant
tree species and maintain ecological processes (fire regime, hydrology, nutrient cycling, etc.). In
contrast, this same landscape is not resilient if a disturbance moves the system to a new state, such
as a change in species dominance or forest structure to such a degree that ecological processes are
altered” [272].

It is unclear whether old-growth ponderosa pine stands that have missed several fire cycles will be
resilient to wildfire. In the Bob Marshall Wilderness, Montana, at least some old-growth ponderosa pine
stands withstood reintroduction of wildfire without substantial losses of large trees. Fire had been
excluded from a ponderosa pine-lodgepole pine-Douglas-fir forest in the Flathead River valley for at
least 70 years when the 2003 Bartlett Mountain Fire burned about 282 acres (114 ha) of the forest.
Afterwards, a dense cohort of lodgepole pine and Douglas-fir established in the understory [359]. A
follow-up study found that in postfire year 9, 69% of ponderosa pines >20 inches (51 cm) DBH were alive
and appeared healthy, 11.5% had minor injuries, 1% had major injuries, and 18.5% were dead (n = 455
ponderosa pines) [363]. In 2011, the Hammer Creek Fire burned a portion of the forest that had burned
in the 2003 fire. The 2011 wildfire killed the lodgepole pine and Douglas-fir seedlings and removed
surface fuels. As of 2012, large-diameter (>60-inch (152-cm) DBH) ponderosa pines that survived both
wildfires dominated the overstory, with large Douglas-fir codominating on some sites. The authors
concluded that the second wildfire “strongly altered the successional trajectory of the study system by
killing many of the lodgepole pine seedlings that established following the initial fire in 2003”, restoring
a “low-density mixed-conifer forest dominated by large, old ponderosa pines” [359].

Ponderosa pine also showed resilience after wildfires in close succession on the Ishi Wilderness in north-
central California. Fire had been excluded from the wilderness since 1905. However, wildfires in 1990
and 1994 killed many small conifers (<14 inches (35 cm) DBH) and created gaps (0.02-0.6 acre (0.01-0.24
ha)) favorable for ponderosa pine seedling establishment. The author reported ponderosa pine
seedlings were “abundant” on mineral soils in the fire-created gaps. Most (64%) ponderosa pines >16
inches (40 cm) DBH survived the wildfires [536].
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Postfire recovery after a previously long period of fire exclusion will vary with site and fire history, and
not all ponderosa pine communities show resilience. Stands that burn at high severity, then reburn
while ponderosa pine regeneration is still young, are vulnerable to type conversions to shrubfields [120],
particularly ponderosa pine forests with a thick shrub understory. On the Plumas National Forest, for
example, the 2012 Chips Fire burned ponderosa pine stands that had previously burned in the 2008 Rich
Fire and/or the 2000 Storrie Fire. Researchers found that time-since-initial-fire (2000 and/or 2008) and
severity of the initial fire were important drivers of reburn fire severity. On reburns that had burned >9
years prior, plots that initially burned at high severity tended to reburn at high severity, and plots that
initially burned at low severity tended to reburn at low severity. This relationship was not apparent in
areas that had reburned <4 years after initial fires. Increases in shrub cover were associated with initial
fire severity and time-since-initial-fire (P < 0.001 for all variables) [129].

Ponderosa pine resilience to large, stand-replacement wildfires is generally poor. In central Montana,
for example, the 170,000-acre (69,000 ha) Hawk Creek Fire killed 98% of trees within its perimeter,
including groves of 400-year-old ponderosa pines. By postfire year 20, few ponderosa pine seedlings had
established on the burn [32].

Increasing resilience: Fire can increase resilience of large ponderosa pines by helping to restore
historical stand structure and overstory composition. A review coauthored by 18 fire ecologists and
foresters recommends using thinning and prescribed fire to increase resilience of dry forests by
promoting development of large, old, widely spaced trees with diverse understories [265]. A study
comparing drought-induced ponderosa pine mortality on sites recently burned by wildfires and on fire-
excluded sites found mortality was less on recently burned sites than on fire-excluded sites. In Sequoia-
Kings Canyon and Yosemite national parks, ponderosa pine plots that were burned under prescription 6
to 18 years previously had lower stem densities and ponderosa pine mortality during the third year of
drought than ponderosa pine plots than had not burned since around 1870 (P = 0.001) [559]. Multiple
entries of prescribed fire are likely needed to increase resilience of ponderosa pine forests [4, 80].

Resilience of ponderosa pine stands may decrease in the short term if severe disturbance follows thin-
and-burn treatments. The Lubrecht Experimental Forest in western Montana experienced an outbreak
of mountain pine beetles 5 years after fuel treatments in a ponderosa pine-Douglas-fir forest. Burn-only,
thin-only, thin-and-burn, and control treatments were used. Prior to treatments, the site had not burned
since the late 1800s. Both thin-only and thin-and-burn treatments restored dominance of ponderosa
pine. However, after the bark beetle attacks, high ponderosa pine mortality from beetles shifted
dominance to Douglas-fir in the burn-only and control treatments, but not the thin-only and thin-and-
burn treatments. The authors suggested that in the short term, burn-only units were stressed beyond
their ability to return to ponderosa pine-dominated stands. However, they emphasized that
reintroduction of fire is crucial for long-term resilience of ponderosa pine forests, and that such stressed
stands require further fuel treatments to increase their resilience [272].

Applicable FEIS Fire Studies
For more information on response of ponderosa pine to fire, see these Fire Studies:

e Research Project Summary: Vegetation response to restoration treatments in ponderosa pine-
Douglas-fir forests of western Montana

e Research Project Summary: Prescribed fire and wildfire in clearcut mixed-conifer forests on
Miller Creek and Newman Ridge, Montana

e Research Project Summary: Understory recovery after low- and high-intensity fires in ponderosa
pine forests of northern Idaho
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e Research Paper: A comparison of dry and moist fuel underburns in ponderosa pine shelterwood
units in Idaho

e Research Project Summary: Changes in stand structure and composition after thinning and
burning in low-elevation, dry ponderosa pine and Douglas-fir forests of northeastern Oregon

e Research Paper: Foliar nitrogen content and tree growth after prescribed fire in ponderosa pine
(central Oregon)

e Research Project Summary: Plant response to prescribed burning with varying season, weather,
and fuel moisture in mixed-conifer forests of California

e Research Paper: A fuel treatment reduces potential fire severity and increases suppression
efficiency in a Sierran mixed conifer forest

e Research Project Summary: Fire effects and a refined fire prescription after low-intensity spring
fires in low-elevation mixed-conifer forests of Yosemite National Park, California

e Research Project Summary: Impact of summer and fall prescribed fires on fire-excluded, Sierran
mixed-conifer forests in Kings Canyon National Park, California

FUELS AND FIRE REGIMES
e Fuels
e Fire Regimes

Fuels
e Flammability e Grazing
e Fuel Loads e Fuel Treatments

e Fuels and Fire Exclusion

Flammability

Flammability of ponderosa pine trees is low due to insulative, thick bark and self- or fire-pruned
branches [2]. If present, ponderosa pine’s lichen load is usually light [2]. Resin accumulations [177] and
infestations of western dwarf mistletoe [343] increase flammability of ponderosa pine. Ponderosa pine
needle cast and other litter is highly flammable when dry [21].

Live fuel moisture of old ponderosa pine needles is generally less than that of new needles. For
ponderosa pines in the Pacific Northwest and California, foliar moisture content during the fire season
(July-October) ranged from 85% to 135% for old needles and from 125% to 340% for new needles
(review by [326]). Moisture content of old and new needles may converge as the fire season progresses.
Over 2 years in the Teanaway River valley of central Washington, foliar moisture content of new
ponderosa pine needles decreased during the growing season, while that of old ponderosa pine needles
increased (figure 12) [13].
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Figure 12—Percent foliar moisture content of new (1 year) and
old (>1 year) ponderosa pine foliage collected in the Teanaway
River valley, Washington [13].
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The authors concluded that risk for crown fires was highest when foliar moisture content was in the
range of 100% to 120%. This occurs late in the growing season, when foliar moisture content of old and
new needles are at their lowest levels [13].

Resin accumulations increase flammability of bark, and litter and duff accumulations beneath trees
increase fire duration and severity [177]. Ponderosa pine needles are relatively long, so bulk density of
their littler layer is relatively low [478, 517] and their flammability relatively high ([490, 491], review by
[302]). A thick layer of ponderosa pine needles can ignite easily and burn completely, resulting in high
soil burn severity [488].

Stands that are heavily infected with western dwarf mistletoe may be more flammable than uninfected
and lightly infected stands because of increased dead crown fuels and standing dead fuels [343]. In
Newberry National Volcanic Monument, ponderosa pine branches infected with western dwarf
mistletoe burned for shorter periods but at higher temperatures than uninfected branches. However,
infection level was a weak indicator of fine aerial and surface fuels compared to basal area or other
measures of stand structure (P < 0.5 for all variables) [518].

Fuel Loads

Surface fires reoccurring several times per century historically consumed accumulated fuels on the
forest floor [357]. Consequently, fires in most ponderosa pine forests were limited more by lack of fuel
than high fuel moisture content [472]. Fuel loads were historically light in most areas [4, 177, 385]. Due
to open stand structure and branches positioned high on boles, most fuels were surface fuels consisting
of curing graminoids and/or low shrubs, scattered downed woody debris, and concentrations of litter
around ponderosa pines. Agee [4] reports that many presettlement ponderosa pine communities had a
“sizable” perennial herb component. Bunchgrasses make discontinuous fuels because they are widely
spaced apart [581, 584], but combined with pine needles in interspaces, bunchgrasses and other herbs
created flashy fuels that carried frequent surface fires [4, 9]. Where present, mountain misery often
formed a continuous, flammable ground layer of fuels [82]. At the landscape level, some sites
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historically had relatively dense patches or understories of Douglas-fir and firs, which became ladder
fuels that carried surface fires to the overstory [177].

Fuel loads in contemporary dry forests are highly variable. Within and across six ponderosa pine
communities in the Rocky Mountains that ranged from southwestern Utah to northeastern Washington,
canopy fuels and surface fuels of all size classes (1- to 1,000-hour) varied by a factor of 2 to 3 around the
mean, with variability increasing with fuel size class [315]. In western Montana, total fuel load on the
forest floor averaged 11.7 tons/acre (26.2 t/ha), with the litter load averaged 1.4 tons/acre (3.1 t/ha),
(range: 0.6- 2.7 tons/acre (1.3-6.0 t/ha)) (review by [385]). Total fuel loads in ponderosa pine forests
with a dense understories of shrubs and/or of pole- and small sawtimber-sized trees are high. On the
Lolo National Forest, Montana, fuel load of an 80-year-old ponderosa pine/common snowberry stand
with a dense understory averaged 16.5 tons/acre (37 t/ha) [490]. Brown et al. provide measurements of
surface fuel loads in ponderosa pine forests of the Selway-Bitterroot Wilderness, Idaho (n = 494
samples) [91], and of downed woody fuel biomass in ponderosa pine stands across western Montana
[92].

Rates of fuel buildup and decomposition can be used to estimate how long a fuel treatment will last and
to decide which areas to treat. In dry ponderosa pine stands in northwestern Montana and central
Idaho, litterfall rates averaged 0.012 pound/foot? (0.057 kg/m?)/year, with little variability detected
among sites. Litterfall included all fallen canopy material: foliage, twigs, small and large branches, and
logs. Litterfall increased with leaf area index, basal area, and tree height (r > 0.5), and decay rates
increased with temperature and relative humidity (r > 0.4) [311]. In Whittaker’s Forest in Tulare County,
California, litterfall biomass for ponderosa pine averaged 0.04 pound/foot? (0.20 kg/m?)/year over 2
years. This was less than litterfall of associated sugar pines and white pines [12]. Fahnestock [158]
provides mean biomass of ponderosa pine foliage, of ponderosa pine branchwood biomass by diameter
class, and decay rates of ponderosa pine woody fuels on the Priest River Experimental Forest of Idaho,
and compares those measurements to those of associated conifers. In comparisons of 5-year rates of
slash decay following thinning, rates of decay for ponderosa pine slash fell between those of grand fir
and western larch, which decayed fastest; and western white pine and lodgepole pine, which still had
large amounts of fine fuels after 5 years on the ground. Ponderosa pine still retained most of its bark,
and only 25% of twigs were decayed. Branchwood had dry rot [159].

Photo series are available for estimating fuel loads of ponderosa pine forests in western Montana [490],
Idaho [410], the southern Cascades [83], and the northern Sierra Nevada [83, 490].

Models to predict ponderosa pine fuels are available to:

e predict weight of slash, including ponderosa pine needles, branches, bole tips, and boles;
developed for use throughout the West [93];

e estimate crown weight [90] and density [89, 90]; developed for use in the Northern Rocky
Mountains;

e assess risk of crown fire; developed from ponderosa pine stands in western Montana [489];

e predict bark-to-weight volume and weight ratios of ponderosa pine logging slash; developed for
use in Idaho, Washington, and Oregon [512];

e estimate crown width; developed in western Oregon [231];

e predict weight of logging and thinning residue, including ponderosa pine needles, branches, bole
tips, and boles; developed for use on the west slope of the Cascades [511];
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e estimate total aboveground biomass and bole biomass of young (<11.5 ft (3.5 m) tall) ponderosa
pines in south-central Oregon [460];

e estimate crown volume and width; developed in the Sierra Nevada [79]; and

e predict fuel deposition rates (foliage, bark and crown fragments, cones, and woody debris) for
four stem size classes, based on stem and crown characteristics; developed in the Sierra Nevada
[562].

Fuels and Fire Exclusion

Advancing succession under fire exclusion has resulted in buildup of live and dead fuels in ponderosa
pine communities [432, 434, 572, 573] as shade-tolerant species replace ponderosa pine (see
Successional Status). For example, in the interior Columbia River Basin, fires in communities with mostly
low-severity fire regimes (<26-year fire intervals) were more common in 1900 than in the late 1990s
(23% of all 1-km? pixels mapped to that fire regime in 1900 vs. 13% in 1990s). The authors noted that
fire regimes have changed more in dry forests and woodlands than in mesic forests [409]. Longer fire
intervals mean dead fuels have more time to accumulate and live fuels more time to grow. Many
contemporary ponderosa pine forests have denser stand structure than historical stands [4, 170, 181,
209, 317, 340, 365, 409]. For example, Fitzgerald [181] reports that stand densities of several ponderosa
pine communities in central Oregon have increased from 20 to 50 trees/acre (49-124/ha) in the 1910s to
500 to 1,000 trees/acre (1,235-2,470/ha) in the 2000s. Shade-tolerant seedlings and saplings in the
understory create ladder fuels that increase fuel continuity. Late-seral conifers such as firs tend to have
higher leaf areas than early-seral species such as ponderosa pine, resulting in increased crown fuel
loads. Also, the branches of fir and other late-seral conifers tend to be more evenly distributed along the
length of their boles. This results in increased vertical fuel continuity compared to stands dominated by
ponderosa pines with fire-pruned branches. In late succession, crowns of shade-tolerant species are
often dense and continuous, creating horizontal continuity in crown fuels (review by [318]).

Grazing

Livestock grazing reduces fine fuel abundance and continuity in ponderosa pine communities [73, 461,
534]. Woody fuels tend to increase because grazing promotes conifer seedlings and saplings at the
expense of palatable herbaceous species. In central Washington, a site that had never been grazed or
logged had an open stand of ponderosa pines with a “luxuriantly thick” layer of grass. Shrubs and conifer
seedlings were sparse. A nearby site that had been continuously grazed for 40 years but never logged
had a sparse herbaceous layer but around 3,000 ponderosa pine, Douglas-fir, and western larch
seedlings/acre (8,000/ha). In the Bitterroot Mountains of Idaho, ponderosa pine stands in a cattle
exclosure had half as many conifer seedlings and saplings (trees <2 inches (5 cm) DBH) as stands outside
the exclosure. As grazed stands aged, Douglas-firs were successionally replacing ponderosa pines, and
grazed stands had more woody fuels than the exclosed stand [73]. In in a ponderosa pine/antelope
bitterbrush community in the area, plots grazed by cattle from spring through fall had more young
ponderosa pines (0.2- to 8-inch (5-20 cm) diameter) than ungrazed exclosure plots (22.5 vs. 224.8
trees/acre (55.6 vs. 555.6/ha), respectively). Cover and frequency of palatable grasses were lower in
grazed than ungrazed plots (P < 0.05 for all variables) [602].

Fuel Treatments

Treatments that reduce surface, ladder, and crown fuels—such as thinning and prescribed fire—may
reduce fire severity and potential for crown fire [35, 38, 81, 173, 181, 471, 525]. For example,
understory thinning or single-tree selection followed by prescribed fire reduced density and basal area
of mixed-conifer forests in the southern Cascades and Sierra Nevada for at least 8 to 15 years compared
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to untreated stands (P < 0.05) [113]. A review concluded that both prescribed fire and mechanical fire
surrogate treatments are generally successful in reducing fuels in the short term, so treated stands are
more resilient to wildfires. The authors cautioned that because treatment effects are transient,
repeated fuel-reduction treatments are needed [525]. See Fire Management Considerations for details
on using prescribed fire in ponderosa pine stands.

Fire Regimes

e Background
e Fire Regimes by Region

e Patterns in Fire Regime Characteristics across Regions

Background: Historically (mid-1850s- 1900s), fire maintained ponderosa pine as a community dominant
throughout its range (e.g., [28, 35, 38, 81, 173, 193, 310, 471]). In 1902, Leiberg [362] called fire the
“most potent factor in shaping the forest” in the northern Sierra Nevada. “The general character of the
forest, the relative ratio of different species composing it, the density and capacity in mill timber of the
different stands, litter undergrowth, etc., in fact almost every phase of its condition, has been
determined by the element of fire” [362]. A 1914 publication described fire behavior and effects in
ponderosa pine forests of the East Cascades of Oregon thusly: “In the pure yellow-pine forest, fire runs
on the ground surface, scarring the bases of a few trees, eating out the butt and felling an occasional
tree, and killing all the seedlings and some of the saplings” [413].

Primary factors influencing fire behavior in ponderosa pine forests include fuel loads and stand
structure; topography and other site characteristics; and fire weather [67, 310, 472]. Interactions of
these factors result in topographical, elevational, and local differences in fire regimes. Ponderosa pine
communities on some sites historically experienced mostly surface fires, and on some sites they
experienced larger proportions of mixed-severity fires, with localized severe surface and crown fires.
Proportion of mixed-severity fire tends to increase with slope and elevation [237, 310, 471]. Where
mixed-severity fires predominated, patch sizes were highly variable [120, 310].

Fires were apparently widespread in presettlement ponderosa pine forests, with many acres burning
annually [67, 107, 524]. For example, Barrett et al. [67] estimate that 5% of ponderosa pine cover types
in the Inland Northwest burned annually prior to 1900: over 1.2 million acres (490,000 ha) of 24 million
acres (9.7 million ha) (review by [67]). Similarly, before 1860, about 5.5% of ponderosa pine
communities in Sequoia-Kings Canyon National Park burned annually (~2,822 acres (4,142 ha)/year over
40,939 acres (16,568 ha)) (review by [107]).

Fire Regimes by Region

FEIS provides several region-level publications that describe historical fire regimes and contemporary
changes in plant communities in which Pinus ponderosa var. benthamiana and/or P. p. var. ponderosa
were historically dominant:

e Fire regimes of Northern Rocky Mountain ponderosa pine communities
e Fire regimes of ponderosa pine and montane mixed-conifer forests of the East Cascades

e Fire regimes of conifer forests in the Blue Mountains

e Fire regimes of montane riparian communities in California and southwestern Oregon

e Fire regimes of California mixed-conifer communities: Information from the Pacific
Southwest Research Station and LANDFIRE
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For information on other plant communities in which these varieties of ponderosa pine occur, enter
“ponderosa pine” in the FEIS home page under "Find Fire Regimes".

Patterns in Fire Regime Characteristics across Regions

e Fire frequency and type e Fire season
e Fire severity e Fire size and pattern
e Ignition e Changing fire regimes

Fire frequency and type
Summary: Before European settlement around the mid-1850s, low-elevation dry ponderosa pine and
dry ponderosa pine-Douglas-fir forests had mostly frequent, low- to moderate-severity surface fires,
although small patches of high-severity surface fires and crown fires were common. Ponderosa pine
forests historically had the shortest fire intervals of any forest type in the West. Fire frequency and
severity generally increase with slope and decrease with elevation. Fire frequency in riparian
ponderosa pine areas was sometimes longer than but often similar to fire frequency in upland
ponderosa pine areas. Paleo studies show that fire frequency in dry mixed-conifer forests has varied
with climate warming and cooling throughout the Holocene.

Historically, fire intervals were similar across the ranges of Pinus ponderosa var. benthamiana and P. p.
var. ponderosa. They averaged about 10 years and ranged from 1 to 80 years (e.g., [31, 225, 268, 387,
472, 554], reviews by [196, 302, 303]). In the Northern Rocky Mountains, fire intervals in the
presettlement period (late 1800s-early 1900s) ranged from 6 years to 31 years, with intervals from 6 to
13 years reported most often (reviews by [196, 209]). For example, Arno [28, 30] reported mean fire
intervals of 6 to 11 years (range: 2- 20 years) for ponderosa pine/ldaho fescue habitat types (1680-1910)
on three sites in the Bitterroot Mountains of Montana. He noted that there may have been shorter fire
intervals that were undetected due to lack of fire scars [30]. Mesic stands, which usually had a larger
component of other conifer species, historically had a larger proportion of mixed-severity fires [209],
with longer fire intervals [43]. In Douglas-fir habitat types where ponderosa pine is the seral dominant,
mean fire intervals in the Northern Rocky Mountains historically ranged from 6 to 50 years ([1, 64, 65,
522], reviews by [196, 510]). In the Blue Mountains of Washington and Oregon, presettlement fire
intervals ranged from 10 to 49 years (review by [302]). On the east slope of the Cascades, they ranged
from 5 to 25 years with a mean of 13 years ([157, 513], reviews by [10, 303]). In California, they ranged
from 11 to 16 years, with mean minimum fire intervals of 5 years and mean maximum fire intervals of
40 to 80 years ([107, 554], review by [472]).

Modeling projects that fire intervals averaging <25 years allow ponderosa pine to maintain dominance
over its more shade-tolerant conifer associates [313]. Ponderosa pine stands on very xeric sites were
historically able to perpetuate without frequent fire [385].

Historical fire intervals tended to be longer in the northern than in southern portions of Pinus ponderosa
var. benthamiana and P. p. var. ponderosa’s ranges. However, the differences were not great, and long
intervals between fires were uncommon. For the Stein Valley of British Columbia, where ponderosa pine
is at its northern limits, the mean fire interval was 21 years in Douglas-fir-ponderosa pine forests
(period: 1700-1900 ) [268]. For the San Bernardino Mountains of southern California, where ponderosa
pine is at its southern limits, the mean fire interval was 10 years in dry conifer forests (period: 1797-
1905) [387].

Burning by American Indians increased fire frequency near villages and camps [23, 60, 66, 109, 203, 582,
586]. Many low-elevation, mixed-conifer communities had shorter mean fire intervals than would be
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expected based on lightning ignitions alone [22, 23, 60, 66, 203]. For example, natural ignitions alone do
not account for the very frequent fires that occurred in some ponderosa pine-California black oak
communities of the Sierra Nevada [22, 23, 203].

Differences in topography result in local differences in fire frequency and severity. Generally, fires are
more frequent on warm, south- and west-facing slopes and low slopes than on cool north- and east-
facing slopes and upper slopes [61, 104, 267, 459]. In the Stein Valley of British Columbia, for example,
fire intervals in mixed-conifer stands averaged 14 years on south-facing slopes and 24 years on north-
facing slopes (P = 0.05, time frame 1750-1950) [267]. In the Klamath Mountains of northwestern
California, presettlement (1740-1949) fire intervals averaged 5.9 years on southwest and west-facing
slopes, which were vegetated with old-growth Douglas-fir-ponderosa pine stands. Fire intervals
averaged 13.1 years on all other slopes, which were vegetated with mostly pure, old-growth Douglas-fir
stands [537]. In mixed-conifer stands in the Klamath-Siskiyou region of Oregon and California, fire
severity was positively correlated with south aspects and negatively correlated with large DBH (P < 0.01
for all variables). Data were collected from the 2001 Quartz Fire burn in southwestern Oregon and the
1999 Big Bar Complex burn in northwestern California [15].

Fire frequency does not vary among aspects on all sites, however [472]. On the Dinkey Creek
Watershed in the Sierra National Forest, mean fire intervals for ponderosa pine-white fir and other
forest types in the mixed-conifer zone (4,800-6,400 feet (1,450-1,950 m)) ranged from 3.19 to 5.44 years
(time frame: 1771-1873) Differences between plots, aspect, elevation, and slope were not significant
[440]. Mean fire intervals were also similar on two sites on the east slope of the Cascades, Washington
(time frames for the 2 sites: 1700-1860 and 1750-1860). On north-facing slopes, they averaged 6.8 and
8.1 years. On south-facing slopes, they averaged 7.1 and 6.1 years [157].

Fire intervals in ponderosa pine forests generally increase with elevation [2, 61, 104, 267, 459, 473, 513]
due to a shorter growing season, more snowfall, less fuel accumulation, and moister fuels early in the
fire season at higher elevations [473]. In a broad-scale metaanalysis, increasing elevation was positively
correlated with lengthening mean fire intervals across the Black Hills, Northern Rocky Mountain, Blue
Mountain, and the East Cascade regions (P < 0.05) [392]. At Crater Lake National Park, for example,
plots in low-elevation ponderosa pine/snowbrush ceanothus had mean point fire intervals of <15 years,
while plots in a higher-elevation ponderosa pine-white fir/pipsissewa/sidebells wintergreen plot had a
mean point fire interval of 28 years (time frame: 1748-1902) [394]. Other studies document historical
fire intervals of ponderosa pine communities increasing with elevation in the East Cascades in Oregon
([572], review by [5]) and California ([108], reviews by [472, 554]).

Historically, fire frequency and severity were highly variable in riparian ponderosa pine communities
[500, 5011, with fire frequencies differing by region, forest type, topography, and fire history [153, 423,
500, 501, 555, 556]. Riparian communities can burn at high severity during drought or with high winds
[120]. However, many riparian ponderosa pine communities apparently burned at low severities but less
frequently than upland ponderosa pine communities [120]: from 2 to 5 times per century [40, 238, 388].
Other riparian ponderosa pine communities burned about as frequently as upland communities [423].
While Skinner [501] found median fire intervals in the Klamath Mountains were twice as long in riparian
Douglas-fir-ponderosa pine zones than adjacent uplands, Olson [423] found mean fire intervals were
similar in riparian and upland ponderosa pine-Douglas-fir forests in the Blue Mountains of southern
Oregon. A study on the Lassen National Forest found that prior to fire exclusion in the early 1900s, stand
structure, fuels, and fire intervals were similar in riparian and upland mixed-conifer forests (P < 0.05 for
all variables). However, a comparison of contemporary and reconstructed historical conditions found
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riparian forests have become significantly more fire-prone (denser, with higher fuel loads) in
contemporary times [555, 556].

Paleo studies show that fire frequency in dry mixed-conifer forests tends to increase with climate
warming and decrease with climate cooling [71, 441, 583]. However, determining Paleolithic fire
regimes of ponderosa pine and other dry-site forests is difficult because dry forests with frequent fires
tend to produce indiscreet charcoal peaks. Lake sediment core studies suggest summer-dry regions of
the Northern Rocky Mountains exhibited highest fire activity during the Early Holocene (11,000-7,000
BP; generally warm, dry climate) and the Medieval Warm Period (~1,000 years BP; warm, dry climate).
Drought conditions during those times were more severe than in the 20th Century [583]. Lake sediment
core studies in the Lake Tahoe Basin found fire episodes were relatively infrequent in dry mixed-conifer
forests during the late-glacial Early Holocene (14,000-11,000 BP; generally cool, moist climate); peaked
during the xerothermic Middle Holocene (10,000-4,000 BP; warm, dry climate); then generally
decreased through the Late Holocene (4,000-0 BP; generally cool and dry climate), but with increased
fire episodes during the Medieval Warm Period (1,000-800 BP). Fire episode frequency in the early
2000s was at one of the lowest points in at least the previous 14,000 years ([71], review by [472]).

Fire severity

Summary: Low-elevation dry ponderosa pine and ponderosa pine-Douglas-fir forests historically had
mostly low- and moderate-severity fires, with high-severity fire occurring in small patches. Fire
intensity was historically low on most sites. Across ponderosa pine’s distribution, fire severity varies
with stand structure and elevation.

Historically, low-elevation, dry ponderosa pine and ponderosa pine-Douglas-fir forests had mostly low-
and moderate-severity fires ([4, 9, 237, 260, 268, 278, 310, 333, 371], reviews by [196, 302]), although
high-severity fire occurred in patches ([51, 237, 260, 264, 278, 310], reviews by [196, 302]). Syntheses of
fire history studies across several regions indicate that low- and moderate-severity fires dominated
ponderosa pine communities in the Northern Rocky Mountains [196], Blue Mountains [302], East
Cascades [303], and California [472]. Fire intensity was historically low on most sites (flame lengths of <2
feet (0.6 m)) [51], although flare-ups in patches of shrubs and young conifers were historically common
and remain so today [195].

Even at low elevations, ponderosa pine forests historically contained some stands of moderate to dense
structure that burned at moderate to high severities [47, 237], suggesting a mixed-severity regime at the
landscape level. Historically, ponderosa pine stands sometimes experienced severe surface or crown
fires, even on sites where fire was usually of low to moderate severity. This likely occurred when fire
intervals were longer than usual, so litter and understory fuels built up, or when fire weather was severe
[5]. In the Pacific Northwest and northern California, for example, low-severity fire historically
predominated on most ponderosa pine forest sites, but some sites also experienced mixed-severity fires
[517]. Safford et al. [472] reported that In the Sierra Nevada, ponderosa pine and Jeffrey pine forests “in
their reference state were extremely heterogeneous, and were characterized by areas of low-,
moderate-, and high-severity fire (but with the balance more shifted to low severity than is currently the
case)”. Although low- and moderate-severity fire still dominate contemporary ponderosa pine
landscapes, the proportion of fires that burn at high severity has increased [472].

In addition to low-severity fires, moderate-, mixed- [15, 52, 120, 282, 420, 510], and high-severity [52,
120, 282, 420] fires are important in shaping ponderosa pine forests [39, 43, 52, 282, 420]. Arno et al.
[39] described mixed-severity fires and fire regimes thusly: “Characteristically, a mixed-severity fire
regime will have a number of individual fires that burn at mixed severities. It may also have some stand-
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replacement fires and some nonlethal fires. Individual mixed-severity fires typically leave a patchy,
erratic pattern of mortality on the landscape, which fosters development of highly diverse
communities”. Large fires are typically a mix of low to high severity [51]. Based on aerial photographs
taken in the 1920s and 1930s, subwatersheds (10,000-40,000 acres (4,000-20,000 ha)) of ponderosa
pine-Douglas-fir communities in interior British Columbia experienced about an equal mix of low- and
high-severity or stand-initiating fire (~22% each), and about 55% mixed-severity fire [263].

Fire severity [310, 513] and the proportion of stand-replacement fire tends to increase with elevation
([392, 431, 473], reviews by [196, 302]). Soeriaatmadja [513] speculates that while moister conditions in
high-elevation ponderosa pine sites (4,200-4,600 feet (1,300-1,400 m)) decrease fire frequency
compared to lower-elevation sites, the higher densities of high-elevation forests increase fire severity
and the chances of crowning when fires do occur.

Fire severity in contemporary riparian ponderosa pine communities is similar to that of upland
ponderosa pine communities on some sites. For the 2002 Biscuit and 2003 Bear Butte and Booth
Complex wildfires in western Oregon, fire severity in ponderosa pine riparian zones was strongly
associated with and similar to fire severity in adjacent upland zones. There were no significant
differences in percent crown scorch and basal area mortality between riparian and adjacent upland
plots, although char height and percent exposed mineral soil were less in riparian than in adjacent
upland zones (P < 0.01) [227]. In the Butte and Booth Complex Fire, basal area mortality was higher in
the ponderosa pine community than in riparian mixed-conifer or dry mixed-conifer communities, but
percent exposed mineral soil was lower (P < 0.05) [228].

Across ponderosa pine’s distribution, patch sizes of severe fire are becoming larger in contemporary dry
forests compared to patch sizes of severe fire in presettlement dry forests ([144, 198, 401, 504, 580],
reviews by [196, 303]). Some claim that fire sizes are considerably larger than in the past [504], although
fire history studies suggest that large fires occurred in presettlement times (see Fire Size and Pattern).

Ignition

Lightning was the primary source of ignition in presettlement ponderosa pine forests [6, 28, 68].
American Indians intentionally set fires in some ponderosa pine stands, especially near villages and
camps. At least locally, this maintained open ponderosa pine forests [66, 402]. The Kalapuya, for
example, conducted regular burning—possibly annually—to maintain ponderosa pine-Oregon white oak
woodlands in Willamette Valley [119]. However, the extent of historical burning by American Indians is
largely unknown [402].

Fire season

Across the ranges of Pinus ponderosa var. benthamiana and P. p. var. ponderosa, the fire season
historically ran from late June to September or October. Most fires occurred from midsummer to early
fall [43, 337, 472, 486, 506, 524, 538].

Limited studies suggest that growing-season fires increase with decreasing latitude. For mixed-conifer
forests, the number of fires that occurred during the growing season increased from the southern
Cascades to the southern Sierra Nevada. For example, a mixed-conifer site on the Lassen National Forest
had mostly dormant-season (late fall-very early spring) fire, with 5% middle earlywood, 5% latewood,
and 90% dormant fire scars. A mixed-conifer site on Mountain Home State Forest (south of Sequoia
National Park) had mostly late-season fire, with more fires beginning earlier in the growing season (1%
middle earlywood, 16% late earlywood, 61% latewood, and 20% dormant fire scars) compared to the
Lassen site (review by [524]).
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In mixed-conifer forests on the North Coast Ranges of California, Skinner et al. [503] found that
relatively mesic sites historically (1700-1900) burned in late fall. In this region, earlywood scars result
from spring and early summer fires; latewood scars from mid- to late summer fires; ring boundary scars
from late summer or fall fires [503]; and dormant scars from late fall or winter fires [524]. Most fire scars
were located in latewood or at latewood boundaries (23% in latewood and 68% at ring boundaries). On
very dry, low-elevation sites near the Sacramento Valley, however, most fire scars occurred in
earlywood (88% in earlywood and 15% at ring boundaries) [503].

Fire size and pattern

Fires in ponderosa pine ecosystems were historically “quite diverse in size and shape”. Both small and
large fires were common, but large patches of severe fire were uncommon (review by [312]). Patches of
severe fire were generally larger in mixed stands than in ponderosa pine stands [121, 312]. A review
found mostly heterogeneous, mosaic spatial patterns for reference-condition pine and mixed-conifer
forests. The mosaics consisted of 1) openings, 2) widely-spaced single trees, and 3) dense patches of
trees, with adjacent or interlocking crowns. Most often, the dense patches were <1 acre (0.4 ha) but
sometimes up 10 acres (4 ha). Large open patches were most common in stands that experienced both
low- and moderate-severity fires. Only studies of presettlement stands or relict stands with intact fire
regimes were reviewed; the scope of the review included studies across the western United States
[359].

