USDA (i3
- Fire Effects Information System

Pinus ponderosa var. washoensis, Washoe pine 2018
.-II' -._ V LLT ¥ » N 177 IE: i:}'fm-%kimw

P

Abstract

Introduction

Distribution and
plant communities

Botanical and

ecological
characteristics

Fire effects and
management

Management
considerations

Appendix

References

Figure 1—Washoe pine on Mt. Rose, Nevada. ©2012 image by Gary A.
Monroe, hosted by CalPhotos.

Citation:

Fryer, Janet L. 2018. Pinus ponderosa var. washoensis, Washoe pine. In: Fire Effects Information System,
[Online]. U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Missoula Fire
Sciences Laboratory (Producer). Available:
www.fs.usda.gov/database/feis/plants/tree/pinponw/all.html


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

ABSTRACT

Washoe pine is a variety of ponderosa pine with a limited distribution in eastern California and
western Nevada. It grows on all aspects in the upper mixed-conifer and lower subalpine zones.
Presettlement stand structure of Washoe pine communities is unknown.

Washoe pine tends to be shorter and have thicker, more glaucous needles than other varieties of
ponderosa pine. Washoe pines of all age classes are shade intolerant. Washoe pine maintains
dominance on high-elevation, harsh sites with or without fire. On other sites, it generally succeeds to
shade-tolerant species such as white fir without fire.

Although little information was available on the fire ecology of Washoe pine in particular, there is a
great deal of information on the fire ecology of ponderosa pine at the species level. Ponderosa pine’s
adaptations to fire include thick bark; a high, open crown; self- and fire-pruned branches; large, scale-
protected buds; high foliar moisture content; deep roots; and rapid root growth of seedlings. Crown-
stored ponderosa pine seeds generally survive low- and moderate-severity fire but are killed if
scorched. Fire resistance of ponderosa pine trees increases with age. Saplings and pole-sized trees
generally survive low-severity fire. Mature ponderosa pines generally survive moderate-severity fire
as long as the protected bud scales are not scorched. Some large trees survive as much as 100%
crown scorch, although ability of Washoe pine to recover after substantial crown kill is
undocumented. Crown fires kill ponderosa pines of all age classes.

The fire regime of Washoe pine communities is not well documented. Limited information suggests a
historical fire regime of low- to moderate-severity surface fires and mixed-severity fires (with some
overstory mortality) at 3- to 40-year intervals.
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INTRODUCTION

FEIS ABBREVIATION
PINPONW

COMMON NAME
Washoe pine
Washoe ponderosa pine

TAXONOMY
The scientific name of Washoe pine is Pinus ponderosa var. washoensis (H. Mason & Stockw.) J.R. Haller
& Vivrette (Pinaceae) [11, 54, 119]. It is in subsection Ponderosae of the Pinus genus [73].

The taxonomy of ponderosa pine is in flux [41, 125], with the accepted number and nomenclature of
ponderosa pine infrataxa in dispute. Varieties of ponderosa pine are distinguished by genetics,
morphology, and geographical location [22, 54, 119]. Generally accepted varieties include:

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

Pinus ponderosa var. brachyptera (Engelm.) Lemmon, southwestern ponderosa pine [119]

Pinus ponderosa var. ponderosa C. Lawson, Columbia ponderosa pine [11, 54, 119]

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

Pinus ponderosa var. washoensis (H. Mason & Stockw.) J.R. Haller & Vivrette, Washoe pine [11, 54, 119]

Farjon [31] considers Washoe pine synonymous with Pinus ponderosa var. ponderosa. However,
Critchfield [23] noted that in field trials, only about one-third of seeds resulting from a Pinus ponderosa
var. ponderosa x Pinus ponderosa var. washoensis cross were viable, suggesting genetic distinctions
between the two varieties.

Washoe pine is thought to have evolved through hybridization of Pinus ponderosa var. ponderosa and
Pinus ponderosa var. scopulorum. In modern times, Washoe pine hybridizes occasionally with Pinus
ponderosa var. benthamiana and Pinus ponderosa var. ponderosa [11, 23, 24, 25, 79, 87]. Different
pollination times help prevent hybridization between Washoe pine and these cooccurring varieties of
ponderosa pine [23].

Griffin and Critchfield [44] reported that although Washoe pine occurs at about 8,000 feet (2,400 m) in
the Warner Mountains—within and above the Jeffrey pine zone—there is a “broad band of
intermediates” between the ponderosa, Jeffrey, and Washoe pine zones [44], suggesting hybridization
and introgression among the three yellow pines [23]. Seeds of Jeffery pine x Washoe pine crosses have
very low viability [23].

