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Silvics of Whitebark Pine
(Pinus albicaulis)

Stephen F. Arno
Raymond J. Hoff

INTRODUCTION
Whitebark pine (Pinus albicaulis Engelm.) is a slow-

growing, long-lived tree of the high mountains of south-

western Canada and the Western United States. White-

bark pine is of limited commercial use, but it is valued for

watershed protection and esthetics. Its seed crops have

become recognized in recent years as an important food

source for grizzly bears and other wildlife of the high

mountains.

Concern has arisen because in some areas whitebark

pine cone crops have diminished as a result of succes-

sional replacement and insect and disease epidemics

(Arno 1986). Published information on whitebark pine

has been sparse. This paper is a review of the literature

available in 1981 and has been updated to include some

recent ecological findings.

HABITAT

Native Range

Whitebark pine (fig. 1) grows in the highest elevation

forest and at timberline. Its distribution is essentially

split into two broad sections, one following the British

Columbia Coast Ranges, the Cascade Range, and the

Sierra Nevada, and the other covering the Rocky Moun-
tains from Wyoming to Alberta.

Whitebark pine is abundant and vigorous on the drier,

inland slope of the Coast and Cascade Ranges. It is en-

tirely absent from some of the wettest areas, such as the

mountains ofVancouver Island. In the Olympic Moun-
tains, it is confined to peaks in the northeastern rain

shadow zone. Whitebark pine also occurs atop the highest

peaks of the Klamath Mountains of northwestern

California.

The Rocky Mountain distribution extends along the

high ranges in eastern British Columbia and western

Alberta, and southward at high elevations to the Wind
River and Salt River Ranges in west-central Wyoming.

A small outlying population of whitebark pine is found

atop the Sweetgrass Hills in north-central Montana 90

miles (145 km) east of the nearest stands in the Rocky

Mountains across the Great Plains grassland (Thompson

and Kuijt 1976).

The coastal and Rocky Mountain distributions lie only

62 miles (100 km) apart at their closest proximily. Even
this narrow gap is not absolute; small groves are found on

a few isolated peaks in between in northeastern Washing-

ton. In addition to the main distribution, whitebark pine

grows in the Blue and Wallowa Mountains of northeast-

ern Oregon and in several isolated ranges rising out of the

sagebrush steppe in northeastern California, south-

central Oregon, and northern Nevada.

Climate

Whitebark pine grows in a cold, windy, snowy, and gen-

erally moist climatic zone. In moist mountain ranges,

whitebark pine is most abundant on warm, dry exposures.

Conversely, in semiarid ranges, it becomes prevalent on

Figure 1—Natural distribution of whitebark pine.
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cool exposures and moist sites. Weather data from several

whitebark pine sites in the Inland Northwest suggest the

climatic interpretations that follow (Arno 1970; Weaver
and Dale 1974). Summers are short and cool with mean
July temperatures ranging from 55 to 59 °F (13 to 15 °C)

in the whitebark pine forest and from 50 to 54 °F (10 to

12 °C) in the adjacent timberline zone. A cool growing

season, as defined by mean temperatures of over 42 °F

(5.5 °C) (Baker 1944), lasts about 90 to 110 days in the

whitebark pine forest, but light frosts and snowfalls some-

times occur even in midsummer. The hottest summer
days reach temperatures of 79 to 86 °F (26 to 30 °C).

January mean temperatures range from about 15 °F

(-9 °C) in Montana to about 23 °F (-5 °C) in the Cascades

and Sierra Nevada. Long-term record low temperatures in

Montana and Wyoming stands are probably —40 to -58 °F

M0 to -50 °C).

Mean annual precipitation for most stands where white-

bark pine is a major component probably is between 24

and 72 inches (600 and 1,800 mm). The lower part of this

precipitation range applies to mountain ranges in semiarid

regions where whitebark pine forms nearly pure stands or

is accompanied only by lodgepole pine (Pinus contorta var.

latifolia). The highest precipitation occurs in inland-

maritime ranges and near the Cascade crest where white-

bark pine grows primarily with subalpine fir (Abies

lasiocarpal and mountain hemlock (Tsuga mertensiana).

About two-thirds of the precipitation in most stands is

snow and sleet, with rain prevailing only from June

through September (Arno 1970). Summer rainfall is often

scant in the southern part of whitebark pine's distribution

south of about 47 °N. latitude. Thus, there is often a

droughty period with scant rainfall or remaining snowmelt

water for several weeks during mid-to-late summer.
Snowpack usually begins to accumulate in late October.

By April, the snowpack reaches a maximum depth, rang-

ing from about 24 to 50 inches (60 to 125 cm) in stands

east of the Continental Divide and in other semiarid

areas, to 100 to 120 inches (250 to 300 cm) in the relatively

moist whitebark pine-subalpine fir stands of the Cascades

and inland-maritime mountains. Most stands probably

have mean annual snowfalls between 180 and 500 inches

(460 and 1,270 cm). Whitebark pine also grows in stunted

or krummholz (shrublike) form on windswept ridgetops

where little snow accumulates.

Strong winds, thunderstorms, and severe blizzards are

common to whitebark pine habitats. Wind gusts of hurri-

cane velocity in the tree crowns (more than 73 mi/h or 117

km/h) occur each year on most sites, but most frequently

on ridgetops.

Soils and Topography

Most whitebark pine stands grow on weakly developed

(immature) soils. Many of the sites were covered by exten-

sive mountain glaciers during the Pleistocene and have

been released from glacial ice for less than 12,000 years

(Mehringer and others 1977). Chemical weathering is

retarded by the short, cool summer season. Also,

nitrogen-fixing and other microbiotic activity that might

enrich the soil is apparently restricted by low soil tempera-

tures and high acidity on many sites.

Despite these general trends, substantial variations

occur in local climates, geologic substrates, and degrees of

soil development in whitebark pine habitats. Thus, sev-

eral types of soils have been recognized.

Most soils under whitebark pine stands are classified as

Inceptisols (USDA SCS 1975). Many of these are Typic

Cryochrepts, although deposits of volcanic ash may be

sufficiently thick in some profiles to warrant recognition

as Andic Cryochrepts. Some of the best-developed, ash-

layered soils beneath spruce-fir-whitebark pine stands are

Typic Cryandepts similar to the zonal Brown Podzolic

soils (Nimlos 1963). All of these are young soils, showing

less leaching, weathering, and horizon development than

Spodosols, although they are quite acidic. Mean pH val-

ues of 4.8 to 5.0 were found for the upper mineral soil

horizons in three habitat types, probably composed

largely of Typic Cryochrepts (Pfister and others 1977).