Precise fire sizes in presettlement ponderosa pine communities are unknown, but limited evidence
suggests that most fires were <10,000 acres (4,000 ha). Studies in the Cascade Range found both small
and large fire sizes, with fires of mostly low severity. A fire history study in the East Cascades of Oregon
suggests that fires in dry ponderosa pine forests were likely of moderate size and frequent. Two sites
separated by 6 miles (10 km) had 32 different fires between 1778 and 1900, but only two fires were
cross-dated to the same year on both sites. Most fires did not scar all trees in 40-acre (16-ha) plots [85],
so fires were either small, scattered, or of such low severity that many trees were not scarred [5]. An
analysis of past fires in the East Cascade and Selkirk ranges of eastern Washington found fire sizes in
four study areas ranged from 740 to 22,000 acres (300-9,000 ha), with a mean of 6,800 acres (2,460 ha).
The study used GIS and fire scar data to estimate burning patterns from 1700 to 1850; study areas
ranged from 96 to 38,815 acres (4,033-15,708 ha). Fires extended beyond study boundaries, so these
fire sizes apply only to the study areas [325].

A study in Yosemite National Park found that before 1899 (year of the last widespread wildfire in the
study area), median fire size was 285 acres (115 ha) across 5,250 acres (2,125-ha) of mixed-conifer
forests. The forest was mostly multiaged, but small patches (<0.5 acres (0.2 ha)) of similarly-aged trees
suggest that high-severity fire created small forest openings [486].

Large, unburned patches are often left within burn perimeters ([282, 482], review by [196]) For example,
from 1984 to 2010 in Yosemite National Park, wildfires in ponderosa pine stands burned in a patchwork
of fire severities and left large, unburned patches within burn perimeters. Lidar scans showed 62% of a
2,691-acre (1,089-ha) ponderosa pine forest burned. Within burn perimeters, most patches were of
either low severity (40% of burned area; 655 acres (265 ha)) or moderate severity (30%; 495 acres (200
ha)) [31]. Smaller areas within the burn perimeter (20%; 320 acres (130 ha)) [31] scanned as “Landsat-
undifferentiated patches” (i.e., unburned islands [306, 342] and high-severity patches (9%; 150 acres (62
ha)) [31].
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Figure 13—The 2016 Roaring Lion Wildfire on the Bitterroot National Forest was of mixed severity,
producing a mosaic of burn severities across a ponderosa pine and mixed-conifer forest landscape. U.S.

Forest Service photo by Janet Fryer.

Large fires are not historically unprecedented [577]. Barrett et al. [67] stated that “large fires were
common on most historical western US landscapes and they will continue to be common today”. In the
Northern Rocky Mountains, there were at least 35 large fire episodes that burned dry forests between
1540 and 1940, at a mean interval of 20 years in ponderosa pine stands [67]. In southern California, the
273,300-acre (110,600-ha) Cedar Fire was widely viewed as an anomalous event resulting from past
management practices and drought. It burned ponderosa and mixed-pine stands in October 2003 and
was the largest in 100 years of record keeping [312]. However, Keeley and Zedler (unpublished data
cited in [312]) report that a wildfire in September 1889 burned approximately 308,900 acres (125,000
ha) of similar vegetation in the same region [312]. Keane et al. [312] contend that rather than an
anomalous event, the Cedar Fire is best viewed as a 100-year event; however, they note that in
ponderosa pine stands, most large fires were historically nonlethal surface fires of mixed severity, while
contemporary fires such as the Cedar Fire have larger components of stand-replacement fire.

Although large fires are relatively rare in contemporary forests (1%-2% of all starts) compared to all
fires, they account for most of total area burned. In the 2000s, large fires accounted for about 95% of
total area burned across the West. Much of the area burned was ponderosa pine and other dry forest
types [587]. In Sequoia National Forest, the 16,875-acre (6,829-ha) Manter Fire and the 47,899-acre
(19,384-ha) McNally Fire accounted for two-thirds of the total area burned from 1950 to 2005 [419].

Changing fire regimes
Over millennia, a wide range of conditions (stand structures, species composition, disturbance regimes)
have occurred in dry-forest types. Although no period of time can be determined as the “correct”
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reference period, fire histories of the 500 years preceding European settlement can provide reference
points from which to compare contemporary fire regimes in dry-forest ecosystems [43]. Compared to
presettlement dry forests, contemporary dry forests are experiencing reduced ecosystem function; have
longer fire intervals; and relatively less low-severity fire and more high-severity fire. Safford et al. [472]
report that the “role of fire has changed from one of forest maintenance (of relatively open-canopy,
low-fuel-accumulation conditions with dominance primarily by fire-tolerant species) to one of forest
transformation, where dense stands of fire-intolerant species and heavy fuel accumulations are more
likely to burn at high severity, resulting in major ecosystem changes”. In the northern and middle Sierra
Nevada, mean percentage of fire-interval departure from historical reference condition was 85% to
100%, with fire intervals at least 3 times longer in the early 2000s than in presettlement times (review
by [472]). In chronosequence studies of ponderosa pine-Douglas-fir forests on the Lolo and Bitterroot
national forests, western Montana, basal area of Douglas-fir (P = 0.027), total shrub cover (P = 0.032),
forest floor thickness (P = 0.006), and phenols extracted from the forest floor (P = 0.003) increased with
time-since-fire, while available soil nitrogen decreased (P < 0.07). The authors suggested that phenolic
compounds accumulating in the soil may be affecting nitrogen transformations, making soil nitrogen less
available to plants. Time-since-fire ranged from 2 to 132 years [377].

Fire intervals in ponderosa pine communities have lengthened greatly since the 1930s, when fire
exclusion became effective. This has resulted in denser stand structure, increased fuel loads, and
changes in plant species composition in the Northern Rocky ([41, 42, 221, 320], review by [196]) and
Blue ([7, 395], review by [302]) mountains, the Pacific Northwest [7, 245, 458], and California ([149, 191,
472], review by [472]). For example, Arno et al. [42] report that on the Lolo National Forest, the
estimated mean fire interval in ponderosa pine forests in the 1990s was three times the pre-1900 mean
(84 vs. 28 years), and the longest fire interval was two times the pre-1900 maximum (88 vs. 44 years).
The authors found that stand basal area had about doubled (e.g., 176 ft?/acre in 1991 vs. 85 ft?/acre in
1900 (40%/ha vs. 20 m?/ha)), with basal area of Douglas-fir 10 times as great in 1994 than before 1900
[42].

Range of departure from presettlement fire regimes is high in dry, low-elevation forests of the West.
Analyses of the range of departure from historical fire regimes in the southern Cascades and Sierra
Nevada found that modern low- and midelevation forests are “overwhelmingly” experiencing less low-
and moderate-severity fire than what occurred in presettlement times. Range of departure was based
upon BioPhysical Setting succession models of yellow pine (ponderosa pine and Jeffrey pine), dry mixed-
conifer, and moist mixed-conifer forests. For yellow pine, mean area that burned annually at low and
moderate severities was 8 times less in modern (1984-2009) than in presettlement times (before 1850)
[379]. Analyses of dry forests across the northern Great Basin, the Interior Columbia Basin, and the
upper Klamath Basin found that forests in which large, shade-intolerant species such as ponderosa pine
had been harvested had the greatest range of departure from historical stand structure and community
composition of all forest types, which the authors attributed to fire exclusion and past logging [446].

The proportion of high-severity fire that burns over ponderosa pine landscapes is increasing [114, 121,
265, 312] (see Climate change). Descriptions of burn sizes in Forest Service reports from the early 1900s
suggest that large patches of high-severity fire were historically uncommon in dry and mixed-conifer
forests of the Sierra Nevada. Succession modeling also suggests that widespread fires with large stand-
replacement patches were uncommon in presettlement ponderosa pine forests [402]. Using Monitoring
Trends and Burn Severity (MTBS) maps of mixed-conifer forests in northwestern California, Miller et al.
[400] found that for large fires (>990 acres (400 ha)), the total proportion of area that burned at high
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severity increased from 1984 to 2004. Using satellite imagery of ponderosa pine and mixed-conifer
forests of eastern California and western Nevada, they found a similar trend for fires 2200 acres (80 ha),
with the proportion of fires burning at high severity increasing from 1984 to 2010 (P < 0.05) [399, 403].

Climate change: Resilience of ponderosa pine forests is declining under warming temperatures and low
soil water availability. Reduced snowpack, earlier springs, summer drought, warmer temperatures year-
round, and severe bark beetle outbreaks have resulted in increased tree mortality throughout the West
[74, 265, 437, 470]. Effects of climate change in ponderosa pine forests are exacerbated by fire exclusion
[8, 470] and past timber harvesting that selected for large ponderosa pines [8].

Changing climate may result in elevational distribution shifts of ponderosa pine. A warmer, drier climate
may favor ponderosa pine on formerly mesic sites that are becoming drier [72, 126, 316, 545], and
ponderosa pine may be displaced on some dry sites that are becoming even drier [126, 545]. In
southwestern Oregon, ponderosa pine series are predicted to replace white fir series on some sites. On
the lower east slope of the southern Cascades, ponderosa pine may be replaced by big sagebrush steppe
[192]. However, Haugo et al. [255] suggest that at big sagebrush steppe-ponderosa pine ecotones, fire
exclusion is a more important driver of successional dynamics than climate.

Increases in the proportion of area that burned at high severity in ponderosa pine forests across the
West have been attributed to climate change and fire exclusion [452, 523, 545, 588]. Analyses of climate
change and associated fire trends across Yosemite National Park (747,988 acres (302,700 ha)) showed a
significant decrease in depth and duration of snowpack, beginning in the mid-1980s (figure 14, P = 0.02),
with an attendant increase in acreage burned. Annual area burned averaged 2,100 acres (850 ha)/year
from 1962-1983, but it averaged 8,229 acres (3,330 ha)/year from 1984-2005. The proportion of the
landscape that burned at high severity increased significantly (R = 0.39. P = 0.001), and the authors
predicted further increases an annual area burned with continued climate warming. Natural ignition
sources increased with drought. From 1984-2005, more lightning strikes occurred in dry than in normal
or wet years (P < 0.001). Forecasts for 2020-2049 include decreased snowpack, a 10% increase in
lightning strikes, 19% increase in ignitions, and a 22% increase in area burned at high severity compared
to 1984-2005 [371].
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Figure 14-Changes in landscape flammability in Yosemite National Park. National Park Service image
from Lutz et al. [371].
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Objectives for Using Fire

Frequent low- to moderate-severity surface fires reduce fuel loads and kill young conifers in the
understory; reduce chances of mortality of mature ponderosa pine from subsequent fires; help restore
reference-condition forest structure and composition; promote regeneration of shade-intolerant
conifers; and increase resilience of dry forest ecosystems [3, 246, 250, 260, 598]. Agee [3] estimated
that a fire that burns 1,438 acres (582 ha) of an eastside ponderosa pine forest in the Cascade Range of
Washington every 15 years consumes an average of 22 tons/acre (50 t/ha) of biomass.
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Managing for healthy, sustainable ponderosa pine stands requires defining desired stand conditions,
objectives to be met for attaining those conditions, and the most effective tools (ecological, economic,
and social) for achieving the objectives [43]. Objectives for prescribed fire in ponderosa pine stands
include [114, 170, 240, 241, 265, 574]:

e reducing high fuels loads to reduce the potential for severe wildfire;

e reducing high numbers of conifer seedlings and saplings;

e reducing thickness of the organic soil layer, exposing at least some mineral soil as a seedbed;
and

e restoring historical stand structure and plant community composition (see Increasing resilience).

In stands that have missed several fire cycles, prefire thinning is often recommended to reduce fire
severity and mortality of large ponderosa pines (e.g., [35, 37, 38, 102, 197, 250, 284, 455]). Fiedler et al.
[170] recommend selective or partial cutting prior to prescribed fire to:

e remove sapling and pole trees;
e manipulate species composition to favor ponderosa pine; and
e reduce overstory density.

Retaining large, old trees is important for wildlife habitat (see Old Growth and Snags for Wildlife),
retaining high-quality seed sources, and preserving age and size class diversity. Projects that target small
and medium-sized trees for harvest are most likely to reduce fire hazard because density of trees in
those size classes is usually greatest [143] and as ladder fuels, small and medium-sized trees increase
the potential for crown fire [38, 102, 265].

Wildland Fire Use for Resource Benefit

Because they reduce fuel loads, wildland fires can act as fuel treatments that reduce the size, severity,
spread, and frequency of subsequent fires. Parks (cited in [125]) stated “In the western U.S., prescribed
burns are typically only a couple hundred acres or less—they barely make a dent. Wildland fires cover a
lot more ground and have a lot more treatment impact”. In dry forests, wildfires tend to reduce the
severity of subsequent fires for up to 18 years; however, this effect diminishes under severe fire
weather [125]. Parks emphasized that “Suppressing a fire can be a lost opportunity to restore ecological
resilience, especially during non-extreme weather conditions” (cited in [125]).

In dry forest types, allowing wildfires to spread into older burns when fire weather conditions are
moderate can limit fire spread and lessen chances of stand-replacement fire [425, 527]. For example, in
warm, dry, low-elevation forest types in wilderness areas of western Montana and northern ldaho
(Crown of the Continent Ecosystem, Selway-Bitterroot Wilderness, and Frank Church-River of No Return
Wilderness), fires 250 acres (20 ha) limited spread of subsequent fire. However, this effect ceased
around postfire year 6 [425].
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Prescribed Fire
Summary: Prescribed burning can be conducted under limited conditions, when fuel moisture and
weather conditions favor safely reducing surface and ladder fuels and conifer densities. Fires must be
timed when moisture content of duff is low enough for most duff to be consumed. Fall burning is
often recommended to reduce fuels, except in areas with heavy fuel loads. Repeated thin-and-burn
treatments are recommended to restore historical stand structure; follow-up treatments are needed
to maintain stand structure. Raking beneath old ponderosa pines prior to burning may help protect
the old trees from fire damage or kill.

e Season

e Thinning and burning
e Raking

e Salvage logging

Season

Prescribed burning for fuel reduction is often best accomplished in fall. Due to high fuel moisture
content [304], severity of spring prescribed fire may so low that fuel reduction objectives are not met
[250]. On the Priest River Experimental Forest and the Payette National Forest in Idaho, duff reduction
from prescribed fires in Douglas-fir-ponderosa pine stands was <10% on moist plots burned on 1 June
(88%-91% moisture content of duff) but 290% on dry plots burned on 13 and 14 September (35%-41%
moisture content of duff). Woody fuel reduction was <30% on moist plots but as much as 70% on dry
plots. Shelterwood cuts were done prior to burning. See the Fire Study by Simmerman et al. [498] for
the shelterwood and fire prescriptions and further details on study results. At Crater Lake National Park,
late spring-early summer prescribed fires (20-28 June) in a mixed-conifer forest reduced surface fuels by
37% compared to prefire fuel load, while fall prescribed fires (9-10 October) reduced total fuels by 75%.
In postfire year 1, reduction of fine fuels was greater with fall fire than with late spring-early summer
fire, although fine fuel loads on late spring-early summer burns were less than on unburned controls (P <
0.0001) [430]. On the Lick Creek Experimental Forest in Montana, Harrington [241] found soil heating
and damage to overstory ponderosa pines was minimized and consumption of fine and small woody
fuels optimized during prescribed burning when duff moisture averaged 50%, fine fuel moisture 9%, and
large woody fuel moisture 90%.

In areas with high fuel loads, early-season burning may create patchy, mosaic fires more safely than fall
fires. In a mixed-conifer forest in Sequoia National Park, prescribed burning on 20 and 27 June—about 6
weeks after snowmelt—resulted in a patchwork of fine-scale heterogeneity in stand structure [338,
339]. Knapp and Keeley [338] suggested that patchiness created by the early-season fire was similar to
the patchiness of historical fires that burned in summer and early fall, when fuels were drier but fuel
loads were less.

Thinning and burning

Many researchers report that most ponderosa pine forests in late succession cannot be restored with
prescribed fire alone [5, 80, 102, 169, 173]. On the Lubrecht Experimental Forest, for example, thin-and-
burn treatments reduced stand density, canopy cover, and potential for torching and crown fire most
effectively. Thin-only treatments were rated “intermediate” in effectiveness, while burn-only treatments
were least effective [173]. Fielder et al. [169] stated that restoration is “complicated by profound
changes in stand composition and structure, poor tree vigor, and fuel accumulation”. Burning unthinned
stands where ponderosa pine is already stressed may result in high ponderosa pine mortality.
Restoration will usually require thinning prior to prescribed fire. Thinning prescriptions are available for
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mixed-conifer forests in the Sierra Nevada [336] and ponderosa pine stands of various structure
(second-growth, even-aged; densely stocked, uneven-aged; and densely stocked, old-growth) in the
Northern Rocky Mountains [169].

A metaanalysis of ponderosa pine restoration studies across ponderosa pine’s distributional range found
strong indication that thin-and-burn treatments reduced stand density and surface fuels more
effectively than thin-only, burn-only, or no treatment. Researchers found no significant difference in
effectiveness of thin-and-burn treatments across regions, although they acknowledged that most
restoration studies (85%) included in their analyses had been conducted in California and the Southwest
[197].

A model suggests that in the long term, heavy thinning from below—followed soon after by prescribed
fire and follow-up thin-and-burn treatments at least every 30 years—reduces woody fuels, stand basal
area, and fire hazard; and increases yield of merchantable timber more than light thinning followed by
the same treatments (P = 0.05). The model used data from ponderosa pine and Douglas-fir stands across
Montana [54].

Repeated treatments will usually be required to restore historical stand structure on sites that have had
nearly a century of fire exclusion and fuel accumulation and have missed several fire cycles [5] (e.g., see
the Research Project Summary by Metlen et al. [396, 597]). Agee [5] asserts that “attempts to complete
the restoration in a single fire are not realistic”. The first-entry fire is best conducted under “very moist”
conditions, followed by fires in successively drier conditions [5, 80]. Where understory sprouting shrubs
such as ceanothus are dense, two fires in short succession are recommended. The first fire top-kills
shrubs and stimulates germination of shrub seeds. The second fire, timed about 3 years later, reduces
density of sprouting shrubs and kills shrub seedlings [384, 567]. On the Blacks Mountain Research
Natural Area on the Lassen National Forest, a single, low-severity prescribed fire reduced litter, 10-hour
fuels, and killed some small understory trees in a Jeffrey pine-ponderosa pine forest. Simulations
predicted that fire hazard would be “quite high” within 4 to 6 postfire years due to small, dead trees and
litter accumulation, and that it would take as many as three applications of prescribed fire to achieve
fuel and fire hazard reductions achieved by one application of mechanical treatment followed by
prescribed fire [502].

Once treatments have reduced stand density, periodic follow-up treatments are required to maintain
open ponderosa pine stands [246]. For example, thinning and prescribed fire treatments on the
Okanogan-Wenatchee National Forest killed all grand fir and Douglas-fir seedlings and saplings from the
understory of study plots in a ponderosa pine forest. By postfire year 9, however, seedling densities
averaged 51/acre (125/ha) for Douglas-fir and 289/acre (713/ha) for grand fir [246]. Studies on the Lick
Creek Demonstration Forest in western Montana found that tree biomass on thin-and-burn units
recovered to levels on control units by postfire year 13, although thin-and-burn units still had lower
forest floor biomass than control treatments in postfire year 20 (P = 0.05). A review reports that in dry
forests, prescribed fire generally requires reapplication about every 8 to 10 years to reduce
accumulation of dead fuels and prevent establishment of shade-tolerant conifers [117, 553]. Duration of
treatment effectiveness will vary with region, climate, soils, and other factors that affect site
productivity [210].

The benefits of thinning followed by prescribed fire have been documented in studies conducted in
north-central Washington [442], the Blue Mountains [597], southern Oregon [430, 491], and northern
California [180, 374, 457, 471, 505, 526]. Two such examples, from Oregon and California, follow.
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In the Blue Mountains of northeastern Oregon, both thinning alone and burning alone modified stand
structure and tree species composition slightly in closed-canopy Pinus ponderosa var. ponderosa stands
in the stem exclusion stage, while a combination of thinning and burning had greater effects. Stands
were dominated by large (221 inches (53 cm) in diameter), 70- to 100-year-old ponderosa pines, with
smaller, understory ponderosa pines and Rocky Mountain Douglas-firs that had regenerated after
extensive partial cuttings. Thinning selectively removed 4- to 10-inch (10-25 cm) diameter ponderosa
pines and Douglas-firs, while burning killed many small-diameter Douglas-firs and most Douglas-fir
seedlings. Thin-and-burn treatments resulted in greatest reduction in conifer seedling density and basal
area of overstory conifers, reaching the targeted goal of 70 feet?/acre (16.0 m?/ha). The authors
suggested that repeated treatments were needed in 10 to 15 years to bring stand structure and
composition more in line with historical conditions. They commented that one set of treatments is not
likely to mitigate nearly 80 years of fire exclusion and fuel accumulation in low-elevation, dry forests
[597]. For further information on the effects of thinning and burning treatments on ponderosa pine and
48 other species, see the Research Project Summary of this study.

On the Plumas National Forest, fuel treatments in 2006 reduced fire severity in ponderosa pine stands
during the 2007 Antelope Complex Fire, and crown fires tended to transition to moderate- or low-
intensity surface fires when burning into treated areas (figure 15). Less than 20% of areas that were
either masticated or burned under prescription the year prior burned severely, while 45% of untreated
areas burned severely (P < 0.0001). However, some treated areas burned at high intensity, especially
during the first 2 days of the fire, when fire weather was most severe [180].
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Figure 15—Low- (left), moderate- (right), and high-intensity fire resulted as the Antelope Complex
Fire moved through areas that had been burned under prescription the previous year [180]. U.S.
Forest Service photos.
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Similar studies documenting lower severity of wildfires on sites previously treated with prescribed fire
are available for ponderosa pine-Douglas-fir stands on the Lick Creek Demonstration Site of the
Bitterroot National Forest [36], the Lolo National Forest of Montana [160], the Payette National Forest
[27], the Okanogan-Wenatchee National Forest near Wenatchee, Washington [245], the Stanislaus
National Forest [372, 374], and the North Coast Ranges of California [408]. However, similar to the
Antelope Complex Fire [180], restoration treatments may not reduce fire severity or area burned during
extreme fire weather [204, 372].

For literature providing a range of options and prescriptions for thinning, mechanical treatment to
reduce fuels in ponderosa pine and other dry forests of the western United States, see these sources:
[289, 297].

Raking

Raking large accumulations of duff away from old, legacy ponderosa pines prior to burning may help
protect them from fire damage [271, 275]. Duff is generally drier and more flammable in fall than in
spring, so raking before fall prescribed fire is more critical [271]. A study in central Oregon found raking
around ponderosa pine boles prior to fall prescribed fire reduced bole cambium damage compared to
unraked boles (P = 0.05). Raking before spring prescribed fire, when duff was more moist, had no
significant effect [443]. Hood et al. [275] found it took an average of 16 minutes/person/tree to rake
around large ponderosa pines in the Sierra Nevada.

However, raking before prescribed fire has had variable effectiveness in protecting large ponderosa
pines, depending on soil type, fine root density, and time-since-raking [535]. Kolb et al. [341] provide a
review of rake-and-burn studies conducted to help protect legacy ponderosa pines from fire damage.

Salvage logging
Salvage logging is controversial due to potentially detrimental effects on postfire stand structure [76,

101, 143, 433]; native understory species [300, 433]; wildlife [101, 269, 283, 433] (see Cover Value); and
soils and hydrology [1, 101, 433]. The effects of postfire logging depend on fire severity; intensity and
timing of the logging; and other management activities [433]. This FEIS review does not
comprehensively review the scientific literature on effects of salvage logging, but Burton and Franklin
[101] and Peterson et al. [433] provide reviews of the effects of salvage logging on postfire ponderosa
pine communities. Burton and Franklin [100] provide guidelines for reducing the impacts of salvage
logging.

To ensure large, live ponderosa pines are not harvested, managers may elect to postpone salvage
logging for at least 1 postfire year. Mature ponderosa pines may survive 100% crown scorch, as long as
the scale-protected buds are not killed [236, 419, 560] (see Fire Effects on Trees).

Leaving some snags is generally recommended when burned areas are salvage logged [76, 143]. Some
recommend leaving at least 50% of snags in all diameter classes and leaving all snags and living trees
>150 years old [76, 143]. In western Idaho, the half-life of ponderosa pine snags was longer on unlogged
burns (9-10 years) than on salvage-logged burns (7-8 years). This was mostly because snags were smaller
on salvage-logged burns; therefore, they fell sooner [462].

Dwarf Mistletoe

Prescribed fire may reduce incidence of western dwarf mistletoe in infected stands [262]. An eastern
Washington study found fall prescribed fire reduced western dwarf mistletoe infection on ponderosa
pine more than spring prescribed fire (P < 0.10). On all plots, treatment effects diminished after 20 years
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[262]. In an unthinned ponderosa pine stand central Oregon, moderate-intensity spring prescribed fires
(15 and 25 May) scorch-pruned many infected branches; they also reduced surface fuel loads and
understory cover. Stands with severely infected trees tended to be dense, and fire was severe in these
dense stands. These patches had greatest mortality from fire, reducing the overall proportion of
infected trees in the stand. In a thinned stand, fall prescribed fire—which burned at moderate intensity
and scorched the dwarf mistletoe—was more effective at reducing western dwarf mistletoe than spring
prescribed fire, which burned at low intensity and did not cause much dwarf mistletoe scorch because
flames were too low. Additionally, fall fires killed much of the current-year western dwarf mistletoe
seed crop. The authors concluded that low-intensity fires are insufficient to reduce western dwarf
mistletoe infection; scorch heights of 30% to 60% of live crown height are needed to reduce infection
rates to “tolerant levels” [343].

Bark Beetles

The combination of increasing stand density under fire exclusion, warming temperatures, and severe
bark beetle outbreaks has resulted in high ponderosa pine mortality on many sites [74, 163]. Across the
West in the early 21st century, bark beetles caused higher rates of ponderosa pine mortality than
wildfire [74, 137].

With drought and climate warming, risk of bark beetle attacks is high in low-elevation ponderosa pine
communities [74, 163, 368]. Modeling predicts that by the end of the century, the most favorable
thermal habitats for mountain pine beetles will be at the lowest- and highest-elevation forest types. At
low elevations and with warming temperatures, mountain pine beetles can produce two generations
per year. Bentz et al. [74] predict that across the Northern Rocky Mountains, pines growing at low
elevations will be subject to more mountain pine beetles outbreaks than pines growing at
midelevations.

Bark beetle populations may increase after thin-only treatments, while thin-and burn treatments may
help reduce incidence of bark beetle attacks [272, 442]. On the Tahoe National Forest, activity of red
turpentine beetles was higher in plots that were thinned and chipped (attacks on 19% of residual stems)
and in plots that were thinned, chipped, and raked (12%) than in plots where fuels were lopped and
scattered (3.5%) or left untreated (4%) (P < 0.05). The authors concluded that chipping may result in
unacceptable levels of ponderosa pine mortality due to beetle attacks [164]. On the Okanogan-
Wenatchee National Forest, thin-only and thin-and-burn treatments were enacted 10 years before the
2006 Tripod Complex Fires. The wildfires burned into treated and untreated control units. In postfire
year 3, probability of bark beetle (Dendroctonus and Ips spp.) attacks on ponderosa pines increased with
DBH and was highest in thin-only units, moderate in control units, and lowest in thin-and-burn units (P =
0.05). For example, probability of attack for ponderosa pines 32 inches (80 cm) DBH was approximately
50% on thin-only, 25% on control, and 15% on thin-and-burn units [442]. See Increasing resilience for
further information on bark beetles and thinning.

Snags
Snags provide wildlife habitat and contribute to soil development and productivity. Land managers are

required to retain some snags for wildlife when enacting management activities [116]. A management
guideline for the Forest Service’s Northern Region reports that ponderosa pine snags “are considerably
more important for wildlife” than Douglas-fir or lodgepole pine snags. They remain upright longer, decay
in a manner favorable to cavity nesters, and are more available at elevations preferred by most
mammals and nesting birds [99]. In southern Oregon and northern California, the half-life of ponderosa
pine snags was between 3 and 10 years [321, 352]. About 7% of ponderosa pine snags fell each year

58
Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/

[352]. On the Lolo National Forest, Montana, ponderosa pine age before death was positively associated
with snag longevity, with snags standing 10 years after death averaging >225 years old at time of tree
death (P < 0.05) [509].

Although it creates new snags, fire also tends to accelerate decay and fall of existing snags. Some
ponderosa pine snags remain upright for more than a century [9]. Snags with fire scars tend to remain
upright longer than snags without fire scars because fire-scarred trees produced more resin at their
bases while alive [167]. On the Lassen National Forest, ponderosa pine and Jeffrey pine snags lost their
crowns and shed their bark faster on plots burned under prescription in June or September than snags in
adjacent unburned plots. In postfire year 7, 57% of snags on burned plots had lost “large portions” of
their crowns, while only 29% of snags on unburned plots lost large portions of their crowns. Fifty-seven
percent of burned snags had also lost >10% of their bark, while snags on unburned plots lost <10% of
their bark. The author cautioned that snag retention in forests with a natural fire regime may be
different, and that further studies are needed to better understand the relationships between fire, tree
decay, and snag fall rate [360]. Compared to prefire falldown rates, overall snag fall rate increased after
prescribed fire in mixed-conifer sites in southern Oregon and northern California, although fall rate by
species was not determined [352]. A study on the Pringle Falls Experimental Forest, Oregon, found that
10 years after a wildfire, about half of ponderosa pines killed by the fire had fallen (117 of 212 snags). In
postfire year 22, about 78% of fire-killed ponderosa pines (165 snags) had fallen [136]. A similar study in
a mixed-conifer forest on the Sierra National Forest found snag loss was greater after an initial
prescribed fire compared to losses after a second prescribed fire. Snag losses were partially offset by
snag gains from fire mortality. Net loss on study plots was 0.7 snag/acre (1.7/ha, 34%) after the initial
application of prescribed fire, and <0.4 snag/acre (1/ha, 15%) on unburned control plots and on plots
burned 6 or 7 years after the initial prescribed fire. Since nesting birds prefer large ponderosa pine
snags, the authors recommended protecting large snags from damage by prescribed fire [49].

Wildlife

Different wildlife guilds and species prefer different stages of postfire succession. Maintaining the full
range of postfire habitats helps ensure a diversity of animal species (see Importance to Wildlife and
Livestock).

When conducting prescribed burns, leaving patches of late-successional trees can retain “habitat
islands” for wildlife requiring late-successional forest habitats (e.g., spotted owls and fishers). A review
states that likelihood of active crown fire in habitat islands may be lowered by buffering the islands with
areas that have been thinned from below. However, the authors caution that how such buffers affect
quality of late-successional habitats is unknown [265].

Large wildfires that occur after many decades of fire exclusion reduce habitat for many wildlife species,
including those favoring old growth. For example, analysis of California mixed-conifer forests on the
Eldorado National Forest found that the 2014 King Fire, which burned 97,720 acres (39,545 ha), greatly
reduced habitat of California spotted owls. On severely burned sites, the probability of California
spotted owl extirpation or site abandonment was about seven times higher after the fire (88%) than
before the fire (12%), and the owls had the greatest annual population decline observed over 23 years.
The wildfire rendered large areas of forest unsuitable for California owl foraging in postfire year 1 [301].

Nonnative Plants and Fire

Because disturbance and opening the canopy favors many invasive species, cover of nonnative, invasive
species may invade or increase in numbers after fire [46]. However, relatively few studies to date (2018)
documented large postfire increases in cover of nonnative invasive species in Pinus ponderosa var.
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benthamiana or P. p. var. ponderosa communities. In a review, Johnson et al. [296] noted that most
studies of postfire establishment of nonnative species in ponderosa pine communities were conducted
in Arizona, and are likely not applicable to ponderosa pine communities in more northerly regions.
Regional differences in postfire responses of nonnative species can be expected, given the wide
distributional range of ponderosa pine. Further, studies of nonnative species that establish in ponderosa
pine communities after fire are largely short term (usually 1-5 years), so information on the long-term
persistence of nonnative species is sparse [296].

Abundance of invasives may be higher in ponderosa pine stands that are treated with thinning and
burning compared to untreated stands; however, invasives may not have serious ecological impacts if
their postfire cover is low. Studies in California suggest that impacts of invasive species on ponderosa
pine ecosystems are not as great as in nearby ecosystems such as sagebrush, and fire regimes of
ponderosa pine and mixed-conifer ecosystems have not changed due to invasives [335]. On the
Lubrecht Experimental Forest, cover and richness of invasive herbs in ponderosa pine stands were
higher on thin-only and thin-and-burn plots compared to burn-only and control plots, with greatest
increases on thin-and-burn plots (P = 0.05). Stands were thinned in winter over snowpack and burned
the next May or June. In postfire years 1 and 3, cover of five invasives (bull thistle, Canada thistle,
common mullein, houndstongue, and musk thistle) was high enough on treated plots that they were
considered indicator species of those treatments [147]. Maximum cover (peaking 1-4 years after fire) of
invasive species never reached 2.5%, and cover of nonnative invasives had decreased by postfire year 14
[135].

Cheatgrass and other nonnative annual grasses can increase continuity of fine surface fuels and promote
fire spread (e.g., [37, 140, 319, 393]); however, as of 2018 studies did not document large increases in
cheatgrass cover after fire in Pinus ponderosa var. benthamiana and P. p. var. ponderosa communities.
In the Northern Rocky Mountains, cheatgrass often forms dense rings around individual ponderosa
pines after fire, but generally does not spread farther [219]. In Kings Canyon National Park, summer or
fall prescribed fires had no effect on cheatgrass cover compared to unburned control plots (P > 0.05)
[319]. On the Eldorado National Forest, however, cheatgrass established in a Sierran mixed-conifer
forest after the 1992 Cleveland Fire. In 2001, the St. Pauli Fire reburned portions of the Cleveland burn.
Managers attributed increased surface fuel continuity in the St. Pauli Fire to cheatgrass that established
after the Cleveland Fire (Taylor 2003, personal communication cited in [319]).

Nonnative perennial or annual grasses are sometimes used to provide temporary ground cover to
reduce erosion until native plants establish. However, postfire seeding of nonnative grasses may lower
diversity of native species and is often ineffective at reducing erosion (review by [78]). On the Payette
National Forest near Lowman, Idaho, a mix of nonnative intermediate wheatgrass, orchardgrass, smooth
brome, and timothy was seeded-in after a wildfire that burned in low-elevation ponderosa pine,
midelevation Douglas-fir, and high-elevation subalpine fir-Engelmann spruce habitat types. Cover of the
nonnative grasses peaked in postfire year 4 and declined thereafter in all habitat types except
ponderosa pine, where seeded grass cover remained stable and was dominated by orchardgrass. For all
habitat types, seeded areas supported significantly less cover of native vegetation (shrubs, perennial
herbs, and annuals) compared to adjacent unseeded areas (P < 0.05) [206]. Two years after postfire
seeding of annual rye on the Lone Pine burn in south-central Oregon, species richness of native herbs
was less on seeded than on unseeded plots, and seeding had not visibly reduced either rate of erosion
or establishment of invasive nonnative herbs [492].

Surrogate Fire Studies
Fire surrogates are nonfire management tools, such as thinning and mastication, that are used to reduce
fuel loads and mimic some features of wildland fire [324]. Fire managers may elect to use fire surrogates
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in areas where application of fire may not be feasible (e.g., wildland-urban interfaces) or to facilitate
later reintroduction of fire. By reducing stand density and removing ladder fuels, thinning alone can
reduce the possibility of crowning [38, 102, 265, 407]. However, thinning does not substantially reduce
understory and litter layers [102].