Since Washoe pine is a variety of ponderosa pine, characteristics that apply to the species as a whole
apply to Washoe pine. Information specific to Washoe pine is reported in this review when it was
available in the literature. However, information on the general ecology and fire ecology of Washoe pine
was sparse as of 2018, so information is provided at the species level when information on Washoe pine
in particular was lacking.

Because Pinus ponderosa var. benthamiana and Pinus ponderosa var. ponderosa are not often
distinguished in the literature, these varieties are referred to as “ponderosa pine” in this review. See
table Al for a complete list of common and scientific names of plant species discussed in this review and
links to FEIS Species Reviews.
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SYNONYMS

Pinus ponderosa subsp. washoensis (H. Mason & Stockw.) A.E. Murray (cited in [52])

Pinus washoensis H. Mason & Stockw. [37, 55]
LIFE FORM

Tree

DISTRIBUTION AND PLANT COMMUNITIES

GENERAL DISTRIBUTION

Washoe pine has a limited distribution in California and
Nevada. It has the smallest distribution of all pines in
subsection Ponderosae of the Pinus genus [73]. Washoe
pine is most common on the Modoc National Forest of
northeastern California [109], where it occurs in the
southern Warner and Bald mountains [24, 44, 55, 69].
Washoe pine is generally rare in Nevada [54]. It was
logged extensively in Nevada during silver mining in the
late 19th century. As a result, it was nearly extirpated
[55]. In northwestern Nevada, it occurs in Galena Creek
Canyon above Boomtown and on Mt. Rose [24, 44, 55,
69]. Kartesz [54] extends Washoe pine’s distribution into
southeastern Oregon.

States [54, 119]:
CA, NV

SITE CHARACTERISTICS AND PLANT COMMUNITIES

Site Characteristics

The climate zone in which Washoe pine grows is harsher
than the lower-elevation zone in which ponderosa pine is
common [25, 87, 88], with greater extremes of
temperature [87, 109] and less productive soils [90, 109].
Winters are cold, with much of the precipitation falling as
snow, and summers are dry [83, 88].

Washoe pine grows in the upper mixed-conifer and lower
subalpine zones. It occurs on all aspects, on slopes ranging
from 0% to at least 60% [75, 109]. In California, Washoe
pine occurs from 6,550 to 9,800 feet (2,000-3,000 m)
elevation; rarely, down to 5,000 feet (1,400 m) [11]. It
cooccurs with Jeffrey pine from 6,000 to 6,900 feet (1,800-
2,100 m) [11]. On the Northeastern Plateau (includes the
Modoc Plateau and the extreme northwestern Great

_ ldaho
Oregon

Mevada

Figure 2—Distribution of Washoe pine. Map
courtesy of USDA, NRCS. 2018. The
PLANTS Database. National Plant Data Team,

Greensboro, NC. [119] [2018, September 10].

Basin), Washoe pine occurs from 6,200 to 8,200 feet (1,890-2,500 m) [37, 88]. In Nevada, it occurs from

6,500 to 8,000 feet (2,000-2,400 m) [44, 55].

Soils are typically coarse to gravelly clays or clay-loams. In the northern portion of Washoe pine’s range,
parent materials are mostly volcanic, grading to granitic in the southern portion [83, 109]. Jeffrey pine-
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Washoe pine communities often occur on ultramafic soils; parent material includes strongly
serpentinized peridotite [75]. On Buck Mountain in the Warner Mountains, Washoe pine/pinemat
manzanita/Wheeler bluegrass communities occur on soils derived from rhyolite and obsidian. There are
no associated tree species [90].

Plant Communities

Washoe pine grows in mixed-conifer and pure stands. In mixed stands, Washoe pine typically grows with
Jeffrey pine, white fir, and western white pine [116]. It cooccurs with Jeffery pine throughout most of
Washoe pine’s distribution [89]. Washoe pine is sparsely distributed in upper-elevation California red fir
forests of the southern Cascades and northern Sierra Nevada. Pure Washoe pine stands are generally at
higher elevations than mixed-conifer stands [116].