Data on nutrient availability in these soils have been

provided (Weaver and Dale 1974).

Throughout its distribution, whitebark pine is often

found on soils lacking fine material. Sparse, open stands

often grow on coarse talus, exposed bedrock, or lava flows

having minimal horizon development and only scattered

pockets of fine material. These soils would be classified as

fragmental and loamy skeletal families within the order

Entisols (Cryorthents in granitic substrates). They have

been referred to as azonal soils, and more specifically as

Lithosols in earlier classifications.

Some dry-site whitebark pine stands in semiarid re-

gions have open, grassy understories, particularly on

calcareous rock substrates. The soils have a thick, dark

surface horizon and a nearly neutral reaction. The pH is

near 6 in Montana (Pfister and others 1977) and Idaho

(Steele and others 1983) stands, but in Alberta average

values are 7.8 to 8 (Baig 1972). These soils would evi-

dently be classified as Typic Cryoborolls within the order

Mollisols. Also, in some of the same areas soils that have

a dark surface but a low level of base saturation are clas-

sified as Typic Cryumbrepts.

In all but the driest regions, whitebark pine is most

abundant on warm aspects and ridgetops having direct

exposure to sun and wind. It is less abundant on shel-

tered north-facing slopes or in cirque basins, where sub-

alpine fir, Engelmann spruce (Picea engelmannii), moun-

tain hemlock, or subalpine larch (Larix lyallii) become

prevalent. Nevertheless, the tallest and best formed

whitebark pine trees are often found in high basins or on

gentle north slopes.

Near the northern end of its distribution in the British

Columbia coastal mountains, whitebark pine is a minor

component of timberline communities at about 5,200 ft

(1,580 m) elevation (McAvoy 1931). In the Olympic Moun-
tains and on the western slope of the Cascades in Wash-

ington and northern Oregon, it grows primarily on ex-

posed sites near tree line between 5,800 and 7,000 ft

(1,170 and 2,130 m). East of the Cascade crest it becomes

abundant within both the subalpine forest and the tim-

berline zone. For instance, it is common between 5,300

and 8,000 ft (1,620 and 2,440 m) in central Washington's

Stuart Range, generally forming krummholz above 7,000

ft (2,130 m) (Arno and Hammerly 1984). The lowest re-

ported natural stand of whitebark pine throughout its
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range is at 3,600 ft (1,100 m) near Government Camp on

the southwest slope of Mount Hood in Oregon (Franklin

1966).

Whitebark pine becomes a major component of high-

elevation forests in the Cascades of southern Oregon and

northern California, growing between 8,000 and 9,500 ft

(2,440 and 2,900 m) on Mount Shasta. In the central and
southern Sierra Nevada it is found between 10,000 and

11,500 ft (3,050 and 3,510 m), but occasionally reaches

12,000 ft (3,660 m) as krummholz cushions (Arno and
Hammerly 1984).

Near the north end of its distribution in the Rockies of

Alberta and British Columbia, whitebark pine is generally

small, scattered, and confined to dry, exposed sites at

timberline, 6,500 to 7,500 ft (1,980 to 2,290 m). It be-

comes increasingly abundant southward, especially in

Montana and central Idaho. It is a major component of

high-elevation forests and the timberline zone between
about 5,900 and 8,200 ft (1,800 and 2,500 m) in north-

western Montana and 7,000 and 9,300 ft (2,130 and

2,830 m) in west-central Montana. In western Wyoming,
it is abundant at 8,000 to 10,500 ft (2,440 to 3,200 m).

Associated Forest Cover

Whitebark pine is most frequently found growing with

other high mountain conifers, although pure whitebark

pine stands are common in relatively dry mountain
ranges. The forest cover type Whitebark Pine (Society of

American Foresters Type 208) (Society of American For-

esters 1980) is used to designate pure stands or mixed
stands in which the species comprises a plurality. White-

bark pine is also a minor component of Engelmann
Spruce-Subalpine Fir (Type 206) in the Rockies, eastern

Cascades, and the Blue Mountains; Mountain Hemlock
(Type 205) in much of the Cascades and British Columbia
coastal mountains; and California Mixed Subalpine (Type

256) in the California Cascades, Sierra Nevada, and Kla-

math Mountains. In these open, upper subalpine forests,

whitebark pine is associated with mountain hemlock,

California and Shasta red fir (Abies magnified vars. mag-
nified and shastensis), Sierra lodgepole pine (Pinus con-

torta var. murrayana), western white pine (P. monticola),

and locally, foxtail (P. balfouridna) and limber (P. flexilis)

pines.

In the drier ranges of the Rockies south of latitude

47 ° N. and in south-central Oregon, whitebark pine is

found within the highest elevations of the cover type

Lodgepole Pine (Type 218). In the Rockies whitebark pine

adjoins Interior Douglas-fir (Type 210) and Limber Pine

(Type 219). In the East Humboldt, Ruby, Jarbidge, and
Bull Run Ranges of northeastern Nevada, whitebark's

principal associate is limber pine (Critchfield and
Allenbaugh 1969).

In the timberline zone, conditions for tree development
are so severe that any species that can become well estab-

lished is considered a part of the climax community. In

Montana and northern Idaho the whitebark pine stands

in the timberline zone (above forest line or where sub-

alpine fir becomes stunted) make up the Pinus albicaulis-

Abies Idsiocdrpd habitat types (Daubenmire and Dauben-
mire 1968; Pfister and others 1977). Whitebark pine is

also a climax species in other habitat types, mostly on dry

sites, in Montana, central Idaho, and western Wyoming,

and in Alberta (Baig 1972; Steele and others 1983; Steele

and others 1981; Weaver and Dale 1974). Pinus

dlbicdulis I Vdccinium scopdrium is probably the most

widespread and abundant habitat type that includes pure

whitebark pine stands in the Rocky Mountains. Various

aspects of the ecology of this habitat type in Montana and

Wyoming have been described (Forcella 1978; Forcella

and Weaver 1977; Weaver and Dale 1974).

In the subalpine forest of the Northern Rockies white-

bark pine is a principal long-lived serai component of the

Abies lasiocarpa ILuzula hitchcockii and Abies lasiocarpa-

Pinus albicaulis /Vdccinium scopdrium habitat types

(Pfister and others 1977). Prior to the early 1900's white-

bark pine was apparently more abundant in the subalpine

forest as a result of natural fires, which favored its sur-

vival and regeneration in comparison with competing fir

and spruce (Arno 1986).