Thinning from below may not be sufficient to restore historical stand structure to ponderosa pine
stands. A study using FIA data for treated ponderosa pine stands across western Montana found that
among three fire surrogate treatments, thinning from below to remove ladder fuels was least effective
in reducing stand density and fire hazard. Treatments were:

A) thinning from below, removing trees <9 inches (23 cm) diameter; applied only in stands with
density of >50 feet?/acre (12 m?/ha) of trees that were >9 inches in diameter;

B) 50% basal area removal, removing smaller half of basal area; or

C) thinning to basal density of 40-50 feet?/acre (9-12 m?/ha), mostly leaving large, fire-resistant
tree species and removing late-successional species; leaving some trees in all diameter classes
as advanced regeneration [172].

Because it comprehensively treated stand density, structure, and composition, the authors considered
treatment C most effective. Projections over the next 30 years suggest that while the benefits of all
treatments will diminish over time, fire hazard will be less under treatment C than under treatments A
or B[172].

MANAGEMENT CONSIDERATIONS

FEDERAL LEGAL STATUS
None

OTHER STATUS

A preliminary report by the National Biological Service categorizes old-growth ponderosa pine
ecosystems as endangered in the Northern Rocky Mountains, the Intermountain West, and the East
Cascades due to fire exclusion and past selective logging [418].

IMPORTANCE TO WILDLIFE AND LIVESTOCK
Summary: Numerous wild animals use ponderosa pine stands for foraging, cover, and breeding
habitat; and ponderosa pine communities are used as rangelands for livestock. Riparian ponderosa
pine communities are extremely important habitat for many mammals and birds; they support some
of the most diverse bird communities in North America [238].

Wildlife

Large and small mammals [218, 428], birds [238, 467], fish [453], and insects [334, 483] use ponderosa
pine habitats and feed on ponderosa pine seeds and/or browse. For example, American black bears den
in ponderosa pine logs and favor ponderosa pine catfaces for claw sharpening [29]. Elk ([361, 382],
review by [285]), mule deer ([218], review by [286]), and white-tailed deer ([194], review by [287]) use
ponderosa pine habitats for foraging and cover, especially in early postfire succession when shrub
sprouts are abundant [361]. In the central and southern Sierra Nevada, fisher habitat is concentrated in
and near large, old stands of ponderosa pine and mixed conifers, especially in areas supporting
California black oaks ([516], review by [397]).

Some bat species favor early postfire habitats. A study comparing bat use of a first-year burn and an
unburned mixed-conifer site on the Sequoia and Inyo national forests found that small bat species (e.g.,
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fringed myotis) preferred hunting in areas that burned at high severity. Large bats (e.g., pallid bat)
showed no habitat preferences (P = 0.05) [95].

See the Wildlife section of Fire Management and applicable FEIS wildlife Species Reviews for details on
managing fire for wildlife.

Foraging

Many animals eat ponderosa pine seeds including American black (review by [549]) and grizzly bears;
chipmunks, ground squirrels, and squirrels [218, 230, 474, 493]; and chickadees, crossbills, nuthatches,
jays [154, 218, 230, 474, 493], and woodpeckers ([154, 218, 230, 474, 493], review by [531]). Over 8
months, Eastman [154] observed 18 bird species feeding on ponderosa pine seeds in eastern Oregon (n
=1,152 individuals).

Figure 16—A female red-breasted nuthatch holding a partially opened ponderosa
pine seed. Creative Commons image by Blalonde.

Large mammals, lagomorphs, rodents, and birds browse ponderosa pine seedlings. Timing of dark-eyed
junco migrations in Oregon [154] and western Montana [493] corresponds to emergence of ponderosa
pine seedlings in spring, when they feed on emerging seedlings [493] and fall, when they feed on seeds
[154].

Most mammals do not browse ponderosa pine needles and twigs unless other forage is scarce.
Ungulates may browse ponderosa pine needles and twigs in winter [44]. North American porcupines eat
the inner bark (cambium) [218].

In avian communities, feeding guilds change as postfire succession advances in ponderosa pine
communities [376]. Bark probers, gleaners, flycatchers, and hoverers—such as nuthatches and
woodpeckers; flycatchers; and bluebirds, respectively—prefer burns in early succession. Understory
foragers such as quail and winter wrens prefer more closed canopies [48, 376]. On 50 sites in western
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Montana, black-backed woodpeckers, three-toed woodpeckers, and mountain bluebirds were positively
associated with 1- and 2-year-old burns (P < 0.01) [281].

Over 200 insect species feed on all aboveground parts of ponderosa pine, from the seedling to old
growth stages of the tree’s life [334, 483]. Ants nest in live and dead ponderosa pines, and beetle larvae
live in and feed on live and dead ponderosa pines [9].

Ponderosa pine is a good host for pine beetles (Dendroctonus spp.) and other bark beetles. In a common
garden study of mountain pine beetles in Oregon, larval development was faster and females larger in
ponderosa pine hosts than in Rocky Mountain lodgepole, western white pine, or whitebark pine hosts.
However, brood production rate was greatest in western white pine and whitebark pine hosts (P = 0.05
for all variables) [18].

Old Growth and Snags for Wildlife

Old-growth ponderosa pine and ponderosa pine snags are important sources of food and cover for
wildlife ([49], review by [209]). Woodpeckers seek decayed, live ponderosa pines or snags to forage for
insects [244]. Woodpeckers and other cavity nesters prefer ponderosa pines infected with heart-rot
fungi; often, these are living trees with broken, dead tops [97].

Woodpeckers and most wood-feeding insects only forage in ponderosa pine snags early-on in a snag’s
residence. On the Starkey Experimental Forest in northeastern Oregon, woodpeckers fed on 82% of
Pinus ponderosa var. ponderosa snags 1 year following a mountain pine beetle outbreak. They
excavated nests 3 to 8 years after the outbreak, selecting trees >10 inches (26 cm) DBH and preferring
trees >20 inches (52 cm) DBH with broken tops [96]. Woodpeckers observed using ponderosa pine snags
included hairy woodpeckers, northern flickers, pileated woodpeckers, white-headed woodpeckers, and
Williamson’s sapsuckers [96, 244].

Livestock

Ponderosa pine communities are used for livestock grazing [257, 258, 332, 427]. Open structure
provides more forage and access for cattle than late-successional or closed ponderosa pine stands [257].
Cattle preferentially select ponderosa pine riparian areas for foraging and loafing. On the Blodgett
Forest Research Station in the Sierra Nevada, cattle on ponderosa pine rangeland preferred foraging first
in riparian areas, then in clearcuts, second-growth forest, and burned areas, respectively [332].

Palatability and Nutritional Value
Ponderosa pine browse is generally unpalatable to ungulates [146]. Elk, deer, and bighorn sheep may
browse the stems and bark when food and/or water are scarce [44, 199].

Ponderosa pine needles are bitter, and they are toxic to livestock. Cattle usually only browse the needles
in winter, and only on rangelands where little other forage is available. Pregnant cows that eat
ponderosa pine needles may abort their calves, and they may die because the placenta is often retained.
These complications can arise after ingestion of only small amounts of ponderosa pine needles [290].

Sugar content of ponderosa pine cambium is high in the spring but becomes increasingly bitter as the
growing season advances, likely because terpene levels increase [62].

Ponderosa pine browse is not very nutritious. Nutritional value of the browse and litter declines as plant
parts age. A study in northern California found ponderosa pine litter in an old-growth forest was
significantly lower in nitrogen than litter from young-growth plantation (P = 0.001) [251]. Stark [519]
provides information on the nutritional value of ponderosa pine browse collected on Lubrecht
Experimental Forest, including 1-year green needles, twigs, small branches, and large branches.
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Cover Value

Summary: At every age class, ponderosa pine provides habitat for many mammals and

birds. Seedlings provide low ground cover for small mammals and birds. Pole-size stands provide
windbreaks and thickets important as hiding cover for large mammals. Mature trees and snags house
arboreal species, including upper bole and branch cavity nesters. Fallen logs and stumps provide large
cavity-using species such as bears with shelter.

Bears (review by [549]), ungulates (reviews by [285, 286, 287]), and small mammals use ponderosa pine
habitats for cover. Elk and deer use ponderosa pine habitats for winter range, with ponderosa pine
providing thermal and escape cover (reviews by [285, 286, 287]). On the Sierra National Forest, fishers
denned and loafed in large ponderosa pines more often than expected based on their availability (P =
0.002). Selected trees were usually infected with western dwarf mistletoe [445]. Foxes den in downed
trees or decaying live ponderosa pines [9]. Cottontails and ground-dwelling rodents use fallen logs and
stumps for cover [266, 426]. However, fires were so frequent in most presettlement ponderosa pine
forests that downed logs were probably historically fewer than in contemporary forests, because logs
were consumed by successive fires.

Both large and small birds use ponderosa pine stands for cover. Eastern wild turkeys use ponderosa pine
habitats year-round but especially in autumn, when they roost in branches by night and forage for
ponderosa pine seeds by day [167]. Raptors build stick-pile nests in stout ponderosa pine branches or
broken tops [49, 167]. Northern [200] and California [414, 569] spotted owls use ponderosa pine and
Douglas-fir-ponderosa pine stands for hunting, roosting, and nesting [77, 200]. A review reports that
78% of all known northern goshawk nesting areas in the West are in ponderosa pine or Douglas-fir
forests [86].

Birds that nest in ponderosa pine cavities include bluebirds, chickadees, nuthatches, [49, 415, 599], and
woodpeckers [49, 96, 415, 467, 599]. Pygmy nuthatches, black-backed woodpeckers, and pileated
woodpeckers select ponderosa pines preferentially for nesting [415]. On plots in mixed-conifer forests
on the Sierra National Forest, for example, woodpeckers selected ponderosa pines for nesting more
often than associated conifers and oaks (35% of total) [49].

Some cavity-nesting bird species prefer new burns as habitat [269, 283]. Following the 2003 Black
Mountain Fire near Missoula, Montana, there was a significant difference among bird species in time-
since-fire use of forage and nesting habitats. Black-backed and hairy woodpeckers, mountain bluebirds,
and western wood pee-wees were detected most often in postfire years 1 and 2, while dusky grouse,
Lewis’ woodpeckers, and rock wrens were detected most often in postfire years 11 to 12. Birds also
selected habitat based on fire severity. Dusky grouse, Lewis’ woodpeckers, and rock wrens used high-
severity burn patches more than expected based on availability, while dark-eyed juncos, Swainson’s
thrushes, and western tanagers used low-severity burn patches more often than expected (P < 0.05)
[283].

Salvage logging may reduce habitat quality of cavity nesters [283]. On the Blackfoot-Clearwater Wildlife
Management Area near Missoula, Montana, a mixed-conifer forest that burned in an October 1991
wildfire was salvage logged that winter (1991-1992). Diversity and density of cavity-nesting birds was
higher in unlogged than salvage-logged plots. Some woodpeckers, including back-backed woodpeckers,
three-toed woodpeckers, red-naped sapsuckers, and Williamson’s sapsuckers, nested only in trees on
unlogged plots. Other species, including house wrens, mountain bluebirds, and northern flickers, nested
in trees on salvage-logged and unlogged plots but preferred trees on unlogged plots (P < 0.05) [269].
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Salmonids and other fish depend on ponderosa pine communities for overhead shade and stream cover
(large woody debris). Severe fire can remove this habitat in the short term. A study in Boise Basin
conducted soon after wildfires in 1992 found that redband trout and bull trout were eliminated from
stream reaches in Pinus ponderosa var. ponderosa habitats where fire was severe. By 1993, both fish
species were repopulating burned stream reaches in the severely burned areas [453].

VALUE FOR RESTORATION OF DISTURBED SITES
Ponderosa pine is widely used for soil stabilization and watershed protection [557]. Because it is deep-
rooted, it provides superior watershed protection [209].

OTHER USES
Ponderosa pine is a valuable timber tree [34]. Old trees produce smooth, fine-grained wood, although
the wood of young trees is coarse and warps when dried [29, 167].

Ponderosa pine has high aesthetic value. It is the iconic tree of the West; large trees impart a spiritual
feeling in most who visit ponderosa pine forests [209]. Ponderosa pine stands offer year-round aesthetic
scenery and recreation [422].

Ponderosa pine forests are desirable places to live. Historically, many American Indian villages were
located ponderosa pine forests; today, many people live in ponderosa pine wildland-urban interfaces
[168].

American Indians traditionally and still utilize many pine materials. For example, they collected and ate
ponderosa pine seeds [405, 601]; the inner bark was stripped and also used as food [62, 405]. Some old
ponderosa pines with such stripped bark are still standing in forests of the West; these trees are
considered living archeological treasures [62] (see figure 1). Ponderosa pine needles were used in
basketry, and the pitch as glue. The bark was used a roofing material, and the poles in lodge
construction [70, 405].

American Indians utilized many understory species that grow in ponderosa pine stands for food and for
making tools and utensils (e.g., thimbleberry and red-osier dogwood). They burned some ponderosa
pine stands frequently in order to maintain ponderosa pine and favored understory species. Lake [351]
stated that tribal peoples managed for large ponderosa pines, sugar pines, and California black oaks
preferentially over Douglas-firs and other shade-tolerant conifers.

OTHER MANAGEMENT CONSIDERATIONS

Old-growth ponderosa pine ecosystems are in decline throughout the West. This is attributed to fire
exclusion; succession to late-seral, shade-tolerant conifer species; overharvesting; and on some sites,
overgrazing [296, 418, 447]. As a result, many contemporary ponderosa pine forests exhibit slow growth
and production, decreased nutrient cycling and biodiversity, increased soil erosion, and increased rates
of disease compared to presettlement ponderosa pine forests [447].

For example, Lutz et al. [370] found that large ponderosa pines were declining disproportionately at the
lowest elevations of their range in Yosemite National Park. Density of large-diameter ponderosa pines
(>36 inches (91 cm) DBH) was compared from 1932-1936 surveys and 1998-1999 surveys. Across the
park, density of large ponderosa pines averaged 6.2 trees/acre (15.4/ha) in the early surveys compared
to 2.8 trees/acre (6.9/ha) in the later surveys. This was a 55% reduction in density of large ponderosa
pines (P = 0.017). In the later surveys, density of large-diameter conifers was similar in plots that had
burned since the 1932 and plots that had not. However, large-diameter ponderosa pines dominated
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burned plots, while large-diameter incense-cedar and white fir dominated plots that had not burned
since 1932 [370].

Ponderosa pine is subject to attack by bark beetles, pine white butterflies, and a host of other insect
pests. These linked references provide reviews of insects [176, 261, 483] and major pathogens [97, 256]
affecting ponderosa pine health.
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APPENDICES

Table A1: Common and scientific names of plant species. Links go to FEIS Species Reviews.

o Trees

e Shrubs

e Graminoids
e Forbs

Common name

Scientific name

Trees

Arizona pine

Pinus arizonica

bigcone Douglas-fir

Pseudotsuga macrocarpa

bigleaf maple

Acer macrophyllum

California black oak

Quercus kelloggqii

canyon live oak

Quercus chrysolepis

cottonwoods Populus spp.
Coulter pine Pinus coulteri
Douglas-fir Pseudotsuga menziesii

Rocky Mountain Douglas-fir
coast Douglas-fir

P. menziesii var. glauca
P. menziesii var. menziesii

Engelmann spruce

Picea engelmannii

firs Abies spp.
grand fir Abies grandis
gray pine Pinus sabiniana

incense-cedar

Calocedrus decurrens

interior live oak

Quercus wislizeni

Jeffrey pine

Pinus jeffreyi

lodgepole pine
Rocky Mountain lodgepole pine
Sierra lodgepole pine

Pinus contorta
P. contorta var. latifolia
P. contorta var. murrayana

oaks

Quercus spp.

Oregon white oak

Quercus garryana

Pacific madrone

Arbutus menziesii

pines

Pinus spp.

ponderosa pine
Pacific ponderosa pine
southwestern ponderosa pine
Columbia ponderosa pine
Rocky Mountain ponderosa pine
Washoe pine

Pinus ponderosa
P. ponderosa var. benthamiana (this review)
P. ponderosa var. brachyptera
P. ponderosa var. ponderosa (this review)
P. ponderosa var. scopulorum
P. ponderosa var. washoensis

red fir

Abies magnifica

Rocky Mountain juniper

Juniperus scopulorum

Sierra juniper

Juniperus grandis

subalpine fir Abies lasiocarpa
sugar pine Pinus lambertiana
tanoak Notholithocarpus densiflorus

western juniper

Juniperus occidentalis
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western larch

Larix occidentalis

western white pine

Pinus monticola

white fir Abies concolor
whitebark pine Pinus albicaulis
willows Salix spp.

Shrubs

antelope bitterbrush Purshia tridentata
big sagebrush Artemisia tridentata

mountain big sagebrush

A. tridentata subsp. vaseyana

Bloomer goldenbush

Ericameria bloomeri

buckbrush

Ceanothus cuneatus

common snowberry

Symphoricarpos albus

creeping snowberry

Symphoricarpos mollis

curlleaf mountain-mahogany

Cercocarpus ledifolius

deer brush

Ceanothus integerrimus

Douglas hawthorn

Crataequs douglasii

dwarf rose

Rosa gymnocarpa

Greene's mountain-ash

Sorbus scopulina

greenleaf manzanita

Arctostaphylos patula

Lewis' mock orange

Philadelphus lewisii

mallow ninebark

Physocarpus malvaceus

manzanita

Arctostaphylos spp.

mountain misery

Chamaebatia foliolosa

Pacific poison-oak

Toxicodendron diversilobum

pipsissewa Chimaphila umbellata
prostrate ceanothus Ceanothus prostratus
red-osier dogwood Cornus sericea

Rocky Mountain maple Acer glabrum

sagebrush

Artemisia spp.

Saskatoon serviceberry

Amelanchier alnifolia

snowbrush ceanothus

Ceanothus velutinus

sticky whiteleaf manzanita

Arctostaphylos viscida

western dwarf mistletoe

Arceuthobium campylopodum

white spirea

Spiraea betulifolia

Graminoids

alpine rough fescue

Festuca campestris

annual rye

Secale cereale

blue wildrye

Elymus glaucus

bluebunch wheatgrass

Pseudoroegneria spicata

California needlegrass

Achnatherum occidentale subsp. californicum

cheatgrass

Bromus tectorum

Chewing's fescue

Festuca rubra subsp. fallax

Idaho fescue

Festuca idahoensis

intermediate wheatgrass

Thinopyrum intermedium

Lemmon's needlegrass

Achnatherum lemmonii
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https://www.fs.usda.gov/database/feis/plants/tree/larocc/all.html
https://www.fs.usda.gov/database/feis/plants/tree/pinmot/all.html
https://www.fs.usda.gov/database/feis/plants/tree/abicon/all.html
https://www.fs.usda.gov/database/feis/plants/tree/pinalb/all.html
https://www.fs.usda.gov/database/feis/plants/shrub/purtri/all.html
https://www.fs.usda.gov/database/feis/plants/shrub/arttriv/all.html
https://www.fs.usda.gov/database/feis/plants/shrub/ceacun/all.html
https://www.fs.usda.gov/database/feis/plants/shrub/symalb/all.html
https://www.fs.usda.gov/database/feis/plants/shrub/symmol/all.html
https://www.fs.usda.gov/database/feis/plants/tree/cerled/all.html
https://www.fs.usda.gov/database/feis/plants/shrub/ceaint/all.html
https://www.fs.usda.gov/database/feis/plants/shrub/cradou/all.html
https://www.fs.usda.gov/database/feis/plants/shrub/rosgym/all.html
https://www.fs.usda.gov/database/feis/plants/shrub/arcpat/all.html
https://www.fs.usda.gov/database/feis/plants/shrub/philew/all.html
https://www.fs.usda.gov/database/feis/plants/shrub/phymal/all.html
https://www.fs.usda.gov/database/feis/plants/shrub/chafol/all.html
https://www.fs.usda.gov/database/feis/plants/vine/toxdiv/all.html
https://www.fs.usda.gov/database/feis/plants/shrub/chiumb/all.html
https://www.fs.usda.gov/database/feis/plants/shrub/corser/all.html
https://www.fs.usda.gov/database/feis/plants/shrub/acegla/all.html
https://www.fs.usda.gov/database/feis/plants/shrub/amealn/all.html
https://www.fs.usda.gov/database/feis/plants/shrub/ceavel/all.html
https://www.fs.usda.gov/database/feis/plants/shrub/arcvis/all.html
https://www.fs.usda.gov/database/feis/plants/shrub/spibet/all.html
https://www.fs.usda.gov/database/feis/plants/graminoid/fesspp/all.html
https://www.fs.usda.gov/database/feis/plants/graminoid/elygla/all.html
https://www.fs.usda.gov/database/feis/plants/graminoid/psespi/all.html
https://www.fs.usda.gov/database/feis/plants/graminoid/brotec/all.html
https://www.fs.usda.gov/database/feis/plants/graminoid/fesrub/all.html
https://www.fs.usda.gov/database/feis/plants/graminoid/fesida/all.html

needle-and-thread grass

Hesperostipa comata

orchardgrass Dactylis glomerata
pinegrass Calamagrostis rubescens
Ross' sedge Carex rossii
sedges Carex spp.
sixweeks grasses Vulpia spp.
small sixweeks grass V. microstachys
rattail sixweeks grass V. myuros

sixweeks grass

V. octoflora

smooth brome

Bromus inermis

timothy

Phleum pratense

ventenata

Ventenata dubia

western needlegrass

Achnatherum occidentale

Forbs

bull thistle

Cirsium vulgare

Canada thistle

Cirsium arvense

common mullein

Verbascum thapsus

houndstongue

Cynoglossum officinale

miner's-lettuce

Claytonia perfoliata

musk thistle

Carduus nutans

sidebells wintergreen

Orthilia secunda
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https://www.fs.usda.gov/database/feis/plants/graminoid/hescom/all.html
https://www.fs.usda.gov/database/feis/plants/graminoid/dacglo/all.html
https://www.fs.usda.gov/database/feis/plants/graminoid/calrub/all.html
https://www.fs.usda.gov/database/feis/plants/graminoid/carros/all.html
https://www.fs.usda.gov/database/feis/plants/graminoid/vulmic/all.html
https://www.fs.usda.gov/database/feis/plants/graminoid/vulmyu/all.html
https://www.fs.usda.gov/database/feis/plants/graminoid/vuloct/all.html
https://www.fs.usda.gov/database/feis/plants/graminoid/broine/all.html
https://www.fs.usda.gov/database/feis/plants/graminoid/phlpra/all.html
https://www.fs.usda.gov/database/feis/plants/graminoid/vendub/all.html
https://www.fs.usda.gov/database/feis/plants/forb/cirvul/all.html
https://www.fs.usda.gov/database/feis/plants/forb/cirarv/all.html
https://www.fs.usda.gov/database/feis/plants/forb/vertha/all.html
https://www.fs.usda.gov/database/feis/plants/forb/cynoff/all.html
https://www.fs.usda.gov/database/feis/plants/forb/claper/all.html
https://www.fs.usda.gov/database/feis/plants/forb/carnut/all.html

Table A2—Stand structure of ponderosa pine stands in Oregon and California. Cells are blank where
information was not available.

Area | Metolius Ishi Wilderness, Blacks Mountain Tahoe and
Research Natural | Lassen NF, CA Experimental Stanislaus
Area, OR [596] [456] Forest, Lassen NF, | national
CA [456] preserves?, CA
[532]
Period 1995-1997 1750-1904 1933-1934 1900
Stand age (years) | 37-618 250-350
Stand density: Canopy:
stems/acre 14-38/acre
(stems/ha) (34-94/ha)
Subcanopy:
179-1,341/acre
(443-3,313/ha)
DBH 25.2 inches Large ponderosa: | 3to 4 feet (0.9-
(63.9cm) >22.8 inches 1.2 m)
(58 cm)
Midsize
ponderosa:
11-22.8 inches
(28-58 cm)
Sapling
ponderosa:
3.5-11 inches
(9-28 cm)

Canopy height

150- 180 feet
(46-55 m)

Patch size

72 feet (22.5 m)
diameter

301 feet?-0.25 acre
(28 m2-0.1 ha)

Age structure

uneven-aged

uneven-aged

uneven-aged

mostly even-aged

2Now the Tahoe and Stanislaus national forests.
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Table A3—Historical and contemporary stand structure of unlogged conifer communities on the Klamath Indian Reservation, Oregon,
in which ponderosa pine was historically dominant or codominant. White fir historically dominated mixed-conifer communities, and
continues to do so. Snowbush ceanothus dominates the understories of dry mixed-conifer communities; Saskatoon serviceberry,
snowbush ceanothus, or sedges dominate those of moist mixed-conifer communities. Continuous Vegetation Survey (CVS) data are
restricted to conifers 26 inches (15 cm) DBH. Numbers in parentheses are standard deviation and range (SD, range) [223].

Timber Inventories 1919-1922

Contemporary Vegetation Surveys (CVS) 1997-2006

Variable Ponderosa Mixed- dry Mixed- moist All Ponderosa pine Mixed- dry Mixed- moist All

pine
Number of 1,539 562 966 3,068 55 24 12 95
plots
Plot area 3,276 1,186 2,182 6,646 55 24 12 95
(ha)
Basal area
All species 13 (5, 0-28) 17 (8, 2-55) 19 (8, 0-83) 16 (7,0-83) 17 (8, 0-34) 24 (7, 8-37) 24 (12, 11-55) 19 (9, 0-55)
(m?/ha)
% ponderosa | 96 (19, 0-100) | 87 (16, 36-100) 19 (8, 0-100) 78 (21, 0-100) | 85 (18, 21-100) 39 (24, 4-82) 20 (19, 0-65) 63 (33, 0-100)
pine
Basal area of large conifers (221 inches (53 cm DBH))
All species 10 (5, 0-28) 15 (8, 1-54) 16 (8, 0-78) 13 (7, 0-78) 5 (4, 0-16) 8 (5,0-21) 10 (11, 2-41) 6 (6, 0-41)
(m?/ha)
% of total BA | 80 (18, 0-100) | 88(11,36-100) | 83 (16, 0-98) 83 (16, 0-100) | 27 (19, 0-80) 33 (19, 0-83) 39 (19, 7-74) 30 (19, 0-83)
% ponderosa | 99 (15,0-100) | 87 (17,31-100) | 65 (26, 0-100) 81 (20,0-100) | 91 (20, 0-100) 41 (35, 0-100) 36 (27, 0-76) 67 (37, 0-100)
pine
% white fir 0(1, 0-35) 4(6,0-31) 27 (26, 0-100) 13 (16, 0-100) | 2(9, 0-55) 24 (25, 0-100) 54 (33, 0-100) 15 (26, 0-100)
Conifer density by species
All species 63 (24,1-225) | 64(22,14-156) | 78(37,0-296) 68 (29, 0-296) | 217 (121, 0-543) 286 233 234
(stems/ha) (130, 109-572) (90, 104-378) (122, (0-572)
% ponderosa | 81(26,0-100) | 85(18,14-100) | 45 (29, 0-100) 67 (26, 0-100) | 81 (24, 5-100) 34 (25, 4-83) 15 (23, 0-85) 59 (36, 0-100)
pine
% white fir 0(0, 0-22) 4(7,0-35) 45 (7, 0-35) 19 (0, 0-100) 1(3, 0-10) 40 (26, 2-81) 80 (24, 13-100) | 21 (32, 0-100)
% lodgepole | 19 (27,0-100) | 8 (16, 0-86) 6 (14, 0-100) 13 (22,0-100) | 14 (24, 0-95) 1(3,0-14) 1(3,0-9) 9 (20, 0-95)
pine
Overall conifer density
trees <53 cm | 38(26,0-211) | 29 (20, 0-117) 43 (30, 0-117) 38(27,0-227) | 205 (119, 0-531) 265 207 217
DBH (131, 96-560) (94, 92-357) (121, 0-560)
(trees/ha)
trees >53 ¢cm | 12 (9, 0-42) 21 (12, 0-45) 26 (30, 4-114) 16 (15,0-114) | 24 (11, 0-56) 35 (16, 3-105) 35 (17, 0-147) 30 (14, 0-147)
DBH
(trees/ha)
% trees 253 | 7 (6,0-28) 9(7,0-32) 12 (14, 1-52) 8 (8, 0-52) 39 (2, 0-100) 55 (2, 0-100) 45 (4, 0-96( 44 (10, 0-100)
cm DBH
% of area 5 38 25 17 42 76 71 58
with 225
trees/ha that
are 253 cm

71



https://www.feis-crs.org/feis/

10.

11.

12.

13.

14.

Fire Effects Information System (FEIS)
REFERENCES

Acton, Suzanne. 2003. Fire severity and salvage logging effects on exotics in ponderosa pine
dominated forests. In: Omi, Philip N.; Joyce, Linda A., tech. eds. Fire, fuel treatments, and
ecological restoration: Conference proceedings; 2002 April 16-18; Fort Collins, CO. Proceedings
RMRS-P-29. Fort Collins, CO: U.S. Department of Agriculture, Forest Service, Rocky Mountain
Research Station: 445. Abstract. [45340]

Agee, James K. 1993. Fire effects on vegetation. In: Agee, James K. Fire ecology of Pacific
Northwest forests. Washington, DC: Island Press: 113-150. [90488]

Agee, James K. 1993. Fire in our future. In: Agee, James K. Fire ecology of Pacific Northwest
forests. Washington, DC: Island Press: 386-408. [90496]

Agee, James K. 1993. Mixed conifer/mixed evergreen forests. In: Agee, James K. Fire ecology of
Pacific Northwest forests. Washington, DC: Island Press: 280-319. [90492]

Agee, James K. 1993. Ponderosa pine and lodgepole pine forests. In: Agee, James K. Fire ecology
of Pacific Northwest forests. Washington, DC: Island Press: 320-250. [90494]

Agee, James K. 1993. The natural fire regime. In: Agee, James K. Fire ecology of Pacific
Northwest forests. Washington, DC: Island Press: 3-52. [90483]

Agee, James K. 1996. Fire in the Blue Mountains: A history, ecology, and research agenda. In:
Jaindl, R. G.; Quigley, T. M., eds. Search for a solution: Sustaining the land, people and economy
of the Blue Mountains. Washington, DC: American Forests: 119-145. [28827]

Agee, James K. 1997. The severe weather wildfire--too hot to handle? Northwest Science. 71(1):
153-156. [27553]

Agee, James K. 1998. Fire and pine ecosystems. In: Richardson, David M., ed. Ecology and
biogeography of Pinus. Cambridge, United Kingdom: The Press Syndicate of the University of
Cambridge: 193-218. [37704]

Agee, James K. 2003. Historical range of variability in eastern Cascades forests, Washington,
USA. Landscape Ecology. 18(8): 725-740. [46983]

Agee, James K. 2003. Monitoring postfire tree mortality in mixed-conifer forests of Crater Lake,
Oregon, USA. Natural Areas Journal. 23(2): 114-120. [44574]

Agee, James K.; Wakimoto, Ronald H.; Biswell, Harold H. 1978. Fire and fuel dynamics of Sierra
Nevada conifers. Forest Ecology and Management. 1: 255-265. [8782]

Agee, James K.; Wright, Clinton S.; Williamson, Nathan; Huff, Mark H. 2002. Foliar moisture
content of Pacific Northwest vegetation and its relation to wildland fire behavior. Forest and
Ecology Management. 167: 57-66. [41775]

Alexander, Earl B. 2014. Foliar analyses of conifers on serpentine and gabbro soils in the Klamath
Mountains. Madrono. 61(1): 77-81. [88917]

72


https://www.feis-crs.org/feis/

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Alexander, John D.; Seavy, Nathaniel E.; Ralph, C. John; Hogoboom, Bill. 2006. Vegetation and
topographical correlates of fire severity from two fires in the Klamath-Siskiyou region of Oregon
and California. International Journal of Wildland Fire. 15(2): 237-245. [64044]

Alexander, Martin E.; Cruz, Miguel G. 2016. Crown fire dynamics in conifer forests. In: Werth,
Paul A.; Potter, Brian E.; Alexander, Martin E.; Clements, Craig B.; Cruz, Miguel G.; Finney, Mark
A.; Forthofer, Jason M.; Goodrick, Scott L.; Hoffman, Chad; Jolly, W. Matt; McAllister, Sara S.;
Ottmar, Roger D.; Parsons, Russell A. Synthesis of knowledge of extreme fire behavior: Volume 2
for fire behavior specialists, researchers, and meteorologists. Gen. Tech. Rep. PNW-GTR-891.
Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest Research
Station: 163-257. [90555]

American Forests. 2017. Ponderosa pine (Pinus ponderosa var. ponderosa). In: Champion trees
national register, [Online]. Washington, DC: American Forests (Producer). Available:
http://www.americanforests.org/explore-forests/americas-biggest-trees/champion-trees-
national-register/ [2017, March 8]. [91568]

Amman, Gene D. 1982. Characteristics of mountain pine beetles reared in four pine hosts.
Environmental Entomology. 11(3): 590-593. [40258]

Andersen, Chris P.; Phillips, Donald L.; Rygiewicz, Paul T.; Storm, Marjorie J. 2008. Fine root
growth and mortality in different-aged ponderosa pine stands. Canadian Journal of Forest
Research. 38(7): 1797-1806. [83594]

Anderson, E. William. 1986. Plant indicators of effective environment. Rangelands. 8(2): 70-73.
[315]

Anderson, Hal E.; Schuette, Robert D.; Mutch, Robert W. 1978. Timelag and equilibrium
moisture content of ponderosa pine needles. Res. Pap. INT-202. Ogden, UT: U.S. Department of
Agriculture, Forest Service, Intermountain Forest and Range Experiment Station. 28 p. [15535]

Anderson, M. Kat. 1997. California's endangered peoples and endangered ecosystems. American
Indian Culture and Research Journal. 21(3): 7-31. [35821]

Anderson, R. Scott; Carpenter, Scott L. 1991. Vegetation change in Yosemite Valley, Yosemite
National Park, California, during the protohistoric period. Madrono. 38(1): 1-13. [15559]

Ansley, Jolie-Anne S.; Battles, John J. 1998. Forest composition, structure, and change in an old-
growth mixed conifer forest in the northern Sierra Nevada. Journal of the Torrey Botanical
Society. 125(4): 297-308. [65470]

Applegate, Elmer I. 1939. Plants of Crater Lake National Park. The American Midland Naturalist.
22(2): 225-314. [75979]

Arbaugh, Michael J.; Peterson, David L. 1993. Stemwood production patterns in ponderosa pine:

Effects of stand dynamics and other factors. Res. Pap. PSW-RP-217. Albany, CA: U.S. Department
of Agriculture, Forest Service, Pacific Southwest Research Station. 11 p. [23873]

73

Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/
http://www.americanforests.org/explore-forests/americas-biggest-trees/champion-trees-national-register/
http://www.americanforests.org/explore-forests/americas-biggest-trees/champion-trees-national-register/

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Arkle, Robert S.; Pilliod, David S.; Weltya, Justin L. 2012. Pattern and process of prescribed fires
influence effectiveness at reducing wildfire severity in dry coniferous forests. Forest Ecology and
Management. 276: 174-184. [90356]

Arno, Stephen F. 1976. The historical role of fire on the Bitterroot National Forest. Res. Pap. INT-
187. Ogden, UT: U.S. Department of Agriculture, Forest Service, Intermountain Forest and Range
Experiment Station. 29 p. [15225]

Arno, Stephen F. 1977. The stately ponderosa. Pacific Search. 11(10): 24-25. [15812]

Arno, Stephen F. 1980. Forest fire history in the Northern Rockies. Journal of Forestry. 78(8):
460-465. [11990]

Arno, Stephen F. 1988. Fire ecology and its management implications in ponderosa pine forests.
In: Baumgartner, David M.; Lotan, James E., comps. Ponderosa pine: The species and its
management: Symposium proceedings; 1987 September 29 - October 1; Spokane, WA. Pullman,
WA: Washington State University, Cooperative Extension: 133-139. [9410]