The Washoe pine woodland alliance of California and Nevada occurs from 6,890 to 9,350 feet (2,100-
2,850 m) elevation on all aspects. Associated conifers include California red fir, Jeffrey pine, ponderosa
pine, Sierra lodgepole pine, western white pine, and white fir [75, 83, 88]. The canopy is open to
intermittent; usually, <82 feet (25 m) in height. The shrub layer is sparse and composed of species
common to the Great Basin. These may include antelope bitterbrush, curlleaf mountain-mahogany,
greenleaf manzanita, mountain big sagebrush, pinemat manzanita, and snowbrush ceanothus. Common
herbaceous species include tailcup lupine, tuber startwort, and various graminoids [75, 83].

The Jeffrey pine-Washoe pine woodland alliance occurs on the Modoc Plateau, in the Klamath
Mountains, and on the east side of the southern Cascade Range, from 2,000 to 9,500 feet (600-2,900 m)
elevation. Slopes are moderate to steep (12%-60%). The alliance is common on all but north-facing
aspects. Associated tree species are many, the most common being California red fir, coast Douglas-fir,
giant chinquapin, incense-cedar, ponderosa pine, singleleaf pinyon, and western white pine. The canopy
is intermittent and usually <82 feet (25 m) in height. The shrub layer is also diverse, although it may be
sparse. Antelope bitterbrush, curlleaf mountain-mahogany, dwarf ceanothus, greenleaf manzanita,
mountain big sagebrush, pinemat manzanita, and wedgeleaf ceanothus are common. Herbaceous
species include Idaho fescue, prairie Junegrass, western needlegrass, common beargrass, tailcup lupine,
western yarrow, and woolly mule-ears [75].

In the Warner Mountains, Washoe pine dominates the conifer zone from 6,700 to 7,200 feet (2,040-
2,195 m) elevation [90]. In a 1990s survey of mature and old growth (>100 years) in the Washoe pine
series, canopy cover of Washoe pine averaged 42% (range: 25%-75%), with mean canopy height of 62
feet (18.9 m). Cover of shrubs was slightly more than that of conifer saplings (22% and 13%,
respectively); white fir dominated the sapling layer of fire-excluded sites. The herb layer was well
developed (54% cover). Common to dominant shrubs included mountain big sagebrush, mountain
snowberry, and pinemat manzanita. Common herbaceous species included bottlebrush squirreltail,
Ross’ sedge, western needlegrass, spreading phlox, and Sierra pea. A Washoe pine-white fir/tuber
starwort association occurs in the south Warner Mountains, and a Washoe pine phase of the white fir
series occurs from 6,200 to 7,200 feet (1,890-2,195 m) on north-facing aspects of the Warner
Mountains. Washoe pine also occurs in the white fir/sweetcicely and white fir/tailcup lupine series
[109].
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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. Washoe pine is distinguished from cooccurring varieties of ponderosa pine by its duller,
gray-green needles, and from Jeffrey pine by its smaller cones [23]. Baldwin et al. [11] provide an
identification key.

Washoe pine is short relative to other ponderosa pine varieties, generally <115 feet (35 m) tall and 5
feet (1.5 m) in diameter [11]. Its form is straight, with tapering branches. Ponderosa pine tends to self-
prune, and fire also prunes lower branches [33]. Ponderosa pine bark is thick [66], although bark
thickness of Washoe pine in particular was not documented as of 2018. The champion Washoe pine is
on the Modoc National Forest; it measures 150 feet (46 m) in height, 17 feet (5 m) in circumference,
and 75 feet (23 m) in crown spread [5]. Washoe pine needles are in bundles of three (rarely two) and 5
to 7 inches (12-17 cm long). They are thick and glaucous [11]. Female cones are oval and 2 to 5 inches
(5-12 cm) long [11, 25], with closely-set scales. The seeds are large [23], with relatively short wings [23,
37, 55]. Immature cones are purple, a trait shared with ponderosa pine populations in Oregon and
Washington [78].
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Figure 3—Twigs and bark of Washoe pines on Mt. Rose, Nevada. ©2012 images by Gary A. Monr
hosted by CalPhotos.

Presettlement stand structure of Washoe pine communities is not documented due to sparse early
settlement and intensive logging. Northeastern California was not a popular route for settlers to travel
[67]. Logging in the area from 1880 to the 1940s removed over 107 million board feet (25,000 m3) of
lumber, mostly pines [67].

Raunkiaer Life Form
Phanerophyte [86]

SEASONAL DEVELOPMENT

Washoe pine pollination occurs in July, cones mature from August to September, and seeds disperse in
September. Seeds germinate in spring [61]. Individual ponderosa pine needles are retained for about 3
years [124], then shed in fall.
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REGENERATION PROCESSES

Pollination and Breeding System

Washoe pine pollination is accomplished mostly by outcrossing, with some selfing. In field and
shadehouse studies of four populations across Washoe pine’s range, outcrossing rates were not
significantly associated with aerial extent of the populations, population size, or population density (P <
0.05) [73]. A study of the Warner Mountain and Mt. Rose populations found heterozygosity of those
populations was similar to that of Pinus ponderosa var. ponderosa populations in the same region [76].