Principal undergrowth species in Rocky Mountain and

northern Cascade stands include grouse whortleberry

(Vdccinium scopdrium), mountain arnica (Arnicd Idtifo-

lid), red mountain heath (Phyllodoce empetriformis),

rustyleaf menziesia (Menziesid ferrugined), smooth

woodrush (Luzuld hitchcockii), beargrass (Xerophyllum

tendx), elk sedge (Cdrex geyeri), Parry rush (Juncus par-

ryi), Ross sedge (Cdrex rossii), and Idaho fescue (Festucd

iddhoensis). In south-central Oregon the primary under-

growth species are long-stolon sedge (Cdrex pensylvdnicd)

and Wheeler bluegrass (Poa nervosa) (Hopkins 1979).

Undergrowth is sparse in Sierra Nevada stands. Common
juniper (Juniperus communis) is a major undergrowth

plant in Alberta stands (Baig 1972).

LIFE HISTORY

Reproduction and Early Growth

Flowering and Fruiting—Whitebark pine is

monoecious. The female strobili and cones develop near

the tip of upper crown branches, while the male or pollen

strobili develop throughout the crown on the current

year's growth. Whitebark pine flowers are receptive, and
pollen is shed during the first half of July, but at some
midelevation sites the species probably flowers in June.

The ripe pollen strobili are a distinct carmine, which dis-

tinguishes them from the yellow pollen strobili of limber

pine. The importance of various factors limiting pollina-

tion and fertilization is unknown. The isolation of some
individual trees and small populations planted by birds

such as Clark's nutcracker may prevent pollination. Also,

animal planting of genetically similar seeds in a given

area might increase the level of self-pollination, which is

less successful in pines than cross-pollination.

The female or seed cones ripen by early September of

the second year (USDA FS 1974). Although there are no
good exterior signs of cone and seed ripeness, the cones

become somewhat loose and can be pulled apart after

September 1.

Seed Production and Dissemination—Large seed

crops are produced at irregular intervals, with smaller

crops and crop failures in between. Cone crops may be
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produced more frequently in the southern parts of white-

bark pine's distribution (Bailey 1975). In a Sierra Nevada
study area, whitebark pine cone crops were moderate to

heavy in each of 4 years, 1973 to 1976 (Tomback 1978). A
study of 29 whitebark pine stands in the Northern Rock-

ies found that cone production averaged about 6,000 per

acre (14,000 per hectare) over an 8-year period (Weaver

and Forcella 1986). Seeds number from 2,200 to 3,000/lb

(4,850 to 6,600/kg) (USDAFS 1974).

The large, heavy, wingless seeds are borne in a dense,

fleshy, egg-shaped cone usually 2 to 3 inches (5 to 8 cm)

long. This cone is unusual among North American pines

in that it evidently remains closed (indehiscent) after

ripening rather than spreading its scales to release seeds

(Tomback 1981). If the cone falls to the ground, it disinte-

grates rapidly by decay and depredations by animals.

Observations in southwestern Alberta indicate that

groups of whitebark pine seedlings often appear around

the rotting residue of cones (Day 1967).

In most stands, however, only a small fraction of the

cones are allowed to fall in this manner. Instead, Clark's

nutcrackers and red squirrels attack the ripening cones in

the tree tops during August, September, and October. As
a result of cone predation, it is quite common to find no

evidence of cones in a whitebark pine stand except when a

careful search is made for cone scales on the ground

(Bailey 1975).

Clark's nutcrackers apparently have an essential role in

planting whitebark pine and limber pine seeds (Hutchings

and Lanner 1982; Lanner 1980; Lanner and Vander Wall

1980; Tomback 1978). Nutcrackers can carry as many as

150 whitebark pine seeds in their sublingual pouch, and
they cache groups of one to five seeds in the soil at a

depth of 1 inch (2 to 3 cm), suitable for germination. Nut-

crackers cached an estimated 13,600 limber pine seeds

per acre (33,600/hectare) in one open burned area during

one summer. Whitebark pine seeds sustain these birds

much of the year, but a large proportion of the seed caches

go unrecovered.

Evidence indicates that seed planting by Clark's nut-

crackers facilitates the regeneration and spread of white-

bark pine. Despite its heavy wingless seed, this species

often regenerates promptly on burned or clearcut areas

where the seed source is locally absent. Moreover, white-

bark pine seedlings in open areas often arise together in

tight clumps of two to five. The species has become estab-

lished atop a young geologic island—Wizard Island in

Crater Lake, OR (Jackson and Faller 1973)—where seed

dispersal by birds would have been necessary. Lone

whitebark pine trees and saplings grow along alpine

ridges often a few miles from the nearest possible seed

source (Arno and Hammerly 1984). Numerous clumped
whitebark pine seedlings and saplings can be found far

from a seed source in lower elevation forests (for example,

with ponderosa pine), where whitebark pine does not

develop beyond sapling stage. Clark's nutcrackers mi-

grate down to these lower elevation stands in autumn
bringing whitebark pine seeds with them (Arno and
Hammerly 1984; Tomback 1978).

Various mammals also transport and cache whitebark

pine seeds. Red squirrels harvest large quantities of

whitebark pine cones and store them in rotten logs and in

the ground. Black bears and grizzly bears raid many of

these cone caches, scattering many seeds. Chipmunks,
golden-mantled ground squirrels, and deer mice eat loose

seeds and also cache seeds that may ultimately germi-

nate. Red squirrels also cache whitebark pine seeds; from

three to 176 seeds per cache have been found (Kendall

1981).

Some seeds probably fall onto favorable seedbeds be-

neath or near the parent trees. Seeds may occasionally be

carried by snow avalanches into lower elevations. Be-

cause of periodic disturbances and cold air drainage in

avalanche chutes, whitebark pine saplings often occupy

sites at relatively low elevations.

The poor germination rate of whitebark pine seed is

apparently related to the development and condition of

the embryo and to seedcoat factors. Seeds from three

Canadian sources germinated poorly, despite a variety of

seedcoat scarification techniques with and without cold

stratification (Pitel and Wang 1980). The best results

were obtained when a small cut was made in the heavy

seedcoat and this was placed adjacent to germination

paper to facilitate water uptake. The seedcoat is evi-

dently a major cause of delayed regeneration or seed

dormancy. Another factor explaining the relatively low

germination was the low proportion of seeds with fully de-

veloped embryos. In another test, using seed collected

from Idaho, 61 percent of the seed germinated after clip-

ping of the seedcoat (Pitel 1981). Stratification for 60

days plus clipping resulted in 91 percent germination.