Arno, Stephen F.; Fiedler, Carl E. 2005. Chapter 3: Knowledge from historical fire regimes. In:
Arno, Stephen F.; Fiedler, Carl E., eds. Mimicking nature's fire: Restoring fire-prone forests in the
West. Washington, DC: Island Press: 14-28. [69055]

Arno, Stephen F.; Fiedler, Carl E. 2005. Chapter 7: Ponderosa pine/fir--research and
demonstration areas. In: Arno, Stephen F.; Fiedler, Carl E., eds. Mimicking nature's fire:
Restoring fire-prone forests in the West. Washington, DC: Island Press: 65-87. [69059]

Arno, Stephen F.; Hammerly, Ramona P. 1977. Northwest trees. Seattle, WA: The Mountaineers.
222 p. [4208]

Arno, Stephen F.; Harrington, Michael G. 1995. Use thinning and fire to improve forest health
and wildlife habitat. Tree Farmer. May/June: 6-8, 23. [26069]

Arno, Stephen F.; Harrington, Michael G. 1998. The Interior West: Managing fire-dependent
forests by simulating natural disturbance regimes. In: Forest management into the next century:
what will make it work? Conference Proceedings. 1997 November 19-21; Spokane, WA.
Madison, WI: Forest Products Society: 53-62. [43185]

Arno, Stephen F.; Harrington, Michael G.; Fiedler, Carl E.; Carlson, Clinton E. 1995. Restoring fire-
dependent ponderosa pine forests in western Montana. Restoration and Management Notes.
13(1): 32-36. [27601]

Arno, Stephen F.; Harrington, Michael G.; Fiedler, Carl E.; Carlson, Clinton E. 1998. Using
silviculture and prescribed fire to reduce fire hazard and improve health in ponderosa pine
forests. In: Close, Kelly; Bartlette, Roberta A., eds. Fire management under fire (adapting to
change): Proceedings, 1994 Interior West Fire Council meeting and program; 1994 November 1-
4; Coeur d'Alene, ID. Fairfield, WA: Interior West Fire Council: 99-105. [29065]

Arno, Stephen F.; Parsons, David J.; Keane, Robert E. 2000. Mixed-severity fire regimes in the
northern Rocky Mountains: Consequences of fire exclusion and options for the future. In: Cole,

74

Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

David N.; McCool, Stephen F.; Borrie, William T.; O'Loughlin, Jennifer, comps. 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: 225-232. [40570]

Arno, Stephen F.; Petersen, Terry D. 1983. Variation in estimates of fire intervals: A closer look
at fire history on the Bitterroot National Forest. Res. Pap. INT-301. Ogden, UT: U.S. Department
of Agriculture, Forest Service, Intermountain Forest and Range Experiment Station. 8 p. [10336]

Arno, Stephen F.; Scott, Joe H.; Hartwell, Michael G. 1995. Age-class structure of old growth
ponderosa pine/Douglas-fir stands and its relationship to fire history. Res. Pap. INT-RP-481.
Ogden, UT: U.S. Department of Agriculture, Forest Service, Intermountain Research Station. 25
p. [25928]

Arno, Stephen F.; Smith, Helen Y.; Krebs, Michael A. 1997. Old growth ponderosa pine and
western larch stand structures: Influences of pre-1900 fires and fire exclusion. Res. Pap. INT-RP-
495. Ogden, UT: U.S. Department of Agriculture, Forest Service, Intermountain Research Station.
20 p. [30083]

Arsenault, Andre; Klenner, Walt. 2005. Fire regime in dry-belt forests of British Columbia:
Perspectives on historic disturbances and implications for management. In: Taylor, Lagene;
Zelnik, Jessica; Cadwallader, Sara; Hughes, Brian, comps. Mixed severity fire regimes: Ecology
and management: Symposium proceedings; 2004 November 17-19; Spokane, WA. Pullman, WA:
Washington State University Extension: 105-121. [61401]

Atzet, Thomas; Wheeler, David L. 1984. Preliminary plant associations of the Siskiyou Mountain
Province. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest
Region. 278 p. [9351]

Atzet, Thomas; White, Diane E.; McCrimmon, Lisa A.; Martinez, Patricia A.; Fong, Paula Reid;
Randall, Vince D., tech. coords. 1996. Field guide to the forested plant associations of
southwestern Oregon. Tech. Pap. R6-NR-ECOL-TP-17-96. Portland, OR: U.S. Department of
Agriculture, Forest Service, Pacific Northwest Region. 11 p. [49881]

Averett, Joshua P.; McCune, Bruce; Parks, Catherine G.; Naylor, Bridgett J.; DelCurto, Tim; Mata-
Gonzalez, Ricardo. 2016. Non-native plant invasion along elevation and canopy closure gradients
in a Middle Rocky Mountain ecosystem. PLOS ONE. 11(1): e0147826. [90800]

Ayres, H. B. 1900. The Flathead Forest Reserve. In: Walcott, C. D.; Gannett, Henry. Twentieth
annual report of the United States Geological Survey. Washington, DC: U.S. Government Printing
Office: 245-317. [90768]

Bagne, Karen E.; Purcell, Kathryn L. 2011. Short-term responses of birds to prescribed fire in fire-
suppressed forests of California. The Journal of Wildlife Management. 75(5): 1051-1060. [85660]

Bagne, Karen E.; Purcell, Kathryn L.; Rotenberry, John T. 2008. Prescribed fire, snag population

dynamics, and avian nest site selection. Forest Ecology and Management. 255(1): 99-105.
[69698]

75

Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Bai, Yuguang; Thompson, Don; Broersma, Klaas. 2004. Douglas fir and ponderosa pine seed
dormancy as regulated by grassland seedbed conditions. Journal of Range Management. 57(6):
661-667. [23948]

Baker, William L. 2009. Fire in ponderosa pine and Douglas-fir forests. In: Fire ecology in Rocky
Mountain landscapes. Washington, DC: Island Press: 209-266. [88605]

Baker, William L. 2012. Implications of spatially extensive historical data from surveys for
restoring dry forests of Oregon's eastern Cascades. Ecosphere. 3(3): Article 23. [90336]

Baldwin, Bruce G.; Goldman, Douglas H.; Keil, David J.; Patterson, Robert; Rosatti, Thomas J.;
Wilken, Dieter H., eds. 2012. The Jepson manual. Vascular plants of California, second edition.
Berkeley, CA: University of California Press. 1568 p. [86254]

Barbour, R. James; Fight, Roger D.; Christensen, Glenn A.; Pinjuv, Guy L.; Nagubadi, Rao V. 2004.
Thinning and prescribed fire and projected trends in wood product potential, financial return,
and fire hazard in Montana. Gen. Tech. Rep. PNW-GTR-606. Portland, OR: U.S. Department of
Agriculture, Forest Service, Pacific Northwest Research Station. 78 p. [50274]

Barrett, James W. 1970. Ponderosa pine saplings respond to control of spacing and understory
vegetation. Res. Pap. PNW-106. Portland, OR: U.S. Department of Agriculture, Forest Service,
Pacific Northwest Forest and Range Experiment Station. 16 p. [15815]

Barrett, James W. 1979. Silviculture of ponderosa pine in the Pacific Northwest: The state of our
knowledge. Gen. Tech. Rep. PNW-97. Portland, OR: U.S. Department of Agriculture, Forest
Service, Pacific Northwest Forest and Range Experiment Station. 196 p. [7306]

Barrett, James W.; Martin, Robert E.; Wood, Donald C. 1983. Northwestern ponderosa pine and
associated species. In: Burns, Russell M., comp. Silvicultural systems for the major forest types
of the United States. Agric. Handb. No. 445. Washington, DC: U.S. Department of Agriculture,
Forest Service: 16-18. [15930]

Barrett, James W.; Newman, Richard P. 1974. High yields from 100-year-old ponderosa pine.
Res. Note PNW-220. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific
Northwest Forest and Range Experiment Station. 12 p. [15816]

Barrett, S.; Havlina, D.; Jones, J.; Hann, W.; Frame, C.; Hamilton, D.; Schon, K.; Demeo, T.; Hutter,
L.; Menakis, J. 2010. Interagency fire regime condition class guidebook (FRCC), [Online], (Version
3.0). In: Interagency fire regime condition class website. U.S. Department of Agriculture, Forest
Service; U.S. Department of the Interior; The Nature Conservancy (Producers). Available:
https://www.frames.gov/files/7313/8388/1679/FRCC Guidebook 2010 final.pdf [2017, March
1]. [85876]

Barrett, Stephen W. 1980. Indian fires in the pre-settlement forests of western Montana. In:
Stokes, Marvin A.; Dieterich, John H., technical coordinators. Proceedings of the fire history
workshop; 1980 October 20-24; Tucson, AZ. Gen. Tech. Rep. RM-81. Fort Collins, CO: U.S.
Department of Agriculture, Forest Service, Rocky Mountain Forest and Range Experiment
Station: 35-41. [16039]

76

Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/
https://www.frames.gov/files/7313/8388/1679/FRCC_Guidebook_2010_final.pdf

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Barrett, Stephen W. 1983. Fire history of the River of No Return Wilderness. Part 1: Colson Creek
study area, Salmon National Forest. Progress Report. Missoula, MT: Systems for Environmental
Management. 5 p. On file at: U.S. Department of Agriculture, Forest Service, Intermountain
Research Station, Fire Sciences Laboratory, Missoula, MT. [17372]

Barrett, Stephen W. 1985. Indian-scarred trees: Living artifacts. American Forests. 91(7): 39.
[15813]

Barrett, Stephen W. 1988. Fire suppression's effects on forest succession within a central Idaho
wilderness. Western Journal of Applied Forestry. 3(3): 76-80. [10227]

Barrett, Stephen W. 1993. Fire regimes on the Clearwater and Nez Perce National Forests north-
central Idaho. Final Report: Order No. 43-0276-3-0112. Ogden, UT: U.S. Department of
Agriculture, Forest Service, Intermountain Research Station, Fire Sciences Laboratory.
Unpublished report on file with: U.S. Department of Agriculture, Forest Service, Rocky Mountain
Research Station, Fire Sciences Laboratory, Missoula, MT. 21 p. [41883]

Barrett, Stephen W. 1998. Fire history and fire regimes: Flathead Lake Eastshore Analysis Area.
Unpublished document on file with: U.S. Department of Agriculture, Forest Service, Flathead
National Forest, Swan Lake Ranger District, Bigfork, MT. 14 p. [+ appendix]. [90423]

Barrett, Stephen W.; Arno, Stephen F. 1982. Indian fires as an ecological influence in the
Northern Rockies. Journal of Forestry. 80(10): 647-651. [12711]

Barrett, Stephen W.; Arno, Stephen F.; Menakis, James P. 1997. Fire episodes in the Inland
Northwest (1540-1940) based on fire history data. Gen. Tech. Rep. INT-GTR-370. Ogden, UT: U.S.
Department of Agriculture, Forest Service, Rocky Mountain Research Station. 17 p. [27453]

Barrows, Jack S.; Sandberg, David V.; Hart, Joel D. 1977. Lightning fires in northern Rocky
Mountain forests. Final report: Cooperative Agreement 16-440-CA. Fort Collins, CO: Colorado
State University, College of Forestry and Natural Resources. 182 p. [+ appendices]. [84776]

Basford, Douglas D.; Sloan, John P.; Ryker, Russell A. 1991. Developing stand density guides for
predicting growth of timber species on the Salmon National Forest, Idaho. In: Baumgartner,
David M.; Lotan, James E., compilers. Interior Douglas-fir: The species and its management; 1991
February 27 - March 1; Spokane, WA. Pullman, WA: Washington State University, Department of
Natural Resource Sciences, Cooperative: 281-288. [18304]

Bean, Lowell John; Saubel, Katherine Siva. 1972. Telmalpakh: Cahuilla Indian knowledge and
usage of plants. Banning, CA: Malki Museum. 225 p. [35898]

Beaty, R. Matthew; Taylor, Alan H. 2009. A 14000 year sedimentary charcoal record of fire from
the northern Sierra Nevada, Lake Tahoe Basin, California, USA. The Holocene. 19(3): 347-358.
[81503]

Behrens, Patrick N.; Keane, Robert E.; Peterson, David L.; Ho, Joanne J. 2018. Effects of climate

change on forest vegetation. In: Halofsky, Jessica E.; Peterson, David L.; Ho, Joanne J.; Little,
Natalie, J.; Joyce, Linda A., eds. Climate change vulnerability and adaptation in the

77

Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Intermountain Region. Part 1. Gen. Tech. Rep. RMRS-GTR-375. Fort Collins, CO: U.S. Department
of Agriculture, Forest Service, Rocky Mountain Research Station: 112-164. [92815]

Belsky, A. Joy; Blumenthal, Dana M. 1997. Effects of livestock grazing on stand dynamics and
soils in upland forests of the Interior West. Conservation Biology. 11(2): 315-327. [38026]

Bentz, Barbara J.; Duncan, Jacob P.; Powell, James A. 2016. Elevational shifts in thermal
suitability for mountain pine beetle population growth in a changing climate. Forestry. 89(3):
271-283.[91379]

Bentz, Barbara J.; Regniere, Jacques; Fettig, Christopher J.; Hansen, E. Matthew; Hayes, Jane L,;
Hicke, Jeffrey A.; Kelsey, Rick G.; Negron, Jose F.; Seybold, Steven J. 2010. Climate change and
bark beetles of the western United States and Canada: Direct and indirect effects. BioScience.
60(8): 602-613. [87931]

Beschta, Robert L.; Rhodes, Jonathan J.; Kauffman, J. Boone; Gresswell, Robert E.; Minshall, G.
Wayne; Karr, James R.; Perry, David A.; Hauer, F. Richard; Frissell, Christopher A. 2004. Postfire
management on forested public lands of the western United States. Conservation Biology. 18(4):
957-967. [50077]

Bevis, Kenneth R.; King, Gina M.; Hanson, Eric E. 1997. Spotted owls and 1994 fires on the
Yakama Indian Reservation. In: Greenlee, Jason M., ed. Proceedings, 1st conference on fire
effects on rare and endangered species and habitats; 1995 November 13-16; Coeur d'Alene, ID.
Fairfield, WA: International Association of Wildland Fire: 117-122. [28128]

Beyers, Jan L. 2004. Postfire seeding for erosion control: Effectiveness and impacts on native
plant communities. Conservation Biology. 18(4): 947-956. [50079]

Biging, Greg S.; Wensel, Lee C. 1990. Estimation of crown form for six conifer species of northern
California. Canadian Journal of Forest Research. 20: 1137-1142. [15560]

Biswell, Harold H. 1960. Danger of wildfires reduced by prescribed burning in ponderosa pine.
California Agriculture. 14(10): 5-6. [7187]

Biswell, Harold H. 1970. Ponderosa pine management with fire as a tool. In: The role of fire in
the Intermountain West: Symposium proceedings; 1970 October 27-29; Missoula, MT. Missoula,
MT: Intermountain Fire Research Council: 130-136. In cooperation with: University of Montana,
School of Forestry. [15740]

Biswell, Harold H. 1973. Fire ecology in ponderosa pine-grassland. In: Komarek, Edwin V., Sr.,
tech. coord. Proceedings, annual Tall Timbers fire ecology conference; 1972 June 8-9; Lubbock,
TX. Number 12. Tallahassee, FL: Tall Timbers Research Station: 69-96. [8462]

Blonski, Kenneth, S.; Schramel, John L. 1981. Photo series for quantifying natural forest residues:

Southern Cascades, northern Sierra Nevada. Gen. Tech. Rep. PSW-56. Berkeley, CA: U.S.
Department of Agriculture, Forest Service, Pacific Southwest Research Station. 145 p. [64673]

78

Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

Bonnet, V. H.; Schoettle, A. W.; Shepperd, W. D. 2005. Postfire environmental conditions
influence the spatial pattern of regeneration for Pinus ponderosa. Canadian Journal of Forest
Research. 35: 35-47. [55606]

Bork, Joyce L. 1984. Fire history in three vegetation types on the eastern side of the Oregon
Cascades. Corvallis, OR: Oregon State University. 94 p. Thesis. [42571]

Boyce, Douglas A., Jr.; Reynolds, Richard T.; Graham, Russell T. 2006. Goshawk status and
management: What do we know, what have we done, where are we going? Studies in Avian
Biology. 31: 312-325. [84260]

Bradley, Ann; Kalkowski, Christie; Smith, Mark; Oliver, Bill; Snowden, Jim; Henry, Terry; Roath,
Brent; Greenway, Greg; Martin, Bob; Wenz, John; Pronos, John; Hermit, Ray. 1994. Ponderosa
pine, hardwood: Ecological Support Team report. In: Toth, Edward; Laboa, Jane; Nelson, Duane;
Hermit, Raymond; Andrews, Richard S., eds. Ecological Support Team workshop proceedings for
the California spotted owl Environmental Impact Statement; 1993 August 16; Sacramento, CA.
San Francisco, CA: U.S. Department of Agriculture, Forest Service, Pacific Southwest Region. 24
p. [68113]

Brockman, C. Frank. 1979. Trees of North America. New York: Golden Press. 280 p. [16867]

Brown, James K. 1976. Predicting crown weights for 11 Rocky Mountain conifers. In: Oslo
biomass studies: Proceedings of the 16th IUFRO congress [Working party on the mensuration of
forest biomass]; 1976 June 22; Oslo, Norway. Orono, ME: University of Maine, College of Life
Sciences and Agriculture: 103-115. [26460]

Brown, James K. 1978. Weight and density of crowns of Rocky Mountain conifers. Res. Pap. INT-
197. Ogden, UT: U.S. Department of Agriculture, Forest Service, Intermountain Forest and Range
Experiment Station. 56 p. [13188]

Brown, James K.; Bevins, Collin D. 1986. Surface fuel loadings and predicted fire behavior for
vegetation types in the northern Rocky Mountains. Res. Note INT-358. Ogden, UT: U.S.
Department of Agriculture, Forest Service, Intermountain Research Station. 9 p. [15601]

Brown, James K.; See, Thomas E. 1981. Downed dead woody fuel and biomass in the Northern
Rocky Mountains. INT-117. Ogden, UT: U.S. Department of Agriculture, Forest Service,
Intermountain Forest and Range Experiment Station. 48 p. [18578]

Brown, James K.; Snell, J. A. Kendall; Bunnell, David L. 1977. Handbook for predicting slash
weight of western conifers. Gen. Tech. Rep. INT-37. Ogden, UT: U.S. Department of Agriculture,
Forest Service, Intermountain Forest and Range Experiment Station. 35 p. [20861]

Brown, Peter M. 2013. Rocky Mountain Tree-Ring Research: OldList, [Online]. Ft. Collins, CO:
Rocky Mountain Tree-Ring Research. Available: http://www.rmtrr.org/oldlist.htm [2017, August
18]. [89539]

Buchalski, Michael R.; Fontaine, Joseph B.; Heady lll, Paul A.; Hayes, John P.; Frick, Winifred F.
2013. Bat response to differing fire severity in mixed-conifer forest California, USA. PLOS ONE.
8(3): e57884. [89411]

79

Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/
http://www.rmtrr.org/oldlist.htm

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

Bull, Evelyn L. 1983. Longevity of snags and their use by woodpeckers. In: Davis, Jerry W.;
Goodwin, Gregory A.; Ockenfeis, Richard A., tech. coords. Snag habitat management:
Proceedings of the symposium; 1983 June 7-9; Flagstaff, AZ. Gen. Tech. Rep. RM-99. Fort Collins,
CO: U.S. Department of Agriculture, Forest Service, Rocky Mountain Forest and Range
Experiment Station: 64-67. [17819]

Bull, Evelyn L.; Parks, Catherine G.; Torgersen, Torolf R. 1997. Trees and logs important to
wildlife in the interior Columbia River basin. Gen. Tech. Rep. PNW-GTR-391. Portland, OR: U.S.
Department of Agriculture, Forest Service, Pacific Northwest Research Station. 55 p. [27653]

Burcham, L. T. 1970. Post-fire succession and phenology in Sierran pine forests. In: Proceedings
of the 11th international grassland congress; 1970 April 13-23; Surfers Paradise, Queensland. St.
Lucia, Queensland: University of Queensland Press: 3-6. [64627]

Burns, Stu. [n.d.]. Managing snags for wildlife habitat. Coordinating guidelines for wildlife
habitat management, No. 2. Hamilton, MT: U.S. Department of Agriculture, Forest Service,
Northern Region, Bitterroot National Forest. 7 p. [17164]

Burton, Philip J.; Franklin, Jerry F. 2008. Reducing the ecological impacts of salvage logging. In:
Burton, Philip J.; Franklin, Jerry F. Salvage logging and its ecological consequences. Washington,
DC: Island Press: 126-150. [92855]

Burton, Philip J.; Franklin, Jerry F. 2008. Salvage logging and its ecological consequences.
Washington, DC: Island Press. 227 p. [92849]

Busse, Matt D.; Cochran, P. H.; Hopkins, William E.; Johnson, William H.; Riegel, Gregg M.;
Fiddler, Gary O.; Ratcliff, Alice W.; Shestak, Carol J. 2009. Developing resilient ponderosa pine
forests with mechanical thinning and prescribed fire in central Oregon's pumice region.
Canadian Journal of Forest Research. 39(6): 1171-1185. [81560]

Busse, Matt D.; Simon, Steve A.; Riegel, Gregg M. 2000. Tree-growth and understory responses
to low-severity prescribed burning in thinned Pinus ponderosa forests of central Oregon. Forest
Science. 46(2): 258-268. [42058]

Cairns, David M.; Butler, David R.; Malanson, George P. 2002. Geomorphic and biogeographic
setting of the Rocky Mountains. In: Baron, Jill S., ed. Rocky Mountain futures: An ecological
perspective. Washington, DC: Island Press: 27-39. [45443]

Callaham, Robert Z. 2013. Pinus ponderosa: A taxonomic review with five subspecies in the
United States. Res. Pap. PSW-RP-264. Albany, CA: U.S. Department of Agriculture, Forest
Service, Pacific Southwest Research Station. 52 p. [89267]

Camp, A. E. 1999. Age structure and species composition changes resulting from altered
disturbance regimes on the eastern slopes of the Cascades Range, Washington. Journal of
Sustainable Forestry. 9(3/4): 39-67. [34901]

Caprio, Anthony C.; Lineback, Pat. 2002. Pre-twentieth century fire history of Sequoia and Kings

Canyon National Park: A review and evaluation of our knowledge. In: Sugihara, Neil G.; Morales,
Maria; Morales, Tony, eds. Proceedings of the symposium: Fire in California ecosystems:

80

Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

Integrating ecology, prevention and management; 1997 November 17-20; San Diego, CA. Misc.
Pub. No. 1. [Berkeley, CA]: Association for Fire Ecology: 180-199. [46205]

Caprio, Anthony C.; Swetnam, Thomas W. 1995. Historic fire regimes along an elevational
gradient on the west slope of the Sierra Nevada, California. In: Brown, James K.; Mutch, Robert
W.; Spoon, Charles W.; Wakimoto, Ronald H., tech. coords. Proceedings: Symposium on fire in
wilderness and park management; 1993 March 30-April 1; Missoula, MT. Gen. Tech. Rep. INT-
GTR-320. Ogden, UT: U.S. Department of Agriculture, Forest Service, Intermountain Research
Station: 173-179. [26217]

Carroll, Mathew S.; Cohn, Patricia J.; Paveglio, Travis B.; Drader, Donna R.; Jakes, Pamela J. 2010.
Fire burners to firefighters: The Nez Perce and fire. Journal of Forestry. 108(2): 71-76. [81940]

Chambers, Jeanne C.; MacMahon, James A. 1994. A day in the life of a seed: Movements and
fates of seeds and their implications for natural and managed systems. Annual Review of
Ecology and Systematics. 25: 263-292. [67827]

Chambers, Marin E.; Fornwalt, Paula J.; Malone, Sparkle L.; Battaglia, Mike A. 2016. Patterns of
conifer regeneration following high severity wildfire in ponderosa pine — dominated forests of
the Colorado Front Range. Forest Ecology and Management. 378: 57-67. [91066]

Chang, Chi-Ru. 1996. Ecosystem responses to fire and variations in fire regimes. In: Status of the
Sierra Nevada. Sierra Nevada Ecosystem Project: Final report to Congress. Volume 2:
Assessments and scientific basis for management options. Wildland Resources Center Report
No. 37. Davis, CA: University of California, Centers for Water and Wildland Resources: 1071-
1099. [28976]

Chiono, Lindsay A.; O'Hara, Kevin L.; De Lasaux, Michael J.; Nader, Glenn A.; Stephens, Scott L.
2012. Development of vegetation and surface fuels following fire hazard reduction treatment.
Forests. 3(3): 700-722. [90358]

Chmura, Daniel J.; Anderson, Paul D.; Howe, Glenn T.; Harrington, Constance A.; Halofsky,
Jessica E.; Peterson, David L.; Shaw, David C.; St. Clair, J. Brad. 2011. Forest responses to climate
change in the northwestern United States: Ecophysiological foundations for adaptive
management. Forest Ecology and Management. 261(7): 1121-1142. [90095]

Clark, Peter W.; Speer, James H.; Winship, Lawrence J. 2017. Identifying and separating pandora
moth outbreaks and climate from a 1500-year ponderosa pine chronology from central Oregon.
Tree-ring Research. 73(2): 113-125. [92653]

Cluck, Daniel R.; Smith, Sheri L. 2007. Fall rates of snags: A summary of the literature for
California conifer species. Special Project Report NE-SPR-07-01. Susanville, CA: U.S. Department
of Agriculture, Forest Service, Lassen National Forest, Northeastern California Shared Services
Area. 12 p. [92494]

Clyatt, Kate A.; Keyes, Christopher R.; Hood, Sharon M. 2017. Long-term effects of fuel
treatments on aboveground biomass accumulation in ponderosa pine forests of the northern
Rocky Mountains. Forest Ecology and Management. 400: 587-599. [92406]

81

Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

Cochran, P. H.; Barrett, James W. 1998. Thirty-five-year growth of thinned and unthinned
ponderosa pine in the Methow Valley of northern Washington. Res. Pap. PNW-RP-502. Portland,
OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest Research Station. 24 p.
[45797]

Cole, David. 1977. Ecosystem dynamics in the coniferous forest of the Willamette Valley,
Oregon, U.S.A. Journal of Biogeography. 4(2): 181-192. [10195]

Collins, B. M.; Skinner, C. 2014. Fire and fuels. In: Long, Jonathan W.; Quinn-Davidson, Lenya;
Skinner, Carl N., eds. Science synthesis to support socioecological resilience in the Sierra Nevada
and southern Cascade Range. Gen. Tech. Rep. PSW-GTR-247. Albany, CA: U.S. Department of
Agriculture, Forest Service, Pacific Southwest Research Station: 143-172. [92356]

Collins, B. M.; Stephens, S. L. 2012. Fire and fuels reduction. In: North, Malcolm, ed. Managing
Sierra Nevada forests. Gen. Tech. Rep. PSW-GTR-237. Albany, CA: U.S. Department of
Agriculture, Forest Service, Pacific Southwest Research Station: 1-12. [92667]

Collins, Brandon M.; Roller, Gary B. 2013. Early forest dynamics in stand-replacing fire patches in
the northern Sierra Nevada, California, USA. Landscape Ecology. 28(9): 1801-1813. [87559]

Conkle, M. Thompson; Critchfield, William B. 1988. Genetic variation and hybridization of
ponderosa pine. In: Baumgartner, David M.; Lotan, James E., comps. Ponderosa pine: The
species and its management: Symposium proceedings; 1987 September 29 - October 1;
Spokane, WA. Pullman, WA: Washington State University, Cooperative Extension: 27-43. [9399]

Connaughton, Chas. A. 1936. Fire damage in the ponderosa pine type in Idaho. Journal of
Forestry. 34: 46-51. [4694]

Cooke, Brian. 2013. Wildland fire: Nature's fuel treatment. Science You Can Use Bulletin.
November/December(22): 11 p. [91377]

Cooke, Brian. 2018. Warming and warnings: Assessing climate change vulnerability in the Rocky
Mountain region. Science You Can Use Bulletin. Fort Collins, CO: Rocky Mountain Research
Station. July: 15 p. [92796]

Coop, Jonathan D.; Givnish, Thomas J. 2008. Constraints on tree seedling establishment in
montane grasslands of the Valles Caldera, New Mexico. Ecology. 89(4): 1101-1111. [+
appendices]. [79310]

Cooper, Stephen V.; Neiman, Kenneth E.; Roberts, David W. 1991. Forest habitat types of
northern Idaho: A second approximation. [Revised]. Gen. Tech. Rep. INT-236. Ogden, UT: U.S.
Department of Agriculture, Forest Service, Intermountain Research Station. 143 p. [14792]

Coppoletta, Michelle; Merriam, Kyle E.; Collins, Brandon M. 2016. Post-fire vegetation and fuel
development influences fire severity patterns in reburns. Ecological Applications. 26(3): 686-
699. [90824]

82

Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

Coulter, Celeste T.; Southworth, Darlene; Hosten, Paul E. 2010. Prescribed fire and post-fire
seeding in brush masticated oak-chaparral: Consequences for native and non-native plants. Fire
Ecology. 6(2): 60-75. [+ appendices]. [81904]

Crawford, Rex C. 2003. Riparian vegetation classification of the Columbia Basin, Washington.
Natural Heritage Report 2003-03. Olympia, WA: Washington State Department of Natural
Resources, Washington Natural Heritage Program. 99 p. [90633]

Critchfield, William B.; Little, Elbert L., Jr. 1966. Geographic distribution of the pines of the
world. Misc. Publ. 991. Washington, DC: U.S. Department of Agriculture, Forest Service. 97 p.
[20314]

Cronquist, Arthur; Holmgren, Arthur H.; Holmgren, Noel H.; Reveal, James L. 1972.
Intermountain flora: Vascular plants of the Intermountain West, U.S.A. Vol. 1. New York: Hafner
Publishing Company, Inc. 270 p. [717]

Crotteau, Justin S.; Varner, J. Morgan, IlI; Richie, Martin W. 2013. Post-fire regeneration across a
fire severity gradient in the southern Cascades. Forest Ecology and Management. 287: 103-112.
[87781]

Crotteau, Justin. 2018. [Personal communication to Ilana Abrahamson]. 26 June. Regarding
invasives at Lubrecht. Missoula, MT: University of Montana. Unpublished information on file
with: U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire
Sciences Laboratory, Missoula, MT; FEIS files. [92803]

Dahms, Walter G. 1949. How long do ponderosa pine snags stand? Res. Note No. 57. Portland,
OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest Forest and Range
Experiment Station. 3 p. [15541]

Das, Adrian J.; Stephenson, Nathan L.; Davis, Kristen P. 2016. Why do trees die? Characterizing
the drivers of background tree mortality. Ecology. 97(10): 2616-2627. [91285]

Daubenmire, R. 1960. A seven-year study of cone production as related to xylem layers and
temperature in Pinus ponderosa. The American Midland Naturalist. 64(1): 187-193. [37425]

Daubenmire, R. 1968. Soil moisture in relation to vegetation distribution in the mountains of
northern Idaho. Ecology. 49(3): 431-438. [12942]

Daubenmire, Rexford F.; Daubenmire, Jean B. 1968. Forest vegetation of eastern Washington
and northern Idaho. Technical Bulletin 60. Pullman, WA: Washington State University, College of
Agriculture; Washington Agricultural Experiment Station. 104 p. [749]

Daubenmire, Rexford. 1969. Structure and ecology of coniferous forests of the northern Rocky
Mountains. In: Taber, Richard D., ed. Coniferous forests of the northern Rocky Mountains:
Proceedings of the 1968 symposium; 1968 September 17-20; Missoula, MT. Missoula, MT:
University of Montana Foundation, Center for Natural Resources: 25-41. [7539]

83

Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/

142.

143.

144,

145.

146.

147.

148.

149.

150.

151.

152.

153.