Seed Production
Washoe pines first bear cones at 15 to 20 years of age. There are 2 to 5 years between large cone crops
[61]. Cones take 2 years to mature [37].

The population on Mt. Rose, Nevada, has low seed viability. This may be due to inbreeding depression
that occurred after most of the population was logged in the 19th century [23].

Seed Dispersal
Ponderosa pine seed is primarily dispersed by wind [8]. The winged seeds are somewhat buoyant and

carry for short distances, usually no more than 150 feet (50 m) from the parent tree [50]. Dispersal is
better downslope than on level ground or upslope [50].

Birds and mammals also disperse ponderosa pine seeds, and animal dispersal distances are often
greater than those achieved by wind [19]. Clark’s nutcrackers disperse and bury ponderosa pine seeds in
shallow caches that contain a few seeds each [64, 65, 118]. Small mammals disperse ponderosa pine
seeds either on the soil surface or in shallow caches [19]. Seeds buried by Clark’s nutcrackers [64] or
rodents have a greater chance of establishing than seeds dispersed by wind onto the forest floor [58].

Mosaic fires that create 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 [57, 112]. Regeneration in centers of
large, severe burns or clearcuts is generally poor because the seed does not travel into interior portions
of the burn or clearcut [8, 72]. In Oregon, rate of ponderosa pine seed fall 120 feet (37 m) inside a
clearing was only 22% of that at the edge of the clearing [13].

Seed Banking
Ponderosa pine has a short-term crown-stored seed bank [7, 107] and a short-term seed bank stored on

the forest floor. Wind-dispersed seed overwinters in or on top of litter. Animal-cached seed may be
stored in shallow soil seed banks. Ponderosa pine seed does not remain viable for longer than about 6
months in the field [103].

Germination

Seeds are dormant upon dispersal, requiring stratification [10], exposure to light [48, 68], or scarification
[10] to break dormancy. Viable ponderosa pine seeds stratify naturally over winter and germinate the
spring following dispersal [68, 102]. Light is not required for germination of overwintered seeds [68]. A
laboratory study in British Columbia found that breaking the seed coat (scarification) of ponderosa pine
seeds broke dormancy immediately; so did 1 to 2 months of late fall-winter stratification in a rough
fescue grassland [10]. Germination is epigeal [77].
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Seedling Establishment and Plant Growth

Ponderosa pine seedlings require open areas with mineral soil and quick access to lower soil layers [96];
thick litter and duff layers inhibit establishment [1, 3, 42, 101]. Openings larger than about 0.7 acre (0.3
ha) [53]—or overstory basal area of less than about 50 feet?/acre (115 m?/ha) [32]—are needed for
substantial ponderosa pine seedling establishment. Light shade may increase seedling establishment of
ponderosa pine on dry sites [40]. In the Warner Mountains, Washoe pine and other pines do not
establish in late-successional Sierra lodgepole pine-white fir stands [89].

Mortality is high for ponderosa pine germinants and seedlings [59]. Primary causes of seedling mortality
include fire (see Fire Effects), drought, browsing insects, browsing rodents and other mammals, fungi,
frost, and heat [29, 38, 39, 104]. Ponderosa pine seedlings grow a long taproot to access lower soil
layers before attaining much top growth [45, 77]. Course-textured soils can limit seedling establishment
because those soils do not retain soil moisture well [30]. Ponderosa pine establishment is generally poor
in dry years [108]. Regeneration pulses are associated with one or more consecutive wet years [82].

Prolonged drought is a major cause of death in ponderosa pines of all age classes [26, 28, 84].
Additionally, drought-stressed ponderosa pines are at increased risk to mortality from bark beetles [46].

Washoe pine’s growth rate is slower than that of other varieties of ponderosa pine [87], likely due to the
higher-elevation, harsher climate in which it grows [89]. On the Tahoe National Forest, Washoe pines
reached breast height (4.5 feet (1.8 m)) at about 38 years of age. Trees on ridgetops and east-facing
slopes had slowest growth rates, averaging 5 inches (13 cm) of growth annually. Washoe pines >100
years old averaged 44.3 feet (13.5 m) tall [116].

