














Chris Earle
Western White and Limber Pines



● Majestic trees, formerly up to 250 ft 
tall and 8 ft diameter, forming 
extensive pure stands.

● High-value lumber, now a largely 
vanished resource.

● White pine blister rust killed 90-99% of 
the trees and transformed an entire 
ecosystem, leading to destabilization 
and decline.

● Recovery unlikely without human 
intervention.

Western White Pine: Pinus monticola



Western White Pine Genetics

Closely related to eastern white pine (Pinus 
strobus) and Chiapas white pine (Pinus 
chiapensis). All three could be treated as a 
single species.

Forms fertile hybrids with eastern white pine, 
whitebark pine, limber pine, southwestern 
white pine, Japanese white pine, Korean white 
pine, Macedonian pine, Swiss stone pine, and 
Himalayan white pine - but not sugar pine. 

Photos - Bob Van Pelt

(OECD 2010)



Western White Pine Genetics

Molecular genetics show two very different 
population clusters (could be subspecies)

“Northern” = Montane trees of mixed and 
pure moderately moist forests 

“Sierra” = Subalpine trees of mixed, 
moderately dry forests

Transition zone in south Cascades region.

Richardson et al. 2009



Western White Pine Identification

Cones green ripening brown, 6-11 
inches, with flexible resinous scales, 
falling soon after seed is shed.

Needles 5 in a bundle, minutely serrate 
(unlike whitebark or limber), more 
pale bluish-green and more flexible 
than our other 5-needle pines.

Pollen cones yellow, terminal, 
clustered

Trees usually straight and slender with 
regularly-spaced branch whorls.



Bark varies:

● Gray hexagonal plates in 
northwestern and Siskiyou 
populations

● Gray fissures in northeastern 
populations

● Orange plates and fissures in 
Sierra populations

Western White Pine Bark

Bark comparison by Bob Van Pelt



Western White Pine characters
Sierra forest →

 

← Phenology

Idaho forest → 

Owens et al. 2004



Western White Pine Ecology

Distribution    ←   

Climate model 
→ 

Richardson et al. 2009



Dominates 3 habitats:

Fire-renewed montane mesic 
forest; highly productive 
(1938 photo in Idaho)

Sierran subalpine forest, less 
productive but long-lived 
(Sequoia NP)

Stressful sites, usually water- 
or nutrient-poor (Yosemite 
NP)

Western White Pine Ecology

Upper photo USFS; lower photos Bob Van Pelt



Western White Pine Decline

First came widespread 
exploitation in the 
form of logging on 
railroad grant lands 
and associated 
wildfires (e.g., 1910)



Western White Pine Decline: Blister Rust

Above and right: 
Neuenschwander et al 1998

C.J. Earle (above), Harvey et al. 2008 (below)



Non-replacement due to systemic ecosystem change (blister 
rust and fire management)

Loss of genetic diversity due to extent of blister rust 
mortality and limited genetic diversity of seed stock being 
used to reforest.

Potential further declines due to climate change and related 
stressors: drought, fire, pests, pathogens.

“In terms of population size throughout its range (in the Interior Northwest), 
WWP is now estimated to be less than 5 percent of what it was at the turn of 
the 20th century” (Harvey et al. 2008). 

Western White Pine: Threats

USFS file photo



Since 1956, selective breeding programs have established 
multiple families of blister-rust-resistant trees that are 
being widely planted. Maintain these programs.

Perform research to assess the full range of genetic 
diversity, and use the results to improve seed stocks.

Correct systemic flaws in fire and pest management, 
especially in the interior Northwest.

Use assisted migration for climate change adaptation.

Western White Pine: Conservation and Prospects
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Limber Pine, Pinus flexilis

The iconic mountain pine of the West, ecologically 
important, scientifically useful, ancient, and 
charismatic.

Limber pines have a way of growing in dramatic places, taking 
picturesque attitudes, and getting themselves photographed, 
written about, and cared for. - Donald Culross Peattie



Limber Pine - Genetics

Limber pine forms a cline with 
southwestern white pine (Pinus 
strobiformis); intermediate forms are 
sometimes called Pinus reflexa and are 
most common in Colorado and 
northern New Mexico. Also closely 
related to Pinus stylesii of Mexico. 
Besides these, also forms fertile hybrids 
with western white pine, Pinus 
monticola.

All photos by Jeff Bisbee



Identification - Cones

Seed cones green maturing golden 
brown, 3-6 inches long, solitary 
or often in rosettes of 2-4. Cones 
fall soon after maturity, but last a 
long time.



Needles in 5’s, sheath absent or easily shed, some 
stomata on all surfaces, curved, 1¼ to 2¾  inches, 
flexible. Trees with foliage exposed to winter wind 
and snow often show some needle death as seen here.