Davis, Frank W.; Borchert, Mark I. 2006. Central Coast bioregion. In: Sugihara, Neil G.; van
Wagtendonk, Jan W.; Shaffer, Kevin E.; Fites-Kaufman, Joann; Thode, Andrea E., eds. Fire in
California's ecosystems. Berkeley, CA: University of California Press: 321-349. [65548]

DellaSala, Dominick A.; Williams, Jack E.; Williams, Cindy Deacon; Franklin, Jerry F. 2004. Beyond
smoke and mirrors: A synthesis of fire policy and science. Conservation Biology. 18(4): 976-986.
[50271]

Diaz, Henry F.; Swetnam, Thomas W. 2013. The wildfires of 1910: Climatology of an extreme
early twentieth-century event and comparison with more recent extremes. Bulletin of the
American Meteorological Society. doi: 10.1175/BAMS-D-12-00150.1: 10 p. [90504]

Dickman, Alan. 1978. Reduced fire frequency changes species composition of a ponderosa pine
stand. Journal of Forestry. 76(1): 24-25. [8000]

Dittberner, Phillip L.; Olson, Michael R. 1983. The Plant Information Network (PIN) data base:
Colorado, Montana, North Dakota, Utah, and Wyoming. FWS/OBS-83/86. Washington, DC: U.S.
Department of the Interior, Fish and Wildlife Service. 786 p. [806]

Dodson, Erich K.; Fiedler, Carl E. 2006. Impacts of restoration treatments on alien plant invasion
in Pinus ponderosa forests, Montana, USA. Journal of Applied Ecology. 43(5): 887-897. [64055]

Dodson, Erich Kyle; Root, Heather Taylor. 2013. Conifer regeneration following stand-replacing
wildfire varies along an elevation gradient in ponderosa pine forest, Oregon, USA. Forest Ecology
and Management. 302: 163-170. [86990]

Dolanc, Christopher R.; Safford, Hugh S.; Dobrowski, Solomon Z.; Thorne, James H. 2013.
Twentieth century shifts in abundance and composition of vegetation types of the Sierra
Nevada, CA, USA. Applied Vegetation Science. 17(3): 442—455 [+ appendix]. [90519]

Dolph, K. Leroy; Mori, Sylvia R.; Oliver, William W. 1995. Long-term response of old-growth
stands to varying levels of partial cutting in the Eastside pine type. Western Journal of Applied
Forestry. 10(3): 101-108. [26520]

Donato, Daniel C; Fontaine, Joseph B.; Campbell, John L.; Robinson, W. Douglas; Kauffman, J.
Boone; Law, Beverly E. 2009. Conifer regeneration in stand-replacement portions of a large
mixed-severity wildfire in the Klamath-Siskiyou Mountains. Canadian Journal of Forest Research.
39(4): 823-838. [81544]

Dumm, Gabriel; Fins, Lauren; Graham, Russell T.; Jain, Theresa B. 2008. Distribution of fine roots
of ponderosa pine and Douglas-fir in a central Idaho forest. Western Journal of Applied Forestry.
23(4): 202-205. [74278]

Dwire, Kathleen A.; Kauffman, J. Boone. 2003. Fire and riparian ecosystems in landscapes of the
western USA. In: Young, Michael K.; Gresswell, Robert E.; Luce, Charles H., eds. Selected papers
from an international symposium on effects of wildland fire on aquatic ecosystems in the
western USA; 2002 April 22-24; Boise, ID. In: Forest Ecology and Management. Special Issue: The
effects of wildland fire on aquatic ecosystems in the western USA. 178(1-2): 61-74. [44923]

84

Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

Eastman, William R., Jr. 1960. Eating of tree seeds by birds in central Oregon. Res. Note 42.
Corvallis, OR: Oregon Forest Research Center, Forest Lands Research. 24 p. [8284]

Edminster, Carleton B. 1988. Stand density and stocking in even-aged ponderosa pine stands. In:
Baumgartner, David M.; Lotan, James E., comps. Ponderosa pine: The species and its
management: Symposium proceedings; 1987 September 29 - October 1; Spokane, WA. Pullman,
WA: Washington State University, Cooperative Extension: 253-260. [9426]

Erhard, Dean H. 1979. Plant communities and habitat types in the Lava Beds National
Monument, California. Corvallis, OR: Oregon State University. 173 p. Thesis. [869]

Everett, Richard L.; Schellhaas, Richard; Keenum, Dave; Spurbeck, Don; Ohlson, Pete. 2000. Fire
history in the ponderosa pine/Douglas-fir forests on the east slope of the Washington Cascades.
Forest Ecology and Management. 129: 207-225. [34708]

Fahnestock, George R. 1960. Logging slash flammability. Res. Pap. No. 58. Ogden, UT: U.S.
Department of Agriculture, Forest Service, Intermountain Forest and Range Experiment Station.
67 p. [15104]

Fahnestock, George R.; Dieterich, John H. 1962. Logging slash flammability after five years. Res.
Pap. No. 70. Ogden, UT: U.S. Department of Agriculture, Forest Service, Intermountain Forest
and Range Experiment Station. 15 p. [15103]

Fajardo, Alex; Graham, Johnathan M.; Goodburn, John M.; Fiedler, Carl E. 2007. Ten-year
responses of ponderosa pine growth, vigor, and recruitment to restoration treatments in the
Bitterroot Mountains, Montana, USA. Forest Ecology and Management. 243(1): 50-60. [66800]

Farjon, Aljos. 1998. World checklist and bibliography of conifers. 2nd ed. Kew, England: The
Royal Botanic Gardens. 309 p. [61059]

Ferguson, Dennis E.; Carlson, Clinton E. 2010. Height-age relationships for regeneration-size
trees in the northern Rocky Mountains, USA. Res. Pap. RMRS-RP-82WWW. Fort Collins, CO: U.S.
Department of Agriculture, Forest Service, Rocky Mountain Research Station. 19 p. [84613]

Fettig, C. J. 2012. Forest health and bark beetles. In: North, Malcolm, ed. Managing Sierra
Nevada forests. Gen. Tech. Rep. PSW-GTR-237. Albany, CA: U.S. Department of Agriculture,
Forest Service, Pacific Southwest Research Station: 13-22. [92668]

Fettig, Christopher J. 2005. Bugs in the system: Development of tools to minimize ponderosa
pine losses from western pine beetle infestations. In: Ritchie, Martin W.; Maguire, Douglas A.;
Youngblood, Andrew, tech. coords. Proceedings of the symposium on ponderosa pine: Issues,
trends, and management; 2004 October 18-21; Klamath Falls, OR. Gen. Tech. Rep. PSW-GTR-
198. Albany, CA: U.S. Department of Agriculture, Forest Service, Pacific Southwest Research
Station: 233-243. [65974]

Fettig, Christopher, J.; McKelvey, Stephen R.; Cluck, Daniel R.; Smith, Sheri L.; Otrosina, William
J. 2010. Effects of prescribed fire and season of burn on direct and indirect levels of tree
mortality in ponderosa and Jeffrey pine forests in California, USA. Forest Ecology and
Management. 260(2): 207-218. [81202]

85

Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

Fiedler, Carl E. 1999. Tree response: Stand structure in response to selection cutting and
burning. In: Smith, Helen Y.; Arno, Stephen F., eds. Eighty-eight years of change in a managed
ponderosa pine forest. Gen. Tech. Rep. RMRS-GTR-23. Ogden, UT: U.S. Department of
Agriculture, Forest Service, Rocky Mountain Research Station: 31-34. [38288]

Fiedler, Carl E.; Arno, Stephen F. 2015. A special tree. In: Ponderosa: People, fire and the West's
most iconic tree. Missoula, MT: Mountain Press Publishing: 40-57. [89315]

Fiedler, Carl E.; Arno, Stephen F. 2015. A tale of two forests. In: Ponderosa: People, fire and the
West's most iconic tree. Missoula, MT: Mountain Press Publishing: 3-7. [89312]

Fiedler, Carl E.; Arno, Stephen F.; Harrington, Michael G. 1996. Flexible silvicultural and
prescribed burning approaches for improving health of ponderosa pine forests. In: Covington,
Wallace; Wagner, Pamela K., tech. coords. Conference on adaptive ecosystem restoration and
management: Restoration of Cordilleran conifer landscapes of North America, Proceedings;
1996 June 6-8; Flagstaff, AZ. Gen. Tech. Rep. RM-GTR-278. Fort Collins, CO: U.S. Department of
Agriculture, Forest Service, Rocky Mountain Forest and Range Experiment Station: 69-74.
[26926]

Fiedler, Carl E.; Arno, Stephen F.; Harrington, Michael G. 1998. Reintroducing fire in ponderosa
pine-fir forests after a century of fire exclusion. In: Pruden, Teresa L.; Brennan, Leonard A., eds.
Fire in ecosystem management: Shifting the paradigm from suppression to prescription:
Proceedings of the 20th Tall Timbers fire ecology conference; 1996 May 7-10; Boise, ID. No. 20.
Tallahassee, FL: Tall Timbers Research Station: 245-249. [35639]

Fiedler, Carl E.; Friederici, Peter; Petruncio, Mark. 2007. Monitoring old growth in frequent-fire
landscapes, [Online]. In: Ecology and Society (Producer). 12(2): 21. Available:
http://www.ecologyand society.org/vol12/iss2/art22 [2009, May 26]. [74254]

Fiedler, Carl E.; Keegan, Charles E., Ill; Woodall, Christopher W.; Morgan, Todd A. 2004. A
strategic assessment of crown fire hazard in Montana: Potential effectiveness and costs of
hazard reduction treatments. Portland, OR: U.S. Department of Agriculture, Forest Service,
Pacific Northwest Research Station. 48 p. [55437]

Fiedler, Carl E.; Metlen, Kerry L.; Dodson, Erich K. 2010. Restoration treatment effects on stand
structure, tree growth, and fire hazard in a ponderosa pine/Douglas-fir forest in Montana.
Forest Science. 56(1): 18-31. [86114]

Filip, Gregory M. 2005. Diseases as agents of disturbance in ponderosa pine. In: Ritchie, Martin
W.; Maguire, Douglas A.; Youngblood, Andrew, tech. coords. Proceedings of the symposium on
ponderosa pine: Issues, trends, and management; 2004 October 18-21; Klamath Falls, OR. Gen.
Tech. Rep. PSW-GTR-198. Albany, CA: U.S. Department of Agriculture, Forest Service, Pacific
Southwest Research Station: 227-232. [65973]

Filip, Gregory M.; Maffei, Helen; Chadwick, Kristen L. 2007. Forest health decline in a central

Oregon mixed-conifer forest revisited after wildfire: A 25-year case study. Western Journal of
Applied Forestry. 22(4): 278-284. [71524]

86

Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/
http://www.ecologyand/

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

Finck, K. E.; Shrimpton, G. M.; Summers, D. W. 1990. Insect pests in reforestation. In: Lavender,
D. P.; Parish, R.; Johnson, C. M.; Montgomery, G.; Vyse, A.; Willis, R. A.; Winston, D., eds.
Regenerating British Columbia's forests. Vancouver, BC: University of British Columbia Press:
279-301. [10721]

Fischer, William C.; Bradley, Anne F. 1987. Fire ecology of western Montana forest habitat types.
Gen. Tech. Rep. INT-223. Ogden, UT: U.S. Department of Agriculture, Forest Service,
Intermountain Research Station. 95 p. [633]

Fischer, William C.; Clayton, Bruce D. 1983. Fire ecology of Montana forest habitat types east of
the Continental Divide. Gen. Tech. Rep. INT-141. Ogden, UT: U.S. Department of Agriculture,
Forest Service, Intermountain Forest and Range Experiment Station. 83 p. [923]

Fisher, George M. 1935. Comparative germination of tree species on various kinds of surface-soil
material in the western white pine type. Ecology. 16(4): 606-611. [12816]

Fites, Jo Ann; Campbell, Mike; Reiner, Alicia; Decker, Todd. 2007. Fire behavior and effects
relating to suppression, fuel treatments, and protected areas on the Antelope Complex Wheeler
Fire. Sacramento, CA: U.S. Department of Agriculture, Forest Service, Pacific Southwest Region.
41 p. [74740]

Fitzgerald, Stephen A. 2005. Fire ecology of ponderosa pine and the rebuilding of fire-resilient
ponderosa pine ecosystems. In: Ritchie, Martin W.; Maguire, Douglas A.; Youngblood, Andrew,
tech. coords. Proceedings of the symposium on ponderosa pine: Issues, trends, and
management; 2004 October 18-21; Klamath Falls, OR. Gen. Tech. Rep. PSW-GTR-198. Albany,
CA: U.S. Department of Agriculture, Forest Service, Pacific Southwest Research Station: 197-225.
[65972]

Fitzgerald, Stephen A.; Emmingham, William H.; Filip, Gregory M.; Oester, Paul T. 2000.
Exploring methods for maintaining old-growth structure in forests with a frequent-fire history: A
case study. In: Moser, W. Keith; Moser, Cynthia F., eds. Fire and forest ecology: Innovative
silviculture and vegetation management: Proceedings of the 21st Tall Timbers fire ecology
conference: An international symposium; 1998 April 14-16; Tallahassee, FL. No. 21. Tallahassee,
FL: Tall Timbers Research: 199-206. [37669]

Flint, H. R. 1925. Fire resistance of northern Rocky Mountain conifers. U.S. Department of
Agriculture, Forest Service, Applied Forestry Note 61. Missoula, MT: Northern Rocky Mountain
Forest Experiment Station. 5 p. [34634]

Flora of North America Editorial Committee, eds. 2018. Flora of North America north of Mexico,
[Online]. Flora of North America Association (Producer). Available:
http://www.efloras.org/flora _page.aspx?flora id=1. [36990]

Foiles, Marvin W.; Curtis, James D. 1965. Natural establishment of ponderosa pine in central
Idaho. Res. Note INT-35. Ogden, UT: U.S. Department of Agriculture, Forest Service,
Intermountain Forest and Range Experiment Station. 4 p. [16356]

87

Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/
http://www.efloras.org/flora_page.aspx?flora_id=1

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

Forrestel, Alison B.; Andrus, Robert A.; Fry, Danny L.; Stephens, Scott L. 2017. Fire history and
forest structure along an elevational gradient in the southern Cascade Range, Oregon, USA. Fire
Ecology. 13(1): 1-15. [91664]

Fowells, H. A.; Schubert, G. H. 1956. Seed crops of forest trees in the pine region of California.
Tech. Bull. 1150. Washington, DC: U.S. Department of Agriculture, Forest Service. 48 p. [12459].

Fowells, H. A.; Stark, N. B. 1965. Natural regeneration in relation to environment in the mixed
conifer forest type of California. Res. Pap. PSW-24. Berkeley, CA: U.S. Department of Agriculture,
Forest Service, Pacific Southwest Forest and Range Experiment Station. 14 p. [15642]

Fowler, James F.; Sieg, Carolyn Hull. 2004. Postfire mortality of ponderosa pine and Douglas-fir:
A review of methods to predict tree death. Gen. Tech. Rep. RMRS-GTR-132. Fort Collins, CO: U.S.
Department of Agriculture, Forest Service, Rocky Mountain Research Station. 25 p. [50932]

Franklin, J. F.; Hall, F.; Laudenslayer, W.; Maser, C.; Nunan, J.; Poppino, J.; Ralph, C. J.; Spies, T.
1986. Interim definitions for old-growth Douglas-fir and mixed-conifer forests in the Pacific
Northwest and California. Res. Note PNW-447. Portland, OR: U.S. Department of Agriculture,
Forest Service, Pacific Northwest Research Station, Old-Growth Definition Task Group. 7 p.
[7870]

Franklin, Janet; Syphard, Alexandra D.; He, Hong S.; Mladenoff, David J. 2005. Altered fire
regimes affect landscape patterns of plant succession in the foothills and mountains of southern
California. Ecosystems. 8(8): 885-898. [61532]

Franklin, Jerry F.; Swanson, Frederick J.; Harmon, Mark E.; Perry, David A.; Spies, Thomas A.;
Dale, Virginia H.; McKee, Arthur; Ferrell, William K.; Means, Joseph E.; Gregory, Stanley V.;
Lattin, John D.; Schowalter, Timothy D.; Larsen, David. 1991. Effects of global climatic change on
forests in northwestern North America. Northwest Environmental Journal. 7(2): 233-254.
[46296]

Freedman, June D. 1983. The historical relationship between fire and plant succession within the
Swan Valley white-tailed deer winter range, western Montana. Missoula, MT: University of
Montana. 139 p. Dissertation. [6486]

Freedman, June D.; Habeck, James R. 1985. Fire, logging, and white-tailed deer
interrelationships in the Swan Valley, northwestern Montana. In: Lotan, James E.; Brown, James
K., comps. Fire's effects on wildlife habitat--symposium proceedings; 1984 March 21; Missoula,
MT. Gen. Tech. Rep. INT-186. Ogden, UT: U.S. Department of Agriculture, Forest Service,
Intermountain Research Station: 23-35. [8319]

Frost, Evan J.; Sweeney, Rob. 2000. Fire regimes, fire history and forest conditions in the
Klamath-Siskiyou region: An overview and synthesis of knowledge, [Online]. In: Klamath Siskiyou
Wildland Center--Fire ecology and policy. Ashland, OR: Wildwood Environmental Consulting
(Producer). Available: http://kswild.org/fire/fire report.pdf [2015, July 6]. [69111]

Fryer, Janet L. 2016. Fire regimes of Northern Rocky Mountain ponderosa pine communities. In:
Fire Effects Information System, [Online]. U.S. Department of Agriculture, Forest Service, Rocky
Mountain Research Station, Fire Sciences Laboratory (producer). Available:

88

Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/
http://kswild.org/fire/fire_report.pdf

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

https://www.fs.usda.gov/database/feis/fire regimes/Northern RM ponderosa pine/all.html

[92771]

Fule, Peter Z.; Crouse, Joseph E.; Roccaforte, John Paul; Kalies, Elizabeth L. 2012. Do thinning
and/or burning treatments in western USA ponderosa or Jeffrey pine-dominated forests help
restore natural fire behavior? Forest Ecology and Management. 269: 68-81. [85598]

Fule, Peter Z.; Swetnam, Thomas W.; Brown, Peter M.; Falk, Donald A.; Peterson, David L.; Allen,
Craig D.; Aplet, Gregory H.; Battaglia, Mike A.; Binkley, Dan; Farris, Calvin; Keane, Robert E.;
Margolis, Ellis Q.; Grissino-Mayer, Henri; Miller, Carol; Sieg, Carolyn Hull; Skinner, Carl; Stephens,
Scott L.; Taylor, Alan. 2014. Unsupported inferences of high-severity fire in historical dry forests
of the United States: response to Williams and Baker. Global Ecology and Biogeography. 23(7):
825-830. [90268]

Gaffney, William S. 1941. The effects of winter elk browsing, South Fork of the Flathead River,
Montana. The Journal of Wildlife Management. 5(4): 427-453. [5028]

Gaines, William L.; Strand, Robert A.; Piper, Susan D. 1997. Effects of the Hatchery Complex fires
on northern spotted owls in the eastern Washington Cascades. In: Greenlee, Jason M., ed.
Proceedings, 1st conference on fire effects on rare and endangered species and habitats; 1995
November 13-16; Coeur d'Alene, ID. Fairfield, WA: International Association of Wildland Fire:
123-129. [28129]

Ganio, Lisa M.; Progar, Robert A. 2017. Mortality predictions of fire-injured large Douglas-fir and
ponderosa pine in Oregon and Washington, USA. Forest Ecology and Management. 390: 47-67.
[91666]

Garrison, George A.; Bjugstad, Ardell J.; Duncan, Don A.; Lewis, Mont E.; Smith, Dixie R. 1977.
No. 21--The ponderosa pine ecosystem. In: Garrison, George A.; Bjugstad, Ardell J.; Duncan, Don
A.; Lewis, Mont E.; Smith, Dixie R. Vegetation and environmental features of forest and range
ecosystems. Agric. Handb. 475. Washington, DC: U.S. Department of Agriculture, Forest Service:
21-24. [68090]

Gassaway, Linn. 2007. Native American fire patterns in Yosemite Valley: A cross-disciplinary
study. In: Masters, Ronald E.; Galley, Krista E. M., eds. Fire in grassland and shrubland
ecosystems: Proceedings of the 23rd Tall Timbers fire ecology conference; 2005 October 17-20;
Bartlesville, OK. Tallahassee, FL: Tall Timbers Research Station: 29-39. [69731]

Gedalof, Ze'ev; Peterson, David L.; Mantua, Nathan J. 2005. Atmospheric, climatic, and
ecological controls on extreme wildfire years in the northwestern United States. Ecological
Applications. 15(1): 154-174. [52877]

Geier-Hayes, Kathleen. 1987. Occurrence of conifer seedlings and their microenvironments on
disturbed sites in central Idaho. Res. Pap. INT-383. Ogden, UT: U.S. Department of Agriculture,
Forest Service, Intermountain Research Station. 12 p. [3554]

Geier-Hayes, Kathleen. 1997. The impact of post-fire seeded grasses on native vegetative
communities in central Idaho. In: Greenlee, Jason M., ed. Proceedings, 1st conference on fire

89

Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/
https://www.fs.fed.us/database/feis/fire_regimes/Northern_RM_ponderosa_pine/all.html

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

effects on rare and endangered species and habitats; 1995 November 13-16; Coeur d'Alene, ID.
Fairfield, WA: International Association of Wildland Fire: 18-26. [28119]

Goldman, Doug. 2015. [Personal communication with Janet Fryer]. August 28. Regarding
taxonomy of ponderosa pine. Greensboro, NC: U.S. Department of the Interior, Natural
Resource Conservation Service. On file with: U.S. Department of Agriculture, Forest Service,
Rocky Mountain Research Station, Fire Sciences Laboratory, Missoula, MT; FEIS files. [89372]

Gorman, Martin W. 1899. Eastern part of Washington Forest Reserve. In: Walcutt, Charles D.;
Gannett, Henry. Nineteenth annual report of the United States Geological Survey. Part V--Forest
Reserves. Washington, DC: Government Printing Office: 315-350. [90680]

Graham, Russell T.; Jain, Theresa B. 2005. Ponderosa pine ecosystems. In: Ritchie, Martin W.;
Maguire, Douglas A.; Youngblood, Andrew, tech. coords. Proceedings of the symposium on
ponderosa pine: Issues, trends, and management; 2004 October 18-21; Klamath Falls, OR. Gen.
Tech. Rep. PSW-GTR-198. Albany, CA: U.S. Department of Agriculture, Forest Service, Pacific
Southwest Research Station: 1-32. [65908]

Graham, Russell T.; McCaffrey, Sarah; Jain, Theresa B., tech. eds. 2004. Science basis for
changing forest structure to modify wildfire behavior and severity. Gen. Tech. Rep. RMRS-GTR-
120. Fort Collins, CO: U.S. Department of Agriculture, Forest Service, Rocky Mountain Research
Station. 43 p. [50386]

Griffin, James R. 1982. Pine seedlings, native ground cover, and Lolium multiflorum on the
Marble-Cone burn, Santa Lucia Range, California. Madrono. 29(3): 177-188. [4935]

Griffin, James R.; Critchfield, William B. 1972. The distribution of forest trees in California. Res.
Pap. PSW-82. Berkeley, CA: U.S. Department of Agriculture, Forest Service, Pacific Southwest
Forest and Range Experiment Station. 118 p. [1041]

Gruell, George E. 1983. Fire and vegetative trends in the northern Rockies: Interpretations from
1871-1982 photographs. Gen. Tech. Rep. INT-158. Ogden, UT: U.S. Department of Agriculture,
Forest Service, Intermountain Forest and Range Experiment Station. 117 p. [5280]

Gruell, George E. 2001. Fire in Sierra Nevada forests: A photographic interpretation of ecological
change since 1849. Missoula, MT: Mountain Press Publishing Company. 238 p. [43843]

Gruell, George E.; Schmidt, Wyman C.; Arno, Stephen F.; Reich, William J. 1982. Seventy years of
vegetative change in a managed ponderosa pine forest in western Montana--implications for
resource management. Gen. Tech. Rep. INT-130. Ogden, UT: U.S. Department of Agriculture,
Forest Service, Intermountain Forest and Range Experiment Station. 42 p. [3604]

Grulke, Nancy E.; Retzlaff, William A. 2001. Changes in physiological attributes of ponderosa
pine from seedling to mature tree. Tree Physiology. 21(5): 275-286. [37141]

Guarin, Alejandro; Taylor, Alan H. 2005. Drought triggered tree mortality in mixed conifer forests

in Yosemite National Park, California, USA. Forest Ecology and Management. 218(1-3): 229-244.
[68689]

90

Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/

218.

219.

220.

221.

222.

223.

224,

225.

226.

227.

228.

229.

230.

Gullion, Gordon W. 1964. Wildlife uses of Nevada plants. Contributions toward a flora of
Nevada: No. 49. CR-24-64. Beltsville, MD: U.S. Department of Agriculture, Agricultural Research
Service, Crops Research Division; Washington, DC: U.S. National Arboretum, Herbarium. 170 p.
[6729]

Gundale, Michael J; Sutherland, Steve; DeLuca, Thomas H. 2008. Fire, native species, and soil
resource interactions influence the spatio-temporal invasion pattern of Bromus tectorum.
Ecography. 31: 201-210. [71097]

Habeck, James R. 1970. Fire ecology investigations in Glacier National Park: Historical
considerations and current observations. Missoula, MT: University of Montana, Department of
Botany. 80 p. [6712]

Habeck, James R. 1994. Using general land office records to assess forest succession in
ponderosa pine/Douglas-fir forests in western Montana. Northwest Science. 68(2): 69-78.
[23146]

Habeck, James R.; Mutch, Robert W. 1973. Fire-dependent forests in the northern Rocky
Mountains. Quaternary Research. 3(3): 408-424. [7860]

Hagmann, R. Keala; Franklin, Jerry F.; Johnson, K. Norman. 2013. Historical structure and
composition of ponderosa pine and mixed-conifer forests in south-central Oregon. Forest
Ecology and Management. 304: 492-504. [87573]

Hall, Frederick C. 1977. Ecology of natural underburning in the Blue Mountains of Oregon. R6-
ECOL-79-001. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest
Region. 11 p. [8481]

Hall, Frederick C. 1980. Fire history--Blue Mountains, Oregon. In: Stokes, Marvin A.; Dieterich,
John H., tech. coords. Proceedings of the fire history workshop; 1980 October 20-24; Tucson, AZ.
Gen. Tech. Rep. RM-81. Fort Collins, CO: U.S. Department of Agriculture, Forest Service, Rocky
Mountain Forest and Range Experiment Station: 75-81. [12817]

Haller, John R. 1962. Variation and hybridization in ponderosa and Jeffrey pines. University of
California Publications in Botany. 34(2): 129-166. [1064]

Halofsky, Jessica E.; Hibbs, David E. 2008. Determinants of riparian fire severity in two Oregon
fires, USA. Canadian Journal of Forest Research. 38: 1959-1973. [74229]

Halofsky, Jessica E.; Hibbs, David E. 2009. Controls on early post-fire woody plant colonization in
riparian areas. Forest Ecology and Management. 258(7): 1350-1358. [77249]

Halvorson, Curtis H. 1981. Small mammal populations. In: DeByle, Norbert V., ed. Clearcutting
and fire in the larch/Douglas-fir forests of western Montana--A multifaceted research summary.
Gen. Tech. Rep. INT-99. Ogden, UT: U.S. Department of Agriculture, Forest Service,
Intermountain Forest and Range Experiment Station: 41-46. [18631]

Halvorson, Curtis H. 1986. Influence of vertebrates on conifer seed production. In: Shearer,
Raymond C., comp. Proceedings--conifer tree seed in the Inland Mountain West symposium;

91

Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/

231.

232.

233.

234.

235.

236.

237.

238.

239.

240.

1985 August 5-6; Missoula, MT. Gen. Tech. Rep. INT-203. Ogden, UT: U.S. Department of
Agriculture, Forest Service, Intermountain Research Station: 201-222. [13115]

Hann, David W. 1997. Equations for predicting the largest crown width of stand-grown trees in
western Oregon. Research Contribution 17. Corvallis, OR: Oregon State University, College of
Forestry, Forest Research Laboratory. 14 p. [65649]

Hann, David W.; Larsen, David R. 1991. Diameter growth equations for fourteen tree species in
southwest Oregon. Res. Bull. 69. Corvallis, OR: Oregon State University, College of Forestry,
Forest Research Laboratory. 18 p. [65650]

Hann, Wendel J.; Jones, Jeffrey L.; Karl, Michael G. "Sherm"; Hessburg, Paul F.; Keane, Robert E.;
Long, Donald G.; Menakis, James P.; McNicoll, Cecilia H.; Leonard, Stephen G.; Gravenmier,
Rebecca A.; Smith, Bradley G. 1997. Chapter 3: Landscape dynamics of the Basin. In: Quigley,
Thomas M.; Arbelbide, Sylvia, tech. eds. An assessment of ecosystem components in the Interior
Columbia Basin and portions of the Klamath and Great Basins. Gen. Tech. Rep. PNW-GTR-405.
Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest Research
Station: 337-968 [+ appendices]. [89980]

Hann, Wendel John. 1982. A taxonomy for classification of seral vegetation of selected habitat
types in western Montana. Moscow, ID: University of Idaho. 235 p. Dissertation. [1073]

Hansen, Paul L.; Chadde, Steve W.; Pfister, Robert D. 1988. Riparian dominance types of
Montana. Misc. Publ. No. 49. Missoula, MT: University of Montana, School of Forestry, Montana
Forest and Conservation Experiment Station. 411 p. [5660]

Hanson, Chad T.; North, Malcolm P. 2009. Post-fire survival and flushing in three Sierra Nevada
conifers with high initial crown scorch. International Journal of Wildland Fire. 18(7): 857-864.
[81077]

Hanson, Chad T.; Sherriff, Rosemary L.; Hutto, Richard L.; DellaSala, Dominick A.; Veblen,
Thomas T.; Baker, William L. 2015. Setting the stage for mixed- and high-severity fire. In:
DellaSala, Dominick A.; Hanson, Chad T., eds. The ecological importance of mixed-severity fires:
Nature's Phoenix. Amsterdam, The Netherlands: Elsevier: 3-22. [90869]

Hardy, Colin C.; Keane, Robert E.; Harrington, Michael G. 2000. Associated riparian communities.
In: Smith, Helen Y., ed. The Bitterroot Ecosystem Management Research Project: What we have
learned: Symposium proceedings; 1999 May 18-20; Missoula, MT. Proceedings RMRS-P-17.
Ogden, UT: U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station:
28.[37134]

Harrington, M. G. 1993. Predicting Pinus ponderosa mortality from dormant season and growing
season injury. International Journal of Wildland Fire. 3(2): 65-72. [21360]

Harrington, Michael G. 1996. Prescribed fire applications: Restoring ecological structure and
process in ponderosa pine forests. In: Hardy, Colin C.; Arno, Stephen F., eds. The use of fire in
forest restoration: A general session of the Society for Ecological Restoration; 1995 September
14-16; Seattle, WA. Gen. Tech. Rep. INT-GTR-341. Ogden, UT: U.S. Department of Agriculture,
Forest Service, Intermountain Research Station: 41. [26811]

92

Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/

241.

242,

243,

244,

245,

246.

247.

248.

249.

Harrington, Michael G. 2000. Fire applications in ecosystem management. In: Smith, Helen Y.,
ed. The Bitterroot Ecosystem Management Research Project: What we have learned:
Symposium proceedings; 1999 May 18-20; Missoula, MT. Proceedings RMRS-P-17. Ogden, UT:
U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station: 21-22.
[37131]

Harrington, Michael G.; Sackett, Stephen S. 1992. Past and present fire influences on
Southwestern ponderosa pine old growth. In: Kaufmann, Merrill R.; Moir, W. H.; Bassett, Richard
L., tech. coords. Old-growth forests in the Southwest and Rocky Mountain regions: Proceedings
of a symposium; 1992 March 9-13; Portal, AZ. Gen. Tech. Rep. RM-213. Fort Collins, CO: U.S.
Department of Agriculture, Forest Service, Rocky Mountain Forest and Range Experiment
Station: 44-50. [21977]

Harrington, Michael. 1977. Response of ponderosa pine seeds to light. Res. Note INT-220.
Ogden, UT: U.S. Department of Agriculture, Forest Service, Intermountain Forest and Range
Experiment Station. 8 p. [12599]

Harris, Roger D. 1983. Decay characteristics of pileated woodpecker nest trees. In: Davis, Jerry
W.; Goodwin, Gregory A.; Ockenfeis, Richard A., tech. coords. Snag habitat management:
Proceedings of the symposium; 1983 June 7-9; Flagstaff, AZ. Gen. Tech. Rep. RM-99. Fort Collins,
CO: U.S. Department of Agriculture, Forest Service, Rocky Mountain Forest and Range
Experiment Station: 125-129. [17826]

Harrod, Richy J.; Fonda, Richard W.; McGrath, Mara K. 2007. Role of fire in restoration of a
ponderosa pine forest, Washington. In: Butler, Bret W.; Cook, Wayne, comps. The fire
environment--Innovations, management, and policy; conference proceedings; 2007 March 26-
30; Destin, FL. Proceedings RMRS-P-46CD. Fort Collins, CO: U.S. Department of Agriculture,
Forest Service, Rocky Mountain Research Station: 315-328. [71109]

Harrod, Richy J.; Fonda, Richard W.; McGrath, Mara K. 2008. Vegetation response to thinning
and burning in a ponderosa pine forest, Washington. Northwest Science. 82(2): 141-150.
[81044]

Harrod, Richy J.; Gaines, William L.; Hartl, William E.; Camp, Ann. 1998. Estimating historical
snag density in dry forests east of the Cascade Range. Gen. Tech. Rep. PNW-GTR-428. Portland,
OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest Research Station. 16 p.
[29461]

Harrod, Richy J.; McRae, Bradner H.; Hartl, William E. 1999. Historical stand reconstruction in
ponderosa pine forests to guide silvicultural prescriptions. Forest Ecology and Management.
114: 433-446. [30819]

Harrod, Richy J.; McRae, Bradner H.; Hartl, William. 2002. Historical stand reconstruction in
ponderosa pine forests to guide silvicultural prescription. In: Parker, Sharon; Hummel, Susan
Stevens, comps. Beyond 2001: A silvicultural odyssey to sustaining terrestrial and aquatic
ecosystems: Proceedings of the 2001 national silviculture workshop; 2001 May 6-10; Hood
River, OR. Gen. Tech. Rep. PNW-GTR-546. Portland, OR: U.S. Department of Agriculture, Forest
Service, Pacific Northwest Research Station: 32. [44840]

93

Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/

250.

251.

252.

253.

254,

255.

256.

257.

258.

Harrod, Richy J.; Peterson, David W.; Povak, Nicholas A.; Dodson, Erich K. 2009. Thinning and
prescribed fire effects on overstory tree and snag structure in dry coniferous forests of the
interior Pacific Northwest. Forest Ecology and Management. 258(5): 712-721. [82669]

Hart, Stephen C.; Firestone, Mary K.; Paul, Eldor A. 1992. Decomposition and nutrient dynamics
of ponderosa pine needles in a Mediterranean-type climate. Canadian Journal of Forest
Research. 22(3): 306-314. [92031]

Hartwell, Michael G.; Alaback, Paul; Arno, Stephen F. 2000. Comparing historic and modern
forests on the Bitterroot Front. In: Smith, Helen Y., ed. The Bitterroot Ecosystem Management
Research Project: What we have learned: Symposium proceedings; 1999 May 18-20; Missoula,
MT. Proceedings RMRS-P-17. Ogden, UT: U.S. Department of Agriculture, Forest Service, Rocky
Mountain Research Station: 11-18. [37129]

Harvey, A. E.; Jurgensen, M. F.; Graham, R. T. 1986. Fire-soil interactions governing site
productivity in the northern Rocky Mountains. In: Baumgartner, David M.; Breuer, David W.;
Zamora, Benjamin A.; Neuenschwander, Leon F.; Wakimoto, Ronald H., comps. Prescribed fire in
the Intermountain region: Forest site preparation and range improvement: Symposium
proceedings; 1986 March 3-5; Spokane, WA. Pullman, WA: Washington State University,
Department of Natural Resources, Cooperative Extension: 9-18. [8623]

Hatten, Jeff; Zabowski, Darlene; Ogden, Amanda; Theis, Walt; Choi, Byoungkoo. 2012. Role of
season and interval of prescribed burning on ponderosa pine growth in relation to soil, inorganic
N and P and moisture. Forest Ecology and Management. 269: 106-115. [85599]

Haugo, Ryan D.; Hall, Sonia A.; Gray, Elizabeth M.; Gonzalez, Patrick; Bakker, Jonathan D. 2010.
Influences of climate, fire, grazing and logging on woody species composition along an elevation
gradient in the eastern Cascades, Washington. Forest Ecology and Management. 260(12): 2204-
2213.[81434]

Hawksworth, Frank G.; Shaw, Charles G., lll. 1988. Damage and control of major diseases of
ponderosa pine. In: Baumgartner, David M.; Lotan, James E., comps. Ponderosa pine: The
species and its management: Symposium proceedings; 1987 September 29 - October 1;
Spokane, WA. Pullman, WA: Washington State University, Cooperative Extension: 99-108. [9405]

Hedrick, D. W.; Young, J. A.; McArthur, J. A. B.; Keniston, R. F. 1968. Effects of forest and grazing
practices on mixed coniferous forests of northeastern Oregon. Tech. Bulletin 103. Corvallis, OR:
Oregon State University, Agricultural Experiment Station. 24 p. [16090]

Hessberg, Paul F.; Smith, Bradley G.; Kreiter, Scott D.; Miller, Craig A.; Salter, R. Brion; McNicoll,
Cecilia H.; Hann, Wendel J. 1999. Historical and current forest and range landscapes in the
interior Columbia River basin and portions of the Klamath and Great Basins. Part 1: Linking
vegetation patterns and landscape vulnerability to potential insect and pathogen disturbances.
Gen. Tech. Rep. PNW-GTR-458. Portland, OR: U.S. Department of Agriculture, Forest Service,
Pacific Northwest Research Station; Department of the Interior, Bureau of Land Management.
357 p. (Quigley, Thomas, M., ed., Interior Columbia River Basin Ecosystem Management Project:
scientific assessment). [35679]

94

Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/

259.

260.

261.

262.

263.

264.

265.

266.

267.

268.