Ponderosa pines of all age classes respond to well release by low- to moderate-severity fire [4, 74, 99]
(see Plant Response to Fire) or thinning [12, 29, 74, 98].

Vegetative Regeneration
Ponderosa pine does not naturally reproduce vegetatively [77].

SUCCESSIONAL STATUS

Washoe pine is shade intolerant [109]. Stands may be self-sustaining on harsh sites, but Washoe pine is
seral to white fir and western white pine on northerly aspects and other mesic sites. Dominance is
maintained in dry, harsh (e.g., serpentine) soils and/or by frequent- to moderate-interval surface fires
[109] (see Fire Regimes). Smith [109] reports that in the Warner Mountains, Washoe pine maintains
dominance on frequently burned sites, but white fir, Sierra lodgepole pine, and western white pine tend
to replace Washoe pine successionally on long-unburned sites.

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 [14].

FIRE EFFECTS

Immediate Fire Effects on Plant

Fire Effects on Seeds
Crown fire or scorching kills seeds stored in ponderosa pine crowns [43]. Surface fire that occurs soon
after seeds have dispersed likely kills Washoe pine seeds on the forest floor, although research on this
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was lacking as of 2018. Seeds stored in the cones of tall, fire- or self-pruned ponderosa pines generally
survive low- and moderate-severity fires [108, 113].

Fire Effects on Trees

Fire resistance of Washoe pine and other varieties of ponderosa pine increases with tree age. Small
ponderosa pines are susceptible to fire kill. Seedlings and saplings in dense stands are more susceptible
to fire injury or death than young trees in open stands [3]. 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 [91]. Saplings and pole-sized ponderosa pines generally survive low-
severity fires unless they are growing in dense stands, which can easily torch [7, 81]. Ponderosa pines 10
to 12 feet (3-4 m) tall generally survive moderate-severity surface fires [127]. Mature ponderosa pines
survive low- [2, 17] and usually moderate-severity [2] fire. Crown fires kill ponderosa pines of all age
classes [2, 8].

As long as the protected bud scales are not killed, mature ponderosa pines may survive 100% crown
scorch [47, 121], although this is not common (see figure 4). For example, on the Colville Indian
Reservation, Washington, damage from a wildfire to 30- to 40-year old ponderosa pines varied from
almost no to 100% crown scorch. More small than large ponderosa pines died, but all ponderosa pines
sustaining >95% crown scorch died [70]. Scorch damage incurred to ponderosa pines depends on height
to needles and buds from the forest floor, stand density, and season of fire. Scorch damage is greater in
dense than in open stands and generally, in summer and fall than in winter or spring [93, 117]. Ability of
Washoe pine to survive substantial crown scorch is unknown.

Although fall fires generally cause more damage and mortality than spring prescribed fires (e.g., [93,
117]), this varies with ponderosa pine phenology and fire severity. Spring fire that occurs during or just
after bud break can cause substantial damage to newly growing ponderosa pine tissues [115].

Hood and Lutes [51] provide a model to help predict ponderosa pine mortality from fire based on crown
volume or crown length scorch, amount of dead cambium in the bole, and/or bark beetle attacks. The
model is adapted for use across the West in FOFEM 6.0 [51].
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Figure 4—Mortality curve from crown scorch for mature ponderosa pines.
Developed from postfire data collected on the Lolo National Forest,
Montana. U.S. Forest Service image by Ryan [93].

Postfire Regeneration Strategy

Tree without adventitious buds and without a sprouting root crown
Crown residual colonizer (on site, initial community)

Initial off-site colonizer (off site, initial community)

Secondary colonizer (on- or off-site seed sources) [113]

FIRE ADAPTATIONS AND PLANT RESPONSE TO FIRE

Fire Adaptations

Ponderosa pine is adapted to low- and moderate-severity surface fires [4]. Adaptations to fire include
thick bark; a high, open crown; self- and fire-pruned branches; large, scale-protected buds; high foliar
moisture content; deep roots; and rapid root growth of seedlings [7, 35, 36, 93, 100]. During a fire, taxa
with rough bark, such as Washoe pine, likely experience lower temperatures at the bark surface than
taxa 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 [7]. Buds at branch tips are
protected by bud scales [7, 94]. Trees with large buds, such as Washoe pine, are more resistant to fire
damage than trees with small buds, such as white fir [93]. Branches of ponderosa pine are pruned by
surface fires, lowering chances of torching [6].
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Martin and Dell [71] report that at even in the seedling stage, ponderosa pines in the Inland West are
more fire-resistant than seedlings of associated conifer species [7]. Ponderosa pine‘s resistance to fire
damage increases with size [34].