Cold stratification for at least 150 days followed by crack-

ing of the seedcoat has been fairly successful, resulting in

34 percent germination (Hoff 1980).

Seedling Development—Germination is epigeal

(USDA FS 1974). The newly germinated seedlings of

whitebark pine are large compared to other mountain

conifers. Cotyledons number seven to nine (Hitchcock

and others 1969), and while still in the cotyledon stage,

the seedlings are 3 to 4 inches (8 to 10 cm) tall, with a 5-

to 7-inch (13- to 18-cm) taproot (Day 1967). Whitebark

pine germinants and seedlings are often common in

burned or other disturbed areas. Germinants can also be

found in the midst of alpine tundra vegetation.

Vegetative Reproduction—Unlike associated sub-

alpine fir, Engelmann spruce, and mountain hemlock,

whitebark pine spreads only to a minor extent through

layering—rooting of lower branches that are pressed

against moist ground. At the limit of tree growth, white-

bark pine forms islands of shrublike growth (flagged

krummholz and cushion krummholz, see fig. 5), similar in

general appearance to the layered krummholz of fir and

spruce described by Marr (1977). A recent inspection of

whitebark pine krummholz in the Montana Bitterroot

Range confirmed that layering occurs (Arno 1981). Inves-

tigation revealed that much of the spread of an individual

krummholz plant results from branches extending hori-

zontally from a central point; but also that in some plants

these long branches become pressed into the surface soil

and have developed large roots, which clearly constitutes

layering.

Whitebark pine is easily grafted on stock plants of ei-

ther whitebark pine or western white pine. The grafts
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grow much faster when the stock plant is western white

pine (Johnson 1981).

Sapling and Pole Stages to Maturity

Growth and Yield—Whitebark pine is a slow-growing,

long-lived tree. It can attain small to moderately large

size after 250 or more years depending on site conditions.

Growth and yield information on this species is scarce,

because it has been of little interest for commercial timber

production. Occasionally old-growth whitebark pine

makes up a modest proportion of the timber harvested in

moist, high-elevation stands.

In Montana, the best sites for whitebark pine timber

growth are generally in the Abies lasiocarpa ILuzula

hitchcockii habitat type, Menziesia ferruginea phase (Pfis-

ter and others 1977). Although whitebark pines of good

form and moderately large size (dominant trees 20 to 30

inches [50 to 75 cm] in d.b.h. and 70 to 100 ft [21 to 30 m]

tall at 250 to 300 years of age) sometimes develop on

these sites, associated Engelmann spruce grows larger

and is the primary object of management. In some com-

mercial forest sites between 5,000 and 6,000 ft (1,520 and

1,830 m) in southwestern Alberta, whitebark pine grows

larger than associated lodgepole pine and spruce (Day

1967). In south-central Oregon, annual yields of mer-

chantable timber in a lodgepole pine-whitebark pine type

were estimated to be about 29 ft
3/acre (2.0 m3/ha)

(Hopkins 1979).

On the best sites where whitebark pine is a component

of the spruce-subalpine fir forest, it produces timber of

good quality with only a moderate amount of defect. The

resulting lumber has properties similar to those of west-

ern white pine (Kasper and Szabo 1970) but is graded

lower largely because of its slightly darker appearance

(Wilson 1981).

At higher elevations where the species is abundant, it

forms a short tree with large branches and is unsuitable

for timber production. Detailed information on biomass

and productivity in some of the pure, high-elevation

whitebark pine stands

—

Pinus albicaulis IVaccinium sco-

parium habitat type—suggests that annual yields of mer-

chantable timber are very low, about 10 to 20 ftVacre (0.7

to 1.4 m3/ha) (Forcella and Weaver 1977; Pfister and oth-

ers 1977; Weaver and Dale 1974).

On favorable sites near the forest fine this species de-

velops into a large, single-trunk tree commonly 35 to 65 ft

(11 to 20 m) tall (fig. 2) and has a life span of 500 years or

Figure 2—Pure stand of mature whitebark pine on a

south-facing slope at 8,400 ft (2,560 m) elevation in

western Montana.
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Figure 3—Upswept branch-trunks of an ancient

whitebark pine in the timberline zone.

more. The oldest individuals in some cold, dry sites

probably attain 1,000 years. The ancient trees often have

a broad crown composed of large ascending branch-trunks

(fig. 3). The largest recorded whitebark pine, growing in

central Idaho's Sawtooth Range, is 105 inches (267 cm) in

d.b.h. and 69 ft (21 m) tall (AFA 1986). Upwards through

the timberline zone, whitebark pine becomes progres-

sively shorter and assumes multistemmed growth forms

(fig. 4) evidently arising from the germination of nut-

cracker seed caches (Furnier and others 1987; Linhart

and Tomback 1985).

At its upper limits, whitebark pine is reduced to shrub-

like growth forms (fig. 5) (Clausen 1965). Such krumm-
holz stands are often extensive on wind-exposed slopes

and ridgetops. Primary causes of krummholz are thought

to be inadequate growing season warmth, which prevents

adequate growth, maturation, and hardening (cuticle

development) of new shoots (Tranquillini 1979). As a

result, shoots are easily killed by frost or by heating and
desiccation on sunny days in early spring when the soil

and woody stems are frozen and thus little water is avail-

able to replace transpiration losses. Mechanical damage

Figure 4—Multistemmed growth form of white-

bark pine at tree line in the northeastern part of

the Olympic Mountains, WA.

from ice particles in the wind is also a factor limiting

krummholz growth to microsites where snowpack accu-

mulates and provides protection from sun and wind.

Rooting Habit—On most sites whitebark pine devel-

ops a deep and spreading root system. It is well-anchored

into the rocky substrate and is seldom uprooted despite

its large, exposed crown and the violent winds to which it

is subjected. Wind-thrown whitebark pines growing on

moraines in Wyoming show pancake-like root systems

only 16 inches (40 cm) deep (Lanner 1981). Such shallow

rooting probably occurs also where the species inhabits

high-elevation bogs.