Hessburg, P. F.; Smith, B. G.; Salter, R. B.; Ottmar, R. D.; Alvarado, E. 2000. Recent changes
(1930s-1990s) in spatial patterns of interior northwest forests, USA. Forest Ecology and
Management. 136(1-3): 53-83. [40711]

Hessburg, Paul F.; Agee, James K.; Franklin, Jerry F. 2005. Dry forests and wildland fires of the
inland Northwest USA: Contrasting the landscape ecology of the pre-settlement and modern
eras. Forest Ecology and Management. 211(1-2): 117-139. [54284]

Hessburg, Paul F.; Mitchell, Russel G.; Filip, Gregory M. 1994. Historical and current roles of
insects and pathogens in eastern Oregon and Washington forested landscapes. Gen. Tech. Rep.
PNW-GTR-327. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest
Research Station. 72 p. (Everett, Richard L., assessment team leader: Eastside forest ecosystem
health assessment; Hessburg, Paul F., science team leader and tech. ed., Volume Il
assessment). [24466]

Hessburg, Paul F.; Povak, Nicholas A.; Salter, R. Brion. 2008. Thinning and prescribed fire effects
on dwarf mistletoe severity in an eastern Cascade Range dry forest, Washington. Forest Ecology
and Management. 255(7): 2907-2915. [70524]

Hessburg, Paul F.; Salter, R. Brion; James, Kevin M. 2005. Evidence for mixed severity fires in pre-
management era dry forests of the Inland Northwest, USA. In: Taylor, Lagene; Zelnik, Jessica;
Cadwallader, Sara; Hughes, Brian, comps. Mixed severity fire regimes: Ecology and
management: symposium proceedings; 2004 November 17-19; Spokane, WA. Pullman, WA:
Washington State University Extension: 89-104. [61400]

Hessburg, Paul F.; Salter, R. Brion; James, Kevin M. 2007. Re-examining fire severity relations in
pre-management era mixed conifer forests: Inferences from landscape patterns of forest
structure. Landscape Ecology. 22(1): 5-24. [71464]

Hessburg, Paul F.; Spies, Thomas A.; Perry, David A.; Skinner, Carl N.; Taylor, Alan H.; Brown,
Peter M.; Stephens, Scott L.; Larson, Andrew J.; Churchill, Derek J.; Povak, Nicholas A.; Singleton,
Peter H.; McComb, Brenda; Zielinski, William J.; Collins, Brandon M.; Salter, R. Brion, Keane,
John J.; Franklin, Jerry F.; Riegel, Greg. 2016. Tamm review: Management of mixed-severity fire
regime forests in Oregon, Washington and Northern California. Forest Ecology and
Management. 365: 221-250. [90318]

Hessel, David L. 1988. The future of ponderosa pine forestry--a public manager's perspective. In:
Baumgartner, David M.; Lotan, James E., comps. Ponderosa pine: The species and its
management: Symposium proceedings; 1987 September 29 - October 1; Spokane, WA. Pullman,
WA: Washington State University, Cooperative Extension: 165-166. [9414]

Heyerdahl, Emily K.; Lertzman, Ken; Karpuk, Stephen. 2007. Local-scale controls of a low severity
fire regime (1750-1950), southern British Columbia, Canada. Ecoscience. 14(11): 40-47. [67919]

Heyerdahl, Emily K.; Lertzman, Ken; Wong, Carmen M. 2012. Mixed-severity fire regimes in dry

forests of southern interior British Columbia, Canada. Canadian Journal of Forest Research.
42(1): 88-98. [84700]

95

Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/

269.

270.

271.

272.

273.

274.

275.

276.

277.

278.

279.

280.

281.

Hitchcox, Susan M. 1996. Abundance and nesting success of cavity-nesting birds in unlogged and
salvage-logged burned forests in northwestern Montana. University of Montana; Missoula,
Montana. 89 p. Thesis. [77601]

Hofmann, J. V. 1917. The relation of brush fires to natural reproduction. Unpublished report. On
file with: U.S. Department of Agriculture, Forest Service, Intermountain Research Station, Fire
Sciences Lab, Missoula, MT. 32 p. [+ photographs]. [26805]

Hood, Sharon M. 2010. Mitigating old tree mortality in long-unburned, fire-dependent forests: A
synthesis. Gen. Tech. Rep. RMRS-GTR-238. Fort Collins, CO: U.S. Department of Agriculture,
Forest Service, Rocky Mountain Research Station. 71 p. [81816]

Hood, Sharon M.; Baker, Stephen; Sala, Anna. 2016. Fortifying the forest: Thinning and burning
increase resistance to a bark beetle outbreak and promote forest resilience. Ecological
Applications. 26(7): 1984-2000. [91272]

Hood, Sharon M.; Smith, Sheri L.; Cluck, Daniel R. 2010. Predicting mortality for five California
conifers following wildfire. Forest Ecology and Management. 260(5): 750-762 [+ appendices].
[81187]

Hood, Sharon; Lutes, Duncan. 2017. Predicting post-fire tree mortality for 12 western US
conifers using the First-Order Fire Effects Model (FOFEM). Fire Ecology. 13(2): 66-84. [92328]

Hood, Sharon; Reardon, James; Smith, S.; Cluck, Danny. 2007. Prescribed burning to protect
large diameter pine trees from wildfire—Can we do it without killing the trees we’re trying to
save? JFSP Final Report 03-3-2-04. 33 p. [91970]

Hood, Sharon; Sala, Anna; Heyerdahl, Emily K.; Boutin, Marion. 2015. Low-severity fire increases
tree defense against bark beetle attacks. Ecology. 96(7): 1846—1855. [92943]

Hosie, R. C. 1969. Native trees of Canada. 7th ed. Ottawa, ON: Canadian Forestry Service,
Department of Fisheries and Forestry. 380 p. [3375]

Hudec, Jessica L.; Peterson, David L. 2012. Fuel variability following wildfire in forests with mixed
severity fire regimes, Cascade Range, USA. Forest Ecology and Management. 277: 11-24. [87426]

Huggard, David J.; Arsenault, Andre. 2009. Conifer seed predation in harvested and burned dry
Douglas-fir forests in southern British Columbia. Canadian Journal of Forest Research. 39(8):
1548-1556. [83032]

Hutchins, H. E.; Lanner, R. M. 1982. The central role of Clark's nutcracker in the dispersal and
establishment of whitebark pine. Oecologia. 55: 192-201. [1228]

Hutto, Richard L. 1995. Composition of bird communities following stand-replacement fires in

northern Rocky Mountain (U.S.A.) conifer forests. Conservation Biology. 9(5): 1041-1058.
[26003]

96

Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/

282.

283.

284.

285.

286.

287.

288.

289.

290.

2901.

Hutto, Richard L.; Keane, Robert E.; Sherriff, Rosemary; Rota, Christopher T.; Eby, Lisa A.; Saab,
Victoria A. 2016. Toward a more ecologically informed view of severe forest fires. Ecosphere.
7(2): 1-13.[90152]

Hutto, Richard L.; Patterson, David A. 2016. Positive effects of fire on birds may appear only
under narrow combinations of fire severity and time-since-fire. International Journal of Wildland
Fire. 25(10): 1074-1085. [91383]

Innes, James C.; North, Malcolm P.; Williamson, Nathan. 2006. Effect of thinning and prescribed
fire restoration treatments on woody debris and snag dynamics in a Sierran old-growth, mixed-
conifer forest. Canadian Journal of Forest Research. 36: 3183-3193. [67115]

Innes, Robin J. 2011. Cervus elaphus. In: Fire Effects Information System, [Online]. Missoula, MT:
U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences
Laboratory (Producer). Available:
https://www.fs.usda.gov/database/feis/mammal/ceel/all.html. [92780]

Innes, Robin J. 2013. Odocoileus hemionus. In: Fire Effects Information System, [Online].
Missoula, MT: U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station,
Fire Sciences Laboratory (Producer). Available:
https://www.fs.usda.gov/database/feis/animals/mammal/odhe/all.html. [92781]

Innes, Robin J. 2013. Odocoileus virginianus. In: Fire Effects Information System, [Online].
Missoula, MT: U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station,
Fire Sciences Laboratory (Producer). Available:
https://www.fs.usda.gov/database/feis/animals/mammal/odvi/all.html. [92782]

Jacobsen, Glenn L. 1985. Are you getting ponderosa pine and Douglas-fir cone crops at high
elevations? In: Shearer, Raymond C., comp. Proceedings--conifer tree seed in the Inland
Mountain West symposium; 1985 August 5-6; Missoula, MT. Gen. Tech. Rep. INT-203. Ogden,
UT: U.S. Department of Agriculture, Forest Service, Intermountain Research Station: 47-49.
[1241]

Jain, Theresa B.; Battaglia, Mike A.; Han, Han-Sup; Graham, Russell T.; Keyes, Christopher R.;
Fried, Jeremy S.; Sandquist, Jonathan E. 2012. A comprehensive guide to fuel management
practices for dry mixed conifer forests in the northwestern United States. Gen. Tech. Rep. RMRS-
GTR-292. Fort Collins, CO: U.S. Department of Agriculture, Forest Service, Rocky Mountain
Research Station. 331 p. [87811]

James, L. F.; Keeler, R. F.; Johnson, A. E.; Williams, M. C.; Cronin, E. H.; Olsen, J. D. 1980. Plants
poisonous to livestock in the western states. Agriculture Information Bulletin No. 415.
Washington, DC: U.S. Department of Agriculture, Science and Education Administration. 90 p.
[1243]

Jenkinson, James L. 1974. Ponderosa pine progenies: Differential response to ultramafic and

granitic soils. Res. Pap. PSW-101. Berkeley, CA: U.S. Department of Agriculture, Forest Service,
Pacific Southwest Forest and Range Experiment Station. 14 p. [15834]

97

Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/
https://www.fs.fed.us/database/feis/mammal/ceel/all.html
https://www.fs.fed.us/database/feis/animals/mammal/odhe/all.html
https://www.fs.fed.us/database/feis/animals/mammal/odvi/all.html

292.

293.

294,

295.

296.

297.

298.

299.

300.

301.

302.

303.

Jepson, Willis L. 1921. The fire-type of forest of the Sierra Nevada. The Intercollegiate Forestry
Club Annual. 1(1): 7-10. [65697]

Johnsen, John Olav. 1981. Some effects of a moderate intensity prescribed understory burn on
seed production and losses to insects in seral ponderosa pine in northern ID. Moscow, ID:
University of Idaho. 51 p. Thesis. [5728]

Johnson, Charles Grier, Jr.; Clausnitzer, Rodrick R. 1992. Plant associations of the Blue and
Ochoco Mountains. R6-ERW-TP-036-92. U.S. Department of Agriculture, Forest Service, Pacific
Northwest Region, Wallowa-Whitman National Forest. 215 p. [90789]

Johnson, Christal; Chhin, Sophan; Zhang, Jianwei. 2017. Effects of climate on competitive
dynamics in mixed conifer forests of the Sierra Nevada. Forest Ecology and Management. 394:
1-12. [92039]

Johnson, Mara; Rew, Lisa J.; Maxwell, Bruce D.; Sutherland, Steve. 2006. The role of wildfire in
the establishment and range expansion of nonnative plant species into natural areas: A review
of current literature, [Online]. Bozeman, MT: Montana State University Center for Invasive Plant
Management (Producer). 80 p. Available: http://weedcenter.org/store/docs/Wildfire.pdf [2017,
July 27]. [68196]

Johnson, Morris C.; Peterson, David L.; Raymond, Crystal L. 2007. Guide to fuel treatments in dry
forests of the western United States. Gen. Tech. Rep. PNW-GTR-686. Portland, OR: U.S.
Department of Agriculture, Forest Service, Pacific Northwest Research Station. 322 p. [68912]

Johnson, Philip C. 1966. Attractiveness of lightning-struck ponderosa pine trees to Dendroctonus
brevicomis (Coleoptera: Scolytidae). Entomology Society of America Annals. 59: 615. [16996]

Johnson, Philip C. 1966. Some causes of natural tree mortality in old-growth ponderosa pine
stands in western Montana. Res. Note INT-51. Ogden, UT: U.S. Department of Agriculture,
Forest Service, Intermountain Forest and Range Experiment Station. 4 p. [16346]

Johnston, James D.; Bailey, John D.; Dunn, Christopher J. 2016. Influence of fire disturbance and
biophysical heterogeneity on pre-settlement ponderosa pine and mixed conifer forests.
Ecosphere. 7(11): e01581. [91589]

Jones, Gavin M.; Gutierrez, R. J.; Tempel, Douglas J. Whitmore, Sheila A.; Berigan, William J.;
Peery, M. Zachariah. 2016. Megafires: An emerging threat to old-forest species. Frontiers in
Ecology. 14(6): 300-306. [91385]

Juran, Ashley G. 2017. Fire regimes of conifer forests in the Blue Mountains. In: Fire Effects
Information System, [Online]. U.S. Department of Agriculture, Forest Service, Rocky Mountain
Research Station, Fire Sciences Laboratory (producer). Available:
https://www.fs.usda.gov/database/feis/fire regimes/Blue Mts conifer/all.html. [92773]

Juran, Ashley G.; Zouhar, Kristin. 2018. Fire regimes of ponderosa pine and montane mixed-
conifer communities in the East Cascades. In: Fire Effects Information System, [Online]. U.S.
Department of Agriculture, Forest Service, Rocky Mountain Research Station, Missoula Fire
Sciences Laboratory (Producer). Available:

98

Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/
http://weedcenter.org/store/docs/Wildfire.pdf
https://www.fs.fed.us/database/feis/fire_regimes/Blue_Mts_

304.

305.

306.

307.

308.

309.

310.

311.

312.

313.

314.

https://www.fs.usda.gov/database/feis/fire regimes/East Cascades dry conifer/all.html.

[92804]

Kalabokidis, Kostas D.; Wakimoto, Ronald H. 1992. Prescribed burning in uneven-aged stand
management of ponderosa pine/Douglas-fir forests. Journal of Environmental Management.
34(3): 221-235. [18344]

Kane, Van R.; Lutz, James A.; Roberts, Susan L.; Smith, Douglas F.; McGaughey, Robert J.; Povak,
Nicholas A.; Brooks, Matthew L. 2013. Landscape-scale effects of fire severity on mixed-conifer
and red fir forest structure in Yosemite National Park. Forest Ecology and Management. 287: 17-
31 [+ appendix]. [87782]

Kane, Van R.; North, Malcolm P.; Lutz, James A.; Churchhill, Derek J.; Roberts, Susan L.; Smith,
Douglas F.; McGaughey, Robert J.; Kane, Jonathan T.; Brooks, Matthew L. 2014. Assessing fire
effects on forest spatial structure using a fusion of Landsat and airborne LiDAR data in Yosemite
National Park. Remote Sensing of Environment. 151: 89-101 [+ appendices]. [89243]

Kartesz, J. T. The Biota of North America Program (BONAP). 2015. Taxonomic Data Center,
[Online]. Chapel Hill, NC: The Biota of North America Program (Producer). Available:
http://www.bonap.net/tdc. [Maps generated from Kartesz, J. T. 2010. Floristic synthesis of
North America, Version 1.0. Biota of North America Program (BONAP). [in press]. [84789]

Kauffman, J. Boone. 1990. Ecological relationships of vegetation and fire in Pacific Northwest
forests. In: Walstad, J.; Radosevich, S. R.; Sandberg, D. V., eds. Natural and prescribed fire in
Pacific Northwest forests. Corvallis, OR: Oregon State University Press: 39-52. [22930]

Kaufmann, Merrill R.; Binkley, Daniel; Fule, Peter Z.; Johnson, Marlin; Stephens, Scott L.;
Swetnam, Thomas W. 2007. Defining old growth for fire-adapted forests of the western United
States. Ecology and Society. 12(2): 1-15. [69947]

Kaufmann, Merrill R.; Ryan, Kevin C.; Fule, Peter Z.; Romme, William H. 2005. Restoration of
ponderosa pine forests in the interior western U.S. after logging, grazing, and fire suppression.
In: Stanturf, John A.; Madsen, Palle, eds. Restoration of boreal and temperate forests. New York:
CRC Press: 481-500. [54685]

Keane, Robert E. 2008. Biophysical controls on surface fuel litterfall and decomposition.
Canadian Journal of Forest Research. 38: 1431-1445. [73217]

Keane, Robert E.; Agee, James K.; Fule, Peter; Keeley, Jon E.; Key, Carl; Kitchen, Stanley G.;
Miller, Richard; Schulte, Lisa A. 2008. Ecological effects of large fires on US landscapes: Benefit
or catastrophe? International Journal of Wildland Fire. 17(6): 696-712. [73387]

Keane, Robert E.; Arno, Stephen F.; Brown, James K. 1990. Simulating cumulative fire effects in
ponderosa pine/Douglas-fir forests. Ecology. 71(1): 189-203. [11517]

Keane, Robert E.; Arno, Stephen; Dickinson, Laura J. 2006. The complexity of managing fire

dependent ecosystems in wilderness: Relict ponderosa pine in the Bob Marshall Wilderness.
Ecological Restoration. 24(2): 71-78. [63845]

99

Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/
https://www.fs.fed.us/database/feis/fire_regimes/East_Cascades_dry_conifer/all.html
http://www.bonap.net/tdc

315.

316.

317.

318.

319.

320.

321.

322.

323.

324.

325.

Keane, Robert E.; Gray, Kathy; Bacciu, Valentina. 2012. Spatial variability of wildland fuel
characteristics in northern Rocky Mountain ecosystems. Res. Pap. RMRS-RP-98. Fort Collins, CO:
U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station. 56 p. [88951]

Keane, Robert E.; Mahalovich, Mary Frances; Bollenbacher, Barry L.; Manning, Mary E.;
Loehman, Rachel A.; Jain, Terrie B.; Holsinger, Lisa M.; Larson, Andrew J.; Webster, Meredith M.
2018. Effects of Climate Change on forest vegetation in the Northern Rockies region. In: Fort
Collins, CO: U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station.
Climate change vulnerability and adaptation in the Northern Rocky Mountains. Part 1. Gen.
Tech. Rep. RMRS-GTR-374. Fort Collins, CO: U.S. Department of Agriculture, Forest Service,
Rocky Mountain Research Station: 128-273. [92838]

Keane, Robert E.; Ryan, Kevin C.; Veblen, Thomas T.; Allen, Craig D.; Logan, Jesse A.; Hawkes,
Brad. 2002. The cascading effects of fire exclusion in Rocky Mountain ecosystems. In: Baron, Jill
S., ed. Rocky Mountain futures: An ecological perspective. Washington, DC: Island Press: 133-
152. [45448)]

Keane, Robert E.; Ryan, Kevin C.; Veblen, Tom T.; Allen, Craig D.; Logan, Jesse; Hawkes, Brad.
2002. 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. [42074]

Keeley, Jon E.; McGinnis, Thomas W. 2007. Impact of prescribed fire and other factors on
cheatgrass persistence in a Sierra Nevada ponderosa pine forest. International Journal of
Wildland Fire. 16(1): 96-106. [67920]

Keeling, E. G.; Sala, A.; Deluca, T. H. 2006. Effects of fire exclusion on forest structure and
composition in unlogged ponderosa pine/Douglas-fir forests. Forest Ecology and Management.
237(1-3): 418-428. [65099]

Keen, F. P. 1929. How soon do yellow pine snags fall? Journal of Forestry. 27(6): 735-737.
[36658]

Kelsey, Rick G.; Joseph, Gladwin. 2003. Ethanol in ponderosa pine as an indicator of physiological
injury from fire and its relationship to secondary beetles. Canadian Journal of Forest Research.
33: 870-884. [44591]

Kemp, Kerry B. 2015. Wildfire and climate change in mixed-conifer ecosystems of the northern
Rockies: Implications for forest recovery and management. Moscow, ID: University of Idaho. 153
p. [+ appendices]. Dissertation. [90228]

Kennedy, Patricia L.; Fontaine, Joseph B. 2009. Synthesis of knowledge on the effects of fire and
fire surrogates on wildlife in U.S. dry forests. Special Report 1096. Corvallis, OR: Oregon State
University, Agriculture Experiment Station. 132 p. [86783]

Kernan, James T.; Hessl, Amy E. 2010. Spatially heterogeneous estimates of fire frequency in
ponderosa pine forests of Washington, USA. Fire Ecology. 6(3): 117-135. [81894]

100

Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/

326. Keyes, Christopher R. 2006. Foliar moisture contents of North American conifers. In: Andrews,
Patricia L.; Butler, Bret W., comps. Fuels management--how to measure success: Conference
proceedings; 2006 March 28-30; Portland, OR. Proceedings RMRS-P-41. Fort Collins, CO: U.S.
Department of Agriculture, Forest Service, Rocky Mountain Research Station: 395-399. [65169]

327. Keyes, Christopher R.; Acker, Steven A.; Greene, Sarah E. 2001. Overstory and shrub influences
on seedling recruitment patters in an old-growth ponderosa pine. Northwest Science. 75(3):
204-210. [40178]

328. Keyes, Christopher R.; Maguire, Douglas A. 2007. Seed rain of ponderosa pine beneath partial
overstories. New Forests. 34(2): 107-114. [68942]

329. Keyes, Christopher R.; Maguire, Douglas A.; Tappeiner, John C. 2009. Recruitment of ponderosa
pine seedlings in the Cascade Range. Forest Ecology and Management. 257(2): 495-501. [72986]

330. Keyes, Christopher. R.; Maguire, Douglas A.; Tappeiner, John C. 2007. Observed dynamics of
ponderosa pine (Pinus ponderosa var. ponderosa Dougl. ex Laws.) seedling recruitment in the
Cascade Range, USA. New Forests. 34(1): 95-105. [68634]

331. Keyser, Tara L.; Lentile, Leigh B.; Smith, Frederick W.; Shepperd, Wayne D. 2008. Changes in
forest structure after a large, mixed-severity wildfire in ponderosa pine forests of the Black Hills,
South Dakota, USA. Forest Science. 54(3): 328-338. [74237]

332. Kie, John G.; Boroski, Brian B. 1996. Cattle distribution, habitats, and diets in the Sierra Nevada
of California. Journal of Range Management. 49(6): 482-488. [27215]

333.  Kilgore, Bruce M. 1981. Fire in ecosystem distribution and structure: Western forests and
scrublands. In: Mooney, H. A.; Bonnicksen, T. M.; Christensen, N. L.; Lotan, J. E.; Reiners, W. A.,
tech. coords. Fire regimes and ecosystem properties: Proceedings of the conference; 1978
December 11-15; Honolulu, HI. Gen. Tech. Rep. WO-26. Washington, DC: U.S. Department of
Agriculture, Forest Service: 58-89. [4388]

334. Kinzer, H. G.; Ridgill, B. J.; Watts, J. G. 1972. Seed and cone insects of ponderosa pine.
Agricultural Experiment Station Bulletin 594. Las Cruces, NM: New Mexico State University,
Agricultural Experiment Station; 1972. 36 p. [1342]

335.  Klinger, Robert C.; Brooks, Matthew L.; Randall, John M. 2018. Fire and invasive plants. In: van
Wagtendonk, Jan W.; Sugihara, Neil G.; Stephens, Scott L.; Thode, Andrea E.; Shaffer, Kevin E.;
Fites-Kaufman, Jo Ann, eds. Fire in California's ecosystems. 2nd ed. Oakland, CA: University of
California Press: 459-476. [92960]

336. Knapp, E.; North, M.; Benech, M.; Estes, B. 2012. The variable-density thinning study at
Stanislaus-Tuolumne Experimental Forest. In: North, Malcolm, ed. Managing Sierra Nevada
forests. Gen. Tech. Rep. PSW-GTR-237. Albany, CA: U.S. Department of Agriculture, Forest
Service, Pacific Southwest Research Station: 127-139. [92670]

337. Knapp, Eric E.; Estes, Becky L.; Skinner, Carl N. 2009. Western region. In: Ecological effects of
prescribed fire season: A literature review and synthesis for managers. Gen. Tech. Rep. PSW-

101
Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/

GTR-224. Albany, CA: U.S. Department of Agriculture, Forest Service, Pacific Southwest Research
Station: 9-28. [80641]

338.  Knapp, Eric E.; Keeley, Jon E. 2006. Heterogeneity in fire severity within early season and late
season prescribed burns in a mixed-conifer forest. International Journal of Wildland Fire. 15(1):
37-45. [62100]

339. Knapp, Eric E.; Keeley, Jon E.; Ballenger, Elizabeth A.; Brennan, Teresa J. 2005. Fuel reduction
and coarse woody debris dynamics with early season and late season prescribed fire in a Sierra
Nevada mixed conifer forest. Forest Ecology and Management. 208(1-3): 383-397. [52652]

340. Kolb, Peter F.; Adams, David L.; McDonald, Geral I. 1998. Impacts of fire exclusion on forest
dynamics and processes in central Idaho. In: Pruden, Teresa L.; Brennan, Leonard A., eds. Fire in
ecosystem management: Shifting the paradigm from suppression to prescription: Proceedings,
Tall Timbers fire ecology conference; 1996 May 7-10; Boise, ID. No. 20. Tallahassee, FL: Tall
Timbers Research Station: 210-218. [35634]

341. Kolb, T. E.; Agee, J. K.; Fule, P. Z.; McDowell, N. G.; Pearson, K.; Sala, A.; Waring, R. H. 2007.
Perpetuating old ponderosa pine. Forest Ecology and Management. 249(3): 141-157. [68189]

342. Kolden, Crystal A.; Lutz, James A.; Key, Carl H.; Kane, Jonathan T.; van Wagtendonk, Jan W. 2012.
Mapped versus actual burned area within wildfire perimeters: Characterizing the unburned.
Forest Ecology and Management. 286: 38-47. [92013]

343. Koonce, Andrea L.; Roth, Lewis F. 1980. The effects of prescribed burning on dwarf mistletoe in
ponderosa pine. In: Martin, Robert E.; Edmonds, Robert L.; Faulkner, Donald A.; Harrington,
James B.; Fuquay, Donald M.; Stocks, Brian J.; Barr, Sumner, eds. Proceedings, sixth conference
on fire and forest meteorology; 1980 April 22-24; Seattle, WA. Washington, DC: Society of
American Foresters: 197-203. [10204]

344. Krajina, V. J.; Klinka, K.; Worrall, J. 1982. Distribution and ecological characteristics of trees and
shrubs of British Columbia. Vancouver, BC: University of British Columbia. 131 p. [6728]

345.  Krannitz, Pamela G.; Duralia, Thomas E. 2004. Cone and seed production in Pinus ponderosa: A
review. Western North American Naturalist. 64(2): 208-218. [56146]

346.  Krugman, Stanley L.; Jenkinson, James L. 1974. Pinus L.: Pine. In: Schopmeyer, C. S., tech. coord.
Seeds of woody plants in the United States. Agric. Handb. 450. Washington, D.C.: U.S.
Department of Agriculture, Forest Service: 598-6388. [37725]

347.  Krugman, Stanley L.; Jenkinson, James L. 2008. Pinus L.: Pine. In: Bonner, Franklin T.; Karrfalt,
Robert P., eds. Woody plant seed manual. Agric. Handbook No. 727. Washington, DC: U.S.
Department of Agriculture, Forest Service: 809-874. [68019]

348.  Kuchler, A. W. 1964. Western ponderosa forest (Pinus). In: Kuchler, A. W. Manual to accompany
the map of potential vegetation of the conterminous United States. Special Publication No. 36.
New York: American Geographical Society: 11. [67049]

102
Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/

349.

350.

351.

352.

353.

354.

355.

356.

357.

358.

359.

360.

Laacke, Robert J.; Fiske, John N. 1983. Sierra Nevada mixed conifers. In: Burns, Russell M., Tech.
comp. Silvicultural systems for the major forest types of the United States. Agric. Handb. No. 44.
Washington, DC: U.S. Department of Agriculture, Forest Service: 44-47. [12758]

Lackschewitz, Klaus. 1991. Vascular plants of west-central Montana--identification guidebook.
Gen. Tech. Rep. INT-227. Ogden, UT: U.S. Department of Agriculture, Forest Service,
Intermountain Research Station. 648 p. [13798]

Lake, Frank K. 2007. Traditional ecological knowledge to develop and maintain fire regimes in
northwestern California, Klamath-Siskiyou bioregion: Management and restoration of culturally
significant habitats. Corvallis, OR: Oregon State University. 732 p. Dissertation. [88360]

Landram, F. Michael; Laudenslayer, William F., Jr.; Atzet, Thomas. 2002. Demography of snags in
eastside pine forests of California. In: Laudenslayer, William F., Jr.; Shea, Patrick J.; Valentine,
Bradley E.; Weatherspoon, C. Phillip; Lisle, Thomas E., tech. coords. Proceedings of the
symposium on the ecology and management of dead wood in western forests; 1999 November
2-4; Reno, NV. Gen. Tech. Rep. PSW-GTR-181. Albany, CA: U.S. Department of Agriculture,
Forest Service, Pacific Southwest Research Station: 605-620. [44388]

Landsberg, J. D.; Cochran, P. H.; Finck, M. M.; Martin, R. E. 1984. Foliar nitrogen content and
tree growth after prescribed fire in ponderosa pine. Res. Note PNW-412. Portland, OR: U.S.
Department of Agriculture, Forest Service, Pacific Northwest Forest and Range Experiment
Station. 13 p. [4976]

Lanner, Ronald M. 1983. Trees of the Great Basin: A natural history. Reno, NV: University of
Nevada Press. 215 p. [1401]

Lanner, Ronald M. 1996. Other arrangements. In: Lanner, Ronald M. Made for each other: A
symbiosis of birds and pines. New York: Oxford University Press: 55-60. [29921]

Lanner, Ronald M. 1998. Seed dispersal in Pinus. In: Richardson, David M., ed. Ecology and
biogeography of Pinus. Cambridge, UK: The Press Syndicate of the University of Cambridge: 281-
295. [37707]

Lanner, Ronald M. 1999. Conifers of California. Los Olivos, CA: Cachuma Press. 274 p. [30288]

Larsen, David R.; Hann, David W. 1987. Height-diameter equations for seventeen tree species in
southwest Oregon. Research Paper 49. Corvallis, OR: Oregon State University, College of
Forestry, Forest Research Lab. 16 p. [49458]

Larson, Andrew J.; Churchill, Derek. 2012. Tree spatial patterns in fire-frequent forests of
western North America, including mechanisms of pattern formation and implications for
designing fuel reduction and restoration treatments. Forest Ecology and Management. 267: 74-
92. [84593]

Laudenslayer, William F., Jr. 2002. Effects of prescribed fire on live trees and snags in eastside

pine forests in California. In: Sugihara, Neil G.; Morales, Maria; Morales, Tony, eds. Proceedings
of the symposium: Fire in California ecosystems: Integrating ecology, prevention and

103

Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/

management; 1997 November 17-20; San Diego, CA. Misc. Pub. No. 1. [Berkeley, CAl:
Association for Fire Ecology: 256-262. [45082]

361. Leege, Thomas A. 1968. Prescribed burning for elk in northern Idaho. In: Proceedings, annual
Tall Timbers fire ecology conference; 1968 March 14-15; Tallahassee, FL. No 8. Tallahassee, FL:
Tall Timbers Research Station: 235-253. [5287]

362. Leiberg, John B. 1902. Forest conditions in the northern Sierra Nevada, California. Document
216. Washington, DC: U.S. Department of the Interior, U.S. Geological Survey. 195 p. [37915]

363. Leirfallom, Signe B.; Keane, Robert 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. [83973]

364. Leonzo, Carlos M.; Keyes, Christopher R. 2010. Fire-excluded relict forests in the southeastern
Klamath Mountains, California, USA. Fire Ecology. 6(3): 62-76. [81885]

365. Leuschen, T. J. 1996. Restoring fire to mixed conifer forests in the Northern Cascades. In: Hardy,
Colin C.; Arno, Stephen F., eds. The use of fire in forest restoration. Gen. Tech. Rep. INT-GTR-
341. U.S. Department of Agriculture, Forest Service, Intermountain Research Station: 77.
[28683]

366. Li, X.J.; Burton, P. J.; Leadem, C. L. 1994. Interactive effects of light and stratification on the
germination of some British Columbia conifers. Canadian Journal of Botany. 72(11): 1635-1646.
[24594]

367. Lilieholm, Robert J.; Teeguarden, Dennis E.; Gordon, Donald T. 1989. Thinning stagnated
ponderosa and Jeffrey pine stands in northeastern California: 30-year effects. Res. Note PSW-
407. Berkeley, CA: U.S. Department of Agriculture, Forest Service, Pacific Southwest Forest and
Range Experiment Station. 6 p. [15562]

368. Loehman, Rachel A.; Bentz, Barbara J.; DeNitto, Gregg A.; Keane, Robert E.; Manning, Mary E.;
Duncan, Jacob P.; Egan, Joel M.; Jackson, Marcus B.; Kegley, Sandra I.; Lockman, Blakey;
Pearson, Dean E.; Powell, James A.; Shelly, Steve; Steed, Brytten E.; Zambino, Paul J. 2018.
Effects of climate change on ecological disturbance in the Northern Rockies region. In: Halofsky,
Jessica E.; Peterson, David L.; Dante-Wood, S. Karen; Hoang, Linh; Ho, Joanne J.; Joyce, Linda A.,
eds. Climate change vulnerability and adaptation in the Northern Rocky Mountains. Part 2. Gen.
Tech. Rep. RMRS-GTR-374. Fort Collins, CO: U.S. Department of Agriculture, Forest Service,
Rocky Mountain Research Station: 317-352. [92843]

369. Lombardero, Maria J.; Ayres, Matthew P.; Ayres, Bruce D. 2006. Effects of fire and mechanical
wounding on Pinus resinosa resin defenses, beetle attacks, and pathogens. Forest Ecology and
Management. 225(1-3): 349-358. [68039]

370. Lutz, J. A.; van Wagtendonk, J. W.; Franklin, J. F. 2009. Twentieth-century decline of large-
diameter trees in Yosemite National Park, California, USA. Forest Ecology and Management.
257(11): 2296-2307. [74287]

104
Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/

371.

372.

373.

374.

375.

376.

377.

378.

379.

380.

381.

382.

Lutz, James A.; van Wagtendonk, Jan W.; Thode, Andrea E.; Miller, Jay D.; Franklin, Jerry F. 2009.
Climate, lightning ignitions, and fire severity in Yosemite National Park, California, USA.
International Journal of Wildland Fire. 18(7): 765-774. [81075]

Lydersen, Jamie M.; North, Malcolm P.; Collins, Brandon M. 2014. Severity of an
uncharacteristically large wildfire, the Rim Fire, in forests with relatively restored frequent fire
regimes. Forest Ecology and Management. 328: 326-334. [89218]

Lydersen, Jamie M.; North, Malcolm P.; Knapp, Eric E.; Collins, Brandon M. 2013. Quantifying
spatial patterns of tree groups and gaps in mixed-conifer forests: Reference conditions and long-
term changes following fire suppression and logging. Forest Ecology and Management. 304: 370-
382. [87572]

Lyderson, Jamie M.; Collins, Brandon M.; Brooks, Matthew L.; Matchett, John R.; Shive, Kristen
L.; Povak, Nicholas A.; Kane, Van R.; Smith, Douglas F. 2017. Evidence of fuels management and
fire weather influencing fire severity in an extreme fire event. Ecological Applications. 27(6):
2013-2030. [92255]

Lynch, Donald W. 1959. Effects of a wildfire on mortality and growth of young ponderosa pine
trees. Res. Note No. 66. Ogden, UT: U.S. Department of Agriculture, Forest Service,
Intermountain Forest and Range Experiment Station. 8 p. [4748]

Lyon, L. Jack; Marzluff, John M. 1985. Fire's effects on a small bird population. In: Lotan, James
E.; Brown, James K., comps. Fire's effects on wildlife habitat--symposium proceedings; 1984
March 21; Missoula, MT. Gen. Tech. Rep. INT-186. Ogden, UT: U.S. Department of Agriculture,
Forest Service, Intermountain Research Station: 16-22. [5650]

MacKenzie, M. D.; Deluca, T. H.; Sala, A. 2004. Forest structure and organic horizon analysis
along a fire chronosequence in the low elevation forests of western Montana. Forest Ecology
and Management. 203(1-3): 331-343. [55670]

Maherali, H.; Williams, B. L.; Paige, K. N.; Delucia, E. H. 2002. Hydraulic differentiation of
Ponderosa pine populations along a climate gradient is not associated with ecotypic divergence.
Functional Ecology. 16(4): 510-521. [92346]

Mallek, Chris; Safford, Hugh; Viers, Joshua; Miller, Jay. 2013. Modern departures in fire severity
and area vary by forest type, Sierra Nevada and southern Cascades, California, USA. Ecosphere.