Plant Response to Fire

Postfire Seedling Establishment and Growth

Ponderosa pine establishes from wind- and animal-dispersed seed after fire [63, 113]. Much of the seed
comes from on-site sources: seed that disperses from crown-stored cones soon after the fire has passed
[61, 113]. Wind-dispersed seeds typically fall within 150 feet (50 m) of the parent tree [7]. Seed dispersed
by Clark’s nutcrackers and small mammals can be a secondary source of postfire seedling establishment
[63], 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.

Mixed-severity burns where fire killed the overstory provide open patches in which ponderosa pine can
establish [9, 20, 21, 27, 60]. Under favorable conditions, ponderosa pine seedlings establish in large
numbers in early postfire years but thin over time [103].

Establishment of ponderosa pine can be poor on sites that experience large, stand-replacement fires.
Severe fire generally kills on-site, crown-stored seeds. If open patches are too large, distance from off-
site parent trees to burn interiors limits seed dispersal into burn interiors [8, 16, 30].

Mature Trees

Ponderosa pine growth tends to increase after low-severity fire and moderate-severity fire that caused
little scorch damage [62, 121, 123]. However, some ponderosa pine stands—particularly after decades
of fire exclusion—may show reduced growth after prescribed fire [105, 126] or wildfire [62] compared
to prefire or unburned stands [126]. Early postfire recovery and growth rates of surviving ponderosa
pines decrease with increasing crown scorch [74, 80, 114], although growth rates of scorched trees
increase as needles grow completely back [94], which takes about 3 years [124]. 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 [95].

Managers speculate that because Washoe pine grows in harsher environments than other yellow pines,
its responses to thinning and fire may differ from that of Jeffrey pine and other varieties of ponderosa
pine [88, 89, 110]. As of 2018, however, research was lacking on what these differing responses might
be. Riegel et al. [88] urge collaboration between land managers and researchers to develop an adaptive
fire management program specific to Washoe pine.

Only one fire study investigating Washoe pine response to fire was available as of 2018. In that study,
density of yellow pines (Washoe, Jeffrey, and ponderosa pine) after a wildfire on the Sagehen
Experimental Forest north of Truckee, California, was greater than density of yellow pines in an adjacent
unburned area. The 1960 Donner Ridge Fire burned about 44,500 acres (18,000 ha), some of which was
a mixed-conifer forest with yellow pines and their hybrids. In postfire years 15 and 23, mean density of
yellow pines was >3 times higher on burned plots than density of associated conifers, while basal area
was similar. In contrast, density of yellow pines on unburned plots was less than density of associated
conifers, while basal area was slightly higher (table 1) [85].
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Table 1—Comparison of basal area? (m?/ha) and density (stems/ha) of yellow pines and associated
overstory species on burned and unburned plots following the 1960 Donner Ridge Fire. Data are
means [85].

Burned Unburned

Postfire year 15 Postfire year 23  Postfire year 15  Postfire year 23

(1975) (1983) (1975) (1983)

yellow pine complex®
Basal area 31 4.4 24.2 30.1
Density 97.4 143.9 335.5 316.3

associated overstory conifers® (totaled for all species)
Basal area 1.8 4.7 15.4 25.0
Density 25.7 39.2 457.2 384.2

associated overstory conifers by species

red fir
Basal area 0.2 0.3 14 0.7
Density 0.6 0.9 33.6 19.7
white fir
Basal area 1.5 4.2 13.7 23.3
Density 3.9 9.2 415.2 381.3
Sierra lodgepole pine
Basal area 0.1 0.2 0.0 0.0
Density 21.2 29.1 0.0 0.0
sugar pine
Basal area 0.0 0.0 0.3 1.0
Density 0.0 0.0 8.4 13.2

20nly stems >2 m tall were included in basal area and density measures.
®Includes Washoe pine, Jeffrey pine, Pinus ponderosa var. ponderosa, and their hybrids.
‘Includes red fir, white fir, Sierra lodgepole pine, and sugar pine.