Reaction to Competition—Although whitebark pine

has been tentatively rated very intolerant of competition

or shade (Baker 1949), recent observers (Day 1967; Pfister

and others 1977; Steele and others 1983) believe that it is

intermediate or intolerant, about equivalent to western

white pine or interior Douglas-fir. Whitebark pine is less

tolerant than subalpine fir, spruce, and mountain hem-

lock; however, it is more tolerant than lodgepole pine and

subalpine larch. Whitebark pine should, therefore, be

classed as intermediate in tolerance to shade.
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Whitebark pine cannot become a climax forest domi-

nant in moist, wind-sheltered sites where its tolerant

associates are capable of forming a closed stand. But it

can become a long-lived serai dominant on these sites as a

result of stand replacement by fire, snow avalanche, and
other major disturbances.

On a broad range of dry, wind-exposed sites, whitebark

pine is a climax or near-climax species that persists in-

definitely in association with subalpine fir and other toler-

ant species because it is hardier, more drought tolerant,

more durable, and longer lived. Even on these severe

sites, however, a successional trend may be observable on

a small scale; whitebark pine pioneers on an open site and
is later surrounded and locally replaced by tolerant fir

and hemlock (Franklin and Dyrness 1973). In dry areas

of Wyoming's Wind River and in south-central Oregon,

whitebark pine forms a coclimax with lodgepole pine in

dense subalpine forest stands (Hopkins 1979; Steele and
others 1983).

Whitebark pine often regenerates following wildfire and
after clearcutting (with or without site preparation) on

southern exposures or ridgetops. Observations of white-

bark pine regeneration in natural stands suggest that this

species could be perpetuated on relatively dry sites under
a variety of even-aged or uneven-aged silvicultural sys-

tems. To establish whitebark pine regeneration on moist

sites, appreciable stand opening and light, localized site

preparation would probably be necessary. Watershed

values (and often esthetic values) are very high on these

sites, however, and use of heavy equipment could be very

damaging. Wind throw and wind breakage is a danger to

residual trees, especially spruce and fir, in partial cut-

tings. Whitebark pine can be regenerated by outplanting

seedlings or seeds in mineral soil or at the soil-litter inter-

face (McCaughey 1988). Such artificial regeneration

might allow the establishment of whitebark pine on sites

where it has been scarce because of lack of seed caching

by the Clark's nutcracker.

Damaging Agents—Mountain pine beetle (Dendroc-

tonus ponderosae) is by far the most damaging insect in

mature stands of whitebark pine. A large proportion of

the mature whitebark pine in the Northern Rockies was
killed by this insect between 1909 and 1940 (Arno 1970;

Ciesla and Furniss 1975; Furniss and Carolin 1977). Epi-

demics evidently spread upward into the whitebark pine

forest after becoming established in the lodgepole pine

forests below. In the 1970's, an epidemic developing in

lodgepole pine in the Flathead National Forest of Mon-
tana killed most of the whitebark pine in some areas.

This insect usually kills only the larger whitebark pine

trees because such trees have an inner bark layer thick
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enough for the larvae to inhabit. Small trees are also

killed in areas of intense infestation.

Less damaging insect infestations are caused by aphids

(Essigella gillettei) that feed on needles, mealybugs (Puto

cupressi and P. pricei) that feed on trunks and branches,

and the lodgepole needletier (Argyrotaenia tabulana), a

potentially destructive defoliator. At least one species of

ips, the Monterey pine ips (Ips mexicanus), infests the

bole, and Pityogenes carinulatus and P. fossifrons also

infest the bole (Furniss and Carolin 1977). Two species of

Pityophthorus (P. aquilonius and P. collinus) have been

collected from whitebark pine (Bright 1968). The ponder-

osa pine cone beetle (Conophthorus ponderosae) infests

cones of whitebark pine (Wood 1981).

The principal disease is the introduced white pine blis-

ter rust (caused by Cronartium ribicola). Blister rust is

particularly destructive where the ranges of whitebark

pine and blister rust coincide with good conditions for

infection. This occurs where adequate moisture permits

infection of local Ribes spp. (currant and gooseberry

bushes, which are the rust's alternate host) in early sum-

mer and prevents drying of the infected Ribes leaves

throughout the summer. Where there is a source of inocu-

lum from lowland forests, the spores that infect pine can

be carried by wind to the trees, but cool, moist conditions

are needed for infection of the pine host (Bedwell and

Childs 1943). Blister rust damage is severe and prevents

tree development in some timberline areas of the north-

ern Cascades, northern Idaho, and northwestern Montana
where whitebark pine is the major pioneer species. Resis-

tance of whitebark pine is discussed under "genetics" in

this paper.

Several other diseases infect whitebark pine, generally

with minor consequences (Hepting 1971; Hiratsuka and

Funk 1976; Smith 1956). These diseases are stem infec-

tions that produce cankers (some very similar to blister

rust), such as Atropellis pinicola, A. piniphila,

Dasyscypha pini, and Gremmeniella abietina; a wood rot

organism, Phellinus pini; several root and butt rots

caused by Heterobasidion annosum, Phaeolus schwein-

itzii, and Poria subacida; and several needle cast fungi

including Lophodermium nitens, L. pinastri, Bifusella

saccata, and B. linearis. When foliage is covered by snow

for long periods, a snow mold, Neopeckia coulteri, appears

(Hepting 1971; Hiratsuka and Funk 1976; Smith 1956).

The dwarf mistletoes (Arceuthobium spp.) cause severe

local mortality in whitebark pine. The most widespread

species is the limber pine dwarf mistletoe (A cyanocar-

pum). In the Northern Rockies, the lodgepole pine dwarf

mistletoe (A americanum) occasionally occurs on white-

bark pine where this tree grows in infested lodgepole pine

stands. In the Oregon Cascades the hemlock dwarf mis-

tletoe (A tsugense) is damaging to whitebark pine

(Hawksworth and Wiens 1972).

In addition to these parasitic organisms, several harm-

less saprophytes grow on whitebark pine: Dasyscypha

agassizii on dead bark and cankers of blister rust,

D. arida, Tympanis pinastri, and Phoma harknessii on

twigs (Hepting 1971). Cenococcum graniforme has been

identified as an ectotrophic mycorrhizal fungus of white-

bark pine (Trappe 1962).

Wildfire is an important vegetation recycling force in

whitebark pine stands, although long intervals (mean
intervals from 50 to 300 years or more depending on the

site) usually occur between fires in a given grove (Arno

1980). Lightning has been the major cause of fires in

most stands; however, increased recreational use of for-

ests results in accidental fires. Many of the fires have

spread upslope into whitebark pine after developing in

lower forest zones. Tiny spot fires are most common be-

cause fuels are generally sparse and conditions moist and
cool. Nevertheless, occasional warm and dry periods ac-

companied by strong winds allow fires to spread. Spread-

ing fires often remain on the surface and kill few large

trees, but under extreme conditions, severe wind-driven

fires burn sizable stands (Arno 1980). Wildfire (enhanced

by fuels created by epidemics of Dendroctonus ponderosae

in lodgepole and whitebark pine), followed by seed dis-

semination by Clark's nutcrackers, may be the principal

means by which whitebark pine becomes established in

the more productive sites near its lower elevational limits.