4(12): Article 153. [90333]

Mann, W. F., Jr.; Gunter, Erin R. 1960. Predicting the fate of fire-damaged pines. Forests and
People. 10(1): 3 p. [91960]

Manter, Daniel K.; Kelsey, Rick G. 2008. Ethanol accumulation in drought-stressed conifer
seedlings. International Journal of Plant Science. 169(3): 361-369. [92770]

Marcum, C. Les. 1975. Summer-fall habitat selection and use by a western Montana elk herd.
Missoula, MT: University of Montana. 188 p. Dissertation. [51342]

105

Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/

383.

384.

385.

386.

387.

388.

389.

390.

391.

392.

393.

Martin, Fred C.; Barber, Hollis W., Jr. 1995. Precommercial thinning response in 7-year-old and
50-year-old western larch: past growth and future prognosis. In: Schmidt, Wyman C.; McDonald,
Kathy J., comps. Ecology and management of Larix forests: a look ahead: Proceedings of an
international symposium; 1992 October 5-9; Whitefish, MT. Gen. Tech. Rep. GTR-INT-319.
Ogden, UT: U.S. Department of Agriculture, Forest Service, Intermountain Research Station:
272-280. [25318]

Martin, Robert E. 1982. Shrub control by burning before timber harvest. In: Baumgartner, David
M., comp. Site preparation and fuels management on steep terrain: Proceedings of a
symposium; 1982 February 15-17; Spokane, WA. Pullman, WA: Washington State University,
Cooperative Extension: 35-40. [18528]

Martin, Robert E.; Anderson, Hal E.; Boyer, William D.; Dieterich, John H.; Hirsch, Stanley N.;
Johnson, Von J.; McNab, W. Henry. 1979. Effects of fire on fuels: A state-of-knowledge review.
Gen. Tech. Rep. WO-13. Washington, DC: U.S. Department of Agriculture, Forest Service. 64 p.
[Prepared for: National fire effects workshop; 1978 April 10-14; Denver, CO]. [28838]

Martin, Robert E.; Dell, John D. 1978. Planning for prescribed burning in the Inland Northwest.
Gen. Tech. Rep. PNW-76. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific
Northwest Forest and Range Experiment Station. 67 p. [18621]

McBride, Joe R.; Laven, Richard D. 1976. Scars as an indicator of fire frequency in the San
Bernardino Mountains, California. Journal of Forestry. 74: 439-442. [40192]

McCune, Bruce. 1983. Fire frequency reduced two orders of magnitude in the Bitterroot
Canyons Montana. Canadian Journal of Forest Research. 13: 212-218. [12712]

McDonald, Philip M. 1980. Seed dissemination in small clearcuttings in north-central California.
Res. Pap. PSW-150. Berkeley, CA: U.S. Department of Agriculture, Forest Service, Pacific
Southwest Forest and Range Experiment Station. 5 p. [7913]

McHugh, Charles W.; Kolb, Thomas E. 2003. Ponderosa pine mortality following fire in northern
Arizona. International Journal of Wildland Fire. 12: 1-16. [43550]

Mclver, James D.; Starr, Lynn, tech. eds. 2000. Environmental effects of postfire logging:
Literature review and annotated bibliography, [Online]. Gen. Tech. Rep. PNW-GTR-486.
Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest Research Station
(Producer). Available: http://www.fs.usda.gov/pnw/pubs/gtr486.pdf [2017, December 21]. 72 p.
[69029]

McKinney, Shawn T.; Abrahamson, llana; Fryer, Janet; Juran, Ashley; Murphy, Shannon K.;
Zouhar, Kris. [In press]. A synthesis and metaanalysis of ponderosa pine fire regimes from five
U.S. regions. In: Hood, Sharon; Steelman, Toddi; Drury, Stacy; Steffens, Ron, eds. Proceedings of
the Fire Continuum Conference: Preparing for the future of wildland fire. 2018 May 21-24;
Missoula, MT. Missoula, MT: U.S. Department of Agriculture, Forest Service, Rocky Mountain
Research Station. 8 p. [92777]

McLean, Alastair. 1970. Plant communities of the Similkameen Valley, British Columbia.
Ecological Monographs. 40(4): 403-424. [1620]

106

Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/
http://www.fs.fed.us/pnw/pubs/gtr486.pdf

394.

395.

396.

397.

398.

399.

400.

401.

402.

403.

404.

405.

McNeil, Robert Curlan. 1975. Vegetation and fire history of a ponderosa pine-white fir forest in
Crater Lake National Park. Corvallis, OR: Oregon State University. 171 p. Thesis. [5737]

Merschel, Andrew G.; Spies, Thomas A.; Heyerdahl, Emily K. 2014. Mixed-conifer forests of
central Oregon: Effects of logging and fire exclusion vary with environment. Ecological
Applications. 24(7): 1670-1688. [88481]

Metlen, Kerry L.; Fiedler, Carl E.; Youngblood, Andrew. 2004. Understory response to fuel
reduction treatments in the Blue Mountains of northeastern Oregon. Northwest Science. 78(3):
175-185. [55433]

Meyer, Rachelle. 2007. Pekania pennanti. In: Fire Effects Information System, [Online]. Missoula,
MT: U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire
Sciences Laboratory (Producer). Available:
https://www.fs.usda.gov/database/feis/animals/mammal/pepe/all.html. [92783]

Miller, Gordon E. 1986. Insects and conifer seed production in the Inland Mountain West: A
review. In: Shearer, Raymond C., comp. Proceedings--conifer tree seed in the Inland Mountain
West symposium; 1985 August 5-6; Missoula, MT. Gen. Tech. Rep. INT-203. Ogden, UT: U.S.
Department of Agriculture, Forest Service, Intermountain Research Station: 225-237. [12791]

Miller, J. D.; Safford, H. D.; Crimmins, M.; Thode, A. E. 2009. Quantitative evidence for increasing
forest fire severity in the Sierra Nevada and Southern Cascade Mountains, California and
Nevada, USA. Ecosystems. 12(1): 1-17. [73399]

Miller, J. D.; Skinner, C. N.; Safford, H. D.; Knapp, E. E.; Ramirez, C. M. 2012. Trends and causes of
severity, size, and number of fires in northwestern California, USA. Ecological Applications.
22(1): 184-203. [92206]

Miller, Jay D., Knapp, Eric E., Key, Carl H., Skinner, Clint N., Isbell, Clint J., Creasy, R. Max,
Sherlock, Joseph W. 2009. Calibration and validation of the relative differenced Normalized Burn
Ration (RANBR) to three measures of fire severity in the Sierra Nevada and Klamath Mountains,
California, USA. Remote Sensing of Environment. 113(3): 645-656. [92080]

Miller, Jay D.; Safford, Hugh D. 2017. Corroborating evidence of a pre-Euro-American low- to
moderate-severity fire regime in yellow pine-mixed conifer forests of the Sierra Nevada,
California, USA. Fire Ecology. 13(1): 58-90. [91670]

Miller, Jay D.; Safford, Hugh. 2012. Trends in wildfire severity: 1984 to 2010 in the Sierra
Nevada, Modoc Plateau, and southern Cascades, California, USA. Fire Ecology. 8(3): 41-57.
[87337]

Minnich, Richard A.; Barbour, Michael G.; Burk, Jack H.; Fernau, Robert F. 1995. Sixty years of
change in Californian conifer forests of the San Bernardino Mountains. Conservation Biology.
9(4): 902-914. [26898]

Moerman, Dan. 2003. Native American ethnobotany: A database of foods, drugs, dyes, and
fibers of Native American peoples, derived from plants, [Online]. Dearborn, MI: University of
Michigan (Producer). Available: http://naeb.brit.org/ [2017, March 29]. [37492]

107

Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/
https://www.fs.fed.us/database/feis/animals/mammal/pepe/all.html
http://naeb.brit.org/

406. Moeur, Melinda. 1981. Crown width and foliage weight of northern Rocky Mountain conifers.
Res. Pap. INT-283. Ogden, UT: U.S. Department of Agriculture, Forest Service, Intermountain
Forest and Range Experiment Station. 14 p. [13244]

407. Moghaddas, Jason J.; Craggs, Larry. 2007. A fuel treatment reduces fire severity and increases
suppression efficiency in a mixed conifer forest. International Journal of Wildland Fire. 16(6):
673-678.[70113]

408. Molina, Domingo M.; Martin, Robert E. 1994. Prescribed burning effects on spatial distribution
patterns and plant diversity indices in mixed-conifer stands in California. In: Proceedings, 12th
conference on fire and forest meteorology; 1993 October 26-28; Jekyll Island, GA. Bethesda,
MD: Society of American Foresters: 671-678. [26338]

409. Morgan, Penelope; Bunting, Stephen C. 1998. Changing fire regimes in the Interior Columbia
River Basin 1900-present. In: Boula, Kathryn M., coord. Fire and wildlife in the Pacific Northwest:
Research, policy, and management; 1998 April 6-8; Spokane, WA. [Place of publication
unknown]: The Wildlife Society, Northwest Section, Oregon and Washington Chapters: 26-29.
[86674]

410. Morgan, Penelope; Shiplett, Brian. 1989. Photographic series: Appraising slash fire hazard in
Idaho, western hemlock, grand fir, western redcedar, ponderosa pine. Boise, ID: Idaho
Department of Lands. 117 p. [90887]

411.  Morris, William G. 1945. Ponderosa pine reproduction taking over area from which lodgepole
removed. Forest Research Notes No. 33. Portland, OR: U.S. Department of Agriculture, Forest
Service, Pacific Northwest Forest Experiment Station. 15 p. [36684]

412.  Morris, William G.; Mowat, Edwin L. 1958. Some effects of thinning a ponderosa pine thicket
with a prescribed fire. Journal of Forestry. 56: 203-209. [8109]

413.  Munger, Thornton T. 1914. Replacement of yellow pine by lodgepole pine on the pumice soils of
central Oregon. Proceedings of the American Society of Foresters. 9(3): 396-406. [38640]

414.  Munton, Thomas E.; Johnson, Kenneth D.; Steger, George N.; Eberlein, Gary P. 2002. Diets of
California spotted owls in the Sierra National Forest. In: Verner, Jared, tech. ed. Proceedings of a
symposium on the Kings River Sustainable Forest Ecosystems Project: Progress and current
status; 1998 January 26; Clovis, CA. Gen. Tech. Rep. PSW-GTR-183. Albany, CA: U.S. Department
of Agriculture, Forest Service, Pacific Southwest Research Station: 99-105. [44206]

415.  Nielson-Pincus, Nicole. 2005. Nest site selection, nest success, and density of selected cavity-
nesting birds in northeastern Oregon with a method for improving the accuracy of density
estimates. Moscow, ID: University of Idaho. 96 p. Thesis. [82592]

416. Norman, Steven P.; Taylor, Alan H. 2005. Pine forest expansion along a forest-meadow ecotone
in northeastern California, USA. Forest Ecology and Management. 215(1-3): 51-68. [55574]

417. North, Malcolm; Collins, Brandon; Safford, Hugh; Stephenson, Nathan L. 2016. Montane forests.
In: Mooney, Harold; Zavaleta, Erika, eds. Ecosystems of California. Oakland, CA: University of
California Press: 553-577. [90509]

108
Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/

418.

419.

420.

421.

422.

423.

424.

425.

426.

427.

428.

Noss, Reed F.; LaRoe, Edward T., lll; Scott, J. Michael. 1995. Endangered ecosystems of the
United States: A preliminary assessment of loss and degradation. Biological Report 28.
Washington, DC: U.S. Department of the Interior, National Biological Service. 58 p. [50483]

Odion, Dennis C.; Hanson, Chad T. 2006. Fire severity in conifer forests of the Sierra Nevada,
California. Ecosystems. 9(7): 1177-1189. [67866]

Odion, Dennis C.; Hanson, Chad T.; Arsenault, Andre; Baker, William L.; DellaSala, Dominick A.;
Hutto, Richard L.; Klenner, Walt; Moritz, Max A.; Sherriff, Rosemary L.; Veblen, Thomas T.;
Williams, Mark A. 2014. Examining historical and current mixed-severity fire regimes in
ponderosa pine and mixed-conifer forests of western America. PLOS ONE. 9(2): 1-14 [+
appendices]. [88228]

Oliver, William W.; Powers, Robert F.; Fiske, John N. 1983. Pacific ponderosa pine. In: Burns,
Russell M., compiler. Silvicultural systems for the major forest types of the United States.
Agriculture Handbook No. 445. Washington, D.C.: U.S. Department of Agriculture, Forest
Service: 48-52. [153]

Oliver, William W.; Ryker, Russell A. 1990. Pinus ponderosa Dougl. ex Laws. ponderosa pine. In:
Burns, Russell M.; Honkala, Barbara H., tech. coords. Silvics of North America. Volume 1.
Conifers. Agric. Handb. 654. Washington, DC: U.S. Department of Agriculture, Forest Service:
413-424. [13399]

Olson, Diana L. 2000. Fire in riparian zones: A comparison of historical fire occurrence in riparian
and upslope forests in the Blue Mountains and southern Cascades of Oregon. Seattle: University
of Washington. 274 p. Thesis. [46928]

Oswald, Brian P.; Wellner, Kent; Boyce, Robin; Neuenschwander, Leon F. 1999. Germination and
initial growth of four coniferous species on varied duff depths in northern Idaho. Journal of
Sustainable Forestry. 8(1): 12-21. [30124]

Parks, Sean A.; Holsinger, Lisa M.; Miller, Carol; Nelson, Cara R. 2015. Wildland fire as a self-
regulating mechanism: The role of previous burns and weather in limiting fire progression.
Ecological Applications. 25(6): 1478-1492. [89766]

Patton, David R. 1988. Selection of silvicultural systems for wildlife. In: Baumgartner, David M.;
Lotan, James E., compilers. Ponderosa pine: The species and its management: Symposium
proceedings; 1987 September 29 - October 1; Spokane, WA. Pullman, WA: Washington State
University, Cooperative Extension: 179-184. [9416]

Payne, Gene F. 1973. Vegetative rangeland types in Montana. Bull. 671. Bozeman, MT: Montana
State University, Montana Agricultural Experiment Station. 15 p. [1847]

Pearson, Dean E. 2000. Small mammals of the Bitterroot National Forest: Ecological significance
and guidelines for management. In: Smith, Helen Y., ed. The Bitterroot Ecosystem Management
Research Project: What we have learned: Symposium proceedings; 1999 May 18-20; Missoula,

MT. Proceedings RMRS-P-17. Ogden, UT: U.S. Department of Agriculture, Forest Service, Rocky

Mountain Research Station: 45-47. [37139]

109

Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/

429.

430.

431.

432.

433.

434.

435.

436.

437.

438.

Pearson, H. A.; Davis, J. R.; Schubert, G. H. 1972. Effects of wildfire on timber and forage
production in Arizona. Journal of Range Management. 25(4): 250-253. [5664]

Perrakis, Daniel D. B.; Agee, James K. 2006. Seasonal fire effects on mixed-conifer forest
structure and ponderosa pine resin properties. Canadian Journal of Forest Research. 36(1): 238-
254, [63824]

Perry, David A.; Hessburg, Paul F.; Skinner, Carl N.; Spies, Thomas A.; Stephens, Scott L.; Taylor,
Alan Henry; Franklin, Jerry F.; McComb, Brenda; Riegel, Greg. 2011. The ecology of mixed
severity fire regimes in Washington, Oregon, and northern California. Forest Ecology and
Management. 262(5): 703-717. [83134]

Perry, David A.; Jing, Huang; Youngblood, Andrew; Oetter, Doug R. 2004. Forest structure and
fire susceptibility in volcanic landscapes of the eastern high Cascades, Oregon. Conservation
Biology. 18(4): 913-926. [50407]

Peterson, David L.; Agee, James K.; Aplet, Gregory H.; Dykstra, Dennis P.; Graham, Russell T.;
Lehmkuhl, John F.; Pilliod, David S.; Potts, Donald F.; Powers, Robert F.; Stuart, John D. 2009.
Effects of timber harvest following wildfire in western North America. Gen. Tech. Rep. PNW-
GTR-776. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest
Research Station. 51 p. [81010]

Peterson, David L.; Johnson, Morris C.; Agee, James K.; Jain, Theresa B.; McKenzie, Donald;
Reinhardt, Elizabeth D. 2005. Forest structure and fire hazard in dry forests of the western
United States. Gen. Tech. Rep. PNW-GTR-628. Portland, OR: U.S. Department of Agriculture,
Forest Service, Pacific Northwest Research Station. 30 p. [54906]

Peterson, David W.; Hessburg, Paul F.; Salter, Brion; James, Kevin M.; Dahlgreen, Matthew C.;
Barnes, John A. 2007. Reintroducing fire in regenerated dry forests following stand-replacing
wildfire. In: Powers, Robert F., tech. ed. Restoring fire-adapted ecosystems: proceedings of the
2005 national silvicultural workshop; 2005 June 6-10; Tahoe City, CA. Gen. Tech. Rep. PSW-GTR-
203. Albany, CA: U.S. Department of Agriculture, Forest Service, Pacific Southwest Research
Station: 79-86. [68607]

Peterson, David W.; Kerns, Becky K.; Dodson, Erich K. 2014. Using model projections. In:
Peterson, David W.; Kerns, Becky K.; Dodson, Erich K. Climate change effects on vegetation in
the Pacific Northwest: A review and synthesis of the scientific literature and simulation model
projections. Gen. Tech. Rep. PNW-GTR-900. Portland, OR: U.S. Department of Agriculture, Forest
Service, Pacific Northwest Research Station: 95-98. [90576]

Peterson, David W.; Kerns, Becky K.; Dodson, Erich K. 2014. Vegetation sensitivity to changing
disturbance regimes. In: Peterson, David W.; Kerns, Becky K.; Dodson, Erich K. Climate change
effects on vegetation in the Pacific Northwest: A review and synthesis of the scientific literature
and simulation model projections. Gen. Tech. Rep. PNW-GTR-900. Portland, OR: U.S.
Department of Agriculture, Forest Service, Pacific Northwest Research Station: 51-58. [90573]

Petrie, M. D.; Bradford, J. B.; Hubbard, R. M.; Lauenroth, W. K.; Andrews, C. M.; Schlaepfer, D. R.
2017. Climate change may restrict dryland forest regeneration in the 21st century. Ecology.
98(6): 1548-1559. [92033]

110

Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/

439.

440.

441.

442,

443.

444,

445,

446.

447.

448.

449,

Pfister, Robert D.; Kovalchik, Bernard L.; Arno, Stephen F.; Presby, Richard C. 1977. Forest
habitat types of Montana. Gen. Tech. Rep. INT-34. Ogden, UT: U.S. Department of Agriculture,
Forest Service, Intermountain Forest and Range Experiment Station. 174 p. [1878]

Phillips, Catherine. 2002. Fire-return intervals in mixed-conifer forests of the Kings River
Sustainable Forest Ecosystems Project area. In: Verner, Jared, tech. ed. Proceedings of a
symposium on the Kings River Sustainable Forest Ecosystems Project: Progress and current
status; 1998 January 26; Clovis, CA. Gen. Tech. Rep. PSW-GTR-183. Albany, CA: U.S. Department
of Agriculture, Forest Service, Pacific Southwest Research Station: 31-35. [44200]

Pierce, Jennifer; Meyer, Grant. 2008. Long-term fire history from alluvial fan sediments: The role
of drought and climate variability, and implications for management of Rocky Mountain forests.
International Journal of Wildland Fire. 17(1): 84-95. [70007]

Prichard, Susan J.; Kennedy, Maureen C. 2012. Fuel treatment effects on tree mortality following
wildfire in dry mixed conifer forests, Washington State, USA. International Journal of Wildland
Fire. 21(8): 1004-1013. [86927]

Progar, Robert A.; Hrinkevich, Kathryn H.; Clark, Edward S.; Rinella, Matthew J. 2017. Prescribed
burning in ponderosa pine: Fuel reductions and redistributing fuels near boles to prevent injury.
Fire Ecology. 13(1): 149-161. [91672]

Puhlick, Joshua J.; Laughlin, Daniel C.; Moore, Margaret M. 2012. Factors influences ponderosa
pine regeneration in the southwestern USA. Forest Ecology and Management. 264(1): 10-19.
[84149]

Purcell, Kathryn L.; Mazzoni, Amie K.; Mori, Sylvia R.; Boroski, Brian B. 2009. Resting structures
and resting habitat of fishers in the southern Sierra Nevada, California. Forest Ecology and
Management. 258(12): 2696-2706. [81319]

Quigley, Thomas M.; Arbelbide, Sylvia, tech. eds. 1997. An assessment of ecosystem
components in the Interior Columbia Basin and portions of the Klamath and Great Basins:
Volume Il. Gen. Tech. Rep. PNW-GTR-405. Portland, OR: U.S. Department of Agriculture, Forest
Service, Pacific Northwest Research Station. 968 p. [+ appendices]. [91602]

Rapport, David J.; Yazvenko, Sergel B. 1996. Ecosystem distress syndrome in ponderosa pine
forests. In: Covington, Wallace; Wagner, Pamela K., tech. coords. Conference on adaptive
ecosystem restoration and management: Restoration of Cordilleran conifer landscapes of North
America, Proceedings; 1996 June 6-8; Flagstaff, AZ. Gen. Tech. Rep. RM-GTR-278. Fort Collins,
CO: U.S. Department of Agriculture, Forest Service, Rocky Mountain Forest and Range
Experiment Station: 3-9. [26916]

Raunkiaer, C. 1934. The life forms of plants and statistical plant geography. Oxford, England:
Clarendon Press. 632 p. [2843]

Regelbrugge, Jon C.; Conard, Susan G. 1993. Modeling tree mortality following wildfire in Pinus

ponderosa forests in the central Sierra Nevada of California. International Journal of Wildland
Fire. 3(3): 139-148. [22044]

111

Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/

450. Reheldt, G. E. 1986. Adaptive variation in Pinus ponderosa from Intermountain regions. I. Snake
and Salmon River Basins. Forest Science. 32(1): 79-92. [15791]

451. Rejmanek, Marcel; Messina, John J. 1989. Quantification and prediction of woody weed
competition in ponderosa pine plantations. In: Tecle, Aregai; Covington, W. Wallace; Hamre, R.
H., tech. coords. Multiresource management of ponderosa pine forests: Proceedings of the
symposium; 1989 November 14-16; Flagstaff, AZ. Gen. Tech. Rep. RM-185. Fort Collins, CO: U.S.
Department of Agriculture, Forest Service, Rocky Mountain Forest and Range Experiment
Station: 97-102. [11309]

452.  Restaino, Christina M.; Safford, Hugh D. 2018. Fire and climate change. In: van Wagtendonk, Jan
W.; Sugihara, Neil G.; Stephens, Scott L.; Thode, Andrea E.; Shaffer, Kevin E.; Fites-Kaufman, Jo
Ann, eds. Fire in California's ecosystems. 2nd ed. Oakland, CA: University of California Press:
493-505. [92961]

453, Rieman, Bruce; Lee, Danny; Chandler, Gwynne; Myers, Deborah. 1997. Does wildfire threaten
extinction for salmonids? Responses of redband trout and bull trout following recent large fires
on the Boise National Forest. In: Greenlee, Jason M., ed. Proceedings, 1st conference on fire
effects on rare and endangered species and habitats; 1995 November 13-16; Coeur d'Alene, ID.
Fairfield, WA: International Association of Wildland Fire: 47-57. [28122]

454.  Rigolot, E.; Ducrey, M.; Duhoux, F.; Huc, R.; Ryan, K. C. 1994. Effects of fire injury on the
physiology and growth of two pine species. In: 2nd international conference on forest fire
research: Proceedings: Vol. 2; 1994 November 21-24; Coimbra, Portugal. Coimbra, Portugal:
Domingos Xavier Viegas, ADAI: Associacao para o Desenvolvimento da Aerodinamica Industrial:
857-866. [26404]

455.  Ritchie, Martin W. 2005. Effects of thinning and prescribed fire on understory vegetation in
interior pine forests of California. In: Peterson, C. E.; Maguire, D. A., eds. Balancing ecosystem
values: innovative experiments for sustainable forestry; 2004 August 15-20; Portland, OR. Gen.
Tech. Rep. PNW-GTR-635. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific
Northwest Research Station: 297-307. [54803]

456. Ritchie, Martin W. 2016. Multi-scale reference conditions in an interior pine-dominated
landscape in northeastern California. Forest Ecology and Management. 378: 233-243. [91079]

457.  Ritchie, Martin W.; Skinner, Carl N.; Hamilton, Todd A. 2007. Probability of tree survival after
wildfire in an interior pine forest of northern California: Effects of thinning and prescribed fire.
Forest Ecology and Management. 247(1-3): 200-208. [67911]

458. Rogers, Brendan M.; Neilson, Ronald P.; Drapek, Ray; Lenihan, James M.; Wells, John R.;
Bachelet, Dominique; Law, Beverly E. 2011. Impacts of climate change on fire regimes and
carbon stocks of the U.S. Pacific Northwest. Journal of Geophysical Research. 116(G3): G03037.
doi: 10.1029/2011JG001695. [85518]

459.  Rollins, Mathew G.; Swetnam, Thomas W.; Morgan, Penelope. 2001. Evaluating a century of fire
patterns in two Rocky Mountain wilderness areas using digital fire atlases. Canadian Journal of
Forest Research. 31(12): 2107-2123. [84633]

112
Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/

460.

461.

462.

463.

464.

465.

466.

467.

468.

469.

Ross, D. W.; Walstad, J. D. 1986. Estimating aboveground biomass of shrubs and young
ponderosa and lodgepole pines in southcentral Oregon. Research Bulletin No. 57. Corvallis, OR:
Oregon State University, Forest Research Laboratory. 12 p. [38626]

Rummell, Robert S. 1951. Some effects of livestock grazing on ponderosa pine forest and range
in central Washington. Ecology. 32(4): 594-607. [16338]

Russell, Robin E.; Saab, Victoria A.; Dudley, Jonathan G.; Rotella, Jay J. 2006. Snag longevity in
relation to wildfire and postfire salvage logging. Forest Ecology and Management. 232(1/3): 179-
187. [65023]

Ryan, Kevin C. 1982. Evaluating potential tree mortality from prescribed burning. In:
Baumgartner, David M., ed. Site preparation and fuels management on steep terrain:
Proceedings of a symposium; 1982 February 15-17; Spokane, WA. Pullman, WA: Washington
State University, Cooperative Extension: 167-179. [5616]

Ryan, Kevin C. 1982. Techniques for assessing fire damage to trees. In: Lotan, James E., ed. Fire--
its field effects; Proceedings of the symposium; 1982 October 19-21; Jackson, WY. Missoula, MT:
The Intermountain Fire Council; Pierre, SD: The Rocky Mountain Fire Council: 1-11. [10986]

Ryan, Kevin C. 2000. Effects of fire injury on water relations of ponderosa pine. In: Moser, W.
Keith; Moser, Cynthia F., eds. Fire and forest ecology: Innovative silviculture and vegetation
management: Proceedings of the 21st Tall Timbers fire ecology conference: An international
symposium; 1998 April 14-16; Tallahassee, FL. No. 21. Tallahassee, FL: Tall Timbers Research: 58-
66. [37611]

Ryker, Russell A.; Losensky, Jack. 1983. Ponderosa pine and Rocky Mountain Douglas-fir. In:
Burns, Russell M., tech. comp. Silvicultural systems for the major forest types of the United
States. Agric. Handb. 445. Washington, DC: U.S. Department of Agriculture, Forest Service: 53-
55. [16904]

Saab, Victoria; Brannon, Ree; Dudley, Jonathan; Donohoo, Larry; Vanderzanden, Dave; Johnson,
Vicky; Lachowski, Henry. 2002. Selection of fire-created snags at two spatial scales by cavity-
nesting birds. In: Laudenslayer, William F., Jr.; Shea, Patrick J.; Valentine, Bradley E.;
Weatherspoon, C. Phillip; Lisle, Thomas E., tech. coords. Proceedings of the symposium on the
ecology and management of dead wood in western forests; 1999 November 2-4; Reno, NV. Gen.
Tech. Rep. PSW-GTR-181. Albany, CA: U.S. Department of Agriculture, Forest Service, Pacific
Southwest Research Station: 835-848. [44403]

Sackett, Stephen S. 1988. Soil and cambium temperatures associated with prescribed burning in
two mature ponderosa pine stands in Arizona. In: Baumgartner, David M.; Lotan, James E.,
comps. Ponderosa pine: The species and its management: Symposium proceedings; 1987
September 29-October 1; Spokane, WA. Pullman, WA: Washington State University, Cooperative
Extension: 281. Abstract. [9432]

Sackett, Stephen S.; Haase, Sally M. 1998. Two case histories for using prescribed fire to restore

ponderosa pine ecosystems in northern Arizona. In: Pruden, Teresa L.; Brennan, Leonard A., eds.
Fire in ecosystem management: shifting the paradigm from suppression to prescription:

113

Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/

Proceedings, Tall Timbers fire ecology conference; 1996 May 7-10; Boise, ID. No. 20.
Tallahassee, FL: Tall Timbers Research Station: 380-389. [35664]

470. Safford, H. D.; North, M.; Meyer, M. 2012. Climate change and the relevance of historical forest
conditions. In: North, Malcolm, ed. Managing Sierra Nevada forests. Gen. Tech. Rep. PSW-GTR-
237. Albany, CA: U.S. Department of Agriculture, Forest Service, Pacific Southwest Research
Station: 23-45. [92669]

471. Safford, H. D.; Stevens, J. T.; Merriam, K.; Meyer, M. D.; Latimer, A. C. 2012. Fuel treatment
effectiveness in California yellow pine and mixed conifer forests. Forest Ecology and
Management. 274: 17-28. [90352]

472.  Safford, Hugh D.; Stevens, Jens T. 2017. Natural range of variation for yellow pine and mixed-
conifer forests in the Sierra Nevada, southern Cascades, and Modoc and Inyo National Forests,
California, USA. Gen. Tech. Rep. PSW-GTR-256. Albany, CA: U.S. Department of Agriculture,
Forest Service, Pacific Southwest Research Station. 229 p. [92313]

473.  Safford, Hugh D.; Van de Water, Kip M. 2014. Using fire return interval departure (FRID) analysis
to map spatial and temporal changes in fire frequency on National Forest lands in California.
Res. Pap. PSW-RP-266. U.S. Department of Agriculture, Forest Service, Pacific Southwest
Research Station. 60 p. [89431]

474.  Saigo, Barbara Woodworth. 1968. The relationship of non-recovered rodent caches to the
natural regeneration of ponderosa pine. Corvallis, OR: Oregon State University. 98 p. [5722]

475. Sakai, A.; Weiser, C. J. 1973. Freezing resistance of trees in North America with reference to tree
regions. Ecology. 54(1): 118-126. [52694]

476.  Sala, Anna; Peters, Gregory D.; Mcintyre, Lorna R.; Harrington, Michael G. 2005. Physiological
responses of ponderosa pine in western Montana to thinning, prescribed fire and burning
season. Tree Physiology. 25(3): 339-348. [53345]

477.  Santoro, Alyson E.; Lombardero, Maria J.; Ayres, Matthew P.; Ruel, Jonathan J. 2001.
Interactions between fire and bark beetles in an old growth pine forest. Forest Ecology and
Management. 144: 245-254. [92944]

478.  Saveland, James M. 1982. Predicting mortality and scorch height in ponderosa pine from
understory prescribed burning. Moscow, ID: University of ldaho. 39 p. Thesis. [6481]

479.  Saveland, James M.; Bakken, Stephen R.; Neuenschwander, Leon F. 1990. Predicting mortality
and scorch height from prescribed burning for ponderosa pine in northern Idaho. Bulletin No.
53. Moscow, ID: University of Idaho, College of Forestry, Wildlife and Range Sciences, Idaho
Forest, Wildlife and Range Experiment Station. 9 p. [22400]

480. Saveland, James M.; Bunting, Stephen C. 1988. Fire effects in ponderosa pine forests. In:
Baumgartner, David M.; Lotan, James E., comps. Ponderosa pine: The species and its
management: Symposium proceedings; 1987 September 29 - October 1; Spokane, WA. Pullman,
WA: Washington State University, Cooperative Extension: 125-131. [9409]

114
Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/

481.

482.

483.

484,

485.

486.

487.

488.

489.

490.

491.

492,

Scharpf, Robert F. 1972. Light affects penetration and infection of pines by dwarf mistletoe.
Phytopathology. 62(11): 1271-1273. [15847]

Schellhaas, R.; Camp, A. E.; Spurbeck, D.; Keenum, D. 2000. Report to the Colville National Forest
on the results of the South Deep watershed fire history research. Wenatchee, WA: Wenatchee,
U.S. Department Of Agriculture, Forest Service, Pacific Northwest Research Station, Wenatchee
Forestry Sciences Laboratory. 40 p. [+ appendix]. [90256]

Schmid, J. M. 1988. Insects of ponderosa pine: Impacts and control. In: Baumgartner, David M.;
Lotan, James E., compilers. Ponderosa pine: The species and its management: Symposium
proceedings; 1987 September 29 - October 1; Spokane, WA. Pullman, WA: Washington State
University, Cooperative Extension: 93-97. [9404]

Schmidt, Wyman C.; Lotan, James E. 1980. Phenology of common forest flora of the Northern
Rockies--1928 to 1937. Res. Pap. INT-259. Ogden, UT: U.S. Department of Agriculture, Forest
Service, Intermountain Forest and Range Experiment Station. 20 p. [2082]

Schmidt, Wyman C.; Shearer, Raymond C. 1971. Ponderosa pine seed--for animals or trees? Res.
Pap. INT-112. Ogden, UT: U.S. Department of Agriculture, Forest Service, Intermountain Forest
and Range Experiment Station. 14 p. [15794]

Scholl, Andrew E.; Taylor, Alan H. 2010. Fire regimes, forest change, and self-organization in an
old-growth mixed-conifer forest, Yosemite National Park, USA. Ecological Applications. 20(2):
362-380. [81877]

Schultz, A. M.; Biswell, H. H. 1959. Effect of prescribed burning and other seedbed treatments
on ponderosa pine seedling emergence. Journal of Forestry. 57: 816-817. [850]

Schwilk, Dylan W. 2015. Dimensions of plant flammability. New Phytologist. 206(2): 486—488.
[92605]

Scott, Joe H.; Reinhardt, Elizabeth D. 2001. Assessing crown fire potential by linking models of
surface and crown fire behavior. Res. Pap. RMRS-RP-29. Fort Collins, CO: U.S. Department of
Agriculture, Forest Service, Rocky Mountain Research Station. 59 p. [88259]

Scott, Joe H.; Reinhardt, Elizabeth D. 2005. Stereo photo guide for estimating canopy fuel
characteristics in conifer stands. Gen. Tech. Rep. RMRS-GTR-145. Fort Collins, CO: U.S.
Department of Agriculture, Forest Service, Rocky Mountain Research Station. 49 p. [60358]

Scott, Joe. 1998. Reduce fire hazards in ponderosa pine by thinning. Fire Management Notes.
58(1): 20-25. [28951]

Sexton, Tim. 1998. Ecological effects of salvage logging and grass seeding following the Lone
Pine Fire, Winema National Fire. In: Boula, Kathryn M., coord. Fire and wildlife in the Pacific
Northwest: Research, policy, and management; 1998 April 6-8; Spokane, WA. Bend, OR: The
Wildlife Society, Northwest Section, Oregon and Washington Chapters: 61-644. [86680]

115

Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/

493.

494,

495.

496.

497.

498.

499.

500.

501.

502.