FUELS AND FIRE REGIMES

Fuels

Fuels accumulate slowly in the upper montane zone of the Northeastern Plateau. Low fuel loads are the
most limiting factor for fire occurrence. Needle litter and small twigs are the primary fuels [88, 89].
Riegel [90] et al. reported a mean depth of 2.1 inches (5.3 cm) (range = 0.5-5.0 inches (1.3-12.7) cm)) for
the litter and duff layers of Washoe pine woodlands in the Warner Mountains. Continuity of surface
fuels was variable, averaging 22% (range: 2%-65%) for shrubs and 54% (range: 35%-90%) for herbs [90].
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Succession to shade-tolerant conifers has increased ladder fuels and total fuel loads in Washoe pine
stands [89, 109, 116], increasing chances of crown fires. Riegel et al. [89] state that fire “helped regulate
stand density and suppressed the continual recruitment of white fir”. Standing dead fuels accumulate in
beetle-kill patches and where yellow pines have died during the stem exclusion phase of succession to
white fir [89].

Washoe pine stands were generally open at the time of European-American settlement [88]. Little is
known of presettlement stand conditions, so comparing presettlement to current conditions is not
possible [67].

Fire Regimes
Lightning is the primary ignition source for fires in Washoe pine communities. Lightning ignitions are

common in Washoe pine’s range [67]. For example, lightning frequently strikes the summit of Bald
Mountain, where Washoe pine is dominant [109]. Fuels, not ignition source, limit fire occurrence [89].
On the Northeastern Plateau, lightning strikes occur from May through September but are most
common from June through August (review by [88]).

Fire season runs from summer to early fall ([89, 122], Smith, unpublished data cited in [88]). A study in
mixed-conifer forests in the Warner Mountains found fire season was mostly late summer to early fall:
90.6% of fire scars were at growing season-dormant season ring boundaries (fall); 7.8% were in
latewood (late summer); and 1.6% in middle-earlywood (early summer) [89].

The fire regime of Washoe pine communities was not well documented as of 2018 [89]. Washoe pine
communities may have fewer surface fires and longer fire intervals than communities of other varieties
of ponderosa pine. Fire severity in ponderosa pine communities tends to become more mixed [56, 106],
and fire intervals longer [2, 15, 18, 49, 92, 97, 111], with increasing elevation. Fire intervals lengthen due
to a shorter growing season, more snowfall, less fuel accumulation, and moister fuels early in the fire
season at high elevations [97].

Historically, fires in Washoe pine and mixed-pine communities were likely of mixed severity, with mostly
low- to moderate-severity surface fires where pines dominated and stand-replacement fires where
white fir was common in the subcanopy and/or canopy [88]. Small fire scars on the bases on Washoe
pines in the Babbit Peak Research Natural Area, Tahoe National Forest, suggest that most fires were of
low severity. Many Washoe pines in the area grow on rocky ridges where fires are likely infrequent
[116]. Laudenslayer et al. [67] noted that on the Modoc National Forest, harvested pines (Washoe pine,
Jeffrey pine, and ponderosa pine) were usually high-stumped 16 to 36 inches (41-91 cm) above ground
due to fire scars below that height. This suggests a pattern of low- to moderate-severity surface fires.

Limited information suggests historical fire intervals were short to moderate fire in mixed-conifer forests
on the Northeastern Plateau. A study in the Warner Mountains found mean composite fire intervals
ranging from 3.5 to 40 years from 1746 to 1957. The study was conducted in the upper montane, mixed-
conifer zone, but it was unclear whether or not Washoe pine occurred on the study site. Sierra
lodgepole pine was present, along with white fir and western white pine (reviews by [88, 89]).

A dendrochrological study on the Sagehen Experimental Forest found a median composite fire interval of
7 years (range: 1-41 years, time frame: 1700-2006) in relatively low-elevation (6,306-6,768 ft (1,922-2,063
m)) Jeffrey pine stands. Washoe pine did not occur in the 900-acre (360-ha) study site [120], although it
occurs in the experimental forest (refer to table 1 and text just above the table) [120].
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On high-elevation, cold sites, Washoe pine can maintain dominance without fire for long periods. A
survey on Bald Mountain showed little white fir regeneration 30 to 40 years after wildfire [109]. Jeffrey
pine-Washoe pine alliances on strongly serpentine soils are considered self-replacing [75]. The soils are
so restrictive to other conifers that fire may not be needed to perpetuate these stands.

Smith [109] speculated that high-elevation Washoe pine woodlands historically burned in a mosaic
pattern. At the landscape level, surface fires maintained Washoe pine in many patches, while white fir
and Sierra lodgepole pine dominated long-unburned patches [109].

Information on presettlement fire sizes in Washoe pine communities was lacking as of 2018. A study on
the Modoc National Forest suggests that fire sizes were small in the settlement period. Sixty-four
wildfires were recorded between 1910 and 1919. Although they burned a total of 212,652 acres (86,057
ha), only two of those fires were >2,000 acres (800 ha). Occurrence of those fires was not broken down
by forest type (review by [88]).