Conversely, after a severe fire on dry, wind-exposed sites,

regeneration of whitebark pine (often the pioneer species)

may require several decades.

Wind breakage of the crowns or boles occurs when un-

usually heavy loads of wet snow or ice have accumulated

on the foliage. This damage is prevalent in large old trees

having extensive heart rot. Snow avalanches also are an

important damaging agent in some whitebark pine

stands.

SPECIAL USES
Whitebark pine's greatest values are for wildlife habi-

tat, watershed protection, and esthetics. Potential use for

timber on a sustained yield basis is very limited in most

areas.

Whitebark pine seeds are a principal year-round food

for the Clark's nutcracker and red squirrels. Seeds are an

important, highly nutritious food source for many other

seed-eating birds and small mammals, as well as for black

bears and grizzly bears (Kendall 1981; Mealey 1980).

Blue grouse feed and roost in whitebark pine crowns

during much of the year. This tree provides both hiding

and thermal cover in sites where few if any other trees

grow. The large hollow trunks of old trees and snags

provide homesites for cavity-nesting birds. The seeds of

whitebark pine have occasionally been used as a secon-

dary food source by Native Americans (Malouf 1969).

Whitebark pine helps to stabilize snow, soil, and rocks

on steep terrain and has potential for use in land reclama-

tion projects at high elevation (Pitel and Wang 1980). It

also provides shelter and fuel for hikers and campers and

is a very picturesque mountain tree.

GENETICS
Most of the wide phenotypic variation in whitebark pine

is apparently the result of differences in site and climate.

Nevertheless, at least two distinct forms are recognized

—

the alpine and subalpine forms, one a prostrate shrub and

the other a fairly typical upright tree (Clausen 1965).
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Determination of whether or not these are genetic races

will have to await genetic tests. Enzyme studies sug-

gested that high-elevation forms of Engelmann spruce

and subalpine fir do have a genetic basis (Grant and Mit-

ton 1977), but another study showed that a prostrate form

of the European stone pine (Pinus cembra), closely related

to whitebark, can spontaneously produce an erect tree

stem (Holzer 1975).

Resistance to white pine blister rust is the most notable

phenotypic variation observed in whitebark pine. The
species is extremely susceptible to blister rust both in the

field and nursery in artificial inoculation tests and has

been rated by many people as the most susceptible of all

the world's white pines (Bingham 1972). In stands where

mortality has been as high as 80 to 90 percent, however,

many individuals have survived and some are free of rust

symptoms. Testing, using artificial inoculation methods

to expose seedlings from uninfected wild parents, has

demonstrated resistance to be genetic (Hoff and others

1980). Four main defense mechanisms were observed:

absence of infections of needles or stem; shedding of in-

fected needles before the fungus could reach the stem; a
chemical interaction between the fungus and short-shoot

tissue that killed the fungus; and chemical reactions in

the stem that killed host cells, with subsequent walling

off of the fungus.

A small trial plantation of first-generation wind-

pollinated seedlings from resistant whitebark pine par-

ents was established at Marks Butte near Clarkia, ID, in

1979 (Hoff 1980). Results of this trial may ultimately

help reestablish the species in areas where mortality is

high and where the impact of birds and rodents on the re-

maining seed supply is therefore greater.

Many attempts have been made to cross whitebark pine

with the other four white pine species in its subsection

Cembrae and with most species in subsection Strobi. Al-

most all have ended in failure or inconclusive results

(Bingham and others 1972). Only the cross with limber

pine, from subsection Strobi, offers slight hope (Critch-

field 1981). No putative hybrids of whitebark pine have

been identified in natural stands.

REFERENCES
American Forestry Association. 1986. National register of

big trees. American Forests. 92(4): 21-52.

Arno, S. F. 1970. Ecology of alpine larch (Larix lyallii

Pari.) in the Pacific Northwest. Missoula, MT: Univer-

sity of Montana. 264 p. Dissertation.

Arno, S. F. 1980. Forest fire history in the Northern Rock-

ies. Journal of Forestry. 78(8): 460-465.

Arno, S. F. 1981. Unpublished data on file at: U.S. De-

partment of Agriculture, Forest Service, Intermoun-

tain Research Station, Intermountain Fire Sciences

Laboratory, Missoula, MT.
Arno, S. F. 1986. Whitebark pine cone crops—a diminish-

ing source of wildlife food? Western Journal of Applied

Forestry. 1(3): 92-94.

Arno, S. F.; Hammerly, R. 1984. Timberline—mountain
and arctic forest frontiers. Seattle, WA: The Mountain-
eers. 304 p.

Baig, M. N. 1972. Ecology of timberline vegetation in the

Rocky Mountains of Alberta. Calgary, AB: University

of Calgary. Dissertation.

Bailey, D. K. 1975. Pinus albicaulis. Curtis's Botanical

Magazine. 180(3): 140-147.

Baker, F. S. 1944. Mountain climates of the western

United States. Ecological Monographs. 14(2): 233-254.

Baker, F. S. 1949. A revised tolerance table. Journal of

Forestry. 47(3): 179-182.

Bedwell, J. L.; Childs, T. W. 1943. Susceptibility of white-

bark pine to blister rust in the Pacific Northwest.

Journal of Forestry. 41: 904-912.

Bingham, R. T. 1972. Taxonomy, crossability, and relative

blister rust resistance of 5-needled white pines. In:

Biology of rust resisitance in forest trees: proceedings

of a NATO-IUFRO advanced study institute; 1969

August 17-24; Moscow, ID. Misc. Publ. 1221. Washing-

ton, DC: U.S. Department of Agriculture: 271-280.

Bingham, R. T.; Hoff, R. J.; Steinhoff, R. J. 1972. Genetics

of western white pine. Res. Pap. WO-12. Washington,

DC: U.S. Department of Agriculture, Forest Service.

18 p.

Bright, Donald E., Jr. 1968. Three new species ofPity-

ophthorus from Canada (Coleoptera: Scolytidae). Ca-

nadian Entomologist. 100: 604-608.