Bark highly variable with age, tree size, site conditions 
and location in species’ range, but tends to be reddish 
brown and longitudinally furrowed.

Identification - Foliage 



Identification - Limber and Whitebark Pine
Character Limber pine Whitebark pine

Seed cones Very distinctive Rarely seen

Twig bark Becomes rough on stems smaller than 4 inches Rough only on larger stems

Bark on trees 
over 12 inches 
diameter

Longitudinal reddish-brown plates with 
intervening fissures

Light brown and platy without conspicuous fissures.

Pollen cones Pale red or yellow Bright red

Needles Slightly stiffer More flexible

Establishment Wind-fall seeds: Rocky sites, multiple-stem 
individuals are uncommon

Planted seeds: Loamy soils, often multiple stems 
germinate from a seed cache



Ecology: Distribution
From extreme S CA to central Alberta; from lower to upper forest 
border. Common associates include: 

Common juniper (Juniperus communis), creeping juniper (J. 
horizontalis), western juniper (J. occidentalis), Utah juniper (J. 
osteosperma), Rocky Mountain juniper (J. scopulorum), 

White fir (Abies concolor), subalpine fir (A. lasiocarpa), Engelmann 
spruce (Picea engelmannii), white spruce (P. glauca), blue spruce 
(P. pungens), Rocky Mountain Douglas-fir (Pseudotsuga menziesii 
var. glauca).

Whitebark pine (Pinus albicaulis), foxtail pine (P. balfouriana), 
Rocky Mountain bristlecone pine (P. aristata), lodgepole pine (P. 
contorta), Jeffrey pine (P. jeffreyi), Great Basin bristlecone pine (P. 
longaeva), singleleaf piñon (P. monophylla), ponderosa pine (P. 
ponderosa var. scopulorum), southwestern white pine (P. 
strobiformis).



Ecology: Settings

Above timberline: Mt San Gorgonio, CA

With pinyon and bristlecones: Ruby Mtns, NVWith RM juniper: Laramie Valley, WY

Pure stand: Craters of the Moon, ID



Ecology: Specialties

Spiral grain

Wildfire

Mistletoe

Arceuthobium cyanocarpum

Bird dispersal



Ecology: Human Use

Historic use for structures 
(Nevada’s White Pine County).

Scientific use in 
dendrochronology; some trees 
up to 2,000 years old

Limited aboriginal use of seeds; 
North Dakota population 
established by tribes.

Modern: Bonsai and craftwood



Some Remarkable Trees



Conservation and future prospects

Primary threats: White pine blister rust has been 
observed in limber pine since the 1940s but has 
had limited effect. Mountain pine beetle is also a 
concern, as is climate change.

Overall conservation status: “Least concern” but 
with declining population status. Probably 
lowest concern of North American 5-needle 
pines.
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Michael Kauffmann
Bristlecone and Foxtail Pines



Great Basin bristlecone pine 
Pinus longaeva

Spring Mountains, Nevada



G.B. Bristlecone WOW

● Regarded as the longest-lived of all sexually reproducing, nonclonal species. 
● Individuals known to have ages exceeding 4,800 years.



The oldest living thing...

● Edmund Schulman began his 
career in dendrochronology at the 
Laboratory of Tree-Ring Research, 
University of Arizona in 1932. 

● Beginning in 1939 and for the rest 
of his life, Schulman spent every 
summer in the field looking for 
the oldest living trees.



The oldest living thing...

● In 1957 he discovered the first tree 
to be dated older than 4,000 
years.

● Later named it Methuselah and 
proved it to be 4,847 years old.



“Prometheus”

● In the late 1960s glacier 
research began on Wheeler 
Peak, Nevada during which 
scientists found a tree over 
4,000 years old.

● Forest Service granted 
permission to cut it down.

● Dated to 4,862 years of age 
(new record).

● Though tragic on many levels, 
this incident provided 
momentum to create Great 
Basin National Park in 1986 
and preserve these special 
groves.

DavidMcKayBarker.com



Dendrochronology
● Due to the resinous wood and cold and arid habitat, wood decay is slow.
● Wood on the ground in some stands has ages exceeding 10,000 years. 
● This has permitted building a continuous chronology from the present back to 6828 BCE.



G.B. Bristlecone Basics 
● Trees: to 16 m tall and 200 cm dbh.
● Crown: rounded or irregular; 

sometimes forms a krummholz at the 
alpine timberline. 

Joergmlpts via iNaturalist

https://www.inaturalist.org/people/joergmlpts


G.B. Bristlecone Basics 
● Bark: red-brown, fissured with thick, 

scaly, irregular, blocky ridges. 



G.B. Bristlecone Basics 

● Leaves: mostly 5 per fascicle, 
upcurved, persisting 10-43 years 
○ Among the longest persistence 

times known. 
● Staminate cones: 7-10 mm long, 

purple-red 
● Ovulate cones: mature in 2 

years, 6-9.5 cm long, purple, 
aging red-brown.