Find further fire regime information for the plant communities in which Washoe pine occurs by entering
“Washoe pine” in the FEIS home page under "Find Fire Regimes".

FIRE MANAGEMENT CONSIDERATIONS

Fire exclusion has led to an increase of white fir at the expense of Washoe pine [90]. Washoe pine
stands are vulnerable to stand-replacement fire in areas where white fir has established in the
understory [88, 89]. Washoe pine-white fir associations are particularly susceptible to successional
replacement by white fir and other shade-tolerant species [88, 89, 109]. Riegel et al. [88] noted that the
fire regime in the upper montane zone of the Northeastern Plateau region—where Washoe pine
grows—has been the least affected by fire exclusion of all the mixed-conifer types. However, they
acknowledge the potential for an altered fire regime (stand-replacement fire) in Washoe pine stands
where white fir has established [89].

MANAGEMENT CONSIDERATIONS

FEDERAL LEGAL STATUS
None

OTHER STATUS

NatureServe ranks Washoe pine’s conservation status as G3, vulnerable and rare. The Washoe pine
woodland alliance is ranked G1: critically imperiled due to disjunct occurrences and threats from logging
[75].

IMPORTANCE TO WILDLIFE AND LIVESTOCK

Within its limited range, Washoe pine provides important wildlife habitat. Great gray owls [109],
northern goshawks [109, 116], and mountain lions [116] are among the wildlife species that use Washoe
pine communities.

As of 2018, no information was available on Washoe pine’s palatability, nutritional value, or cover value
for wildlife and livestock; its value for restoration/rehabilitation; or other uses. The FEIS review on Pinus
ponderosa var. benthamiana-P. p. var. ponderosa provides information on closely related varieties of
ponderosa pine.
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OTHER MANAGEMENT CONSIDERATIONS

Primary threats to Washoe pine include successional replacement under fire exclusion and loss of

habitat due to climate change [88].

APPENDIX

Table A1—Common and scientific names
to FEIS Species Reviews.

of plant species mentioned in this review. Links go

Common name ‘

Scientific name

Trees

California red fir

Abies magnifica

coast Douglas-fir

Pseudotsuga menziesii var. menziesii

giant chinquapin

Chrysolepis chrysophylla

incense-cedar

Calocedrus decurrens

Jeffrey pine

Pinus jeffreyi

ponderosa pine
Columbia ponderosa pine,
Pacific ponderosa pine

Pinus ponderosa
Pinus ponderosa var. ponderosa,
Pinus ponderosa var. benthamiana

Rocky Mountain ponderosa pine,
southwestern ponderosa pine

Pinus ponderosa var. scopulorum,
Pinus ponderosa var. brachyptera

Washoe pine

Pinus ponderosa var. washoensis (this review)

Sierra lodgepole pine

Pinus contorta var. murrayana

singleleaf pinyon

Pinus monophylla

western white pine

Pinus monticola

whitebark pine

Pinus albicaulus

white fir

Abies concolor

Shrubs

antelope bitterbrush

Purshia tridentata

curlleaf mountain-mahogany

Cercocarpus ledifolius

dwarf ceanothus

Ceanothus pumilus

greenleaf manzanita

Arctostaphylos patula

mountain big sagebrush

Artemisia tridentata subsp. vaseyana

mountain snowberry

Symphoricarpos oreophilus

pinemat manzanita

Arctostaphylos nevadensis

snowbrush ceanothus

Ceanothus velutinus

wedgeleaf ceanothus

Ceanothus cuneatus

Graminoids

Idaho fescue

Festuca idahoensis

prairie Junegrass

Koeleria macrantha

Ross’ sedge Carex rossii
rough fescue Festuca campestris
squirreltail Elymus elymoides

western needlegrass

Achnatherum occidentale

Wheeler bluegrass

Poa nervosa

Forbs

common beargrass

Xerophyllum tenax

common yarrow

Achillea millefolium
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https://www.fs.usda.gov/database/feis/plants/forb/xerten/all.html
https://www.fs.usda.gov/database/feis/plants/forb/achmil/all.html

sweetcicely Osmorhiza berteroi
tailcup lupine Lupinus caudatus
tuber starwort Pseudostellaria jamesii
Sierra pea Lathyrus nevadensis
spreading phlox Phlox diffusa
woolly mule-ears Wyethia mollis
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