Ciesla, W. M.; Furniss, M. M. 1975. Idaho's haunted for-

ests. American Forests. 81(8): 32-35.

Clausen, J. 1965. Population studies of alpine and sub-

alpine races of conifers and willows in the California

High Sierra Nevada. Evolution. 19(1): 56-68.

Critchfield, W. B. 1981. [Personal communication].

Berkeley, CA: U.S. Department of Agriculture, Forest

Service.

Critchfield, W. B.; Allenbaugh, G. A. 1969. The distribu-

tion of Pinaceae in and near northern Nevada.

Madrono. 20: 12-26.

Daubenmire, R.; Daubenmire, J. B. 1968. Forest vegeta-

tion of eastern Washington and northern Idaho. Tech.

Bull. 60. Pullman, WA: Washington Agriculture Ex-

periment Station. 104 p.

Day, R. J. 1967. Whitebark pine in the Rocky Mountains

of Alberta. Forestry Chronicle. 43(3): 278-282.

Forcella, F. 1978. Flora and chorology of the Pinus

albicaulis-Vaccinium scoparium association. Madrono.

25: 139-150.

Forcella, F.; Weaver, T. 1977. Biomass and productivity of

the subalpine Pinus^albicaulis-Vaccinium scoparium

association in Montana, USA. Vegetatio. 35(2): 95-105.

Franklin, J. F. 1966. [Personal communication]. Corvallis,

OR: U.S. Department of Agriculture, Forest Service,

Pacific Northwest Forest and Range Experiment Sta-

tion, Forestry Sciences Laboratory.

Franklin, J. F.; Dyrness, C. T. 1973. Natural vegetation of

Oregon and Washington. Gen. Tech. Rep.'PNW-8.

Portand, OR: U.S. Department of Agriculture, Forest

Service, Pacific Northwest Forest and Range Experi-

ment Station. 417 p.

Furnier, Glenn R.; Knowles, Peggy; Clyde, Merlise A.;

Dancik, Bruce P. 1987. Effects of avian seed dispersal

on the genetic structure of whitebark pine populations.

Evolution. 41(3): 607-612.

9



Furniss, R. L.; Carolin, V. M. 1977. Western forest in-

sects. Misc. Publ. 1339. Washington, DC: U.S. Depart-

ment of Agriculture, Forest Service. 654 p.

Grant, M. C; Mitton, J. B. 1977. Genetic differentiation

among growth forms of Engelmann spruce and sub-

alpine fir at tree line. Arctic and Alpine Research. 9(3):

259-263.

Hawksworth, F. G.; Wiens, D. 1972. Biology and classifi-

cation of dwarf mistletoes (Arceuthobium). Agric.

Handb. 401. Washington, DC: U.S. Department of

Agriculture, Forest Service. 234 p.

Hepting, George H. 1971. Diseases of forest and shade

trees of the United States. Agric. Handb. 386. Wash-
ington, DC: U.S. Department of Agriculture, Forest

Service. 658 p.

Hiratsuka, Y.; Funk, A. 1976. Additional records of

Gremmeniella abietina in western Canada. Plant Dis-

ease Reporter. 60: 631.

Hitchcock, C. L.; Cronquist, A.; Ownbey, M.; Thompson,

J. W. 1969. Vascular plants of the Pacific Northwest:

Part 1. Seattle: University of Washington Press. 914 p.

Hoff, R. J. 1980. Unpublished data on file at: U.S. Depart-

ment of Agriculture, Forest Service, Intermountain

Research Station, Forestry Sciences Laboratory,

Moscow, ID.

Hoff, R. J.; Bingham, R. T.; McDonald, G. I. 1980. Relative

blister rust resistance of white pines. European Jour-

nal of Forest Pathology. 10: 307-316.

Holzer, Kurt. 1975. Genetics ofPinus cembra. Annales

Forestales. 6/5: 139-158.

Hopkins, W. E. 1979. Plant associations of the Fremont

National Forest. Publ. Ecol. 79-004. Portland, OR: U.S.

Department of Agriculture, Forest Service, Pacific

Northwest Region. 106 p.

Hutchings, 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.

Jackson, M. T.; Faller, A. 1973. Structural analysis and

dynamics of the plant communities of Wizard Island,

Crater Lake National Park. Ecological Monographs.

43: 441-461.

Johnson, LeRoy. 1981. [Personal communication].

Albuquerque, NM: U.S. Department of Agriculture,

Forest Service, Southwestern Region.

Kasper, J. B.; Szabo, T. 1970. The physical and mechani-

cal properties of whitebark pine. Forestry Chronicle.

46:315-316.

Kendall, K. C. 1981. Bear use of pine nuts. Bozeman, MT:
Montana State University. 25 p. Thesis.

Lanner, R. M. 1980. Avian seed dispersal as a factor in

ecology and evolution of limber and whitebark pines.

In: Proceedings, sixth North American forest biology

workshop. Edmonton, AB: University of Alberta. 48 p.

Lanner, R. M.; Vander Wall, S. B. 1980. Dispersal of lim-

ber pine seed by Clark's nutcracker. Journal of For-

estry. 78(10): 637-639.

Lanner, R. M. 1981. [Personal communication]. Logan,

UT: Utah State University.

Linhart, Y. B.; Tomback, D. F. 1985. Seed dispersal by

nutcrackers causes multi-trunk growth form in pines.

Oecologia. 67: 107-110.

Malouf, Carling. 1969. The coniferous forests and their

uses in the northern Rocky Mountains through 9,000

years of prehistory. In: Proceedings, 1968 symposium,
coniferous forests of the Northern Rocky Mountains.

Missoula, MT: University of Montana, Center for

Natural Resources: 271-280.

Marr, J. W. 1977. The development and movement of tree

islands near the upper limit of tree growth in the

southern Rocky Mountains. Ecology. 58(5): 1159-1164.

McAvoy, B. 1931. Ecology survey of the Bella Coola re-

gion. Botanical Gazette. 92: 141-171.

McCaughey, W. W. 1988. Determining what factors limit

whitebark pine germination and seedling survival in

high elevation subalpine forests. Unpublished paper,

Study No. INT-4151-020, on file at: U.S. Department
of Agriculture, Forest Service, Intermountain Re-

search Station, Forestry Sciences Laboratory,

Bozeman, MT.
Mealey, S. P. 1980. The natural food habits of grizzly

bears in Yellowstone National Park, 1973-1974. In:

Markinka, C. J.; McArthur, K. L., eds. Bears—their

biology and management: Proceedings, fourth interna-

tional conference on bear research and management.
Conf. Ser. 3. Kalispell, MT: Bear Biology Association:

281-292.