Shearer, Raymond C. 1975. Seedbed characteristics in western larch forests after prescribed
burning. Res. Pap. INT-167. Ogden, UT: U.S. Department of Agriculture, Forest Service,
Intermountain Forest and Range Experiment Station. 26 p. [12342]

Shearer, Raymond C. 1989. Fire effects on natural conifer regeneration in western Montana. In:
Baumgartner, David M.; Breuer, David W.; Zamora, Benjamin A.; Neuenschwander, Leon F.;
Wakimoto, Ronald H., comps. Prescribed fire in the Intermountain region: Forest site
preparation and range improvement: Symposium proceedings; 1986 March 3-5; Spokane, WA.
Pullman, WA: Washington State University, Department of Natural Resources, Cooperative
Extension: 19-33. [11242]

Shearer, Raymond C.; Schmidt, Wyman C. 1970. Natural regeneration in ponderosa pine forests
of western Montana. Res. Pap. INT-86. Ogden, UT: U.S. Department of Agriculture, Forest
Service, Intermountain Forest and Range Experiment Station. 19 p. [15795]

Sherman, Robert J.; Warren, R. Keith. 1988. Factors in Pinus ponderosa and Calocedrus
decurrens mortality in Yosemite Valley, USA. Vegetatio. 77(1/3): 79-85. [9740]

Shinneman, Douglas J.; Means, Robert E.; Potter, Kevin M.; Hipkins, Valerie D. 2016. Exploring
climate niches of ponderosa pine (Pinus ponderosa Douglas ex Lawson) haplotypes in the
western United States: Implications for evolutionary history and conservation. PLoS ONE. 11(3):
e0151811. [91659]

Simmerman, Dennis G.; Arno, Stephen F.; Harrington, Michael G.; Graham, Russell T. 1991. A
comparison of dry and moist fuel underburns in ponderosa pine shelterwood units in Idaho. In:
Andrews, Patricia L.; Potts, Donald F., eds. Proceedings, 11th annual conference on fire and
forest meteorology; 1991 April 16-19; Missoula, MT. SAF Publication 91-04. Bethesda, MD:
Society of American Foresters: 387-397. [16186]

Simon, Steven A. 1990. Fire effects from prescribed underburning in central Oregon ponderosa
pine plant communities: First and second growing season after burning. In: Proceedings, Pacific
Northwest range management short course: Fire in Pacific Northwest ecosystems; 1990 January
23-25; Pendleton, OR. Corvallis, OR: Oregon State University, Department of Rangeland
Resources: 93-109. [92343]

Skinner, Carl N. 2002. Fire history in riparian reserves of the Klamath Mountains. In: Sugihara,
Neil G.; Morales, Maria; Morales, Tony, eds. Proceedings of the symposium: Fire in California
ecosystems: Integrating ecology, prevention and management; 1997 November 17-20; San
Diego, CA. Misc. Pub. No. 1. [Berkeley, CA]: Association for Fire Ecology: 164-169. [46203]

Skinner, Carl N. 2003. A tree-ring based fire history of riparian reserves in the Klamath
Mountains. In: Faber, Phyllis M., ed. California riparian systems: Processes and floodplains
management, ecology and restoration. Riparian habitat and floodplains conference proceedings;
2001 March 12-15; Sacramento, CA. Sacramento, CA: Riparian Habitat Joint Venture: 116-119.
[85054]

Skinner, Carl N. 2005. Reintroducing fire into the Blacks Mountain Research Natural Area: Effects
of fire hazard. In: Ritchie, Martin W.; Maguire, Douglas A.; Youngblood, Andrew, tech. coords.
Proceedings of the symposium on ponderosa pine: Issues, trends, and management; 2004

116

Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/

October 18-21; Klamath Falls, OR. Gen. Tech. Rep. PSW-GTR-198. Albany, CA: U.S. Department
of Agriculture, Forest Service, Pacific Southwest Research Station: 245-257. [65975]

503. Skinner, Carl N.; Abbott, Celeste S.; Fry, Danny L.; Stephens, Scott L.; Taylor, Alan H.; Trouet,
Valerie. 2009. Human and climatic influences on fire occurrence in California's North Coast
Range, USA. Fire Ecology. 5(3): 76-99. [81120]

504.  Skinner, Carl N.; Chang, Chi-Ru. 1996. Fire regimes, past and present. In: Status of the Sierra
Nevada. Sierra Nevada Ecosystem Project: Final report to Congress. Volume 2: Assessments and
scientific basis for management options. Wildland Resources Center Report No. 37. Davis, CA:
University of California, Centers for Water and Wildland Resources: 1041-1069. [28975]

505.  Skinner, Carl N.; Ritchie, Martin W.; Hamilton, Todd; Symons, Julie. 2004. Effects of thinning and
prescribed fire on wildfire severity. In: Cooper, S. L., comp. Proceedings: 25th annual forest
vegetation management conference: 25 years of excellence--where we are, where we've been
and where we're going; 2004 January 20-22; Redding, CA. Redding, California: University of
California, Shasta County Cooperative Extension: 80-91. [55745]

506. Skinner, Carl N.; Taylor, Alan H. 2006. Southern Cascades bioregion. In: Sugihara, Neil G.; van
Wagtendonk, Jan W.; Shaffer, Kevin E.; Fites-Kaufman, Joann; Thode, Andrea E., eds. Fire in
California's ecosystems. Berkeley, CA: University of California Press: 195-224. [65540]

507.  Skinner, Carl N.; Taylor, Alan H.; Agee, James K. 2006. Klamath Mountains bioregion. In:
Sugihara, Neil G.; van Wagtendonk, Jan W.; Shaffer, Kevin E.; Fites-Kaufman, Joann; Thode,
Andrea E., eds. Fire in California's ecosystems. Berkeley, CA: University of California Press: 170-
194. [65539]

508. Sloan, John P. 1998. Historical density and stand structure of an old-growth forest in the Boise
Basin of central Idaho. In: Pruden, Teresa L.; Brennan, Leonard A., eds. Fire in ecosystem
management: Shifting the paradigm from suppression to prescription: Proceedings, Tall Timbers
fire ecology conference; 1996 May 7-10; Boise, ID. No. 20. Tallahassee, FL: Tall Timbers Research
Station: 258-266. [35642]

509. Smith, Helen Y. 2000. Factors affecting ponderosa pine snag longevity. In: Pioneering new trails:
Proceedings of the Society of American Foresters 1999 national convention; 1999 September
11-15; Portland, OR. SAF Publication 00-1. Bethesda, MD: Society of American Foresters: 223-
229. [37560]

510. Smith, Jane Kapler; Fischer, William C. 1997. Fire ecology of the forest habitat types of northern
Idaho. Gen. Tech. Rep. INT-GTR-363. Ogden, UT: U.S. Department of Agriculture, Forest Service,
Intermountain Research Station. 142 p. [27992]

511. Snell, J. A. Kendall; Brown, James K. 1980. Handbook for predicting residue weights of Pacific
Northwest conifers. Gen. Tech. Rep. PNW-103. Portland, OR: U.S. Department of Agriculture,
Forest Service, Pacific Northwest Forest and Range Experiment Station. 44 p. [20464]

512. Snell, J. A. Kendall; Max, Timothy A. 1981. Bark-to-wood ratios for logging residue in Oregon,
Washington, and Idaho. Res. Pap. PNW-295. Portland, OR: U.S. Department of Agriculture,
Forest Service, Pacific Northwest Forest and Range Experiment Station. 9 p. [13263]

117
Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/

513. Soeriaatmadja, Roehajat Emon. 1966. Fire history of the ponderosa pine forests of the Warm
Springs Indian Reservation, Oregon. Corvallis, OR: Oregon State University. 123 p. Dissertation.
[44325]

514. Sorensen, F. C. 1994. Frequency of seedlings from natural self-fertilization in Pacific Northwest
ponderosa pine (Pinus ponderosa Dougl. ex Laws.). Silvae Genetiva. 43(2/3): 100-108. [25722]

515.  Spalt, Karl W.; Reifsnyder, William E. 1962. Bark characteristics and fire resistance: A literature
survey. Occas. Paper 193. New Orleans, LA: U.S. Department of Agriculture, Forest Service,
Southern Forest Experiment Station. 19 p. [266]

516.  Spencer, Wayne; Rustigian, Heather; Scheller, Robert; Syphard, Alexandra; Strittholt, James;
Ward, Brendan. 2008. Baseline evaluation of fisher habitat and population status & effects of
fires and fuels management on fishers in the southern Sierra Nevada. Corvallis, OR:
Conservation Biology Institute. 107 p. [82016]

517.  Spies, Thomas A.; Hemstrom, Miles A.; Youngblood, Andrew; Hummel, Susan. 2006. Conserving
old-growth forest diversity in disturbance-prone landscapes. Conservation Biology. 20(2): 351-
362. [63207]

518.  Stanton, Sharon Marie. 2007. The fire ecology of mature ponderosa pine (Pinus ponderosa)
stands infected with western dwarf mistletoe (Arceuthobium campylopodum). Portland, OR:
Portland State University. 166 p. Dissertation. [89467]

519.  Stark, N. 1983. The nutrient content of Rocky Mountain vegetation: A handbook for estimating
nutrients lost through harvest and burning. Misc. Publ. 14. Missoula, MT: University of Montana,
School of Forestry, Montana Forest and Conservation Experiment Station. 81 p. [8617]

520. Starker, T.J. 1934. Fire resistance in the forest. Journal of Forestry. 32: 462-467. [82]

521. Steele, Robert. 1988. Ecological relationships of ponderosa pine. In: Baumgartner, David M.;
Lotan, James E., comps. Ponderosa pine: The species and its management: Symposium
proceedings; 1987 September 29 - October 1; Spokane, WA. Pullman, WA: Washington State
University, Cooperative Extension: 71-76. [9402]

522. Steele, Robert; Arno, Stephen F.; Geier-Hayes, Kathleen. 1986. Wildfire patterns change in
central Idaho's ponderosa pine-Douglas-fir forest. Western Journal of Applied Forestry. 1(1): 16-
18. [6840]

523. Stephens, S. L.; Agee, J. K.; Fule, P. Z.; North, M. P.; Romme, W. H.; Swetnam, T. W. 2013.
Managing forests and fire in changing climates. Science. 342(4): 41-42. [90312]

524. Stephens, Scott L.; Collins, Brandon M. 2004. Fire regimes of mixed conifer forests in the north-
central Sierra Nevada at multiple spatial scales. Northwest Science. 78(1): 12-23. [47217]

525.  Stephens, Scott L.; Mclver, James D.; Boerner, Ralph E. J.; Fettig, Christopher J.; Fontaine, Joseph
B.; Hartsough, Bruce R.; Kennedy, Patricia L.; Schwilk, Dylan W. 2012. The effects of forest fuel-
reduction treatments in the United States. BioScience. 62(6): 549-560. doi:
10.1525/bi0.2012.62.6.6. [90338]

118
Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/

526. Stephens, Scott L.; Moghaddas, Jason J. 2005. Experimental fuel treatment impacts on forest
structure, potential fire behavior, and predicted tree mortality in a California mixed conifer
forest. Forest Ecology and Management. 215(1-3): 21-36. [55567]

527.  Stevens-Rumann, Camille S.; Morgan, Penelope. 2016. Repeated wildfires alter forest recovery
of mixed- conifer ecosystems. Ecological Applications. 26(6): 1842-1853. [91281]

528. Stevens, Jens T.S.; Collins, Brandon M.; Miller, Jay D.; North, Malcolm P.; Stephens, Scott L.
2017. Changing spatial patterns of stand-replacing fire in California conifer forests. Forest
Ecology and Management. 406: 28-36. [92345]

529. Stickney, Peter F. 1985. Initial stages of a natural forest succession following wildfire in the
Northern Rocky Mountains, a case study. In: Lotan, James E.; Kilgore, Bruce M.; Fischer, William
C.; Mutch, Robert W., tech. coords. Proceedings--symposium and workshop on wilderness fire;
1983 November 15-18; Missoula, MT. Gen. Tech. Rep. INT-181. Ogden, UT: U.S. Department of
Agriculture, Forest Service, Intermountain Research Station: 383-384. [7367]

530. Stickney, Peter F. 1989. Seral origin of species comprising secondary plant succession in
northern Rocky Mountain forests. FEIS workshop: Postfire regeneration. Unpublished draft on
file at: U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire
Sciences Laboratory, Missoula, MT. 10 p. [20090]

531. Stone, Katharine R. 2011. Picoides arcticus. In: Fire Effects Information System, [Online].
Missoula, MT: U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station,
Fire Sciences Laboratory (Producer). Available:
https://www.fs.usda.gov/database/feis/animals/bird/piar/all.html. [92785]

532.  Sudworth, George B. 1900. Stanislaus and Lake Tahoe Forest Reserves, California, and adjacent
territory. In: Walcott, Charles D. Twenty-first annual report of the United States Geological
Survey to the Secretary of the Interior. Part V--Forest Reserves. Washington, DC: Government
Printing Office: 499-561. [65699]

533.  Sutherland, Elaine Kennedy. 1988. Prescribed burning and ponderosa pine growth: What
managers should know. In: Baumgartner, David M.; Lotan, James E., comps. Ponderosa pine:
The species and its management: Symposium proceedings; 1987 September 29-October 1;
Spokane, WA. Pullman, WA: Washington State University, Cooperative Extension; 280-281.
Abstract. [9430]

534. Swetnam, Tomas W.; Baisan, Christopher H. 2003. Tree-ring reconstructions of fire and climate
history in the Sierra Nevada and southwestern United States. In: Veblen, Thomas T.; Baker,
William L.; Montenegro, Gloria; Swetnam, Thomas W., eds. Fire and climatic change in
temperate ecosystems of the western Americas. Ecological Studies, Vol. 160. New York:
Springer: 158-195. [45409]

535. Swezy, D. Michael; Agee, James K. 1991. Prescribed-fire effects on fine-root and tree mortality in
old-growth ponderosa pine. Canadian Journal of Forest Research. 21(5): 626-634. [15551]

536. Taylor, Alan H. 2010. Fire disturbance and forest structure in an old-growth Pinus ponderosa
forest, southern Cascades, USA. Journal of Vegetation Science. 12(1): 561-572. [81861]

119
Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/
https://www.fs.fed.us/database/feis/animals/bird/piar/all.html

537.

538.

539.

540.

541.

542.

543.

544,

545.

546.

547.

548.

Taylor, Alan H.; Skinner, Carl N. 1997. Fire regimes and management of old-growth Douglas-fir
forests in the Klamath Mountains of northwestern California. In: Greenlee, Jason M., ed.
Proceedings, 1st conference on fire effects on rare and endangered species and habitats; 1995
November 13-16; Coeur d'Alene, ID. Fairfield, WA: International Association of Wildland Fire:
203-208. [28142]

Taylor, Alan H.; Skinner, Carl N. 2003. Spatial patterns and controls on historical fire regimes and
forest structure in the Klamath Mountains. Ecological Applications. 13(3): 704-719. [52969]

Temesgen, Hailemarian; Hann, David W.; Monleion, Vincente J. 2007. Regional height-diameter
equations for major tree species of southwest Oregon. Western Journal of Applied Forestry.
22(3): 213-219. [68857]

Thies, Walter G.; Niwa, Christine G.; Westlind, Douglas J. 2001. Impact of prescribed fires in
ponderosa pine stands in the southern Blue Mountains on various components of the
ecosystem--three years post fire. In: Marshall, Katy, comp. Proceedings, 49th western
international forest disease work conference; 2001 September 10-14; Carmel, CA. Corvallis, OR:
U.S. Department of Agriculture, Forest Service, Pacific Northwest Research Station: 108-112.
[64787]

Thies, Walter G.; Westlind, Douglas J. 2012. Validating the Malheur model for predicting
ponderosa pine post-fire mortality using 24 fires in the Pacific Northwest, USA. International
Journal of Wildland Fire. 21(5): 572-582. [86941]

Thies, Walter G.; Westlind, Douglas J.; Loewen, Mark. 2005. Season of prescribed burn in
ponderosa pine forests in eastern Oregon: Impact on pine mortality. International Journal of
Wildland Fire. 14: 223-231. [60220]

Thies, Walter G.; Westlind, Douglas J.; Loewen, Mark. 2013. Impact of spring or fall repeated
prescribed fire on growth of ponderosa pine in eastern Oregon, USA. Western Journal of Applied
Forestry. 28(3): 128-132. [87094]

Thomas, Terri L.; Agee, James K. 1986. Prescribed fire effects on mixed conifer forest structure
at Crater Lake Oregon. Canadian Journal of Forest Research. 16(5): 1082-1087. [6644]

Thorne, J., Kelsey, T. R.; Honig, J.; Morgan, B. 2006. The development of 70-year-old Wieslander
vegetation type maps and an assessment of landscape change in the central Sierra Nevada. CED-
500-2006-107. Davis, CA: University of California, Davis, and California Energy Commission. 59
pp. [92693]

Tomback, Diana F. 1978. Foraging strategies of Clark's nutcracker. The Living Bird. 16: 123-161.
[2349]

Tomback, Diana F. 2001. Clark's nutcracker: Agent of regeneration. In: Tomback, Diana F.; Arno,
Stephen F.; Keane, Robert E., eds. Whitebark pine communities: Ecology and restoration.

Washington, DC: Island Press: 88-104. [36698]

Truksa, Amy S.; Yensen, Eric. 1990. Photographic evidence of vegetation changes in Adams
County, Idaho. Journal of the Idaho Academy of Science. 26(1/2): 18-40. [16143]

120

Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/

549.  Ulev, Elena. 2007. Ursus americanus. In: Fire Effects Information System, [Online]. Missoula, MT:
U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences
Laboratory (Producer). Available:
https:/www.fs.usda.gov/database/feis/animals/mammal/uram/all.html. [92784]

550. USDA Natural Resources Conservation Service. 2018. PLANTS Database, [Online]. U.S.
Department of Agriculture, Natural Resources Conservation Service (Producer). Available:
https://plants.usda.gov/. [34262]

551. USDA. 1993. BLM manual [Fire effects--Ponderosa pine]. In: Fire effects in plant communities on
the public lands. EA #MT-930-93-01. [Billings, MT]: U.S. Department of the Interior, Bureau of
Land Management, Montana State Office: IV-1 to IV-24. [64682]

552.  USDA. 1993. Snapshot in time: Repeat photography on the Boise National Forest: 1870-1992.
Ogden, UT: U.S. Department of Agriculture, Forest Service, Intermountain Region, Boise
National Forest. 239 p. [22745]

553. Vaillant, Nicole; Noonan-Wright, Erin; Reiner, Alicia; Ewell, Carol; Rau, Benjamin M.; Fites-
Kaufman, Josephine; Dailey, Scott N. 2015. Fuel accumulation and forest structure change
following hazardous fuel reduction treatments throughout California. International Journal of
Wildland Fire. 24(3): 361-371. [91068]

554.  Van de Water, Kip M.; Safford, Hugh D. 2011. A summary of fire frequency estimates for
California vegetation before Euro-American settlement. Fire Ecology. 7(3): 26-58. [85190]

555.  Van de Water, Kip; North, Malcolm. 2010. Fire history of coniferous riparian forests in the Sierra
Nevada. Forest Ecology and Management. 260(3): 383-395. [82640]

556. Van de Water, Kip; North, Malcolm. 2011. Stand structure, fuel loads, and fire behavior in
riparian and upland forests, Sierra Nevada Mountains, USA; a comparison of current and
reconstructed conditions. Forest Ecology and Management. 262(2): 215-228. [83127]

557.  Van Haverbeke, David F. 1988. Ponderosa pine: Use and management in shelterbelts. In:
Baumgartner, David M.; Lotan, James E., comps. Ponderosa pine: The species and its
management: Symposium proceedings; 1987 September 29 - October 1; Spokane, WA. Pullman,
WA: Washington State University, Cooperative Extension: 213-220. [9420]

558. Van Hooser, Dwane D.; Keegan, Charles E., Ill. 1988. Distribution and volumes of ponderosa pine
forests. In: Baumgartner, David M.; Lotan, James E., comps. Ponderosa pine: The species and its
management: Symposium proceedings; 1987 September 29 - October 1; Spokane, WA. Pullman,
WA: Washington State University, Cooperative Extension: 1-6. [9395]

559. van Mantgem, Phillip J.; Caprio, Anthony C.; Stephenson, Nathan L.; Das, Adrian J. 2016. Does
prescribed fire promote resistance to drought in low elevation forests of the Sierra Nevada,
California, USA? Fire Ecology. 12(1): 13-25. [91061]

560. VanSickle, F. S.; Hickman, R. D. 1959. The effect of understory competition on the growth rate
of ponderosa pine in north central Oregon. Journal of Forestry. 57: 852-853. [4608]

121
Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/
https://plants.usda.gov/

561.

562.

563.

564.

565.

566.

567.

568.

569.

570.

571.

572.

573.

van Wagtendonk, Jan W.; Fites-Kaufman, Joann. 2006. Sierra Nevada bioregion. In: Sugihara,
Neil G.; van Wagtendonk, Jan W.; Shaffer, Kevin E.; Fites-Kaufman, Joann; Thode, Andrea E., eds.
Fire in California's ecosystems. Berkeley, CA: University of California Press: 264-294. [65544]

van Wagtendonk, Jan W.; Moore, Peggy E. 2010. Fuel deposition rates of montane and
subalpine conifers in the central Sierra Nevada, California, USA. Forest Ecology and
Management. 259(10): 2122-2132. [81090]

Vander Wall, Stephen B. 1988. Foraging of Clark's nutcrackers on rapidly changing pine seed
resources. The Condor. 90(3): 621-631. [65064]

Vander Wall, Stephen B. 2002. Masting in animal-dispersed pines facilitates seed dispersal.
Ecology. 83(12): 3508-3516. [47332]

Vlamis, J.; Biswell, H.H.; Schultz, A.M. 1956. Seedling growth on burned soil: Effect of prescribed
burning on soil fertility reflected by the growth of pine seedlings in study of nutrient response.
California Agriculture. September: 13. [5982]

Wallin, Kimberly F.; Kolb, Thomas E.; Skov, Kjerstin R.; Wagner, Michael R. 2004. Seven-year
results of thinning and burning restoration treatments on old ponderosa pines at the Gus
Pearson Natural Area. Restoration Ecology. 12(2): 239-247. [51132]

Walstad, John D.; Seidel, Kenneth W. 1990. Use and benefits of prescribed fire in reforestation.
In: Walstad, John D.; Radosevich, Steven R.; Sandberg, David V., eds. Natural and prescribed fire
in Pacific Northwest forests. Corvallis, OR: Oregon State University Press: 67-79. [46958]

Wang, Chao-Huan; Hann, David W. 1988. Height-diameter equations for sixteen tree species in
the central western Willamette Valley of Oregon. Research Paper 51. Corvallis, OR: Oregon State
University, College of Forestry, Forest Research Lab. 7 p. [48627]

Weatherspoon, C. Phillip; Husari, Susan J.; van Wagtendonk, Jan W. 1992. Fire and fuels
management in relation to owl habitat in forests of the Sierra Nevada and southern California.
In: Verner, Jared; McKelvey, Kevin S.; Noon, Barry R.; Gutierrez, R. J.; Gould, Gordon 1., Jr.; Beck,
Thomas W., tech. coords. The California spotted owl: A technical assessment of its current
status. Gen. Tech. Rep. PSW-GTR-133. Albany, CA: U.S. Department of Agriculture, Forest
Service, Pacific Southwest Research Station: 247-260. [22630]

Weaver, Harold. 1947. Fire--nature's thinning agent in ponderosa pine stands. Journal of
Forestry. 45: 437-444. [4613]

Weaver, Harold. 1957. Effects of prescribed burning in ponderosa pine. Journal of Forestry. 55:
133-137. [4619]

Weaver, Harold. 1959. Ecological changes in the ponderosa pine forest of the Warm Springs
Indian Reservation in Oregon. Journal of Forestry. 57: 15-20. [16432]

Weaver, Harold. 1961. Ecological changes in the ponderosa pine forest of Cedar Valley in
southern Washington. Ecology. 42(2): 416-420. [16722]

122

Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/

574.

575.

576.

577.

578.

579.

580.

581.

582.

583.

584.

585.

Weaver, Harold. 1968. Fire and its relationship to ponderosa pine. In: Proceedings, California
Tall Timbers fire ecology conference; 1967 November 9-10; Hoberg, CA. No. 7. Tallahassee, FL:
Tall Timbers Research Station: 127-149. [16903]

Weidman, R. H. 1939. Evidences of racial influence in a 25-year test of ponderosa pine. Journal
of Agricultural Research. 59(12): 855-887. [91952]

Welch, Kevin Robert. 2015. Postfire regeneration dynamics in California’s National Forests.
Davis, CA: University of California. 191 p. [+ tables & figures]. Dissertation. [90303]

Wells, Ashley Anne. 2014. Multidecadal trends in burn severity and patch size in the Selway-
Bitterroot Wilderness Area 1900-2007. Moscow, ID: University of Idaho. 40 p. Thesis. [88567]

West, N. E. 1969. Tree patterns in central Oregon ponderosa pine forests. The American Midland
Naturalist. 81(2): 584-590. [41683]

West, Neil E. 1968. Rodent-influenced establishment of ponderosa pine and bitterbrush
seedlings in central Oregon. Ecology. 49: 1009-1011. [4620]

Westerling, A. L.; Hidalgo, H. G.; Cayan, D. R.; Swetnam, T. W. 2006. Warming and earlier spring
increase western U.S. forest wildfire activity. Science. 313(5789): 940-943. [65864]

Whisenant, Steven G. 1990. Changing fire frequencies on Idaho's Snake River Plains: Ecological
and management implications. In: McArthur, E. Durant; Romney, Evan M.; Smith, Stanley D.;
Tueller, Paul T., comps. Proceedings--symposium on cheatgrass invasion, shrub die-off, and
other aspects of shrub biology and management; 1989 April 5-7; Las Vegas, NV. Gen. Tech. Rep.
INT-276. Ogden, UT: U.S. Department of Agriculture, Forest Service, Intermountain Research
Station: 4-10. [12729]

Whitlock, Cathy; Knox, Margaret A. 2002. Prehistoric burning in the Pacific Northwest: Human
versus climatic influences. In: Vale, Thomas R., ed. Fire, native peoples, and the natural
landscape. Washington: Island Press: 195-269. [88512]

Whitlock, Cathy; Shafer, Sarah L.; Marlon, Jennifer. 2003. The role of climate and vegetation
change in shaping past and future fire regimes in the northwestern US and the implications for
ecosystem management. In: Young, Michael K.; Gresswell, Robert E.; Luce, Charles H., guest eds.
Selected papers from an international symposium on effects of wildland fire on aquatic
ecosystems in the western USA; 2002 April 22-24; Boise, ID. In: Forest Ecology and
Management. Special Issue: The effects of wildland fire on aquatic ecosystems in the western
USA. New York: Elsevier Science B. V; 178(1-2): 5-21. [44921]

Wiens, John A.; Safford, Hugh D.; McGarigal, Kevin; Romme, William H.; Manning, Mary. 2012.
What is the scope of "history" in historical ecology? Issues of scale in management and
conservation. In: Wiens, John A.; Hayward, Gregory D.; Safford, Hugh D.; Giffen, Catherine M.,
eds. Historical environmental variation in conservation and natural resource management. West
Sussex, UK: Wiley-Blackwell: 63-75. [88130]

Willard, E. E.; Wakimoto, R. H.; Ryan, K. C. 1994. Effects of wildfire on survival and regeneration
of ponderosa pine in Glacier National Park. In: Proceedings, 12th conference on fire and forest

123

Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/

586.

587.

588.

589.

590.

591.

592.

593.

594,

595.

596.

meteorology; 1993 October 26-28; Jekyll Island, GA. Bethesda, MD: Society of American
Foresters: 723-728. [26344]

Williams, Gerald W. 2000. Early fire use in Oregon. Fire Management Today. 60(3): 13-20.
[39498]

Williams, Jerry T. 2015. Between a rock and a hard place: Toward a more effective protection
strategy as wildfire threats intensify. In: Keane, Robert E.; Jolly, Matt; Parsons, Russell; Riley,
Karin, eds. Proceedings of the large wildland fires conference. 2014, May 19-23; Missoula, MT.
Proceedings RMRS-P-73. Fort Collins, CO: U.S. Department of Agriculture, Forest Service, Rocky
Mountain Research Station: 1-11. [89837]

Williamson, Matthew A.; Dickson, Brett G.; Olsson, Aaryn; Sesnie, Steven E.; Foster, Valerie
Stein. 2018. Spatially explicit models of occupancy for evaluating forest restoration and climate
change on the Kaibab National Forest, Arizona. Flagstaff, AZ: Grand Canyon Trust. 1 p. Available:
https://www.fs.usda.gov/Internet/FSE_ DOCUMENTS/stelprdb5380372.pdf. [92694]

Willyard, Ann; Gernandt, David S.; Potter, Kevin; Hipkins, Valerie; Marquardt, Paula; Mahalovich,
Mary Frances; Langer, Stephen K.; Telewski, Frank W.; Cooper, Blake; Connor, Douglas; Finch,
Kristen; Karemera, Hassani H.; Lefler, Julia; Lea, Payton; Wofford, Austin. 2017. Pinus ponderosa:
A checkered past obscured four species. American Journal of Botany. 104(1): 161-181. [91547]

Wooldridge, David D.; Weaver, Harold. 1965. Some effects of thinning a ponderosa pine thicket
with a prescribed fire, II. Journal of Forestry. 63: 92-95. [4622]

Wright, Clinton S.; Troyer, Nicole L.; Vihnanek, Robert E. 2004. Monitoring fuel consumption and
mortality from prescribed burning in old-growth ponderosa pine stands in eastern Oregon. In:
2nd international wildland fire ecology and fire management congress; 2003 November 18;
Orlando, FL. Session 2C - Ecosystem Restoration: Part 2. Eugene, OR: Association for Fire
Ecology: 5 p. [64181]

Wright, Henry A. 1978. The effect of fire on vegetation in ponderosa pine forests: A state-of-the-
art review. Lubbock, TX: Texas Tech University, Department of Range and Wildlife Management.
21 p. In cooperation with: U.S. Department of Agriculture, Forest Service, Intermountain Forest
and Range Experiment Station. [4425]

Wright, Jessica W. 2007. Local adaptation to serpentine soils in Pinus ponderosa. Plant Soil.
293(1-2): 209-217. [66972]

Wyatt, Katherine Hoglund. 2013. Riparian vegetation structure and composition in the fire-
prone ecosystem of eastern Washington. Seattle, WA: University of Washington. 79 p. Thesis.
[88058]

York, Robert A.; Battles, John J.; Wenk, Rebecca C.; Saah, David. 2012. A gap-based approach for
regenerating pine species and reducing surface fuels in multi-aged mixed conifer stands in the

Sierra Nevada, California. Forestry. 85(2): 203-213. [85829]

Youngblood, A.; Max, T.; Coe, K. 2004. Stand structure in eastside old-growth ponderosa pine
forests of Oregon and northern California. Ecology and Management. 199: 191-217. [62123]

124

Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/
https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5380372.pdf

597.

598.

599.

600.

601.

602.

603.

Youngblood, Andrew; Metlen, Kerry L.; Coe, Kent. 2006. Changes in stand structure and
composition after restoration treatments in low elevation dry forests of northeastern Oregon.
Forest Ecology and Management. 234(1-3): 143-163. [64992]

Youngblood, Andrew; Riegel, Gregg. 2000. Reintroducing fire in eastside ponderosa pine forests:
Long-term silvicultural practices. In: Pioneering new trails: Proceedings of the Society of
American Foresters 1999 national convention; 1999 September 11-15; Portland, OR. SAF
Publication 00-1. Bethesda, MD: Society of American Foresters: 291-298. [37562]

Zack, Steve; George, T. Luke; Laudenslayer, William F., Jr. 2002. Are there snags in the system?
Comparing cavity use among nesting birds in "snag-rich" and "snag-poor" eastside pine forests.
In: Laudenslayer, William F., Jr.; Shea, Patrick J.; Valentine, Bradley E.; Weatherspoon, C. Phillip;
Lisle, Thomas E., tech. coords. Proceedings of the symposium on the ecology and management
of dead wood in western forests; 1999 November 2-4; Reno, NV. Gen. Tech. Rep. PSW-GTR-181.
Albany, CA: U.S. Department of Agriculture, Forest Service, Pacific Southwest Research Station:
179-191. [44353]

Zhang, J. W.; Marshall, J. D. 1995. Variation in carbon isotope discrimination and photosynthetic
gas exchange among populations of Pseudotsuga menziesii and Pinus ponderosa in different
environments. Functional Ecology. 9: 402-412. [30885]

Zigmond, Maurice L. 1981. Kawaiisu ethnobotany. Salt Lake City, UT: University of Utah Press.
102 p. [35936]

Zimmerman, G. T.; Neuenschwander, L. F. 1984. Livestock grazing influences on community
structure, fire intensity, and fire frequency within the Douglas-fir/ninebark habitat type. Journal
of Range Management. 37(2): 104-110. [10103]

Zwolak, Rafal; Pearson, Dean E.; Ortega, Yvette K.; Crone, Elizabeth E. 2010. Fire and mice: Seed

predation moderates fire's influence on conifer recruitment. Ecology. 91(4): 1124-1131.
[818815]

125

Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/

	INTRODUCTION
	TAXONOMY
	SYNONYMS

	DISTRIBUTION AND PLANT COMMUNITIES
	GENERAL DISTRIBUTION
	SITE CHARACTERISTICS AND PLANT COMMUNITIES
	Site Characteristics
	Plant Communities
	Plant Communities by Region
	Stand Structure



	BOTANICAL AND ECOLOGICAL CHARACTERISTICS
	GENERAL BOTANICAL CHARACTERISTICS
	Botanical Description
	Raunkiaer Life Form

	SEASONAL DEVELOPMENT
	REGENERATION PROCESSES
	Pollination and Breeding System
	Seed Production
	Seed Banking
	Seed Dispersal
	Germination
	Seedling Establishment
	Plant Growth
	Mortality
	Vegetative Regeneration

	SUCCESSIONAL STATUS
	Overview
	Contemporary Changes in Succession


	FIRE EFFECTS AND MANAGEMENT
	FIRE EFFECTS
	Immediate (First-order) Fire Effects
	Fire Effects on Seeds
	Fire Effects on Trees
	Fire Effects Models


	Delayed (Second-order) Fire Effects
	Postfire Regeneration Strategy
	Fire Adaptations
	Plant Response to Fire
	Postfire Seedling Establishment and Growth
	Mature Trees
	Postfire Resilience
	Applicable FEIS Fire Studies


	FUELS AND FIRE REGIMES
	Fuels
	Flammability
	Fuel Loads
	Fuels and Fire Exclusion
	Grazing
	Fuel Treatments

	Fire Regimes
	Fire Regimes by Region
	Fire frequency and type
	Fire severity
	Ignition
	Fire season
	Fire size and pattern
	Changing fire regimes



	FIRE MANAGEMENT CONSIDERATIONS
	Using Fire
	Objectives for Using Fire
	Wildland Fire Use for Resource Benefit
	Prescribed Fire
	Season
	Thinning and burning
	Raking
	Salvage logging


	Dwarf Mistletoe
	Bark Beetles
	Snags
	Wildlife
	Nonnative Plants and Fire
	Surrogate Fire Studies


	MANAGEMENT CONSIDERATIONS
	FEDERAL LEGAL STATUS
	OTHER STATUS
	IMPORTANCE TO WILDLIFE AND LIVESTOCK
	Wildlife
	Foraging
	Old Growth and Snags for Wildlife

	Livestock
	Palatability and Nutritional Value
	Cover Value

	VALUE FOR RESTORATION OF DISTURBED SITES
	OTHER USES
	OTHER MANAGEMENT CONSIDERATIONS

	APPENDICES
	REFERENCES