Ecology



Ecology

● California, 
Nevada, & Utah

● Subalpine and at 
the upper (rarely, 
lower) treeline

● Pure or mixed 
forest

● Elevations 
1700-3400 m

Duckwater Mountain, Nevada. Photo by C.J. Earle.



Ecology
● Carbonate 

substrates
● Early 

successional
● Mostly 

fireproof
● Long needle 

retention and 
other 
adaptations for 
longevity under 
adversity

● The Pleistocene 
Forests

Duckwater Mountain, Nevada. Photo by C.J. Earle.



Quinn Canyon 
Wilderness, 

Nevada 
Photo by Matt Berger.



Telescope Peak, Death Valley National Park 
Photo by Matt Berger.



Great Basin 
National Park 

Photo by Matt Berger.



Wayne, Utah 
Photo by Matt Berger.



Dixie National 
Forest, Utah 

Photo by Jeffrey Kane.



Historical 
relationship to 
humans

Primarily scientific it appears…

Popular culture (beer, TV shows, 
microprocessors); symbol of 
longevity



Conservation
● Currently the only species of 

North American white pine that 
remains unaffected by white pine 
blister rust.

● Anthropogenic global climate 
change is a problem for 
bristlecones in a few ways:

○ Reducing effectiveness as 
competitors with Pinus 
flexilis 

○ Moving uphill is not an 
effective way to avoid a 
warming environment.

Photo by Patty Hinz



Rocky Mountain bristlecone pine 
Pinus aristata

San Francisco Peaks, Arizona

Form
Like GB pines 
but with 
dandruff

Ecology
AZ-CO-NM 
montane & 
subalpine

Like GB pines 
but more 
often early 
seral, moving 
to spruce-fir

Ages
Up to 2200 
years



Foxtail pine
Pinus balfouriana



Foxtail pine 
WOW!

Ancient in more than one way…

Similar fossil species known from:

● Thunder Mountain, Idaho (46 
million years)

● Nevada (42 million years)
● New Mexico (32 million years)
● Colorado (27 million years)
● During the glacial episodes of 

the Pleistocene epoch, foxtail 
pine expanded its range to 
lower elevations, and 
macrofossils of the species 
have been found as far south 
as Clear Lake in northern 
California (Lanner 2007).



Big Tree
Pinus balfouriana 

subsp. austrina
21.3 m tall 
261 cm dbh



Big Tree
Trinity Alps 
Wilderness

Pinus balfouriana 
subsp. balfouriana 

unmeasured…



Foxtail Basics 
● Trees: to 16 m tall and 200 cm dbh.
● Crown: rounded or irregular; 

sometimes forms a krummholz at 
the alpine timberline. 



Foxtail Basics 
● Bark: gray to salmon or cinnamon, platy 

or irregularly deep-fissured or with 
irregular blocky plates 



Foxtail Basics

● Leaves: 5 per fascicle, upcurved, 
persisting 10-30 years, “foxtail” habit

● Ovulate cones: maturing in 2 years, 
symmetric, lance-cylindric, 6-9(-11) 
cm, purple, aging red-brown



Yolla 
Bolly-Middle 

Eel Wilderness
Pinus balfouriana 

subsp. balfouriana 



Yolla 
Bolly-Middle 

Eel Wilderness
Pinus balfouriana 

subsp. balfouriana 



Trinity Alps 
Wilderness

Pinus balfouriana 
subsp. balfouriana 



Marble 
Mountain 

Wilderness
Pinus 

balfouriana 
subsp. 

balfouriana 



Marble 
Mountain 

Wilderness
Pinus balfouriana 

subsp. balfouriana 



China 
Mountain

Pinus 
balfouriana 

subsp. 
balfouriana 



Sequoia National Park
Pinus balfouriana subsp. austrina



Sequoia 
National 

Park, 
California 

Pinus balfouriana 
subsp. austrina

 Photo by Chris Earle



Sequoia National Park, 
California 

Pinus balfouriana subsp. austrina
 Photo by Matt Berger



Sequoia National Park, 
California 

Pinus balfouriana subsp. austrina
 Photo by Chris Earle



Relationship to humans
Aesthetics: Groves of this ancient tree are exceptionally beautiful.



Conservation





Michael Murray
Five-Needle Pine Conservation
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Blister Rust 
Resistance Screening



Each Row = 
Parent Tree

Resistant









CAUTION!





Avoid / Reduce mortality of healthy trees
Reduce ladder & surface fuels for healthy cone-bearing 5NP
Promote post-fire regeneration



Follow Science-based Guidance
‘Best Management Practices’

Harvests
Mining
Utility Corridors
Ski Areas
Grazing







Questions?