Mehringer, P. J., Jr.; Arno, S.; Petersen, K. 1977. Postgla-

cial history of Lost Trail Pass Bog, Bitterroot Moun-
tains, Montana. Arctic and Alpine Research. 9(4):

345-368.

Nimlos, T. J. 1963. Zonal great soil groups in western

Montana. Proceedings, Montana Academy of Sciences.

23: 3-13.

Pfister, R. D.; Kovalchik, B. L.; Arno, S.; Presby, R. 1977.

Forest habitat types of Montana. Gen. Tech. Rep.

INT-34. Ogden, UT: U.S. Department of Agriculture,

Forest Service, Intermountain Forest and Range Ex-

periment Station. 174 p.

Pitel, J. A. 1981. [Personal communication]. Chalk River,

ON: Canadian Forestry Service, Petawawa National

Forestry Institute.

Pitel, J. A.; Wang, B. S. P. 1980. A preliminary study of

dormancy in Pinus albicaulis seeds. Canadian For-

estry Service, Biomonthly Research Notes. Jan.-Feb.:

4-5.

Smith, Richard S., Jr. 1956. Needle casts of high-altitude

white pines in California. Plant Disease Reporter. 56:

102-103.

Society of American Foresters. 1980. Forest cover types of

the United States and Canada. Eyre, F. H. ed. Wash-

ington, DC: Society ofAmerican Foresters. 148 p.

Steele, Robert; Cooper, Stephen V.; Ondov, David M.; [and

others]. 1983. Forest habitat types of eastern Idaho -

western Wyoming. Gen. Tech. Rep. INT-144. Ogden,

UT: U.S. Department of Agriculture, Forest Service,

Intermountain Forest and Range Experiment Station.

122 p.

Steele, Robert; Pfister, Robert D.; Ryker, Russell A.; [and

others]. 1981. Forest habitat types of central Idaho.

Gen. Tech. Rep. INT-114. Ogden, UT: U.S. Depart-

ment of Agriculture, Forest Service, Intermountain

Forest and Range Experiment Station. 138 p.

10



Thompson, L. S.; Kuijt, J. 1976. Montane and subalpine U.S. Department of Agriculture, Soil Conservation Serv-

plants of the Sweetgrass Hills, Montana, and their ice. 1975. Soil taxonomy. Agric. Handb. 436. Washing-

relationship to early post-glacial environments of the ton, DC: U.S. Department of Agriculture, Soil Conser-

Northern Great Plains. Canadian Field Naturalist. vation Service. 754 p.

90(4): 432-448. Weaver, T.; Dale, D. 1974. Pinus albicaulis in central

Tomback, D. F. 1978. Foraging strategies of Clark's nut- Montana: environment, vegetation and production,

cracker. Living Bird. 16(1977): 123-160. American Midland Naturalist. 92: 222-230.

Tomback, D. F. 1981. Notes on cones and vertebrate- Weaver, T.; Forcella, F. 1986. Cone production in Pinus

mediated seed dispersal ofPinus albicaulis albicaulis forests. In: Shearer, R. C, compiler. Pro-

(Pinaceae). Madrono. 28(2): 91-94. ceedings—conifer tree seed in the Inland Mountain
Tranquillini, W. 1979. Physiological ecology of the alpine West symposium; 1985 August 5-6; Missoula, MT.

timberline. New York: Springer-Verlag. 137 p. Gen. Tech. Rep. INT-203. Ogden, UT: U.S. Depart-

Trappe, J. M. 1962. Fungus associates of ectotrophic my- ment of Agriculture, Forest Service, Intermountain

corrhizae. Botanical Review. 28: 538-606. Research Station: 68-76.

U.S. Department of Agriculture, Forest Service. 1974. Wilson, George R. 1981. [Personal communication]. Co-

Seeds of woody plants in the United States. Agric. lumbia Falls, MT: U.S. Department of Agriculture,

Handb. 450. Washington, DC: U.S. Department of Forest Service.

Agriculture, Forest Service. 883 p. Wood, S. L. 1981. [Personal communication]. Provo, UT:

Brigham Young University. [Supplied by M. Furniss.]

/





Arno, Stephen F.; Hoff, Raymond J. 1989. Silvics of whitebark pine (Pinus albicaulis).

Gen. Tech. Rep. INT-253. Ogden, UT: U.S. Department of Agriculture, Forest Service,

Intermountain Research Station. 1 1 p.

Whitebark pine (Pinus albicaulis) is a long-lived tree inhabiting the upper subalpine

forest and timberline zone on high mountains of Western North America. The species'

habitat, life history, growth and yield, mortality factors, special uses, and genetics are

described.

KEYWORDS: forest ecology, subalpine forests, grizzly bear habitat, krummholz, animal

seed dispersal



INTERMOUNTAIN RESEARCH STATION

The Intermountain Research Station provides scientific knowledge

and technology to improve management, protection, and use of the

forests and rangelands of the Intermountain West. Research is

designed to meet the needs of National Forest managers, Federal and

State agencies, industry, academic institutions, public and private

organizations, and individuals. Results of research are made available

through publications, symposia, workshops, training sessions, and

personal contacts.

The Intermountain Research Station territory includes Montana,

Idaho, Utah, Nevada, and western Wyoming. Eighty-five percent of the

lands in the Station area, about 231 million acres, are classified as

forest or rangeland. They include grasslands, deserts, shrublands,

alpine areas, and forests. They provide fiber for forest industries,

minerals and fossil fuels for energy and industrial development, water

for domestic and industrial consumption, forage for livestock and

wildlife, and recreation opportunities for millions of visitors.

Several Station units conduct research in additional western States,

or have missions that are national or international in scope.

Station laboratories are located in:

Boise, Idaho

Bozeman, Montana (in cooperation with Montana State University)

Logan, Utah (in cooperation with Utah State University)

Missoula, Montana (in cooperation with the University of Montana)

Moscow, Idaho (in cooperation with the University of Idaho)

Ogden, Utah

Provo, Utah (in cooperation with Brigham Young University)

Reno, Nevada (in cooperation with the University of Nevada)

USDA policy prohibits discrimination because of race, color, national

origin, sex, age, religion, or handicapping condition. Any person who
believes he or she has been discriminated against in any USDA-related

activity should immediately contact the Secretary of Agriculture,

Washington, DC 20250.


